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FOREWORD

This report summarizes the working papers from
the OAST Space Systems Studies Review Meeting held at
NASA Headquar*ers , 11-12 January 1978. This material
is intended for further use by the participants of the
meeting and in structuring the FY 1979 Space Studies
Program. The material in this document is presented in
an unedited format to enable distribution in a timely
matter., It should be understood that the data contained
in this report do not represent official plans or posi-
tions but are part of the process of evolving such plans
and positions.

Stanley R. Sadin

Study, Analysis, and Planning Office (Code RX)
Office of Aeronautics and Space Technology
NASA Headquarters
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SECTION 1
INTRODUCTION AND SUMMARY



The objectives of this OAST Space Systems Studies
Review Meeting were:

. Brief the participants on the space systems
study (RX) program

. Inform program offices, study investigators,
and OAST discipline divisions on the status
of the OAST space systems studies

. Initiate planning for the studies for FY 79

. Review with the participants the OAST space
technology model and the space technology
forecasts handbook

This meeting brought together the principal investi-
gators of the OAST space systems studies and provided a
forum by which OAST, the Headquarters' program offices,
and the Centers became mutually aware of the progress of
the space systems studies. This review meeting also
provided an opportunity to participate in the development
of the FY 79 studies program. Prior to the meeting, a
detailed study desc:iption package was distributed (Appendix
A).

The meeting consisted primarily of the principal
investigators presenting the objectives and status of
the studies to the OAST division directors, representatives
from other offices, and the other principal investigators
and Center program managers. Time was allocated for each
active study (including those just completed and those
just starting). Approximately a third of this time was



reserved for questions and answers and pertinent discus-
sion. These discussions were valuable for helping to suggest
possible future studies and program emphasis.

The meeting consisted of several sessions. Table 1
gives the agenda of the meating. Table 2 lists the in-
dividuals who attended one or more of the sessions. At
the end of Secs. 2-8 of this document, =ach of which
corresponds to a separate saession, there is a condensa-
tion of some of the discussions which occurred during that
session.



TABLE 1
SPACE SYSTEMS STUDIES REVIEW MEETING
11 and 12 January 1978

NASA Headquarters (FOB 10B), Room 625
FIRST DAY
8:30 am OVERVIEW OF OAST SPACE S. Sadir (HQ)

STUDIES PROGRAM

8:45 am SESSION 'U' - SPACE UTILIZATION

Space Utilization Studies S. Sadin (HQ)

Lunar Resources Utilization Studies E. Crum (JSC)
Extraterrestrial Processing and G. von Tiesenhausen
Manufacturing of Large Space Systems (MSFC)

10:30 am SESSION 'T' - SPACE TRANSPORTATION

Advanced Space Transportation B. 2. Henry (LaRC)
Technology Studies :

Space Transportation Studies J. Pelouch, Jr. (LeRC)

1:30 pm SESSION 'M' - MULTIPROGRAM TECHNOLOGY

Advanced Automation Needs Analysis E. Heer (JPL)
Technology Enablement-Multiple W. Bachman (JPL)
Requirements for Pointing and

Control

Payload Software Technology P. Rose (M&S Computing)
Payload Data Systems Technology L. Krchnak (JSC)
Requirements



TABLE 1 (Cont.)

1:30 pm

Superconducting Sensors in Space

Technology Enablement-Space Power

Systems
SECOND DAY
8:45 am SESSION ‘'A' - APPLICATIONS

SEASAT Follow-On Technology
Readiness Study

Technology Readiness for a
Global services Mission

Public Service Platform
Penetrator Concepts

Post-LANDSAT D Advanced Concept
Evaluation

Enabling Technology for Global
Services Missions

Public Information Management
Services System

Global Services
Global Services

Geostationary Platform

J.

J.

T.
D‘

S.

SESSION 'M' - MULTIPROGRAM TECHNOLOGY (Cont.)

Murphy (ARC)

Stearns (JPL)

West (JPL)

R. Hook (LaRC)

Durham (GSFC)
Murphy (ARC)
Flatow (GSFC)

R. Hook (LaRC)

Nagler (JPL)

Durham (GSFC)
Aviv (Aerospace)

Sadin (EQ)



TABLE 1 (Cont.)

1:30 »m  SESSION 'S' - SCIENCE AND EXPLORATION

Spaceborne Antenna and Microwave
Systems Technology Study

Extrasolar Planetary Detection
VOIR Technology Readiness Study

Mars Sample Return Technology
Readiness Study

Technology Needs for Sample
Return Missions

Surface Exploration, Prospecting,
and Assaying

4:00 pm SESSION 'X' - ANALYSIS

OAST Space Systems Technology Model
and OAST Technology Forecast
Handbook

R.

Edelson (JPL)

Murphy (ARC)
West (JPL)

West (JPL)

West (JPL)

Meeks (JPL)

Zakrzewski (GRC)

a1



TABLE 2

OAST SPACE SYSTEMS STUDIES REVIEW MEETING

11 and 12 January 1978

NAME CENTER CODE PHONE NUMBER Aj
Jamas P. Murphy ARC SPT 415/965-6520 p
\
David H. Suddeth GSFC 402 301/982-2697 E
Tony Durham GSFC ¢
Fred Flatow GSFC }
W. E. Bachman JPL 198-104 FTS 720-4420 Q
J. W. Stearns JPL FTS 792-6156
E. Heer JPL 180-701 FTS 792-3060
R. Edelson JPL 264-801 FTS 792-3394
John L. West JPL 233-307 213/354-3338
Paul Meeks JeL 180-703 213/354-2546 {
Hal Alsberg JPL 213/354-2969 :
A. R. Hibbs JPL 180-703 213/354-2430
R. Nagler JPL
Marta Chelesky Jsc AT=2 FIS 525-2703 1
Earle Crum JSC ) |
L. C. Krchnak Jsc AT-2 ‘
q
W. R. Hook LaRC MS364 | 804/827-3666
8. 2. Henry | LaRre | w365 | 804/827-3911
William R. Jones | Lage | | 804/827-3951
Richard E. Sayder | Lare | w158 | 804/327-4606
|

(o



1l and 12 January 1978

OAST SPACE SYSTEMS STUDIES REVIEW MEETING

ORIGINAL PAGE b
OF POOR QU

i
_ﬂ_ NAME

CENTER CODE PYONE NUMBER
. J. J. Pelouch, Jr. LeRC 6141 216/433-4000

Fred Billingsley HQ ERB-1 755-8596
_g‘m Heuser HQ EI-7 755-3777
_{j Paul Tarver HQ SL-4 155-3770
J. W. Haughey HQ MTG-3 755-3024
1} Les Fero HQ MTE-3 755-3740
» Tom Hagler HQ MTE-3 755-3233
LJ Jules Lehmann HQ ERB-2 755-8623
_{} Don Dement HQ ECT-4 755-3591
B. B. Schardt HQ ERB-2 755-8596
Dick Wallace HQ SL-4 755-3770
. B. Rubin HQ RES-4 755-3227
-_é) P. R. Kurzhals HQ RE-4 755-3275
__a;#g. R. Nash HQ RXB-4 755-3256
J. J. Gangler HQ RWM-3 755-2395
-—Ef C. H. Robins, Jr. HQ RS-7 755-8504
~ Wayne Hudson HQ RP-6 755-3279
i yilliam Gevarter HQ RES-4 755-3227
__ELAR Henderson HQ RC-3 ; 755-8501
, Joe Slomski HQ E RC=-3 { 755=-8501
_-ig_Rodney Bradford ’ HQ é RG-14 ; 755-8557
_ty 3. G- Lundnola | HQ | RR-6 | 755-2488
“I L. R. Holcomb | K | Re-6 - 755-3278

“ 3. Mullin | me | Re-6 | 755-3270 ‘




OAST SPACE SY3TEMS STUDIES REVIZV MEETING

1l and 12 January 197¢€

NAME CENTER CODE PHONE NUMBER
] !
Bob Price HQ | RE }
|
Del Williams HQ | RW=3 ! 755-3295
‘ [
Jim Lazar HQ | RP-6 | 755-3280
i
| |
)
Jim Downey MSFC | PA-OL | FTS (202) 872-1647
!
L. S. Yarbrough MSFC ! ER-01 | FTS 872-4023
Gene Austin ! MSFC | l
Georg von Tiesenhausen MSFC i
- |
L. J. Early WEC | op | 824-3411
. ‘ t
| | |
David Aviv ! Aerospace ‘ | 213/648-5925
\ ; n
- ! ? v
P. L. Rose ] M&S Computing | | 205/772-3411
| | |
Thomas M. lakrzewski !General Research; ,  703/893-5900
| , .
Fred Kabat | General Research’ i 703/893-5900
Dave Riffelmacher  General Research . 703/893-5900
) i
Dave Osias | General Research! ' 703/893-5900
Ray Chase General Research 703/893-53900

i
|
y
t

|
|
i
|




SECTION 2

OVERVIEW OF SPACE STUDIES PROGRAM



FY 79 STUDY ISSUES

DISTRIBUTION OF STUDY FUNDS BY THEME, BY DISCIPL]INE

DISTRIBUTION OF STUDY FUNDS BETWEEN NEAR TERM (READINESS)
AND FAR TERM (ENABLEMENT)

STUDIES RELATING TO NEW STARTS AND AUGMENTATIONS VS. R&T “STUDIES"

STUDY METHODOLOGY - TREND TOWARDS MAJOR THEME/MULTI-CENTER/MULTI-YEAR
(E.G., SSTO, GLOBAL SERVICES)

JOINT FUNDING OF STUDIES

5-YEAR PLANNING INSIGHTS
° AGENCY
° OAST

STUDY PROGRAM PURPOSE - A RESTATEMENT

OAST DISCIPLINES/INTEREST SPAN



APPLICATIONS
Advanced Glabal Sesvices Concepls

Advanced Penetiator Concepls
! Seasat BB Readiness
°¢ \ Public Services Plalform Readiness
! Pollution Monitoring Mission Readiness
Post Landsat Concepls

EXPLORATION
UTILIZATION

Houwterrestrial Matedals Stilization
Space Wilization Girants

MULTIPROGRAM N&T

APPLICATIONS Advanced Automation Needs
Pointing and Countrol Systems
Soltware Forecasling

TRANSPORTATION

integrated Space Transportation Systems
Low Thrust Propuision

MULTIPROGRAM
NESEARCH & .
TECHNOLOGY

UTILIZATION EXPLONATION
0 Advanced Planetary Mission Concepls
Advauced Space Astrophysics Concepls
N VOIR Readiness
dan Mars Sample Relurn Readiness
]

Figure 1 — Space Systems Studies Program
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OAST SPACE SYSTEM STUDIES - FY78 NET R&D FUNDING

ARC
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JPL
GSFC
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MAJOR THEME/MULTI-CENTER/MULTI-YEAR STUD:ES

EXISTING
GLOBAL SERVICES CONCEPTS ® INTEGRATED TRANSPORTATION ~ @ NONTERRESTRIAL MATERIALS
_ LARC - LEAD TECHNOLOGY UTILIZATION
- JPL - LaRC - LEAD - ARC
- 6SFC - LeRC - MSFC
- AEROSPACE - I8¢
POSSIBILITIES
@ PLANETARY EXPLORATION - ® INTEGRATED ASTROPHYSICS
INTENSIVE PHASE PLATFORM
- JPL - ARC
- ARC - GSFC
- JSC - MSFC

- JPL



Thousands of Dollars
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NLW INFTIATIVES/AUGMERTATIONS - PROGRAM DEVELOPMENT
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FY 78 OAST TECHNOLOGY INITIATIVES AND AUGHENTATIONS
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OVERVIEW OF OAST SPACE STUDIES PROGRAM S. Sadin (HQ)

DISCUSSION: Should joint funding with other program
offices and disciplines be sought to increase scope
of studues program?

i5



SECTION 3
SESSION ‘U’
REVIEW OF SPACE UTILIZATION STUDY PROGRAM



D Lyndon B. Johnson Space Center ' Engineering and Development Directorate

R

FUTURE PROGRAMS OFFICE
E. M. CRUM 1/12/78

LUNAR RESOURCES UTILIZATION STUDIES

LUNAR RESOURCE UTILIZATION FOR
SPACE CONSTRUCTION STUDY

OAST SPACE SYSTEMS STUDIES
REVIEW MEETING
HEADQUARTERS

JANUARY 11-12, 1978

Lt




NASA Lyndon B. Johnson Space Center Engineering and Development Direclorate

FUTURE PROGRAMS OFFICE
E. M. CRUM 10/14/77

LUNAR RESOURCES FOR SPACE CONSTRUCTION STUDY

OBJECTIVES:

o ESTASLISH METHODOL.OGY AND CRITERIA FOR COMPARING THE USE OF
LUNAR VS, EARTH MATERIALS FOR SPACE CONSTRUCTION

o DEVELOP AND DEFINE CONCEPTS, FOR UTILIZING LUNAR RESOURCES

o ESTABLISH THE PROGRAM REQUIREMENTS NECESSARY FOR LUNAR RESOURCE
UTILIZATION TO BE COST EFFECTIVE

o PREPARE RECOMMENDATIONS AND PLANS FOR FURTHER WORK REQUIRED TO
ALLOW A CHOICE TO BE MADE BETWEEN ALTERNATIVE SYSTEMS




NASA Lyndon B. Johnson Space Center Engineering and Development Directorate

LUNAR RESOURCES FOR SPACE CONSTRUCTION FUTURE PROGRAMS OFFICE
E. M. CRUM 10/14/77

TASK OUTLINE:
o DEVELOP COMPARSION METHODOLOGY AND CRITERIA

o DEVELOP MATERIALS REQUiREMENLI'S RANGE AND SCENARIOS

o DEVELCP AND DEFINE LUNAR UTILIZATION SYST'EMS CONCEPTS .
- SPACE MANUFACTURING SITES
- LUNAR. SURFACE MANUFACTURING SITES

o DETERMIMNE PROGRAM REQUIREMENTS NECESSARY FOR COST EFFECTIVE
LUNAR RESOURCE UTILIZATION

o PERFORM SENSITIVITY AND UNCERTAINTY ANALYSIS

o DOCUMENT RECOMMENDATIONS AND PLANS FOR FURTHER WORK REQUIRED

6&F
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Lyndon B. Johnson Space Cenler v bipflginfiefihg SMERD o VEEEDmelliBirc QBB 10

LUNAR RESOURCES FOR SPACE CONSTRUCTION STUDY

FUTURE PROGRAMS OFFICE

E. M. CRUM _ |wonasz?
|
KEY TECHNICAL AREAS 4
SOURCE i
MASS DRIVER - LINEAR MOTOR LITERATURE |
ROTARY PELLET LAUNCHER LITERATURE
MASS CATCHER - HEPPENHEIMER CONCEPT LITERATURE

LIGHT GAS GUN

CALCIUM/OXYGEN ROCKET

LUNAR BASE, MINING FACILITY (AND
MANUFAC TURING FACILITY)

SPACE BASE AND M, ""'UFACTURING FACILITY

LUNAR MATEKIAL PROCESSING

LITERATURE & JSC
JSC CONCEPT

JSC (MSFC)

MSFC

JSC & INDUSTRY
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NJA;%A tyndon B. Johnson Space Center Engineering and Development Directorate

FUTURE PR OGRAMS OFFICE
| LUNAR RESOURCES UTILIZATION STUDIES €. . cruy o/ar17
' STUDY TEAM MEMBERS
MR. EARLE CRUM STUDY MANAGEMENT
MR. GEORG VON TIESENHAUSEN STUDY MANAGEMENT
DR. RICHARD WILLIAMS | STUDY MANAGEMENT
DR. DAVID McKAY LUNAR SOIL PROPERTIES
DR. ROBERT RIED STRUCTURES
MR. GLENN ECORD CHEMICAL PROCESSES
MR. JERRY PORADEK SYSTEMS EVALUATION
. MR, MAX KRCHNAK PROGRAM PLANNING
MR. CLARKE COVINGTON | SPS DEFINITION
MS. DEBBIE WEBB : COST ESTIMATION
MR. PHILLIP WILLIAMS FLIGHT OPERATIONS
CONTRACTOR STUDY MANAGERS STUDY MANACEMENT
£
.
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Lyndon B. Johnson Space Cenler Engineering and Development Directorate
FUTURE PROGRAMS OFFICE
LUNAR RESOURCES UTILIZATION STUDIES
E M CRUM i/12/78
SCHEDULE OF KEY EVENTS :
| oy ‘
8/26/77 HQ RTOP APPROVAL RECEIVED AT CENTER
9/20-21/77 LUNAR RESOURCES UTILIZATION STUDIES MEETING HELD
AT CENTER (JSC, HQ, AND MSFC)
10/3/77 NASA COUNCIL PRESENTATION BY STAN SADIN
10/14/77 DRAFT SOW AND PR SUBMITTAL
11/11/77 RFP ISSUED '
12/23/77 PROPOSALS RECEIVED (SECURE STORAGE UNTIL 1/3/78)
3/1/78 CONTRACT AWARD
3/1/79 CONTRACT COMPLETE

-y
a7
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NA5A Lyndon B. Johnson Space Center PREPARED BY R. J. WILLIAMS

FUTURE PROGRAMS OFFICE

EXTRATERRESTRIAL MATERIALS - MINING AND PROCESSING

E. M. CRUM 1/12/78

ISSUES '
IN WHAT WAYS CAN LUNAR MATERIALS BE PROCESSED INTO INDUSTRIALLY SIGNIFICANT

)
FEEDSTOCKS BY IN-SPACE FACILITIES?

o WHAT ARE THE MAJOR TECHNICAL PROBLEMS OF SCALE AND IMPLEMENTATION
FOR THE IDENTIFIED PROCESSES?

GOALS
o DOCUMENT PROCESSING SCHEMES AND THE RATIONALES FOR THEIR SELECTION

o DEFINE SCALE OF PROCESS ELEMENTS, REAL TECHNICAL PROBLEMS,
AND RELEVANT EXPERIMENTS

o EVALUATE THE RATIONALE FOR SELECTION OF THE MAJOR PRODUCTS

-~




fci:.\g D e S RS BN HE oD On fm N EE B M Bw .
Q‘ \&:« ‘b Lyndon B. Johnson Space Center ' PREPARED BY R. J. WILLIAMS
EXTRATERRESTRIAL MATERIALS |- MINING AND PROCESSING FUTURE PROGRAMS OFFICE

' E. M. CRUM 1/12/78
STATUS
o USRA/LSI CONTRACT
o 790-40-42

o FY 78: 85K, 2.0 MY
o 6/1/77 - 9/30/78

RESULTS
o PARTICIPATED IN AMES SUMMER STUDY AND LA JOLLA WORKSHOP

(PL/.\NETARY RESOURCE EXPLORATION)

CHLOROCARBONATION PROCESS DEFINED IN DETAIL
- SCALES FOR REACTANT RECYCLING AND HEAT REJECTION ARE VERY LARGE
- FURTHER!QUANTIFICATION REQUIRES EXPERIMENTS ON REACTION: KINETICS
- REPORT DUE 2/78

o

o CONSULTING EFRORTS ON SCALE OF LUNAR MINING AND ON ELECTROSTATIC AND
MAGNETIC BENEFICIATION TECHNIQUES INITIATED (1/78).

. o INVESTIGATIONS OF OTHER REFINII'G TECHNIQUES BEGUN

l\

SPECIAL SESSION PLANNED AT LUNAR SCIENCE CONFERENCE (3/17/78)

]
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NI\SA Lyndon B. Johnson Space Center

PREPARED BY R, J. WILLIAMS

e e St et ———
FUTURE PROGRAMS OFFICE
OXYGEN EXTRACTION RESEARCH
| E. M. CRUM 1/12/78
- ISSUE ‘
- o SOME CERAMICS ARE ELECTROLYTES FOR OXYGEN AT ELEVATED TEMPERATURES--
UNDER WHAT CONDITIONS CAN THESE BE USED TO EXTRACT OXYGEN FROM
REFINING GASES OR SILICATES AND OXIDES B8Y ELECTROLYSIS,

GOALS
| o THERMOCHEMICAL MODELS
0 LABORATORY TEST SYSTEMS
o EVALUATION OF ADVANCED MATERIALS AND SYSTEMS

b3
oo
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ﬁ%ﬁlﬂ“’oﬂ B. Johnson Space Center ' PREPARED BY R, J. WILLIAMS

FUTURE PROGRAMS OFFICE
E. M. CRUM 1/12/78

OXYGEN EXTRACTION RESEARCH

STATUS
o IN-HOUSE/JSC |
o 506-16-27
o FY78: 55K, 1.0 MY,(SC), 0.4, MY,(CC)
o BEGAN: 12/1/77

RESULTS
o MODEL FOR THE EVOLUTION OF C-0 GASES IN EQUILIBRIUM WITH GRAPHITE
AS A FUNCTION OF' TEMPERATURE AND PRESSURE DEVELOPED

o TEST SYSTEM DESIGNS CONCEPTUALIZED




NI\SA Lyndon B. Johnson Space Center PREPAR;Q BY R. J. WIL LIAM§_

o

'FUTURE PROGRAMS OFFICE
E. M. CRUM 1/12/78

LUNAR MATERIALS HANDBOOK

D N o B2 O I ER O O O @8 G v on 0= Do e

ISSUES

o WHAT LUNAR RESOURCES ARE THERE?
o WHAT ARE THE PHYSICAL AND CHEMICAL PROPERTIES OF THESE RESOURCES?

GOALS

o EVALUATION OF RESOURCE MODELS

o ENGINEERING HANDBOOK

3]
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NI\S Lyndon B. Johnson Space Center

PREPARED BY R. J. WILLIAMS

LUNAR MATERIALS HANDBOOK

FUTURE PROGRAMS OFFICE

E. M. CRUM 1/12/78

STATUS

o IN-HOUSE/JSC
o 790-40-17
o FY78: 10K, 0.3 MY (SC), 0.1/MY (CC)

o 12/1/77 - 2/28/78

RESULTS

o REALISTIC RESOURCES
- ANORTHITE
- MARE SOILS
- ILMENITE

o HANDBOOK: DRAFT

-~
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MARSHALL SPACE FLIGHT CENTER
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OAST SPACE SYSTEMS STUDY REVIEW

JANUARY 11, 1978

OF
LARGE SPACE SYSTEMS

EXTRATERRESTRIAL PROCESS ING AND MANUFACTURING




e ARSARTL SPACEFLiCHT L RTER s -
EXTRATERRESTRIAL P ROCESS l NG PSOIIVON TIESENHAU SEN

PROGRAM
DEVELOPMENT 7 ND MANUFACTURING OF LARGE fow:
SPACE SYSTEMS JANUARY 1978
INTRODUCTION

, N

PAST AND PRESENT STUDIES IDENTIFicD POTENTIAL FUTURE LARGE
SPACE SYSTEMS LIKE:

LARGE FUTURE COMMUNICATION
SYSTEMS, HABITATS, MANUFACTURING
FACILITIES, SATELLITE POWER SYSTEMS,
AND PROPELLANT FACILITIES.

A NUMBER OF NASA SPONSORED SUMMER STUDIES INDICATED
POTENTIAL ECONOMIC AND ENVIRONMENTAL ADVANTAGES FOR
EXTRATERRESTRIAL MATERIAL UTILIZATION,

NASA NEEDS TO INVESTIGATE THESE FINDINGS FURTHER FOR
INFORMED FUTURE PROGRAM OPTION PLANNING,

THE STUDY DESCRIBED HEREAFTER CONCENTRATES ON ONE KEY
ELEMENT WITHIN A COMPLEX OVERALL SCENARIO,




osGan2atON MARSHALL SPACE FLIGHT CENTER NAME,

PROGRAM %BR’QI&RJ;%SCT]BJ?}N%R&CS'%:}20 PSO1/VON TIESENHAUSEN
PEVELOPNENT SPACE SYSTEMS JANUARY 1978

INTRODUCTION (CONCLUDED)

THE FOLLOWING OVERALL PROGRAM IMPLEMENTATION MODEL
IS THE FRAMEWORK FOR THE STUDY PERFORMANCE. THE
MODEL POINTS OUT THE SEGMENT OF THE MODEL COVERED BY
THIS STUDY AND RELATES IT TO OTHER EFFORTS,




EXTRATERRESTRIAL PROCESSING AND MANUFACTUR NG OF
LARGE SPACE SYSTEMS - STUDY MODEL

STUDY PHASE |

STUDY PHAS Ey

SMF

GB ~ GROUND BASE
EOT — EARTH CRBIT TERLMINAL
LOT —- LUNAR ORBIT TERMINAL
LRC — LUNAR RESOURCE COMPLEX
LMF — LUNAR MANUFACTURING
FACILITY
TP  ~ CARGO TRANSITION POINT
SMF — SPACE MANUFACTURING

FACILITY R Le
EOT 0
GSOC— GEOSYNCHRONOUS ORBIT

COMPLEX
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OrGANIZATION. MARSHALL SPACE FLIGHT CENT NAME:

PROGRAM EXTRATERRESTRIAL PROCESSING  [pso1/VON TIESENHAUSEN
DEVELOPMENT AND MANUFACTURING OF LARGE  lomm N_
SPACE SYSTEMS JANUARY 1978

STUDY OBJECTIVE

o DEFINITION AND EVALUATION OF A SPACE MANUFACTURING
FACILITY (SMF) AND A LUNAR MANUFACTURING FACILITY (LMF)
FOR LARGE SPACE SYSTEMS.

o COMPARATIVE ASSESSMENT BETWEEN SMF AND LMF, .

ASSUMPTIONS, GUIDELINES AND CONSTRAINTS

o A BIBLIOGRAPHY IS PROVIDED AS A STUDY BASIS.
O LUNAR MATERIALS TO BE COVERED ARE:

- SILICON - CALCIUM

- SILICA - MAGNESIUM
- ALUMINUM - TITANIUM

- |RON - OXYGEN

SLAG
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PlGANIlAlION

e A RSITATL SPACEFLISTIT CERTER

EXTRATERRESTRIAL PROCESSING
AND MANUFACTURING OF LARGE
SPACE SYSTEMS

PROGRAM
DEVELOPMENT

JANUARY 1978

ASSUMPTIONS, GUIDELINES AND CONSTRAINTS (CONCLUDED)

LOWOPTION  MEDIUM OPTION HIGH OPTION

o  PRODUCTS SHALL INCLUDE:

- SILICON PHOTOVOLTAIC SOLAR ENERGY CONVERTERS
- GLASS FIBER COMPOSITE STRUCTURES

- ALUMINUM STRUCTURES

- POWER DISTRIBUTION SYSTEMS

- RF GENERATORS

- ANTENNAE

- RADIATION SHIELDING

- SPS PROGRAM (HIGH OPTION ONLY)

o  FULLY AUTOMATED OPERATIONS,
0  20-30 YEAR OPERATIONAL LIFETIME,

o  ASSUMED ANNUAL PRODUCTION 105 107 5% 108
RATES (KG)
o  ASSUMED TOTAL PRODUCTION (KG) 107 3X 108 1,5 1010

”
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FIGURE 2 STUDY LCGIC FLOW FOR EXTRATERRESTRIAL FROCESSING AND

MALUFACTURIIG OF LARGE SFACE 5YSTEM§L
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= T e e e AP ATE  LIGTIT CENTER T
PROGRAM EXTRATERRES(T:RMLNPRggES % lGl*éG PS01/VON TIESENHAUSEN
AND MANUFACTURING OF LA
DEVELOPMENT SPACE SYSTEMS JANUARY 1978

SPACE MANUFACTURING FACILITY (SMF)

REQUIRED ACTIVITIES

PERSONNEL AND CARGO RECEPTION FROM EOT AND L2
PERSONNEL HABITATION )
CONTROL AND MANAGEMENT OF OPERATIONS AND LOCAL TRAFFIC
CONTROL OF LAUNCH OPERATIONS TO GSOC AND EOT

PERSONNEL AND CARGO LOCAL TRANSPORT

CARGO STORAGE

CHEMICAL MATERIALS PROCESSING

METALLURGICAL MANUFACTURING

PHOTOVOLTAIC BLANKET MANUFACTURING

COMPONENF MANUFACTURING

PRODUCTION CONTROL

ASSEMBLY AND TEST

© © O O O O © o © oo © o
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orcamzanON. MARSHALL SPACE FLIGHT CENTER NARE:
PROGRAM EXTRATERRESTRIAL PROCESSING  [PSO1/VON TIESENHAUSEN
DEVELOPMENT AND MANUFACTURING OF LARGE [
SPACE SYSTEMS | JANUARY 1978
PROGRAM SUBELEMENTS

0

0

LOCAL TRANSPORTATION

LEO-SMF TRANSPORTATION (P&C)
TP -SMF TRANSPORTATION (P&C) .
SMF CARGO RECEIVING STATION

SMF STAGING AND CARGO BASE

SMF HABITAT BASE

SMF OPERATIONAL CONTROL STATION

SMF CHEMICAL PROCESSING FACILITY

SMF MET/;LLURGICAL MANUFACTURING FACILITY
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OGRAM EXTRATERRESTRIAL PROCESSING | PSOLIVON TIESENHAUSEN
-’EE\EELOPMENT AND MANUFACTURING OF LARGE “J"ANU ARY 1978
SPACE SYSTEMS

PROGRAM SUBELEMENTS (CONCLUDED)

0  SMF SILICON PHOTOVOLTAIC MANUFACTURING FACILITY
0  SMF COMPONENT MANUFACTURING FACILITY

0  SMF PRODUCTION CONTROL STATION

0  SMF ASSEMBLY COMPLEX

0  SMFTEST STATION

o  SMFEQUIPMENT AND OPERATIONS

0  SMF LOCAL TRANSPORTATION

o POWER SYSTEMS
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ORGAMIZATION:

PROGRAM
DEVELOPMENT

MARSHALL SPACE FLIGHT CENTER

EXTRATERRESTRIAL PROCESSING
AND MANUFACTURING OF LARGE
SPACE SYSTEMS

SAME

PS01/VON TIESENHAUSEN

DAL,

JANUARY 1978

STUDY SCHEDULE FOR PHASE |

SIX MONTHS PLUS ONE MONTH FOR DOCUMENTATION

STUDY FUNDING FOR PHASE |

$80K
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SESSION 'U' - SPACE UTILIZATION

Scac2 Utilization Studies ($§. Sadin, HD)

In th2 absences oI an ARC reprassntative to prasent the stcatus

of this study, S. Sadin made some brief remarks. Resulus of

the workshops neld the last three sunmers were summarized,

and the point was made that *they had provided valuable input

to the JSC ani MSFC studies.

DISCUSSIN: Comments werz2 made concerning possilbla "nollusisa”

from a mass driver fcr QOTV oronulsicn, and the general uvoilitsy of

such a device was guestioned. The Zutura diractiosn of this

study eflort was discussad.

Lunar Resourcaes Utilization Studies (E. Crum, J8C)

DISCUSSICON: Studies should consider lunar propulsicn trade-oiis

and alternatives t0 the mass driver Zor a lunar lzaunch vehicle.

Extraterrestrial Processing and Manulactuaring of Zarza Stace

§rstams " {G. von Tiesaannusern, [I5TC)

ettt

DISCUSSINN: Nuestion raisad atour astayoid usage in addition

to processing lunar materials, and »ossible 285 intereszt in

such efforts.

Discussion ¢Z FY 79 Plans in Swnace Utilization

Ceontinuaricn o0Ff nragan~ affares e ram Tiazsannmg3nisa ames s
b clcC Z Qresent @-I0res. oM. WOn o lLlesennizusan wanted

to exrand eIlforts to design end-to-end system and exanmine

interiaces and nhcw this affected tachnoleogy. Stan Sadin

did not fesel that such a Zfar-term project should 2e zushad

to that point at such an earlv date.

In FY 79
cessing

the MSFC study wi

& e (all‘. e tll Lanar-casald °or’
;.d mana —h-\at Il l\: [o)e -

v ~

|
PAGE 1d
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?\Rpl(i’lg() QU ALITY



SECTION 4
SESSION ‘T’
REVIEW OF SPACE TRANSPORTATION STUDY PROGRAM
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 ADVANCED SPACE TRANSPORTATION TECHNOLOGY STUDIES
OAST SPACE SYSTEMS STUDIES REVIEW MEETING

JANUARY 11-12, 1978

B. 7. Henry
" LaRC - SSD



ADVANCED SPACE TRANSPORTATION TECHNOLOGY STUDIES

FY16

FY80

VEHICLE TECHNOLOGY

SINGLE STAGE -

MULTISTAGE

LOX/LH PROPULSION

DUAL MODE PROPULS ION
LINEAR ENGINE INTEGRATION
CONTROL CONFIGURED DESIGN
HEAVY LIFT - BALLISTIC/ WINGED
AIRBREATHING APPLICATIONS

AIRBREATHING BOOST
HEAVY LIFT

ORBITAL TRANSFER

AEROMANEUVER ING
CHEMICAL/ ELECTRICAL

TRANSPCRTATION SYSTEM TECHNOLOGY

INTEGRATED EARTH TO GEO.
NEAR TERM APPLIC. OF ADV. TECHNOLOGY

OPT. SYSTEM MATRIX - MAX, TECH. COMMONALITY

INTERACTION - OPNS, TECH./DESIGN TECH.

FYnn | FY18 | FY19

-

ey - - S

L]
V227N

1

yrisissm

W
2]

777777 sl -

INHOUSE  PLANNED

—__CONTRACT

" 'FUNDED



TARGET AREAS FOR TECHNOLOGY ADVANCES .

RDT&E

DESIGN,
INTEGRATION ,
MANAGEMENT
54%

LIFE CYCLE COSTS

RDT&E
56%
(17% D)

\ INERT MASS

STRUCTURES

- & TPS
60%
PRODUCTION/ OPERATIONS FACILITIES
13% 5%
_ (17% D) OPERATIONS 105 /)
LA:’A’;C“ FLIGHT FLUIDS , PROPULS ION
SUBSYSTEMS

e SSTO

29500 KG PAYLOAD -
® 15 YRS

¢ 114 FLTS/ YR

R

ENGINE ' MA INTENANCE -
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S |NGLE-STAGE-TO-ORBIT VEHICLE
INTEGRATED LINEAR ENGINE




DUAL MODE PROPULSION SYSTEM COMPARISONS

REFERENCE VEHICLE: VTOHL LOX/LHo SSTO

GLOW =~ 1952000 KG
DRY MASS = 206 000

50 _ <
J o S
DRY \\ \ \
MASS 30| N x \ ___\
REDUCTION, \ \ - \
PERCENT 20| § \ \ \
10  GLOW § \ \ §
0 N N N N
CASE LINEAR SERIES PARALLEL DUAL EXPANDER
MODE INTEGRAL INTEGRAL SERIES| SEPARATE INTEGRAL
PARALLEL + SEPARATE PARALLEL PARALLEL
CYCLE RP/LH | GG/SC - 5C/SC GG/ SC GG/ SC




STUDY: APPLICABILITY OF THE CONTROL CONFIGURED DESIGN APPROACH TO
ADVANCED EARTH ORBITAL TRANSPORTATION SYSTEMS

OBJECTIVE: STUDY APPLICABILITY AND PERFORMANCE GAINS OF CONTROL
CONFIGURED DESIGN CONCEPTS AS APPLIED TO A SINGLE-STAGE-TO-
ORBIT VEHICLE

TASKS: | - APPLICABILITY OF CCV TO SSTO TECHNOLOGY STUDY (LITERATURE
SURVEY)

Il - STUDY RANGE OF STATIC STABILITY AND CONTROL POWER OVER
ENTRY MISSION PROFILE (6D MOTION STUDIES)

11 - ESTABLISH LEVELS OF REQUIRED DAMPING AND RIGID MODE AUGMENTED '
FREQUENCY AND DETERMINE IF CURRENT HANDLING QUALITY CRITERIA
ARE APPLICABLE TO CCV (6D MOTION STUDIES)

IV - IDENTIFY TECHNOLOGY ADVANCES MOST PROMISING TO CCV DESIGN

CONTRACT: NAS1-14833, $75K, 12 MONTHS (SUPPORTED BY CODE RA)
FINAL ORAL PRESENTATION NOVEMBER 30, 1977, COMPLETION MARCH 1, 1978

Lt

)
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CCV.STUDY PERFORMANCE SUMMARY = ™= .. ™ and

GLOW = 1.47x 106 KG .

“MOD 2
ey
_ 0} 170
2 " 165 KIS DESIGN LIMIT.
o | T TR TR T I I T
= = BASELINE CCV
2 |- =15 MOD 2.160 -‘
= S , CCV
a i O 9
2 o MOD 1 CCV
> 10} & 10 2150
= = o L
< = SURFACE i N\ MOD 2
MOD 1 5 TEMP, D40l
_ BASELINE , MO 5 | o CONV. -
| ey P ey g | £
. =
f CONV. : S
0! { | ) . 0 — . )} 130 1 [ 1 ‘
6 .1 13 .8 .9 . .3 .15 9 1 13 15
C.6.%l% = ' C.G. % lg : C.G. % Ip
¥ PAYLOAD HYPERSONIC TRIM/TEMP,  LANDING SPEED

. IRIM aMsz'l.S“ |



STUDY RESULTS

O UNSTABLE SSTO DESIGNS CAN BE CONTROLLED WITH STATE-OF-THE-ART

TECHNIQUES FOR NEGATIVE STATIC MARGINS UP TO 0.14 C.
O THE MAIN DESIGN CONSIDERATIONS FOR THE CCV DESIGN ARE:
1. AFT C.G. '
2. HYPERSONIC TRIM
3. CONTROL SURFACE FLOW SEPARATION AND HEATING CONSTRAI

0 THE CRITICAL TASK OF CCV DESIGN IS OPTIMIZATION OF THE WING-
CONFIGURATION FOR HYPERSONIC TRIM.

NTS
BODY

0 OPTIMIZED CCV DESIGN CAN BE CONTROLLABLE AND OFFERS SUBSTANTIAL

PAYLOAD GAINS OVER STABLE VEHICLE DESIGNS.



WINGED VS. BALLISTIC HEAVY-LIFT VEHICLE
TECHNOLOGY QUESTIONS

WINGED - FLIGHT WITH FAR AFT C.G,
= PAYLOAD SHROUD MECHANICS
BALLISTIC - BASE HEAT SHIELD DESIGN

ASCENT - PLUME HEATING
ENTRY - MULTIPLE PENETRATIONS

BASE VOLUME UTILIZATION
EFFICIENT, LOAD CARRYING TANKAGE

COMMONALITY - SHUTTLE, WINGED HLLV INVOLVE MANY COMMON TECHNOLOGIES
- BALLISTIC INTRODUCES DIFFERENT CONCERNS

i
Cs
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STUDY: TURBOJET-BOOSTED TWO-STAGE-TO-ORBIT SPACE TRANSPORTATION SYSTEM
DESIGN STUDY

OBJECTIVE - TO IDENTIFY CRITICAL AND UNIQUE PROBLEMS, DEVELOP SOLUTIONS,

INCORPORATE INTO CONCEPTUAL DESIGN
TASKS

DISCIPLINARY ANALYSES AND DESIGN TRADES

- CONCEPTUAL DESIGN AND PERFORMANCE ANALYSIS
- PRELIMINARY COST ANALYSIS

- TECHNOLOGY REQUIREMENTS ANALYSIS

CONTRACT - $107K, 8.5 MO. (SUPPORTED BY CODE RA)

INITIATED DECEMBER 7, 1977 - BOEING



LAUNCH OPTION COMPARISON
PAYLOAD = 29 500 KG

% ORBITER BOOSTER
RP 10 - LHy
- C
60} B A
: A
m U
20} é D
oL é 7
OPERATIONAL |VTOHL IVTOHL HTOHL
MODE $STO STAGED M = 6 STAGED M = 3.5
PROPULSION |[SSME GROWTH  |[SSME GROWTH | SSME GROWTH
GAS GEN. RP  |GAS GEN. RP ADV. T.J.
PARALLEL " SERIES SERIES
STRUCT. & |NORMAL GROWTH[SAME SAME
SUBSYSTEMS 11995 10C "

C\l\
o =

DRY

v 1 vy

0

300

"ASCENT 200

PROPELLANT
cosT, 100

- K$

0




SINGLE VS, TWO STAGE WINGED HLLV
200 000 KG PAYLOAD, ACCELERATED TECHNOLOGY (1995 10C)

N BOOSTER, 1ST STAGE
B3] ORBITER, 2ND STAGE

5 _
. 200 |- 4} 4}
DRY RDT&E | COST/FL
‘ » MASS L $8 M -
GLOW N 1°K6 | | K] Q
10 k6 | N 100 - § 2 § 2|
N N
IR \ \
ol L IN o L1 IN oL R\ 0
AB A B A B
A - SSTO, DUAL EXPANDER
B - TWO STAGE (M =6), SERIES BURN
2 GAS GENERATOR RP BOOSTER ENGINE 19/78

B o CHE
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REPRESENTATIVE OTV STUDY CONCEPT
LOX/ LH, SPACE BASED
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7000

- 1000,
6000 |- 100
TRIP
/ sec DAYS
5000 |- 10
4000 |- ]
3000 L 0.1 1

107 1074

OTV SIZING AND PERFORMANCE TRADES

GEO

0°

LEO 28.5° INCLINATION

Delivered Payload = 50,000 Kg

LOX/LH CHEMICAL
— — — — ELECTRIC

1

i }
1073 102 10711
/W

START
MASS
103 Kg

| RETURN -
T0 LEO =z
EMPTY

[

}

! 7\/
-

,n NO RETURN
00} /

0

|
10-5 1074 103 10-2 1071 10
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COMPARISON OF ELECTRIC AND CHEMICAL CARGO OTV
50,000 Kg GEO DEPLOY

1M 1B

\ \
7
100M}- szooo Q x15

100K l- x3 IOMF_ S %3 §

MASS COST/ FLT
Kg $ 1M x 10
wil |F|C %6 100K/,
ElC E{C £iC
| E|C 10KL X 20
1K 1K 7 7C ‘

GROSS PROPELLANT PROPELLANT VEHICIE LAUNCH TOTAL

AMORTIZATION  ($40/ Kg)
0 VEHICLE CO%7S ARE A MAJOR .CONCERN FOR ELECTR!CAL

A 0 LOW LAUNCH COSTS COULD FAVOR A CHEMICAL
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STUDY: TECHNOLOGY REQUIREMENTS FOR FUTURE EARTH-TO-GEOSYNCHRONOUS ORBIT
TRANSPORTATION SYSTEMS .

TO ASSESS THE TECHNOLOGY REQUIREMENTS OF A VEHICLE MATRIX
REPRESENTATIVE OF AN INTEGRATED EARTH-GEO. TRANSPORTATICN
SYSTEM

OBJECTIVE

EVALUATE THE CAPABILITIES GF EARTH-ORBIT AND ORBIT-ORBIT SYSTEMS
AS A FUNCTION OF TIME WITH NORMAL TECHNOLOGY GROWTH.

TASKS
- DETERMINE COSTS AND BENEFITS RESULTING FROM THE ACCELERATION
OF TECHNOLOGY GROWTH IN AREAS OFFERING POTENTIAL HIGH YIELD.

- DEFINE PERFORMANCE POTENTIAL OF FUTURE SYSTEMS INCORPORATING
ACCELERATED TECHNOLCGY GROWTH LEVELS AS A FUNCTION OF TIME,

CONTRACT $192K, 12 MONTHS

INITIATED FEBRUARY 1, 1978 - BOEING



INTEGRATED TRANSPORTATION SYSTEM TECHNOLOGY
VEHICLE STUDY MATRIX

GEO
OPERATIONS

PERSONNEL/ PRIORI
o1V

LARGE CARGO
o1v

PRIORITY
LAUNCH VEHICLE
PL ~ 10000 KG

HEAVY LIFT
LAUNCH VEHICLE
PL =~ 227000 KG



PLANS AND DIRECTIONS - IRANSPORTATION TECHNOLOGY

CONTINUATION OF EFFCRTS TO QUALITATIVELY EVALUATE TECHNOLOGY REQUIREMENTS
AND GROWTH

RESOLUTION OF UNANSWERED QUESTIONS

HLLV - WINGED OR BALLISTIC
- SINGLE- OR MULTI-STAGE
AIRBREATHING PROPULSION APPLICATION

DEFINE NEAR-TERM APPLICATIONS OF ACCELERATED ADVANCED TECHNOLOGY
DEFINE OPTIMAL TRANSPORTATION SYSTEM/TECHNOLOGY DEVELOPMENT PROGRAM
INCREASE EMPHASIS ON DEVELOPMENT OF IDENTIFIED CRITICAL AND/OR HIGH YIELD
TECHNOLOGIES

STRUCTURES AND MATERIALS

PROPULSION

AEROTHERMODYNAMIC DATA BASE

OPERATIONS
DESIGN INTEGRATION
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STUDY: NEAR TERM APPLICATION OF ACCELERATED ADVANCED TECHNOLOGY

OBJECTIVE

APPROACH

CONTRACT

TO DEFINE A TECHNOLOGY DEVELOPMENT PROGRAM WHICH BENEFITS
NEAR-TERM SYS1tMS AND PROVIDES DEVELOPMENT CONTINUITY TO MEET
FAR-TERM SYSTEM REQUIREMENTS.,

SENSITIVITY ANALYSES OF NEAR-TERM SYSTEMS TO DEFINE POTENTIAL
HIGH YIELD AREAS

CORRELATION OF IDENTIFIED HIGH-YIELD AREAS FOR FAR-TERM APPLICA-
TIONS WITH NEAR-TERM REQUIREMENTS

DEFINITION OF MOST EFFECTIVE OVERALL TECHNOLOGY DEVELOPMENT
PROGRAM

$150K, 10 MONTHS
FY78
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STUDY: OPTIMAL TRANSPORTATION SYSTEM/ TECHNOLOGY DEVELOPMENT PROGRAM

OBJECTIVE

APPROACH

CONTRACT

DEFINE FUTURE SYSTEM WHICH MAXIMIZES COMMONALITY AND BENEFITS
OF SELECTED ADVANCES IN TECHNOLOGY

ANALYSES OF POTENTIAL APPROACHES TO SUPPORT REQUIREMENTS OF
THE VARIOUS ELEMENTS OF THE TOTAL SYSTEM

IDENTIFICATION OF TECHNOLOGY DRIVERS FOR EACH, CORRELATION WITH
IDENTIFIED HIGH YIELD AREAS

DETERMINATION OF SYSTEM WHICH DERIVES MAXIMUM BENEFIT FROM A
COMMON TECHNOLOGY PROGRAM

DEFINITION OF MOST EFFECTIVE DEVELOPMENT PHAS ING

$150K, 12 MONTHS !
FY 79
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OAST SPACE STUDIES REVIEW MEETING - SPACE TRANSPORTATION N%A

PROGRAM STATUS PRESENTATION
10
OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY

NASA HEADQUARTERS

by

James J. Pelouch, Jr,
Propulsion Systems Section

Space Propulsion and Power Division

LEWIS RESEARCH CENTER

January 11 & 12, 1978
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Lewis Research Center

SPACE TRANSPORTATION STUDIES - OVERVIEW Systems Concept Branch

Pelouch A7 M)

WORK OBJECTIVE:

CURRENT SCQ::E:

CURRENT STUDY
ACTIVITIES:

SYSTEMS CONCEPTS BRANCH
PROPULS ION SYSTEMS SECTION

DEFINE THE REQUIREMENTS FOR FUTURE SPACE PROPULSION SYSTEMS AND
DETERMINE THE APPLICABILITY OF CURREMT AND PLANNED PROPULSION
TECHNOLOGY TO THESE REQUIREMENTS. PxOMOTE A MUTUAL AWARENESS
BETWEEN THE PROPULS ION USES AND PROPULSION TECHNOLOGY COMMUNITIES.

EARTH ORBIT AND PLANETARY APPLICATIONS

¢ PROPULSION SYSTEM PERFORMANCE FORECASTING

Advanced Chemical

tlectrostatic

Ther mo-electric .

Induction .
o  LOW-THRUST CONCEPTS ANALYSES FOR OPERATIONS BETWEEN LEO AND GEO

Chemical
Electric

¢  COST, PERFORMANCE AND RELIABILITY STUDIES OF ELECTROSTATIC
PROPULSION FOR PLANETARY MISSIONS



SPACE TRANSPORTATION STUDIES - OVERVIEW : 2

DISCIPLINES:

COST MODELING
PERFORMANCE ANALYSIS
PERFORMANCE PREDICTION (CAPABILITIES AND LIMITATIONS)

MISSION REQUIREMENTS ANALYSIS
DEVELOPMENT RISK ANALYSIS

AWARENESS: PROPULSION TECHNOLOGY DIRECTIONS ALTERED BY:

CURRENT LEVEL-OF-EFFORT:

CHANGES IN MISSION MODELS AND PREDICTED TRAFFIC
EVOLUTIONS IN OTHER SPACE TECHNOLOGY
Cost and Weight of Spéce Power
Environmental Effects on Space Power
Cost of ETO Transporlation
Presence of Men in LEO or LEO or both
Space System Structural Technology
Spacecraft Automation .

DIRECT IN-HOUSE 4 M-Y
INDIRECT IN-HOUSE I M-y

R&D $ 300K -



SPACE TRANSPORTATION STUDIES - PRESENTATION OUTLINE

0)

Y

®  ADVANCED CHEMICAL ENGINE STUDY CONTRACTS

o  EARTH-ORBITAL APPLICATIONS FOR ELECTRIC PROPULSION

CONTRACYT OVERVIEW
IN-HOUSE COST MODELING

o IN-HOUSE LaRCAeRC PROGRAM IN LOW-THRUST CHEMICAL PROPULSION

PROGRAMMATIC
. STATUS
. MISSION REQUIREMENTS
PRELIMINARY PROPELLANT PERFORMANCE ESTIMATES
COST ANALYSIS



SPACE TRANSPORTATION STUDIES - ADVANCED CHEMICAL ENGINES

(L]

OBJECTIVE:

APPROACH:

STATUS:

PROVIDE DESIGN AND PARAMETRIC DATA ON
ADVANCED ENGINES FOR MIXED-MODE ETO AND OTV
VEHICLE STUDIES '
IDENTIFY PROPULSIGN TECHNOLOGY NEEDS

PROPELLANT PERFORMANCE

THRUST CHAMBER COOLING

CYCLE BALANCE

DELIVERED PERFORMANCE, WEIGHT AND ENVELOPE PARAMETRICS
PRELIMINARY DESIGNS (ETO ENGINES)

BELL NOZZLE ETO ENGINES
CONTRACT NAS 3-19727
AEROJET - COMPLETE

LINEAR AEROSPI:Z ETO ENGINES
CONTRACT NAS3-20i14

ROCKETDYNE - COMPLETE

BELL & DUAL-EXPANDER OTV ENGINES

CIONTRACT NAS3-21049 (PARAILEL BURN)
AEROJET - END DATE (/22018

SERIES BURN STUDY - TBD



SPACE TRANSPORTATION STUDIES - ELECTRIC PROPULSION

()

T

0BJECTIVE:

FY 78 SCOPE:

ISSUES:

STATUS:

STUDY CONTRACT OVERVIEW
IDENTIFY ADVANCES IN ION-BOMBARDMENT ELECTRIC PROPILSION TECHNOLOGY

- NEEDED TO MEET MISSION REQUIREMENTS OVER NEXT THREE DECADES AND

ESTABLISH NATURE OF THESE ’ADVANC'ES

o PRIME PROPULSION

o  ELECTROSTATIC PROPULSION
¢ 30-CM EMT BASELINE

¢ PHOTOVOLTAIC POWER

STUDY SIGNIFICANT COST DRIVERS

¢ LAUNCH COSTS

o POWER SUPPLY DEGREDATION

¢  THRUSTER SYSTEM CHARACTERISTICS
¢ COST AND WEIGHT OF POWER
NEGOTIATION COMPLETE - AWARD IMMINENT

-




SPACE'TRI‘.NSPORTATION STUDIES - ELECTRIC PROPULSION (6)

COST_MODELING

OBJECTIVE: DEVELOP FIRST-ORDER PERSPECTIVES ON ELECTRIC PROPULSION COST DRIVERS
o CRBIT RAISING APPLICATIONS

LEO-GEO  COST ( Cost
* FUNCTION OF Power System Power
UNIT OF PAYLOAD MASS Power
Power System Mass
Thrust

Propulsion System Mass

ﬁ Thruster Specific impulse
Thrust System Efficiency
ET0  Cost

Leo-Geo Tralfic

L OTV Lite

MOST OF THESE VARIABLES ARE NOT MUTUALLY INDEPENDENT
%) o PROBLEM IS VERY COMPLEX



'SPACE TRANSPORTATION STUDIES - ELECTRIC PROPULSION

oL

PERFORMANCE OF THRUSTER EFFECTS LEO-GEO COST SIGNIFICANILY

LEO-GEO
$/Kg

THRUSTER
EFFICIENCY

01}

FIXED N

FIXED 7

30 CM
EMT

800

SPECIFIC IMPULSE (SEC)
BUT "OPTIMUM" (lsp) CHARACTERISTIC IS INFLUENCED BY

3000

Cost
Power,

Power
Mass,

and

Thrust
Mass



SPACE TRANSPORTATION STUDIES - ELECTRIC PROPULSION

it

ELECTRIC PROPULSION S.0.A. PRESENTATION

AND CONTRACTOR WORK PLAN PRESENTATION

OBJECTIVE: DESCRIBE ELECTROSTATIC PROPULSION STATE-OF-THE-ART TO THE
STUDY CONTRACTOR AND DISCUSS ITEMS OF MUTUAL INTEREST IN
ELECTRIC PROPULSION TECHNOLOGY
o FEB. 2 & 3, 1978, AT LeRC
¢  OAST AND OSF AND CENTERS WILL BE INVITED TO ATIEND

INHOUSE PLANS

COST MODELLING
THRUSTER DATA BASE



SPACE TRANSPORTATION STUDIES -LOW-THRUST CHEMICAL

PELOUCH

LEWIS RESEARCH CENTER
SYSTEMS CONCEPTS BRANC

»

OB JECTIVE:

PROGRAM OUTL INE

INVESTIGATE THE FEASIBILITY OF CHEMICAL PROPULSION FOR LOW-THRUST ORBIT

RAISING AND DEFINE THE TECHNOLOGY OPTIONS

ENGINE_SYSTEM
o DEFINE PRELIMINARY CONFIGUR -

¢ PRELIMINARY ANALYSES

ATIONS

CHAMBER COOLING AND STRESS
PUMP, DRIVE, AND CYCLE
DELIVERED PERFORMANCE
WEIGHTENVELOPE

S

VEHICLE SYSTEM
¢ DEFINE PRELIMINARY CONFIGURATIONS
¢ PRELIMINARY ANALYSES

STRUCTURAL
THERMAL
DYNAMICISTABILITY
WEIGHT/ENVELOPE

DESIGN OPTIMIZATION
¢ PERFORMANCE

o SIMPLICITY

o MAX. UTILIZATION OF AVAILABLE TEMH*10LOGY
¢ GROWTH/RECONFIGURING FLEXIBILITY -




SPACE TRANSPORTATION STUDIES - LOW THRUST CHEMICAL L]

LeRC STATUS

SOME INFORMATION OBTAINED ON MISSION REQUIREMENTS

PRELIMINARY 15p PREDICTION OF VARIOUS PROPELLANT COMB!NATIONS
COMPLETE

PRELIMINARY HYDROGEN REGEN. COOLING INFORMATION GENERATED
COST ANALYSIS IN PROGRESS
PROPULSION SUBSYSTEM WEIGHT SCALING CALCULATIONS IN PROGRESS

SEARCHING AND ACCUMULATING INFORMATION ON SHELF HARDWARE



SPACE TRANSPORTATION STUDIES - LOW THRUST CHEMICAL i

[



SPACE TRANSPORTATION STUDIES - 1.OW THRUST CHEMICAL (12

8L



’ SPACE TRANSPORTATION STUDIES - LOW THRUST CHEMICAL (3)
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SPACE TRANSPORTATION STUDIES - LOW THRUST CHEMICAL

(2]

PRELIMINARY PERFORMANCE
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SPACE TRANSPORTATION STUDIES - LOW THRUST CHEMICAL

COST_ANALYSIS -
EXPENDABLE VEHICLES - (SHUTILE ETO)

U5

Isp WILL MOST LIKELY HAVE TO EXCEED 350 SEC.
NO PRELIMINARY ADVANTAGE FOR H-O OR FOR HIGHER DENSITY
PROPELLANTS IN THE 350-400 SEC 15, RANGE
(HIGHER MASS FRACTION TENDS 'TO OFFSET LOWER lspi
H-O CAPABLE OF 460 SEC. 'sp @ 100 LB. THRUST, 200PS) Pc

REUSABLE VAHICLES - (H-O, SINGLE-STAGE, 460 SEC. Igp)

MASS FRACTION WILL HAVE TO EXCEED 0.95 TO BE COMPETITIVE
WITH EXPENDABLE IF ETO COSTS ARE OF SHUTTLE ORDER

FOR ETO COSTS $50/Kg., REUSABLE IS A CLEAR WINNER

SIMILAR ARGUMENTS SEEM TO EXIST FOR HIGH THRUST OTV'S
ALL COST COMPARISONS ARE HIGHLY SENSITIVE TO MISSION
DELTAV ASSUMPTIONS
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SESSION 'T' - SPACE TRANSPORTATION

Advancad Space Transportation Tachncleogy S-udieses (3. Henrxv,

of the multi-Center, multi-year <heme studies with
working relationship existing between ths LaRC and L=2RC
groups, ané also with TSC and MSFC personnel, even though
these Cent2rs receive no RX funds. Tne heavy in-house e
in support ~f this study was alsc praised,.

DISCUSSION: Stan Sadin mentiocned that this study was 2 mcdel
= £i

Space Transoortation Studies (J. Pelouch, Jr., LeRC)
DISCUSSION: Move discussion ¢f mass driver concents. Mr,
Pelouch statez that he needed to become more familizar wikh
HQ srzace oower for OIOQHTS cn activities.

Discussion of FY 79 Plans in Space Transportation
Continuation cf present eoffgrts. The LaRC s:tudy will prerpars
a technology developme Trogran LeRT i1s interasted in non-
transgortaticn progulsion reguirenents.

The prcoper place for mass driver crovulsicn studies in the
program was discrssed; shouvld it be added to the Lz YStT
studies or to the JUSC utilication effort? This gue :
be discussed a% the future meeting at LaRC.

82
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SECTION 5
SESSION ‘M’
REVIEW OF MULTIPROGRAM TECHNOLOGY STUDY PROGRAMS



730 - 7
PRESENTATION TO OAST-CODE RX

STUDY, ANALYSIS AND PLANNING OFFICE

ADVANCED AUTOMATION NEEDS ANALYSIS

PROGRESS REPORT

RTOP NO. 790-40-13

FUNDING: $75K in FY 'T7
$30K in FY 'T8

EWALD HEER
JANUARY 11, 1978

EH; 1-11-78
SECT. 930; p. 1|



o

ADVANCED AUTOMATIGN NEEDS ANALYSIS
OBJECTIVES

e |DENTIFY OPPORTUNITIES FOR THE APPLICATION OF MACHINE
NTELLIGENCE AND ROBOTIZS IN NASA MISSIONS AND SYSTEMS.

o ESTIMATE THE BENEFITS OF SUCCESSFUL ADOPTION OF MACHINE
INTELLIGENCE AND ROBOT TECHNIQUES AND PREPARE FORECASTS
OF THEIR GROWTH CAPABILITY.

© RECOMMEND PROGRAM OPTIONS FOR RESEARCH, ADVANCED DEVELOP-
MENT AND IMPLEMENTATION OF MACHINE INTELLIGENCE AND ROBOT
TECHNOLOGY FOR USE IN OAST PROGRAN: PLANNING.

o BROADEN COMMUNICATION AMONG NASA CENTERS AND UNIVERSITIES
AND OTHER RESEARCH ORGANIZATIONS CURRENTLY ENGAGED IN
MACHINE INTELLIGENCE AND ROBOTICS RESEARCH.

EH; 1-11-78
SECT. 930; p.2
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ADVANCED AUTOMATION NEEDS ANALYSIS
APPROACH

e ESTABLISH A "'STUDY GROUP ON MACHINE INTELLIGENCE AND
ROBOTICS" CONSISTING OF REPRESENTATIVES FROM UNIVERSITIES
AND OTHER INSTITUTIONS WORKING IN THESE AREAS

e PLAN AND HOLD FIVE WORKSHOPS WITH SPEAKERS INVITED FROM
NASA, UNIVERSITIES AND INDUSTRY

e IDENTIFY AND DESCRIBE POTENTIAL AREAS OF APPLICATION FOR
ADVANCED AUTONOMOUS SYSTEM TECHNOLOGY FOR NASA R&D PROGRAM
PLANNING

o PREPARE FINAL REPORT, INCLUDING RECOMMENDATIONS FOR
CRITICAL AREAS OF TECHNOLOGY DEVELOPMENT

EH; 1-11-78
SECT. 930; p.3
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ADVANCED AUTOMATION NEEDS ANALYSIS
RATIONALE

e NASA OAST HAS SET AMBITIOUS GOALS FOR FLIGHT AND GROUND

BASED SYSTEMS TO INCREASE THEIR PERFORMANCE A THOUSANDFOLD
BY 1985

e RECENT DEVELOPMENTS IN LARGE-SCALE INTEGRATED ELECTRONICS

ENABLE ADVANCED COMPUTING AND INFORMATION SYSTEMS NOT YET
CONSIDERED IN NASA PLANNING

e |T 1S THEREFORE TIME TO CONSIDER NEW APPROACHES IN ADVANCED
AUTOMATION FOR FUTURE NASA PROGRAMS

EM; 1-11-78
SECT. 93Q; p. 4




ﬂ';ﬂ " ADVANCED AUTOMATION NEEDS ANALYSIS

NASA STUDY GROUP ON MACHINE
INTELLIGENCE AND ROBOTICS

CHAIRMAN: DR. CARL SAGAN, CORNELL UNIVERSITY
EXECUTIVE SECRETARY: DR. EWALD HEER, JET PROPULSION LABORATORY

DR. MARVIN s AINSKY
MASSACHUSE TS INSTITUTE OF TECHNOLOGY

DR. DONALD A. NORMAN
UNIVERSITY OF CALIFORNIA 5.D.

DR, JAMES S. ALBUS
NATIONAL BUREAU OF STANDARDS

DR. ROBERT M. BALZER
INFORMATION SCIENCE INSTITUTE

DR. THOMAS O. BINFORD
STANFORD UNIVERSITY

DR. WILLIAM 8. GEVARTER
NASA HEADQUARITERS

DR. R. C. GONZALES
UNIVERSITY OF TEMMNESSEE

DR. PETER HART
STANFORD RESEARCH INSTITUTE

DR. JOHN W, HILL
STANFORD RESEARCH INSTITUTE

MR. GENTRY B. LEE
JET PROPULSION LABORATORY

DR. ELLIOTT C. LEVINTHAL
STANFORD UNIVERSITY

DR. JACK MINKER .
UNIVERSITY OF MARYLAND

-~

DR. RAJ REDDY
CARNEGIE-MELLON UNIVERSITY

DR. CHARLES J. RIEGER
UNIVERSITY OF MARYLAND

MR. STANLEY R. SADIN
NASA HEADQUARTERS

DR. THOMAS B. SHERIDAN
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

DR. PATRICK H. WINSTON
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

DR. WILLIAM WHITNEY
JET PROPULSION LABORATORY

DR. STEPHEN YERAZUNIS
RENSSELAER POLYTECHNIC INSTITUTE

EH; 1-11-78
SECT. 930; p.5
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ADVANCED AUTOMATION NEEDS ANALYSIS
WORKSHOP | - NASA PROGRAM OVERVIEW

UNIVERSITY OF MARYLAND, JUNE 27 T0 29, 1977

ACQUAINT THE STUDY GROUP WITH PLANNED NASA PROGRAMS INCLUDING:
e SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE
e PLANETARY EXPLORATION
e GLOBAL RESOURCES AND EARTH OBSERVATION
e SPACE INDUSTRIALIZATION
e LARGE AREA SPACE STRUCTURES
e REMOTELY OPERATED SYSTEMS
e SPACE TRANSPORTATION SYSTEMS AND GROUND OPERATIONS
e FLIGHT OPERATIONS AND MISS10ON CONTROL

o END-TO-END DATA MANAGEMENT

EM; 1-11-78
SECT. 930; p.6



- ADVANCED AUTOMATION NEEDS ANALYSIS
< WORKSHOP Il A - PLANETARY SURFACE
‘ ROVER TECHNOLOGY

JET PROPULSION LABORATORY, SEPTEMBER 28 AND 29, 1977

e RESULTS OF MARS 1984 STUDY

e MANIPULATION FOR PLANETARY SURFACE ROVERS

e {OCOMOTION FOR PLANETARY SURFACE ROVERS

e OPERATIONS FOR PLANETARY SURFACE ROVERS

EH; 1-11-78
SECT. 930; p.7



ADVANCED AUTOMATION NEEDS ANALYSIS

WORKSHOP IIB - COMPUTER ARCHITECTURE
FOR FUTURE SPACE MISSIONS

JET PROPULS ION LABORATORY, SEPTEMBER 30, 1977

e ARCHITECTURES FOR SPACECRAFT COMPUTERS
e TRENDS IN COMPUTER ARCHITECTURES

e TRENDS IN LS| TECHNOLOGY

e WHAT SHOULD NASA DO IN COMPUTER ARCHITECTURE RESEARCH TO BE
TWO ORDERS OF MAGNITUDE MORE COST EFFECTIVE IN 19907

EH; 1-11-78
SECT. 930; p.8
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ADVANCED AUTOMATION NEEDS ANALYSIS

WORKSHOP Il - MISSION OPERATIONS
AND DATA MANAGEMENT

GODDARD SPACE FLIGHT CENTER, NOVEMBER 15 TO 18, 1977

o NASA DATA MANAGEMENT SYSTEMS
e SYSTEMS DEVELOPMENT METHODOLOGY IN MISSION OPERATIONS

e ADVANCED SOFTWARE TOOLS FOR MISSION OPERATIONS AND HIGH-
LEVEL LANGUAGES

o TOPICS IN MAN-MACHINE SYSTEMS

EH; 1-11-78
SECT. 930; p.9



ADVANCED AUTOMATION NEEDS ANALYSIS

/] - WORKSHOP IV - ROBOTS AND MAN-MACHINE
SYSTEMS OPERATION
JOHNSON SPACE CENTER, FEBRUARY 1 AND 2, 1978

e SPACE RESOURCES AND COLONIES
e LARGE SPACE SYSTEMS TECHNOLOGY
o MANNED ANGC AUTOMATED OPERATIONS IN SPACE

WORKSHOP V - IMAGE DATA PROCESSING

NASA HEADQUARTERS, MARCH 8 AND 9, 1978

o PROGRAMS AND APPLICATIONS
. @ APPLICATIONS AND TECHNOLOGY
" e IMAGE SCIENCE

vO

EH; 1-11-786
- SECL 930,010 .

o —



quﬂﬁy ADVANCED AUTOMATION NEEDS ANALYSIS
SCHEDULE AND STATUS

TIME CY 1977 Cy 1978
ACTIVITIES /4 V4 1/4 1/4 1/4 /4 V/4 1/4

SELECT STUDY GROUP \ 4

WORKSHOP | v

WORKSHOP i v

WORKSHOP Il \ 4

WORKSHOP IV \V/

WORKSHOP V . \V/

FINAL REPORT —

PRESENTATION TO
NASA HQ Vv

EH; 1-11-78
SECT. 930; p. 1N
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ADVANCED AUTOMATION NEEDS ANALYSIS
TENTATIVE CONCLUSIONS AND RECOMMENDATIONS

e OUTPUT OF THIS STUDY WILL SERVE AS BASIS FOR ADVANCED AUTOMATION
PROGRAM PLANNING

o A NEW "AUTONOMOUS OPERATIONS'" TECHNOLOGY INITIATIVE FOR FY 1980 IS
PLANNED

e OAST SPACE SYSTEMS STUDIES FUNDING FOR FY 1979 1S RECOMMENDED;
CONDUCTING PLANNING STUDIES TO DEFINE AUTONOMOUS OPERATIONS
TECHNOLOGY INITIATIVE

N

EH; 1-11-78 .
SECT. 930; p.12
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PRESENTATION TO OAST - CODE RX
STUDY, ANALYSIS AND PLANNING OFFICE

STATUS REPORT

TECHNOLOGY ENABLEMENT - MULTIPLE REQUIREMENTS
FOR POINTING AND CONTROL

RTOP NO. 790-40-15
FUNDING $25K RX

$25K RE
STUDY LEADER J. B. DAHLGREN
W. E. BACHMAN

JAN. 11, 1978



. I TECHNOLOGY ENABLEMENT - POINTING AND CONTROL
jil— OBJECTIVES

o IDENTIFY POINTING AND CONTROL TECHNOLOGICAL DEVELOPMENTS WHICH
SIGNIFICANTLY ADVANCE FUTURE AUTOMATED MISSIONS

o NEAR-EARTH, LUNAR, SOLAR AND PLANETARY MISSIONS
e 1985 - 2000 TIME PERIOD
e TO CONTRIBUTE TO THE ADVANCED PLANNING OF A MEANINGFUL AND FOCUSED

TECHNOLOGY PROGRAM IN POINTING AND CONTROL FOR AUTOMATED
SPACECRAFT

B8O



O

TECHNOLOGY ENABLEMENT - POINTING AND CONTROL
q}n i
RATIONALE

e PLANNING OF AN EFFECTIVE TECHNOLOGY READINESS PROGRAM DPEPENDS
GN A SOLID UNDERSTANDING OF THE DRIVER MISSION/TECHNOLOGY
REQUIREMENT RELATIONSHIPS

¢ POINTING AND CONTROL TECHNOLOGY WILL PLAY A KEY ROLE IN FUTURE
AUTOMATED SPACECRAFT

INCREASED DATA
IMPROVED SCIENCE
LOWER COSTS

MISSION ENABLING



TECHNOLOGY ENABLEMENT - POINTING AND CONTROL

APPROACH

SELECT A REPRESENTATIVE NASA MISSION SET

IDENTIFY THE DRIVER MISSION REQUIREMENTS FOR POINTING AND
CONTROL TECHNOLOGY

SYNTHESIZE CANDIDATE SYSTEMS FULFILLING THE DRIVER
MISSION REQUIREMENTS

IDENTIFY THE ENABLING AND SIGNIFI CANTLY ENHANCING TECHNOLOGIES
REQUIRED OF THE CANDIDATE SYSTEMS

IDENTIFY REQUIRED TECHNOLOGY READINESS DATES

ESTABLISH PRIORITIES OF CANDIDATE TECHNOLOGIES BASED ON
DRIVER MISSION NET BENEFITS



[

TECHNOLOGY ENABLEMENT - POINTING AND CONTROL
ﬂrﬂ' = TECHNOLOGY FIELD

-

AUTOMATED SYSTEMS

POINTING AND ARTICULATION CONTROL
RENDEZVOUS AND DOCKING

ORBITAL TkANSFER

STATIONKEEPING

ATTITUDE STABILIZATION

FIGURE/SHAPE CONTROL

TECHNOLOGIES

CONTROL CONCEPTS

ANALYTICAL TOOLS FOR DYNAMICS
INTERACTION

FAULT TOLERANT TECHNIQUES
REFERENCE SENSORS
ELECTRONIC CONTROLLERS
PLATFORMS

ACTUATORS
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TECHNOLOGY ENABLEMENT - POINTING AND CONTROL

SCHEDULE MILESTONES

MAJOR MILESTONES

STUDY STARTED
DETAILED STUDY PLAN
IDENTIFY DRIVER MISSION REQUIREMENTS

HEADQUARTERS REVIEW OF PROGRAM
RECOMMENDATIONS AND PRIORITIES

FINAL REPORT

MONTH OF COMPLETION

DEC 1977

JAN 1978

MAR

JUNE

SEPT



v
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TECHNOLOGY ENABLEMENT - POINTING AND CONTROL
STATUS

o DETAIL PROGRAM PLAN HAS BEEN COMPLETED AND REVIEWED AT NASA
HEADQUARTERS

e CURRENT EFFCRT 1S DIRECTED TOWARD IDENTIFYING THE DRIVER MISSIONS

e CENTER CONTACTS BEING ESTABLISHED



Report No. 78-003
Countract No, NAS8-32047

PAYLOAD SOFTWARE TECHNOLOGY
ANNUAL REVIEW

44 January 10, 1978 .

M&S, oMPUTING, INC.
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PAYLOAD SOFTWARE TECHNOILOY
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PAYLOAD SOFTWARE TECHNOLOGY

CURRENT STATUS,

MID-TERM REPORT RELEASED (DECEMBER 1976).

PAYLOAD SOFTWARE TECHNOLOGY PLAN RELEASED (JUNE 22, 1977).

STS SORTIE PAYL.OAD SOFTWARE TECHNOLOGY COMPLETED (JULY 1, 1977).

- SPACELAB MISSION ASSESSMENT COMPLETED (AUGUST 26, 1977).
- PAYLOAD FILEMENT ANALYESIS SHEETS REVISED AND UPDATED

- GROUND-BASED SOFTWARE ASSESSMENT IN PROCESS,

- FINAL REPORT ON SCHEDULE,

REMAINING ACTIVITY,

PUBLICATION OF FINAL REPORT,
- "FREE-FLYER'" ASSESSMENT,
SUCCESSFUL. COMPLETION OF THIS TASK WILL REQUIR!™ A MINIMUM

OF ONE DATA GATHERING TRIP TO GONDARD SPACE FLIGHT CENTER,
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PAYLOAD SOFTWARE TECHNOLOGY
TECHNOLOGY EMPHASIS AREAS

o SOFTWARE DEVELOPMENT TECHNOLOGY.

COST/TIME REDUCTION METHODS.
SOFTWARE RELIABILITY. . .
COST/PERFORMANCE EVALUATION.
SOFTWARE/HARDWARE STANDARDIZATION.

o SOFTWARE SYSTEMS ARCHITECTURE.

%a

FUNCTIONAL DISTRIBUTION OF PROCESSING.
FAULT TOLERANT SYSTEMS.

INTELLIGENT INSTRUMENTS.

HUMAN/SYSTEM INTERFACING.

UTILIZATION OF HIGH-RATE DATA PROCESSORS.
DATA DISTRIBUTION/SHARING NETWORKS.

VERY LARGE DATA BASE MANAGEMENT.
MULTIDIMENSIONAL DATA BASE SYSTEMS.

o SOFTWARE APPLICATION TECHNOILOGY.

IMAGE RECOGNITION PROCESSING.

DATA COMPRESSION.

AUTOMATED INTELLIGENCE.

AUTOMATION OF GROUND SUPPORT FUNCTIONS.

#NOT ADDRESSED IN ONBOARD SOFTWARE STUDY



Planetary
and Decep

Space

o Navigation
o ‘Tracking

o Bandwidth/Power

-

» Long Life

Navigation

o Tracking
o Stability
Long Life
> Reliability
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PAYLOAD SOFTWARE TECHNOLOGY

PRIME DRIVING CHA RACTERISTICS

Extra- marth
Terreatrial
Observations
(SETI)
o Long Life o Data Rate
o Heavy Processing o Data Volume
o Data Volume o Stability
o Algorithms o Data Distribution
Sclence Technology
o Pointing o Attitude Control
o Data Rates o Stability
o Stabilily o Large Structures
o Environment o ECLS
Control

Bandwidth for data down link is not a problem,

Data compression/decompression is not a driver.

Solar

o Pointing
o Data Volume

Weather

o Timeline

o Data Digtribution

Data transfer/distribution is a ground network problem,

Communi-

cation

© 000 0O

Bandwidth
Power
Pointing
Long Life
Antennas
Reliability

Image processing and classification is receiving ample support and requires

. no forcing to achieve NASA goals,

Gicometric correction requires no special consideration.
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PAYLOAD SOFTWARE TECHNOLOGY
TECHNOLOGY DRIVER SUMMARY

SOFTWARE DEVELOPMENT,

- SOFTWARE DESIGN ENGINEERING.

- TREND TOWARD S/W DEVELOPMENT BY NON-PROGRAMMERS.
- FAULT-FREE SOFTWARE,

- APPLICATION ORIENTED LLANGUAGE DESIGN METHODOLOGY.
- LOW-COST DEVELOPMENT OF AOL COMPILERS,

SOFTWARE SYSTEMS ARCHITECTURE,

- (DISTRIBUTED) SYSTEM PARTITIONING /INTERCONNE CTION
TECHNIQUES.

- VERY LARGE STORAGE ACCESS SIMPLIFICATION,

- SOFTWARE FAULT (OWN OR INDUCED) DETECTION.

- SOFTWARE RECOVERY (AFTER FAULT DETECTION).

- HIGH-SPEED BUFFERING TECHNIQUES,

- DESIGN AND CONTROL OF ADAPTIVE SOFTWARE PROCEDURES,

- USE OF "NATURAL'" COMMUNICATION METHODS,

- EFFICIENT LARGE ARRAY SEARCH AND SORT PROCEDURES,

- PARALLEL PROCESSING TECHNIQUES,

- EFFICIENT LARGE ARRAY MANIPULATION PROCEDURES,
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PAYLOAD SOF TWARE TECHNOLOGY o :
TECHNOLOGY DRIVER-ITEM CORRELATION TABLE Eg
.. < &
" SOFTWARE TECIINOLOGY DRIVER, I’S- <&
e SOFTWARE TECINOLLGY ITEM A Jaf sl el sl eJaJofsJeuluwlulolw]s
RLARIREMENTS BECOMPOSITION AND STRUCTUNING GUINKLINES A N k
2 HEINNNEMENTIS-TO-CODE TRANSLATION AtS
>;- SHAPLINIED SOFTWARE DEVELOIPMENT SYSTEM DIMONSTRATION MODEL
T QUERY -GUIDED IMPLEMENTATION METHONS N
.s STANDARDY ZATION CHITERIA FOR HASA SOFTWARE
6 | AOL DESKIN GINDELINES/STANDARDS
7 | AOL COMITIER GENERATOR GOST FACTONS
a MITENYACE CRITERIA YOR NASA DISTRIDUTED IPROCESSOR APPLICATIONS
% | Task convaon. STRUCYURES FOR PISTRIBUTED PROCESSOR ENVIRONMENTS *
16 | VROGRAM ORGANIZATION METHONS FOR REAL-TIME FAULT RECOVERY \ ﬁ
" AVAIFIVE WG SPESD BUFFEARKE TECIININUFES FOR DYNAMIC NETWORKS
_l‘l—— COTROL. S'TM BCTURES FOIN ADAPTIVE SYSTEMS >\\\
13 | IMPACTS OF NATURAL COMMUNICATION METIIONS ON NASA PAYLOAD SYSTEMS &\\§
X
34 | ADAITIVE SEAUCH AND SORT IROCENURES ‘& &
15 | QESTRUCTINLD IMAGE ANALYSIS SOFTWARE FOR PARALLEL IMOCESSING §
114 O TIMAL LARUF, ARRAY PARTITIONING PROCEDURES T
:T CLASSIFICATION OF FRAON MECIIANISMS . & @
18 | GUIBELINES FOR DESIGIS DOCUMENTATION CONSISTENCY \ N
19 | SOFTWARE PROTOTYIING METHODS * | * % » 1% 2% 1% * | % *
= | v vecemm o oo A T A




o TI-01

o TI-08

o TI-09
o TI-10
o TI-15
o TI-17
o TI-20

Tt

PAYLOAD SOFTWARE TECHNOLOGY

TOP PRIORITY TECHNOLOGY ITEMS

REQUIREMENTS DECOMPOSITION AND STRUCTURING GUIDELINES.

INTERFACE CRITERIA FOR NASA DISTRIBUTED PROCESSOR
ENVIRONMENTS,

TASK CONTROL STRUCTURES FOR DISTRIB UTED PROCESSOR
ENVIRONMENTS,

PROGRAM ORGANIZATION METHODS FOR REAL-TIME FAULT
RECOVERY.,

RESTRUCTURED IMAGE ANALYSIS SOFTWARE FOR PARALLEL
PROCESSING.

CLASSIFICATION OF ERROR MECHANISMS,

SOFTWARE TECHNOLOGY MONITORING.

0
)8 (0
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PAY LLOAD SOFTWARE TECHNOLOGY
SPACELAB MISSION 1
SOFTWARE TECHNOLOGY POTENTIAL

DEVELOP PASSIVE SOFTWARE PACKAGES TO DEMONSTRATE AND
EXPAND ON-BOARD SOFTWARE POTENTIAL TO STS USERS.,

DATA COMPRESSION/DECOMPRESSION
EFFECTS ON IMAGE RECONSTRUCTION

.

/ EVALUATION AND SELECTION OF
DATA DISPLAY/INTERFACE TECHNIQUES
\_IN A REAL, ON-BOARD ENVIRONMENT

DEMONSTRATE USE OF AOL FOR
REAL-TIME S/W FUNCTION GENERATION/
MODIFICATION ON-BOARD

EVALUATION OF NATURAL
COMMUNICATION METHODS

Y

USE OF ON-BOARD COMPUGTERS/SOFTWARE
AS AN ENGINEERING/SCIENTIFIC TEST TOOL

SLIDE RULE CALCULATOR

APL

GRAPHICS GENERATOR

SCRATCH PAD (TEXT-DRAWINGS,
ACTIVITY LOG, ETC,)

§ o 22



PAYLOAD SOFTWARE TECHNOLOGY
GROUND SOFTWARE ASSESSMENT

TECHNOLOGY DRIVERS

i

o

DATA DISTRIBUTION THROUGH GROUND NETWORKS.

IDENTIFICATION, PROCESSING, PROTECTION AND CONT ROL OF
SENSITIVE, HIGH RESOLUTION DATA.

STORAGE/RETRIEVAL OF ARCHIVAL DATA.

PRIORITY, SELECTION, AND SCHEDULING OF TARGETS FOR
ULTRA -HIGH RESOLUTION IMAGERS.

S/W DEVE LOPMENT SCHEDULE, COST, AND PERFORMANCE.

DEVE LOPMENT /SUPPORT OF LOW-COST USER TERMINAL NETWORKS
AND PROCESSING SYSTEMS.

INTEGRATION OF REMOTELY SENSED DATA INTO EXISTING LA RGE
SCALE DATA SYSTEMS.
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PAYLOAD SOFTWARE TECHNOLOGY

GROUND-BASED SOFTWARE TECHNOLOGY ITEMS

PARALLEL PREPROCESSING AND DISTRIBUTION.

ONBOARD RADIOMETRIC CORRECTION,

ONBOARD QUALITY ASSESSMENT.
CHANGE DETECTION.
LOW-COST GROUND SYSTEM SOFTWARE.

EARTH MODEL DATA BANK,

INTEGRATION OF NEW DATA FORMS INTO EXISTING DATA SYSTEMS.

RESOLUTION LLEVELS,

SPECTRAL BANDS,

TEMPORAL, BANDS,

SECURITY/CONTROL OF HIGH-RESOLUTION DATA.
STORAGE AND RETRIEVAL TECHNIQUES.

WEATHER,
CROP FORECASTING,

SOFTWARE DEVELOPMENT /ENGINEERING,

NARRATIVE DESIGN. .
DESK-TOP DEVELOPMENT SYSTE MS,
HIGH-LEVEL PROTOTYPING TECHNIQUES.
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PAYLOAL SOFTWARF TECHNOLOGY
SOFTWARE TECHNOLOGY DEVELOPMENT PLAN

SECTION I - INTRODUCTION - This section describes th: purpose of this plan, the
scope of the plan, and the manner in which the plan is organized.

SECTION Il - SUMMARY - This section is an executive summary of the Software
Technology Development Plan and its derivation,

SECTION I - DESCRIPTION OF SOFTWARE TECHNOLOGY ITEMS - This section

is the description and planned approach to each of the Software Technology Development
studies selected,

3.1 Item TI-01

3.n Item TI-n

APPENDIX A - Technology Driver Derlvation,

APPENDIX B - Software Technology Item Derivation Worksheets.

APPENDIX C - Cost/Time/Priority Assessment,



PAYLOAD SOFTWARE TECHNOLOGY
FINAL REPORT OUTLINE

VOLUME I - FINAL REPORT

I. INTRODUCTION,
II. EXECUTIVE SUMMARY,
1. TECHNOLOGY FORECAST REVIEW,
Iv. STS SORTIE PAYLOAD SOFTWARE TECHNOI.OGY ANA LYSIS.
4.1 EAPERIMENT ANALYSIS,
4.2 TECHNOLOGY DRIVER SELECTION,
4.3 TECHNOLOGY DRIVER ANALYSIS,
4.4 TECHNOILOGY ITEM SELECTION,
4.5 COST /TIME /PRIORITY ASSESSMENT.
4.6 TECHNOLOGY DEVELOPMENT ANALYSIS/PLAN,

V. SPACELAB MISSION I SOFTWARE ASSESSMENT.,

5,1 -5,6 (SAME AS SECTION V),

V1. GROUND-BASED SOFTWARE ASSESSMENT,
6,1 - 6,6 (SAME AS SECTION 1V).
g VII. APPENDICES A - 1. .
:J; (SEE PREVIOUS PRESENTATION CHART.)

VOLUME Il - FINAL REPORT APPENDIX B ( PAYLOAD/SYSTEM ANALYSIS SHEETS),.

VOLUME Il - PAYLOAD SOFTWARE TECHNOLOGY DEVELOPMENT PLANS,
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o APPROACH
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o OVERVIEN
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1oy




tdds

t

OBJECTIVES

DETERMINE THE DEPENDENCY OF THE SHUTTLE PAYLOAD DATA SYSTEM
REQUIREMENTS UPON SCIENTIFIC OBJECTIVES (INCLUDING USER
PRODUCTS), PAYLOAD CHARACTERISTICS, AND PAYLOAD OPERATIONAL
PROCEDURES. IDENTIFY AND RANK BY RELATIVE POTENTIAL, AREAS OF

NEW DATA SYSTEM TECHNOLOGY WHICH CONTRIBUTE TO THE EXPEDIENCY" }

OF THE DATA SYSTEM AND/OR .REDUCE THE OVERALL CAPITALIZATION
AND OPERATION COST (LIFE CYCLE COST) OF THE DATA SYSTEM.
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APPROACH

o DRIVER PAYLOADS/PAYLOAD GROUPINGS ,
o REDUCTION OF PAYLOADS/PAYLOAD GROUPINGS TO A MANAGEABLE LEVEL
o END-TO-END SYSTEMS ANALYSIS o )

o TO DETERMINE THE IMPACT OF VARIOUS PAYLOAD DEVELOPMENT. PHASES ON A
SPECIFIC PAYLOAD DATA SYSTEM SUPPORT FUNCTION; E.G., THE IMPACT OF
SENSOR DESIGN AND/OR OPERATIONS ON THE DATA PROCESSING SYSTEM -

o TO DETERMINE THE DATA SYSTEM SUPPORT REQUIRED FOR ALL THE PAYLOAD
DEVELOPMENT PHASES; E.G., DEVELOPMENT PHASES SUCH AS MISSION PLANNING,
OPERATIONS, TRAINING, AND DATA PROCESSING

o TO DETERMINE THE DATA SYSTEM HARDWARE AND SOFTHARE TRADEOFFS REOUIRED
TO SUPPORT THE VARIOUS PAYLOAD DATA SYSTEM REQUIREMENTS (E.G., HARDMARE
DRIVING SOFTHARE AND VICE VERSA)

o SENSITIVITY ANALYSIS ,

o SENSITIVITY OF DATA SYSTEM LIMITATIONS TO STATE-OF-THE-ART ADYANCEMENT,
TECHNOLOGY COSTS, AND PAYLOAD OBJECTIVES -- -

¢ RISK ANALYSIS . |

o GAUGE RISK FACTOR IN BOTH CREATION AND PREDICTED AVAILABILITY OF
TECHNOLOGY |
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METHODOLOGY

 THREE PHASES

o PHASE ONE

DEVELOP A PAYLOAD MODEL FROM WHICH DRIVER PAYLOADS
ARE TO BE SELECTED '

o PHASE TWO

~ RANKING PROCESS TO SELECT POSSIBLE DRIVER PAYLOADS/
PAYLOAD GROUPINGS |

o PHASE THREE

TOP LEVEL DATA SYSTEM CONFIGURATION AND EVALUATION
OF PHASE THO DRIVERS -- IDENTIFY AND RANK DATA
SYSTEM TECHNOLOGY LIMITATIONS
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~ PHASE ONE
TECHNOLOGY PAYLOAD MODEL (TPM) DEVELOPMENT

e GOAL

o'DEVELOP A PAYLOAD MODEL THAT WOULD REASONABLY REPRESENT THE
TOTAL SPECTRUM OF PAYLOADS THAT COULD FLY BETWEEN THE YEARS
1981 AND 1991,

o PROCESS
" & REVIEW ALL EXISTING PAYLOAD MODELS

o REVIEW SPECIAL STUDIES ¢I.E., “OUTLOOK FOR SPACE,” AND THE
“AEROSPACE*” REPORT)

o ACCUMULATE A LIST OF PAYLOADS WITH TRAFFIC RATES INTO ONE
TOTAL MODEL--TPM




, PHASE THO
SELECTION OF DRIVER PAYLOADS

o GOALS
o CURSORILY EXAMINE AND REDUCE THE 150 TPM PAYLOA”:3/PAYLOAD GROUPINGS
TO A MANAGEABLE LEVEL
o IDENTIFY GENERALLY THE SUSPECTED AREAS OF DATA SYSTEM TECHNOLOGY
LIMITATIONS

o PROCESS
o RANK ALL PAYLOADS IN EACH SCIENTIFIC DISCIPLINE AGAINST SPECIFIC CRITERIA
o CRITERIA EXAMPLES
o DATA ANALYSIS
o OPERAT IONS
o QUALITY ASSURANCE
o RANKING CONSIDERAT IONS
o COST FOR EACH CRITERIA
o NEED FOR EACH CRITERIA
o DATA RATE AND DATA VOLUME REQUIREMENTS FOR EACH PAYLOAD/PAYLOAD
: GROUPING - RANKING WEIGHT B
o SELECT HIGIEST RANKED PAYLOADS IN EACH SCIENTIFIC'DISCIPLINE.

o 26: PAYLOADS ‘

»
I 'l



ORIVER PAYLOADS ANALYZED FOR NEW DATA SYSTEM TECHNOLOGY

PAYLOAD

LANDSAT/SEASAT PROGRAMS

GLOBAL EARTH AND OCEAN MONITORING SYSTEM

LUNAR ORBITER

*PLANETARY IMAGERY ORBITERS

CRYOGENICALLY COOLED IR TELESCOPE-FREE FLYING -
.LARGE SOLAR OBSERVATORY

COSMIC RAY LABORATORY

LARGE HIGH ENERGY OBSERVATORY - B.

LARGE X-RAY TELESCOPE )

MICROCHANNEL SPECTROMETER .

DEDICATED ASTRONOMY SORTIE

DEEP SKY ULTRAVIOLET SURVEY TELESCOPE (DUST)
MODIFIED ASTRONOMY SORTIE

VERY LONG BASELINE INTERFEROMETER (VLBI)
EARTH VIEWING APPLICATIONS LABORATORY (EVAL'.
SOLAR SORTIE . '
ATMOSPH, MAGNETOSPH & PLASMAS IN SPACE (AMPS)
HIGH ENERGY ASTROPHSICS SORTIE.

SOLAR POWER STATION (SPS) PROTOTYPE DEVELOPMENT
SOLAR POWER SPACE TEST ACTIVITY

PLANETARY SAMPLE RETURN

COMMERCIAL PROCESSING-CREW OPERATED

LONG TERM" BIOLOGICAL MATERTALS RESEARCH
SEARCH FOR EXTRATERRESTRIAL INTELLIGENCE (SETI)
12-PERSON SPACE STATION IN SEO

DISEASE PROCESSES RESEARCH

]
1
s

106
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" PHASE THREE -
RESULTS
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PHASE THREE TASK OVERVIEW

o PAYLOADS ANALYSIS
o DATA GATHERING AND INTERPRETATION FOR 26 PAYLOADS

o DETERHINATION OF DATA'SYSTEM FUNCTIONAL REQUIREMENTS
FOR EACH PAYLOAD

o DATA SYSTEM ANALYSIS
o EVALUATION OF PAYLOAD DATA SYSTEM FUNCTIONAL REQUIREMENTS
o SUMMARY OF DATA SYSTEM STATE-OF-THE-ART AND PROJECTIONS
~ o IDENTIFICATION AND RAHKING OF NEW TECHNOLOGY AREAS



e

PAYLOAD DESCRIPTION GUIDELINES

o ADOPT DRIVER CONFIGURATION REPRESENTATIVE OF CLASS

o ASSUME MAXiMAL REALISTIC OPERATION

o PROJECT PAYLOAD TECHNOLOGY TO USE DATE

¢ TRADE-OFF OMBOARD/GROUND FUNCTTONS

o UTILIZE INPUT-PROCESS-NUTPUT FORMAT FOR FUNCTIONAL REQUIREMENTS
o UTILIZE SYSTEM COMMONALITIES ACROSS PAYLOAD SPECTRUM

o ACCOUNT FOR ALTERNATIVE TECHNOLOGICAL SOLUTIONS

I
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NEW TECHNOLOGY

o MISSION EHABLING

o MISSION ENHANCING
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SUMMARY AND CONCLUSIONS

o GENERAL DRIVER PAYLOAD TECHNOLOGY REQUIREMENTS

o LARGE PROGRAMS REQUIRE TECHNOLOGICAL IMPROVEMENTS.

o STRUCTURES, PROPULSION, ETC., TECHNOLOGY ORIENTED PAYLOADS TEND TO REQUIRE
LESS DATA SYSTEM TECHNOLOGY THAN LARGE INFORMATION ORIENTED PAYLOADS
(LANDSAT/SEASAT, GLOBAL EARTH AND OCEAN MONITORING SYSTEM, ETC.).

o REQUIREMENT FOR EFFICIENT END-TO-END DATA BASE MANAGEMENT SYSTEMS,

e SPACE QUALIFIED MICROPROCESSORS, HIGH DENSITY MASS STORAGE SYSTEMS,

AND STANDARDIZED HARDWARE INTERFACES ARE ESSENTIAL TO MOST FREE-FLYERS
AND ALL SPACELAB-TYPE PAYLOADS. |

o PROCEDURE-ORIENTED I1IGH LEVEL LANGUAGE DEVELOPMENT AND SOFTWARE SUPPORT TO
MICROPROCESSORS ARE REQUIRED FOR ALL PAYLOADS., | |

o ROBOTIC SYSTEM DESIGN, ROBOTIC SOFTWARE DEVELOPMENT, AND SIMULATION
TECINIQUES ARE THE DRIVING TECHNOLOGIES FOR THE PLANETARY SAMPLE RETURN
MISSION,

o /D CONVERTER IS A NIGH RISK ENABLING TECHNOLOGY FOR THE SETI PROJECT.

o MASSIVELY PARALLEL PROCESSORS APPEAR TO HAVE GREAT POTENTIAL IN MAKING
FUTURE IMAGE PROCESSING REQUIREMENTS REALIZABLE.

& o JOSEPHSON TUNNELING DEVICE COULD REVOLUTIONIZE OHBOARD REAL TIME SYSTEM

DESIGN AKD OPERATION.

/7




LET

SUMMARY AND CONCLUSIONS
(CONT INUED)

e NEW TECHNOLOGY RANKING

o MOST SIGNIFICANT S
o SPACE QUALIFIED MICROPROCESSORS !
@ MASS STORAGE
o SOFTVWARE SUPPORT TO MICROPROCESSORS
‘o PROCEDURE ORIEMTED HIGH LEVEL LANGUAGE
o HARDYARE INTERFACE STANDARDIZATION
o LESS IMPORTANT THAN PREVIOUS GROUP
o ONBOARD DATA RECORDER
o COMMUNICATIONS LINKS |
o FAULT-TOLERANT SYSTEM DESIGN .
o END-TO-END DATA BASE MANAGEMENT
o INFORMATION INTEGRATION
o SOFTHARE STARDARDIZATION
o SOFTWARE RELIABILITY

T4
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SUMMARY AND CONCLUSIONS
~ (CONCLUDED)

e NEW TECHMOLOGY RANKING

o LESS IMPORTANT THAN PREVIOUS GROUP - EXTENSION OF EXISTING TECHNOLOGY
o DATA COMPRESSION/DECOMPRESSION
o IMAGE PROCESSING ALGORITHMS
¢ PATTERN RECOGNITION/CLASSIFICATION ALGORITHMS
o SIMULATION/EMULATION TECHNIQUES
o LESS IMPORTANT THAN ITEMS IN PREVIOUS GROUPS
o DEDICATED SOFTWARE OPERATING SYSTEMS
o DATA NETWORKING SOFTWARE

/7
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SUPERCONDUCTING SENSORS IN SPACE

FeasiBiL1Ty STubpy BY CRYOGENICS Division, NATIONAL
BuREAU OF STANDARDS

COMPLETION: ApriL 1978 Cost: $50K 357 CoMPLETE
Six Stupy ARreas
SoMe PRELIMINARY RESULTS

10 KeLvin CRYOGENIC SYSTEMS REQUIRED FOR ALL APPLICATIONS

NASA AMES
SPD0-08-06
gM:1-11-78



SUPERCONDUCTING LOW FREQUENCY SENSORS

3

APPLICATIONS

MaGNeTIC FIELD AND GRADIENT MEASUREMENTS
AMPLIFICATION

Low LeveL CURRENT AND VoLTAGE MEASUREMENTS
SMALL D1SPLACEMENT MEASUREMENTS

SMALL ANGLE MEASUREMENTS

BioLoGIcAL MEASUREMENTS

PRELIMINARY RESULTS

SQUID, (SuperconNDUCTING QUANTIUM INTERFERENCE DeEvice) -- MosT LIKELY
SENSOR

DEVELOPMENT OF HIGH SPEED LOCK IN AMPLIFIER REQUIRED

b NASA AMES
o JM:1-11-78
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SUPERCONDUCTING ::iGli FIELD MAGNETS

APPLICATIONS

ParRTiCLE PHYsics

ENERGY STORAGE

ENERGY CONVERSION: GENERATORS
Fuston - MHD

PropuLs 10N

MepicAL APPLICATIONS
INDUSTRIAL APPLICATIONS

PREL.IMINARY RESULTS

DEVELOPMENT REQUIRED FOR HIGHER CRITICAL CURRENT DENSITY MATERIALS

NASA AMES
SPD0-08-04
JM:1-11-78



SUPERCONDUCTING DIGITAL ELECTRONICS AND COMPUTERS

APPLICATIONS

SIGNAL AcaQuisiTION
AnALOG-TO-D1GITAL CONVERSION
SampLe-AnD-HoLb CirculTs
S1GNAL PROCESSING - COMPUTER

PRELIMINARY RESULTS
AT PRESENT LEVEL OF DEVELOPMENT, WITHIN 10-20 YEARS, SPACECRAFT
COMPUTERS CAN HAVE CAPABILITIES IN EXCESS OF ANY CURRENT
GROUND BASED SYSTEM

p=b NASA AMES
a SPD0-08-03
N JM:1-11-78



SUPERCONDUCTERG MICROWAVE & INFRARED SENSORS

APPLICATIONS

CoMMUNICATIONS
Rap10 AND INFRARED ASTRON-.:1Y
Universe BACKGROUND TEMPERATURE MEASUREMENTS

PRELIMINARY RESULTS

LArGe TecHnoLoGY DeEVELOPMENT ReUIRED BEFORE SUPERCONDUCTING
SENSORS CAN ComPeTE WiTH CoNVENTIONAL DETECTORS

ba NASA AMES
b SPD0-08-02
: JM:1-11-78



* SUPERCONDUCTING HIGH @ CAVITIES

APPLICATIONS

GRAVITATION EXPERIMENTS - ReD SHIFT, ETC.
Deep SpPACE NAVIGATION
RaNG ING

SMALL D.3PLACEMENT MEASUREMENTS

PRELIMINARY RESULTS

SuPerconNDUCTING CLockS - MosT Likery CANDIDATE FOR SIGNIFICANT
GAIN 1IN CAPABILITY (102 IMPROVEMENT PossiBLE wiTH MoDeEST DEVELOPMENT)

b NASA-AMES
N SPD0-08-01
' JM:1-11-78
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PRESENTATION TO OAST - CODE RX
STUDY, ANALYSIS AND PLANNING OFFICE

FINAL REPORT
TECHNOLOGY ENABLEMENT-SPACE POWER SYSTEMS

RTOP NO. 790-40-19
FUMDING: $50K

J. W. STEARNS
JANUARY 11, 1978
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TECHNOLOGY ENABLEMENT - SPACE POWER
AGENDA

OBJECTIVES AND
WORK PLAN

MISSION ESTIMATES

IDENTIFICAT

TECHNOLOG‘OﬁANDIDATE

TECHNOLOGY RECOMMENDATIONS
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TECHNOLOGY ENABLEMENT - SPACE POWER
OBJECTIVES

e ASSESS LONG-LIFE SPACE POWER SYSTEM TECHNOLOGY NEEDS
WITH EMPHASIS ON:

¢ SHUTTLE LAUNCH
o MODERATE (UP TO KW) SCALE POWER NEEDS
* AUTOMATED MISSIONS
© DEFINE TECHNOLOGIES THAT SUPPORT POTENTIAL FUTURE MISSIONS
* ENABLING
* SIGNIFICANTLY ENHANCING

e EVALUATE AND PRIORITIZE TECHNOLOGY CANDIDATES FOR
PRESENTATION OF RESULTS

e BENEFIT/COST/RISK (B/C/R) ANALYSIS
e OTHER DISCRIMINATORS
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- TECHNOLOGY ENABLEMENT - SPACE POWER

¢

——_——————————-_—ﬂ

WORK PLAN
SPACE POWER R&T
SELECTED { TECHNOLOGY —:
MISSION - READINESS
MODEL ] PROGRAMS
DRIVER || —~~~~~—~~7°
MISSIONS
AND NEEDS
power | [ IV T
SYSTEMS . BASE
IDENTIFICATION PROGRAMS
CONCEPTS A | TR
TECHNOLOG
CANDIDATE
{ 1
NEW R & T BASE NEW TECHNOLOGY
PROGRAMS READINESS PROGRAMS
i }
SUBJECTIVE BENEFIT/COST/RISK
ANALYSIS ANALYSIS
T '
TECHNOLOGY
— — CANDIDATE o REPORT
RANK ING
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TECHNOLOGY ENABLEMENT - SPACE POWER
SELECTED MISSIONS
(LUNAR AND PLANETARY)

RECON-
MISSION  NAISSANCE EXPLORATION INTENSIVE STUDY UTILIZATION
LNUNNEAR AND 1980-1982 1984-1990 1985-2000 1992-2000
INNER
PLANETS VENUS MERCURY GRBIT  LUNAR POLAR ORBIT  LUNAR BASE®
MARS PENE- LUNAR LABORATORY
TRATOR MARS ROVER AND
vsxugﬁoaan/ SSR
LANDER MERCURY ROVER
AND SSR
VENUS ROVER
1. AND SSR
‘ guxﬁgm 1982-1988  1982-1998 1993-1998 1993-2000
L N
AND SATURN/ JUPITER ORBIT  ORBIT, LANDERS, NUCLEAR WASTE
SOLAR URANUS ROVERS, SSR DISPOSAL
ESCAPE SATURN ORBIT AT JUPITER,
JUPITER/ SATURN, URANUS,
NEPTUNE PLUTO ORBIT AND NEPTUNE
SOLARWE  ASTEROID SSR
COMETS . SOLAR ESCAPE
AND
ASTEROIDS COMET SR

-

W .
& 3AUTOMATED TECHNOLOGY WITH MANNED SYSTEMS.
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TECHNOLOGY ENABLEMENT - SPACE POWER
SELECTED MISSIONS
(LUNAR AND PLANETARY)

RECON-

MISSION  NAISSANCE EXPLORATION INTENSIVE STUDY UTILIZATION
}.NI:UNEARR- AND 1980-1982  1984-1990 1985-2000 1992-2000
PLANETS P VENDS/ MERCURY ORBIT [{AMARPOL) ] LUNAR BASE?

7 W LUNAR LABORATORY
VENUS ORBIT/ W /]
L MERCURY ROVER
AND SSR
VENUS ROVER
AND SSR
OUTER 1982-1988  1982-1998 1993-1998 1993-2000
PLANETS
AND SATURN/ |/} ORBIT, LANDERS, NUCLEAR WASTE
?:‘é‘c‘ﬁﬁe URANUS 4 K%_)\{j%l;l)ffESRSR DISPOSAL
JUPITER/ SATURN, URANUS,
NEPTUNE PLUTO ORBIT AND NEPTUNE

s

ASTEROID SSR

SOLAR ESCAPE
COMET SR

i

Y/ A DENOTES MISSION COVERED BY PRESENT PROGRAMS
3AUTOMATED TECHNOLOGY WITH MANNED SYSTEMS,
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TECHNOLOGY ENABLEMENT - SPACE POWER

SELECTED MISSIONS
(EARTH ORBIT AND SOLAR)

RECON-
MISSION NAIS SANCE EXPLORATION INTENSIVE STUDY UTILIZATION
gﬁ:}fr" 1979-1985 1984-1993 1980-2000b
AND spegegﬂs- LARGE TELESCOPE EARTN RESOURCES
SOLAR (S) M‘: A SOLAR OBSERVA-  EARTH OBSERVATIONS
soL . TURY COMMUNICATIONS
SOLAR PROBE SPACELABA® NAVIGATION
LAND/SEA EARTH SURVEY ° CLIMATE/WEATHER
OBSERVA- A c
TIONS m\?g"ggﬁm SPACE POWER
HIGH GRAVITY/ INDUSTRIALIZATION
ENERGY
OB SERVA- MAGNETICS COLONIZATION
TIONS LARGE ANTENNAS
CLIMATE/ POWER TRANS-
WEATHER MISSION
. COMMUNICA-
TION
RADIO
ASTRONOMY
. EXTRA
ECLIPTIC

=
t

JAUTOMATED TECHNOLOGY WIT H MANNED SYSTEMS,
bSEPARATE STUDIES BEING ACCOMPLISHED

¢
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SELECTED MISSIONS

(EARTH ORBIT AND SOLAR)

TECHNOLOGY ENABLEMENT - SPACE POWER

MISSION

NAISSANCE

EXPLORATION INTENSIVE STUDY UTILIZATION
EARTH 1979-1985 1984-1993 1980-2000%
ORBIT

AND LARGE TELESCOPE [ £} £5
SOLAR

L)

SOLAR PROBE

LAND/SEA
OBSERVA-
TIONS

)

N

SRS
AR

s

PP

SPACELAB?

EARTH SURVEY -

}l’ £

7

Z

LARGE ANTENNAS

3355,

ST

DENOTES MISSION COVERED BY PRESENT PROGRAMS

SAUTOMATED TECHNO

LOGY WIT i MANNED SYSTEMS,
"SEPARATE STUDIES BEING ACCOMPLISHED
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TECHNOLOGY CANDIDATES

TECHNOLOGY ENABLEMENT - SPACE POWER
POTENTIAL DRIVER MISSIONS AND

MISSION FEATURE DRIVING POWER TECHINOLOGY CANDIDATE ¢ POWER
(LUNAR AND THE TECHNOLOGY CANDIDATE TYPE LEVEL
INNER PLANETS) (SEE NOTE) | &we)
MERCURY HIGH TEMPERATURE, HIGH TEMPERATURE COMPONENTS 2 15
ORBITER (SEP) SOLAR CORONA ELECTROMAGNETIC SHIELDING, o
LANDERIROVERISSR ~ LASER POWER BEAMING, 1-a
RADIOISOTOPE THERMIONICS, 1-a
ADVANCED RIG, 1-a
THIN FILM Ga As -2
VENUS HIGH TEMPERATURE, RADIOI SOTOPE THERMIONICS. 1-a | 25
L ANDERIROVERISSR HIGH PRESSURE, ADVANCED RIG. 1-a
BUOYANT STATION €O, ATMOSPHERE STIRLING REFRIGERATION, 1-b
* FUSED SALT BATIERIES 2
AUTOMATED LUNAR BASE | LONG LUNAR NIGHT, NUCLEAR-ELECTRIC POWER, . ~500
POWER NETWORK LASER POWER BEAMING. 1-a
THIN FILM Ga As, 1-a
FLYWHEEL ENERGY STORAGE 2
NOIE: CANDIDAJE TYPE DEFINLTION
/
I-a JECHNOLOGY READINESS WITH DIRECT POWER APPLICATION
l-b JECHNOLOGY READINESS WITH TANCENTIAL APPLICATION

2

R AND T BASE

NO PROGRAM AUGMENTATION NEEDED




TECHNOLOGY ENABLEMENT - SPACE POWER
POTENTIAL DRIVER MISSIONS AND
TECHNOLOGY CANDIDATES

_{lﬂl_}

121

MISSION FEATURE DRIVING POWER TECHNOLOGY CANDIDATE | POWER
(OUTER PLANETS THE TECHNOLOGY CANDIDATE - 1YPE LEVEL
AND SOLAR ESCAPE) SEENOTE) | we
URANUS/NEPTUNE/ LONG RADIO DISTANCE, | RADIOISOTOPE THERMIONICS, 1-2a | ~05
SOLAR ESCAPE (SEP) LONG FLIGHT TIME ADVANCED RTG l-a
PLUTO ORBIIERIPROBE/ NEP INTERFACE, LONG | NUCLEAR-ELECTRIC POWER, X 1-50
SOLAR ESCAPE 0NCP) RADIO DI STANCE RADIOI SOTOPE THERMIONICS, -2
ADVANCED RTG, I-a
.| inbucTIve encrey storace .
NUCLEAR WASTE EARTH ORBIT LOGISTICS, | NUCIEAR-ELECTRIC POWER, . 1-20
DISPOSAL INEP) NUCLEAR SAFETY. RADIATION }ARD COMPONENTS, 2
RENDEZVOUS AND INDUCTIVE ENERGY STORAGE .
DOCKING
AUTOMATED PLANETARY EXTREME ENVIRONMENTS, | NUCLEAR-ELECTRIC POWER, . 10-400
STATION JUPYTER RADIATION, RADIATION HARD COMPONENTS, 2
ORBITAL MAPPERS, SATURN/URANUS RINGS, | LASER POWER BEAMING, 1-a
PROCESSORS, BEAMING, | NCPTUNE REMOTENESS, | RADIOISOTOPE THERMIONICS, I-a
PROBES, PENETRATORS, | RINDEZVOUS AND ADVANCED RYG, 1-a
LANDERS, ROVERS, SSR | DOCKING INDUCTIVE ENERGY STORAGE .
NOIE: CANDIDATE IYPE - DEEINITION
1-a TECHNOLOGY READINESS WITH DIRECT POWER APPLICATION
I-b TECHNOLOGY READINESS W11 TANGENTIAL APPLICATION

2

*

R AND T BASE

NO PROGRAM AUGMENTATION NEEDED
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TECHNOLOGY CANDIDATES

TECHNOLOGY ENABLEMENT - SPACE POWER
POTENTIAL DRIVER MISSIONS AND

MISSION FEATURE DRIVING POWER TECHNOLOGY CANDIDATE | POWER
EARTH ORBAT THE TECHNOLOGY CANDIDATE TYPE LEVEL
AND SOLAR) ISEENOTE) | &we)
SOLAR PROBE/ HIGI SOLAR IRRADIANCE | HI1GH TEMPERATURE COMPONENTS 2 0.5-50
ORBHER (0.0} AU) t 14 MWUUm?), SOLAR SYSTEM WITH HEAT SHIELD, l-a
CORONA HEAT SINELDAEAT PIPES, 1-b
ELECTROMAGNETIC SHIELDING, .
STIRLING REFRI GERATION 1-b
EARTN OBSERVATION CRYOGENIC COOLING - | STIRLING REFRIGERATION, -6 | 10
AND RADJO ASTRONOMY OF SENSORS THIN FILM Ga As 1-a
(10 YRS, 2W. 59\
ELECIRIC ORBIT PROVON BELT DWELL TIIN FILM Ga As, . 1-a | 100-1.000
IRANSFER VEIICIE (MULTI -ROUND TRIPY RADIATION HARD COMPONENTS, 2
ELECTROMAGNETIC SHIELDING, .
FLYWIIEEL ENERGY STORAGE, 2
INDUCTIVE ENERGY STORAGE .
SPACELAB PROCESSING HIGH TEMPERATURE SOLAR FURNACE (~15 kWH), 1-b | REPIACES
FURNACE (>2800°K, THERMIONIC BOTIOMING . 58 kWe
6 kWl
NOJE; CANDIDATE TYPE ) DEFINITION
1-a JECHNOLOGY READINESS WITH DIRECT POWER APPLICATION
1D TECHNOLOGY READINESS WITH TANGENTIAL APPLICATION
2 R AND T BASE

NO PROGRAM AUGMENTATION NEEDED
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NEW TECHNOLOGY READINESS PROGRAM

" TECHNOLOGY CANDIDATE RECOMMENDATIONS
(TECHNOLOGIES DIRECTLY APPLICABLE TO SPACE POWER NEEDS)

SPINOFF
BIC Qry Qry :
PRIORITY | CANDIDATE TECHNOLOGY | FLIGHTS RATIO | ENABLED | ENHANCED EARTH | (o0
FLIGHTS | FLIGHTS | ORBIT | pouro
POWER
1 THIN FILM Ga As 1 4 >10 >10 YES YES °
PHOTOVOLTAICS 4 13 .
7 20
2 RADIO! SOTOPE oo >2 >10
THERMIONIC GENERATOR
OR ADVANCED RTG
3 SYSTEMS WITH HEAT oo >1
SHIELD/HEAT PIPES
4 LASER POWER BEAMING 1 0.4 5-10 YES
4 1.1
7 1.4
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NEW TECHNOLOGY READINESS PROGRAM
TECHNOLOGY CANDIDATE RECOMMENDATIONS

(TECHNOLOGIES TANGENTIALLY APPLICABLE TO SPACE POWER NEEDS)

SPINOFF
8/C qQry qQry
PRIORITY | CANDIDATE TECHNOLOGY | FLIGHTS ENABLED | ENHANCED | EARTH
RATIO v 1 TERR.
FLIGHTS | FLIGHTS | ORB:{ POWER
POWIR
1 SOLAR FURNACE oo 1-3 YES YES
(REPLACES 50 kWe
SUPPLY)
2 HEAT SHIELD/HEAT oo 1-2
PIPES
3 FIBER OPTICS CABLING 1 1.0 >10
(GSE REQUIREMENT) 4 33
1 5.1
4 STIRLING REFRIGERATOR | 0.4 >10 YES
( 10 YEAR CRYOGENICS) 4 L2
1 L7




TECHNOLOGY ENABLEMENT - SPACE POWER
ﬂ‘;ﬂ_a R & T PROGRAM TECHNOLOGY
CANDIDATE RECOMMENDATIONS

TYPE APPLICATION [COMPLEXITY

PRIORITY CANDIDATE TECHNOLOGY ENABLE | ENHANCE| NEAR [ FAR | LOW|HIGH

1 PRIMARY FUSED SALT X X X
BATTERY WITH
INDIGENOUS
MATERIALS)

2 HIGH TEMP, POWER COM- X X X

PONENTS FOR INNZR
PLANET OPERATIONS

3 RAD, HARD, IPOWER COM- X X X
PONENTS FUR OPERATION
LI%L(%?ER-PLANET RADIATION

4 *FLYWHEEL ENERGY STORAGE X X X
EQ{%LLE%NG LIFE, MANY DUTY

=
8; * POTENTIALLY IMPORTANT TO LARGE POWER SYSTEMS
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PLANNING ELEMENT

SCLECTED
MISSION MODEL

TECHNOLOGY
READINESS
PROGRAMS

R &Y BASE
PROGRAMS

DRIVER
MISSIONS

NIW TECHNOLOGY
CANDIDATES

BENCFIT/ICOSTIRISK
(BIC/i) ANALY SIS

TECHNOLOGY
CANDIDATL
RANKING

DEFIN'TION OF TERMS USED IN THE
TECHNOLOGY ENABLEMENT STUDY

DEFINITION

AN ALL-INCLUSIVE MISSION SET FOR MAXIMUM REASONABLE EXERCI SE
OF POWER SYSTEMS TECHNOLOGY CONCEPTS

TECHNOLOGY DEVELOPMENT PROGRAMS THAT ARE TO HAVE DEMONSTRATED
FLIGHT READINESS BY A SPECIFIED DATE (PART OF SPACE POWER R&T)

TECHNOLOGY STUDIES OF AN EXPLORATORY NATURE, INVESTIGATING
BASIC PHENOMENA AND PRINCIPLES OF CONCEPTS HAVING POTENTIAL
SPACE APPLICATIONS (PART OF SPACE PONER R&T)

POTENTIAL MISSIONS WHICH, IF THEY ARE TO BE ACCOMPL] SHED,
REQUIRE TECHNOLOGY ADVANCE

TECHNOLOGY CONCEPTS THAT OFFER POTENTIAL FOR MEETING TECHNOLOGY
NEEDS OF DRIVER MISSIONS

AN ANALYTICAL MANAGEMENT TOOL TO QUANTIZE THE VALUE OF A GIVEN
TECHINOLOGY PROGRAM

A PRISRITY LISTING Of TECHNOLOGY CANDIDATES ON THE BASIS OF
B/CIR ANALYSIS AND OTHER MORE-SUBJECTIVE VALUES
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TECHNOLOGY ENABLEMENT - SPACE POWER
s TECHNOLOGY ENABLEMENT MISSIONS

PRINCIPAL DATA SOURCES

o NASA PAYLOAD MODEL (HQ) © OUTSIDE USERS PAYLOAD MODEL (BMI)

o NASA 5-YEAR PLAN  (HQ) ® OAST SPACE SYSTEMS TECHNOLOGY MODELIGRC)
e OUTLOOK FOR SPACE (HQ) ® FUTURE STS ANALYSIS STUDY (BAC)

o COMPLEX 1976 (JPL) o MMS SPACECRAFT PLAN (GSFC)

o REPORT ON SPACE SCIENCE (NAS) e APSS AT JUPITER (GENERIC) (JPL)

® PAYLOAD DESCRIPTIONS (MSFC) © PROBE & PENETRATOR STUDIES (ARC)

e TECHNOLOGY PAYLOAD MODEL (JSC) o ADVANCED PLANNING STUDIES (AEROSPACE)
e COMPOS ITE NASA PAYLOAD MODEL (GDC) e UTILITY OF STS (HAC)

o SURVEYING EARTH'S ENVIRONMENT (JPL)



TECHNOLOGY ENABLEMENT - SPACE POWER

J]}ﬂ-—} PRESENT SPACE POWER
TECHNOLOGY DEVELOPMENTS
TECHNOLOGY READY DATE
® POWER CONVERSION
o |IGHTWEIGHT PHOTOVOLTAICS 1980
o SELENIDE RTG (SIG) 1980
o BIPS /KIPS 1981
e THERMIONICS 1990
o SOLAR THERMOELECTRIC GENERATOR (STG) 1982
® ENERGY STORAGE
o BATTERIES {NiCd, NiH{, AgH) 1980
e FUEL CELLS 1978
o LITHIUM BATTERIES 1982
® POWER PROCESSING AND MANAGEMENT
e MODULAR REGULATORS 1978
o PULSED BATTERY CHARGERS 1918
e SOLID STATE SWITCHING AND PROTECTION 1982
o MULTI-PHASE INVERTERS 1978
o SPECIAL-PURPOSE TRANSFORMERS 1977
e MICROLOGIC /| PROCESSOR 1919
s o AUTOMATED POWER SYSTEMS MANAGEMENT 1981



TECHNOLOGY ENABLEMENT - SPACE POWER
ﬂq}ﬂ—a ONGOING SPACECRAFT SYSTEMS

TECHNOLOGY PROGRAMS

® ONGOING

JUPITER ORBITER/ PROBE (JPL/ARC)

VENUS ORBITER IMAGING RADAR (JPL)
MULTIMISSION MODULAR SPACECRAFT (GSFC)
ION DRIVE (JPL/LeRC)

MARS PENETRATOR (ARC)

ATMOSPHERIC ENTRY PROBES (ARC)

® PLANNED

9

MARS SURFACE SAMPLE RETURN (JPL)



.q?ﬂ—; BENEFIT/COST/RISK ANALYSIS PROCESS

TECHNOLOGY PRESENT
READINESS ———e ;?;’E“ngmgw e——{  TECHNOLOGY
CANDIDATE ALTERNATIVES
TECHNOLOGY DESIGN ADVANTAGES
READINESS ANMND DISADVANTAGES
PROGRAM AND CONVERSION OF
ESTIMATES BENEFITS TO DOLLARS
AND RISK
ASSESSMENT
$COST [ SBENEFIT
[
NET PRESENT
VALUE AND
BENEFIT/COST
ANALYSIS
ouTteul

P
9
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TECHNOLOGY ENABLEMENT - SPACE POWER

AREAS OF ANALYSIS FOR CONVERSION
C * BENEFITS TO DOLLARS

DIRECT BENEFITS
® EQUIPMENT COST SAVINGS

¢ LAUNCH COST SAVINGS

e COST AVOIDANCE

® STANDARDIZED DESIGN SAVINGS
N INCREASED DATA



SESSION 'M' - MULTIPROGRAM TEZCHNOLOGY

Advanced Automati~son Needs Anzlvsis (E. Heer, JPL)

DISCUSSION: JSC workshop will use results from the various
space utilization studies and will also provide an opportunitv
for the workshop participants to assist the indiviiduals workiag
in space utilization in th2 areas of automation and machine
intelligence. Point was made that NEEDS is the first step

in automation to increase productivity per person.

In addition, Stan Sadin discusszé the anticipated new initia-
tives for tha naxt five years, one oI which is autcmated
operaticns.

th

Technology Enablement - Multiple Reguiremants
and Control (. Bachman, JZL)

or Pointing

DISCUSSION: LSST pointing and control ragquirements were
mentionad.

Pavioad Software Tachnologv (P. Rose, M&S “cmputing, Zor
J. Capps, MS7C)

DISCUSSION: The "ZIree fliar" software study part of the con-
tract has jus% begun; contact will be macde with GSFC for in-
formation. In addition, it was suggestel that J. Cacps meet
directly with D. Blanchard (GSTC) of tha NZEZDS project. ol

Was 3150 sugcested that JPL be ccntacted for information on

DSN scitware,

It was mentioned that this studvy complemants the auvicmation
study. Mr. Rose stated that it appeared that the osrimary

driver found in this effcr: was soltware Zevelogment. Hs
sugcestad that a softwars experiment he prorosed Ior Scacslas I.

Pavlcad Daza Swvstems YNew Technelcogyry Racuirements (L. Krzhnax, J3C)

-~ % [sal ’ -. ;s 1 % b L. g e & g
DISCUSSION: The only high risk techrnoloqgy item identifiad
~] 1 . .o oA s a ™S - e = e
during the study was ths 200 Mbs 2D converter Ior SIZITI.
- -~ Y - - ~—~ I . - - .
Sunerceniucting S2nsors i Sczacs (S, Murodhy, ART)

-z - PPl Yl mm it e £ TAaa =~~~ S S~ = = eoe- T A -
DISCUSSIoN: Usilization ¢f Josagnsin 2Zfalt 1s 3 Xay 2lamen:
of fururs coxputar idvancoes.

ORIGINAL PAGE I8 165
OF POOR QUALITY



Technolocy Enablenment - Scace Power Svstems {J. Stearns, JPL)

DISTUS. 7M: The most important reguiremert for space powsr
aprears to be radiation hardness, which Toints +£o develcco-
ments in thir film GaAs or similar technolegias. D. Aviv
stated that micrcocwaves may bte size competitive with lasar
power poaming to plane*avv vprobes, buat ¢others disputeld zhils.
Stan Sadin made the point that value of present tecanolog§
efforts should be included in studies so that "new stops”

can be identified. Mr. Stearns menticned Lhat the final
report on this sindy dataz-s ua“uldate trchnologies examined.

Discussicon of FY 7% Plans in Multicrcocgram Technelesy

Stan Sadin mentioned that +hese are the h=rdes:" studies
pecausa they are so oroad and require mission models. However,
they are varticularlv useful to the divisions; for this

reascn,; joiat f_ndlng shculd ke conszderec. J. Mullin commentsad
that these type studies should be reveated periodically for

each discipline to heip identify hi;n and lzw oricrity Ltech-
nolcgies. He felt they arz2 alisc valiuable because zthev are

an chjectiya look at CAST activritias.

The possibility oI deing joint studies with OST2S in and-to-

end data svstems, software technclogy, and Srvogsaics was
raised. t was pointed cut =het the technology model was
valuable in dcing multiprogram =echnclogy studises.

166



SECTION 6
SESSION ‘A’

REVIEW OF APPLICATIONS STUDY PROGRAMS
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 2: SEASAT FOLLOW-ON

PRESENTATION OVERVIEW

STUDY OBJECTIVES

GUIDELINES

PRODUCTS

STATUS



. | VOIR/SEASAT FOLLOW-ON TECHNOLOGY
‘“)“’ - READINESS STUDY - PART 2: SEASAT FOLLOW-ON

STUDY OBJECTIVES

GENERAL ® PROVIDE INFORMATION USEFUL TO NASA IN PLANNING THE ADVANCED
DEVELOPMENT PROGRAM AND INSURING ITS RELEVANCF TO AGENCY
NEEDS

AW



GENERAL

VOIR /SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 2: SEASAT FOLLOW-ON

STUDY OBJECTIVES

e PROVIDE INFORMATION USEFUL TO NASA IN PLANNING THE ADVANCED
DEVELOPMENT PROGRAM AND INSURING ITS RELEVANCE TO AGENCY

NEEDS
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. o VOIR /SEASAT FOLLOW-ON TECHNOLOGY
M - READINESS STUDY - PART 2: SEASAT FOLLOW-ON

STUDY OBJECTIVES (contd)
SPECIFIC e PERFORM READINESS ASSESSMENT OF THE VOIR AND SEASAT-B MISSIONS

¢« PROVIDES AN EVALUATION OF THE MATURITY AT PROJECT START
AND RISKS OF UTILIZATION OF THE TECHNOLOGIES UPON WHICH
USER-PROGRAM-OFFI CE-DEVELOPED DESIGNS FOR THESE MISSIONS
DEPEND

e PROVIDES A COMPARISON OF THE MATURITY OF THESE TECHNOLOGIES
WITH THE MATURITY OF THE TECHNOLOGIES AT PROJECT START OF
PREVIOUS JPL MISSIONS TO PLACE IDENTIFIED RISKS IN HISTORICAL
PERSPECTIVE

e PERFORM BENEFITS ASSESSMENT FOR THE VOIR AND SEASAT FOLLOW-ON
MISSTONS

* |DENTIFIiES, FOR MUTUAL OAST/USER PROGRAM OFFICE CONSIDERATION,
POSSIBLIE TECHNOLOGY ALTERNATI\ cS WHICH MAY REDUCE RISK FOR
AND /OR ENHANCE THE USER-PROGRAM-OFF!ICE-DEVELOPED BASELINE
DESIGNS

e PROVIDES MEASURES OF THE INCREMENTAL BENEFITS, RISK, AND COST
OF THESE ALTERNATIVES

JLw
112 /78-3
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AREA

SOURCE OF BASELINE MISSION
AND SPACECRATT DESCRIPTIGNS

SOURCE OF T.CHNOLOGY OPTIONS /
ALTERNATIVES

'FMPHASIS OF TECHNOLOGY
| CPi1ONS /ALTERNATIVES

READINESS STUDY -

o JPL (WITH EMPHASIS)

GUIDELINES

. VOIR/SEASAT FOLLOW-ON TECHNOLOGY
“ J\f"{ | PART 2: SEASAT FOLLOW-ON

-

o JPL FY ‘77 AND ‘78 PRE-PROCT
ACTIVITY SPONSORED BY
NASA 0SS /SL

) GUI DELINE

SEASAT-B

o IPL FY ‘77 PRE-PROJECT
ACTIVITY SPONSORED BY NASA
OA

e INDUSIRY

e GOVERNMENT (TO INCLUDE
CONSIDERATION OF NASA -
RELATED DOD TECHNOLOGIES
IDENTIFIED BY THE
AEROSPACE CORP IN AN
FY '76 OAST/RX-SPONSORED
STUDY*) ’

{SAME AS VOIR)

o ALL SPACECRAFT
ENCIHEERING SUBSYSTEMS
(EMPHASIS ON OPTIONS
WHECH MIGHT PROVE
BENEFIC.. "R SUPPORT
OF THE SYNTHEN:'" APERTURE
RADAR (SAR))

® NO SCIENCE SUBSYSTEMS /
INSTRUMENTS

e NN GROUND SUPPORT
EQUI PMENT

(SAME AS VOIR)

+TECHNOLOGY ASSESSMENT AND NEW OPPORTUNITIES - STUDY 2.3", THE AEROSPACE
. _CORPORATION, D.G. AVIV.
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Yy,

PRODIC T f

1)

LRGP APPROACH,

]

VOIR/SEASAT FOLLOW-ON TECHNOLOGY

READINESS STUDY -

PART 2: SEASAT FOLLOW-ON

PRODUCTST

R

l()(NHH(AH(M oF BASH‘N(
DESIGN TECHNOLOGY
(,()MP()N(NIS

((JlelH(AH()N o H(HN‘)H)(,Y
()PIIUNS

BAS[HM IE(HM)IU(;Y
COMPONENT 1COMPONENT OPTTON
STATE OF -DEVELOPMENT

ASSESS M(Nl

BAS!UM IUHN’)I(K Y
COMPONENT [COMPONENT OPTION
comwal IM(NI CONDITION ASJ!SSMENI

BASELINE TECHNOLOGY
COMPONENT ICOMPONENT OPTION
RISV ASSESSMENT

l!(HN()l(}(;Y MAH]RHY 7
COMPARISON

IH HN(J(()(,Y PO
BENERLT RATIN,

DEVELOPMEET FROGRAIA
RECOMIERDATIONS,

SEE APPENDIA

DESCRIPTION

LIST OF SUBSYSIEM COMPONENTS UTIRLZED IN USER-
PROGRAM-OFFICE -GENERATED BASELINE DESIGN

llSl ()6 SUBSYSIEN I[CMNUIOGY OFTIONS WHICH MAY
R[bll(l RISK AHDIDR !NIMNC[ Tht BASEUM MISSION

TDENTIFICATION OF COMPONENT STATE -OF - DEVELOPME NI
AT PROJECT START O A STANDARD 7-DEVELOPMINT
LEVEL SCALE (FOR SCALE. SEE APPENDIX)

-VM L&HUN o (()MP(JNENI SATISTACTION OF 7 CONDITEONS
ESSEMTIAL HOR COMPONEHT COMMITMENT T0O A PROJECT
AT LOW RISK LIOR ((:NDIH()NS _ S[[ M’P(NDIXD

EVALHATION OF COMPONENT RISK tHIGH, MEDIUM, LOW)
1N THE AREAS OF TECHNOLOGY, EHGINEERING, PERSOMNEL,
AND H)RESEFABU PROBLEMS (HOR CRITERIA, SEE APPENDIX)

(()MPARISUN Of IHE MATURITY Al PROJECT SIMU

BASED ON THE SCALE OF PRODUCT 3, Of THE TECHNOLOGIES
Of WHICH THE BASELINE DESIGH 1S COMPRISED WiTH THE
MATURITY AT PROJECT START OF THE TECHNOLOGIES

Of PR[VIOIJS JP[ H!SSIONS

PRI()RHI/AHON OF l[CHNOl()GY ()PHONS BY THE

DEGREE O WHICH THEY FROVIDE MISSION BENERITS

(1o, INCREASED SCIENCE INFORMATION QUANIITY AND/OR
QUALITY AT REDUCED COST) FOR THE MISSION UF

INIEREST

R(CUMM}HDFD NFw INIHMIV[S |N|IIAIIVF M]GM[NIAII()NS
ALDIOR NP EEATIVE REVISTONS VHECH MAY REDUCE RIS TG AN
ACLLPIAB L LEVELFOR, ANDIOR ENSAICE THE BASHLINE 11

0N

Juw
1/12/78-5
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 2: SEASAT FOLLOW-ON

STATUS
Coamws |
wanner | EXPECTED
PRODUCT | omPLETION COMMENTS
S L U |
1 COMPLETE | ALL BASELINE COMPONENTS DEFINED IN OA-SPONSORED FY '77 PRE-
) ] | PRUJECT ACTIVITY AT JPL
2 IN PROGRESS / | ® KEY OPTIONS: ON-BOARD SAR PROCESSOR, UNIFIED DATA SYSTEM
MARCH 1978 | o INVESTIGATION OF NASA-RELATED DOD TECHNOLOGIES JUST BEGINNING
© HEADQUARTERS REVIEW /AUGMENTATION OF PRESENT OPTIONS LIST IS
|| REQUESTED (FOR LIST, SEE APPENDIX)
3 IN PROGRESS / | BASELINE TECHNOLOGY COMPONENT STATE-OF -DEVELUPMENT ASSESSMENT
| MARCH 1978 | NEARLY COMPLETE. OPTIONS ASSESSMENT ONGOING
4 IN PROGKESS / | BASELINE CGMPONENT COMMITMENT CONDITION ASSESSMENT NEARLY
'MARCH 1978 | COMPLETE. OPTIONS ASSESSMENT ONGOING
5 IN PROGRESS | BASELINE COMPONENT RISK ASSESSMENT NEARLY COMPLETE. OPTIONS
MARCH 1978 | ASSESSMENT ONGOING
6 IN PROGRESS / | TECHINOLOGY MATURITY COMPARISON NEARLY COMPILETE
... | JANUARY 1978 } :
7 IN PROGRESS / | | DENTIFICATION/WEIGHTING OF CRITERIA FOR ASSIGNMENT OF
| FEBRUARY 1978 | OPTION BENEFIT RATINGS JUST UNDERWAY
8 IN PROGRESS /

APRIL 1978

DEVELOPMENT PROGRAM RECOMMENDATIONS CURRENTLY EMERGING

JLW
s B Stwa:: /4 J veovs 4.3

i~

-
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY

READINESS STUDY - PART 2: SEASAT FOLLOW-ON

APPENDIX
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY

|-~ READINESS STUDY - PART 2: SEASAT FOLLOW-ON

APPENDIX CONTENT

STUDY APPROACH

PRODUCT 2 - TECHNOLOGY OPTIONS LIt

PRODUCT 3 CRITERIA - COMPONENT STATE-OF-DEVELOPMENT SCALE

PRODUCT 4 CRITERIA - CRITERIA FOR COMPONENT COMMITMENT TO A PROJECT

PRODUCT 5 CRITERIA - CRITERIA FOR COMPONENT RISK ASSESSMENT

11111111
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. VOIR/SEASAT FOLLOW-ON TECHNOLOGY
‘~le8 (e READINESS STUDY - PART 2: SEASAT FOLLOW-ON

PRODUCT 2 - TECHNOLOGY OPTIONS LIST

e e it e g e et g i e = vem e e e e b - -~

MISSION ENGINCERING SUBSYSTEM
APPLICABILITY APPUCABILITY HINDING
MRS L . SIATUS
VOIR SEASAT FOLLOW-ON
k| seasat 1T 3 2 g 3
. s ¢ vo! ‘ o] i all a
TECHNCIOGY UPTIONS fonow- (2o 8| 28 £z g 2 ., g51<2
ool 1S 28] mlz el 9L LU L S 2]2 £ o FUNDEDUNFUNDE
ON by = *@S;éfqgauigo DS =I5 =<
gdn:.' :.(USU Ol 7l a2 ;’B
ST R e AR
T TR I k1! g§ <<= |E3 ZIZ2 ¥= UF‘ <C80C=%

U'llUl§(uPlINARY_Rl‘(ARLH
10 OPTIONS IDENTIFIED)

MATIRIALS RET

{NO GPTIONS (DINUIELED)
SIRUCTURE RE]

® M TAL-UINED COMPOSTIF X X X
PROPEILANT TANKS

SENSING & OETICTION RET

0 OPTIONS 1T NIIFIEDY
GUIDANCE & CONIROL R&I

{lu Bt WNVESTIGATID)
DAIA RLLUCTION & DISIRIBUTION R&T

o DISIRIBLTIVN RaL i

@ ON-BOARD SAR TMAGE PRUCTSSOR b X H X X X
© DIGITAL DATA SYSIEMS HUNIFILD X X ’ X
DATA SYSIEM) !
® DIGITAL RADIO « ? X ? X
® Ku-BAND PLANAR AXtAY ANTENNA X X X
e ONMER
CHEMICAL PROPULS ION RET
© FLOURINE-HYDRAZINE Rf IRG- X X X
PROPULSION TECHNQIOGILS
ELECINIC PROPULSION T
SEICTIRIC TROPULSION X |)’ X
e e -__.,J ——— .. ] —

. LIA‘S" ItD BY OASY SPACE R&T PYOGRAMIDISCIPLINE OBJECTIVE, SOURCES INCLUDE "SRET
ILCHNANOGY PROGRAM AND SPECIFIC OBJECTIVES,* OAST, FY '/8; "VOIR 1933 MISSION AND
SYSHM STUGY, Y OCT 1978, “SEASAT-B OPTIONS PHASE FINAL RCPORT, " JUNE 197/

x th Al! » .\I‘SIUNISUDSIS"M APPIILABI[IIY ANDFt 2 ING STATUS




. VOIR/SEASAT FOLLOW-ON TECHNOLOGY
= READINESS STUDY - PART 2: SEASAT FOLLOW-ON

PRODUCT 2 TEFHNOLOGY OPTIONS LIST (contd)

T B R TOTE CiwaMIneNG subsvstim T T

ARPLCABILY APPLILABILITY HUNDING

e . et SIALYS
VOIR SMSAI fOH(M ou

e g e

,
-
o
|
i

3

e MHOLOGY GPnons Jork :;mw.
Ot

vt
o
NG

LCEEEYES

NN

1
CMECHANI TS
POWER

ruuouﬂ umuno(nﬂ

LPACE EHLKGY SYS LS KE1
® BRAYION 1SOTOPL POYAR
SYSTLM (BLFS) ¥ X

® KILOWATLL 150105 POWIR
SYSIFM (KIS X X
o AUTOMALD POVKK SYSTEM
MANALEMEND A X p ) X £
@ CHHER
VAR TIERGY RAT

() DRTSONS TINTIFIED)
BLGH POYER LASERS &

(HERATIES Rl
110 BE INVESTIGANEG)
THIRY Ry

10 B INVESTIGATED)
CHECTROMIC SYSIEMS

HOMOLOGY
0 BE INVESHCALLD)

IAATERIALS AN S TRULTURES
YIRS (FOHNOLUGY

GO BU IVESTICATEO

PRUPULS)ON AND FGYER
SYSHMS THOHOOLGGY
® FLipsRINE HYDRAZINE
RE{HO FROPUISIOH (SHEACE
”L SYORABLE BYFROEVIAND
- ) FROPULSTON) X A X
., ® ATKORRAXI X X
LS ORI .. I [, [ S SR SR . —_— L L —
e LAY, ” 120 BY OAST SPACE R&T PROGRAMIDISCIPLING OB JRCTIVE, UR(.&S INCLUDE "5’(5'
(HCHIUTOG E PROGKAM ARD SPECH N GHIFLTIVES " OASE FY *18 " YOIR 1983 M1 SSTO0N AND
SESTEM STOLY " QLT Y9ms CSTASAT-B GPTICHS PHASE FINAL REPOKL, " JUtE 1417
XATHHCATES MG TS TEIA APBRLI ADIE Y AMG FUNDING STATUS

| AND ARHCL‘U'
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY

READINESS STUDY - PART 2: SEASAT FOLLOW-ON

PRODUCT 3 CRITERIA - COMPONENT
STATE-OF-DEVELOPMENT SCALE

[ STATE-OF-
DEVEI GPMENT
LEVEL

DEFINITION

-

ESTABLISHED)

HARDWARL *

SOFTWARE

BASIC PRlN( IPlES OBSERV[D AND R[PORTFD

CONCEPTUAL DES!'CN FORMUIATED

BASIC THEORY DE\:ELOPED AND PUBLISHED

—

APPLICABILITY TO SFECIFIC PROBLEMS

PROPOSED

CONCEPTUAL OESIGN SUBJFCTED 10 ANALYHCM_
|NVEST|GAT|ON AND/OR EXPER!MENTAL TEST

USED TO IDENTIFY PARTS OF EXISTING MISSIO:¢

DESIGN

= et

CRITICAL FUNCTION OR CHARACTERISTIC
DEMONSTRATED (i.e., GROSS DESIGN FEASIBILITY

FAVORABLE COMPARISON WITH AVAILABLE

MISSION RESULTS ATTAINED

PROTOTYPE 'BREADBOARD SUCCESSFULLY TESTED
ti.e., PERFORMANCE AND LIFETIME REQUIRED

BY THE MISSION OF INTEREST DEMONSTRATED)

IN THE RELEVAN[ GROUND- SlMULATED ENVIRONMENT

ANALYSES REQUIRED FOR REFERENCE FUTURE

MISSION PERFORMED

ENGINEERING MODEL SUCCESSFULLY TESTED
IN THE RELEVANT, GROUND-SIMULATED ENVIRONMENT

DEMONSTRATION THAT ALL FUNCTIONS REQUIRED

FOR REFERENCE FUTURE MISSiON CAN BE PER-
FORMED TO THE REQUIRED ACCURACY

ENGINEER:NG MODEL SUCCESSFULLY FLIGHT TESTED OR
SUCCESSHULLY FLOWN IN THE SPACE ENVIRONMENT

SOFTWARE USED IN SUPPORT OF AT LEAST

ONE PREVIOUS MISSION

toee

f()_pﬂl‘RvE'MENlb STUDY, " JUNE 1975.

- P | § o -

[ ] | Sataint}

. PP [T PO PO



STATL-OF
DEVELOPMENT
1tvil

1
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VOIR /SEASAT FOLLOW-ON
READINESS STUDY -

TECHNOLOGY

PART 2: SEASAT FOLLOW-ON

PRODUCT 3 CRITERIA - COMPONENT
STATE-OF-DEVELOPMENT SCALE

DU INI H ()N

[STABLISHFD)

"ABS IRA( (o FR()M CU CONVMR RPI
PEGUIREAENTS STHDY, ™ JUNE 1979,

HARDWARE *
B/\SIC PR!NC\PL[S OBS[RV[ D AND R[P()R!FD

CONCEPTUAL DESIGN FORMULATED

CONCEPTUAL DESIGN SUBJECIED TO ANALYTICAL
HNESIIGAI’ION AND/OR EXPERIMENIAL TEST
CRITICAL FUNCTION GR CHARACTERISTIC
DEMONSTRATED (i.e., GROSS DESIGN FEASIBILITY

PROTOTYPE /BREADBOARD SUCCESSHULLY TESTED
ti.e., PERFORMANCE AND LIFETIME REQUIRED

BY THE MISSION OF INTEREST DEMONSTRATED)

IN THE RE[ IANT (;R()UND SIMU[AIED [NVIRONMENI

ST U .

EHCINEERING MODEL SUCCESSFULLY TESTED
1P THE RELLVANT, GROUND-SIMULATED ENVIRONMENT

ENGINEERITNG MODEL SUCCESSFULLY FLIGHT TESTED OR
SULCESSHULLY FLOWN IN THE SPACE ENVIRONMENT

Rt

— — ]

SOFTWARE

BASI(, IHFORY D[VELOP[D AND PUBLISHED

- m————————t

APPLICABILITY TO SPECIFIC PROBLEMS
PROPOSED

[P —

USED TO IDENTIFY PARTS OF EXISTING MISSION
DESIGN

s

FAVORABLE COMPARISON WITH AVAILABLE
MISSION RESULTS ATTAINED

ANALYSES REQUIRED FOR REFERENCE FUTURE
MISSION PERFORMED

No (,ASD NAS- 75 016

"FUTURE PAYLOAD TECHNOLOGY

DEMONSTRATION THAT ALL FUNCTIONS REQUIRED
FOR REFERENCE FUTURE MISSION CAN BE PER-
FORMED 10 THE REQUlRED ACCURACY

SOFTWARE USED IN SUPPORT OF AT LEAST
ONE PREVIOUS MISSION
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 2: SEASAT FOLLOW-ON

PRODUCT 4 CRITERIA - CRITERIA FOR COMPONENT

COMMITMENT TO A PROJECT

+

COMMITMENT
_ CONDITION

DEFINITION

1.

THE COMPONENT STATE OF DEVELOPMENT MUST CORRESPOND TO
A LEVEL OF 5 OR HIGHER ON THE APPROPR1ATE HARDWARE OR

_ SOfTWARE COMPONENT STATE -OF -DEVELOPMENT SCALE

THE COGMPONENT MUST NOT PLACE REQUIREMENTS ON
OTHER SUBSYSTEMS WHICH REQUIRE THEIR ADVANCEMENT
BEYOND THE STATE-OF-THE-ART

COMPONENT PIECE PARTS (OR THEIR EQUIVALENIS) MUST
BE AVATLABLE (AND REMAIN SO) AND MUST MEET PROJECT
QUALITY REQUIREMENTS

THERE MUST BE NO UNSOLVABLE PROGCLEMS TO THE
COMPONENT SURVIVING AND FUNCTIONING IN THE EXPECTED
ENVIRONMENTS

COMPONENT MASS, PCWER, AND VOLUME ESTIMATES MUST
BE COMPATIBLE WITH SYSTEM PERFORMANCE CAPABILITIES

COMPONENT DEVELOPMENT COSTS AND SCHEDULE MUST BE
CONSISTENT WITH THE PROJECT PLAN AND ANTiCIPATED
RESOURCES

COMPONENT MANUFACTURING REQUIREMENTS MUST NOT
EXCEED INDUSTRY CAPABILITY IN QUALITY OR QUANTITY




IECHNOLOGY

ENGINEERING

PERSORIREL

FORESHEABLS
PROBIEMS

VOIR/SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 2: SEASAT FOLLOW-ON

PRODUCT 5 CRITERIA - CRITERIA FOR COMPONENT
RISK ASSESSMENT

PERSONNEL WHO ARE CONSIDERED

tow

e HNO'()!,Y f)’ISIS ANU MAS
DEMONSIRATED THE PERFORMANCE
AND LHFETIME REQUIRID BY THE
PESSTON OF INTEREST, CORRES-
PONDING TO A STATE OF DEVEIGP-
MENT LEVEL OF 5 OR HIGHER.

TRCHHOLOGY OPTIONS OR ALIER-
RATIVES EXIST.

PARALLEL TECHNOLOGY DEVELOP-
MENTS ARE FEASIBLE WHIHIN
ANTLCIPATED RESOURCES AND
SCHEDWLE.

PROBUM 1S CO:AMONPLACE AND
MAY B SOIVED Y INE APPLICA-
HON OF ANY OHE OF A NUMBER OF
KOUTINE DESTGH APPROACHLS,

EXPERTS IN THEIR FIEIDS AND
WHO HAVE SUCCESSTULLY
SUPPORTED SIMILAR PROJECTS
ARE AVAILABLE.

CONMLEMENT OF ABOVE PERSONNEL
1O PROJCT FOR 115 DHRATION
WOULD Bt HRM

FHOUGH 1S YN()WN 10 l(lﬂl')" All
MAJOR PROBLEMS AND ACCURATLY
ASSESS RISKS.

FHOUGH 1S FROWN 10 TORESEE

LEVELS O RISK

PMAEDIUM

"UIN()[O(‘Y EXISTS DNIY AS A
CONCEPTUAL DESIGN UNDERGOING
EVALUANON, CURRES PONDING 10
LEVELS 24

ILCHNOLOGY OPTIONS OR ALTERNATIVES
EXIST ONLY AS CONCEPTUAL DESIGNS.

AHNCIPATED RESOURCE. AND SCHEDULE
ARE MARGINAL FOR PARALLEL TECHNOLOGY
DEVELOPMENTS .

-

- m— — —

HIGH

TECHNOLOGY DOES NOI EXIST AND
MUST BE DEVFLOPED FROM BASIC
PRINCIPIES, CORRESPONDING T0O
LEVEL 1.

TECHRNOLOGY OPTIONS OR
ALIERNATIVES DO NOY EXIST.

PARALLEL TECHNOLOGY
DEVELOPMENTS ARE NOT FEASIBILE.

PR()BI[M 1S S()MIWIU\I NOVEi AND
REQUIRES A DESIGN APPROALH
SHOWING SOME THGENUITY AND
CREADIVITY.

PROBLEM 1S HOVEL, AITHOUGH
SOLUTIONS BASED ON EXISTING
TECHNULCGY DO EXIST, AND REQUIRES
A DESYGN APPROACH Of CONSIDERABLE
!N'[NUHY AND CREATIVITY.

I’f RS‘)NNH U! HIGH UUAIIH 8ui

LIMITED APPLICABLE lXPiRI{NCE
ARE AVAILABLE.

PERSONNEL COMMITMENT O PROJECT
1S CONDIYOHALL

P[RSON JEL OF UNKNOWN OR OU[S"ONABIE
CAPABILITIES ARLC AVAILABLE.

PERSONNEL COMMITMENT TO FROJSECT
1S UNDETERMINED.

tHOU(M 1S FN()WN 10 FORESEE MOST
MAJOR PROBIEMS AND ASSESS RISKS
WHTH SOME ACCURACY.

ENOUGH 15 KNOWH TO FORESEE SOME

M()Sl Mle‘“ P"I)HIFMS

MINUR PROBIEMS .

NOT EHOUGH 1S KNOWN 10O FORESEE
MAJOR PROBLEMS OR ASSESS RISKS

NOT ENOUGH 15 KNOWN 10 FORESFE

MINOR PROBUEMS.

U A



TECHNOLOGY READINESS FOR A GLOBAL SERVICE MISSION

OAST SPACE SYSTEMS REVIEW

NASA HEADQUARTERS
WASHINGTON, D.C.

JANUARY 11-12, 1978

W. RAY HOOK
LANGLEY RESEARCH CENTER



TECHNOLOGY READINESS STUDY PLAN

coT

OBJECTIVE
o TO IDENTIFY AND EVALUATE TECHNOLOGY ALTERNATIVES FOR A PLANNED AGENCY
FLIGHT PROGRAM IN GLOBAL SERVICES
TECHNIQUE
o REVIEW PLANNED PROGRAM

o SMALL INTERDISCIPLINARY TEAM WORKING WITH THE PRELIMINARY DESIGN
TEAM

o PROMISING SENSOR AND SUBSYSTEM AREAS SELECTED FOR ECONOMIC ASSESSMENT

RESULTS
o TECHNOLOGY ASSESSMENT AND UPDATED ART-SRT PLAN




. TECHNOLOGY READINESS ASSESSMENT

13134 ¢

PROGRAM/MISSION REQUIREMENTS |

DESIGN REQUIREMENTS

SPACECRAFT DESIGN

i

TECHNOLOGY ASSESSMENT

SELECTED INSTRUMENTS
AND SUBSYSTEMS

[ SRT - ART PLAN




TECHNOLOGY READINESS STUDY ACTIVITY

BT

o ENVIRONMENTAL MONITORING SATELLITE - MISSION STUDIES UNDERWAY

o EARTH RADIATION BUDGET SATELLITE - PROGRAM PLAN BEING DEVELOPED -
THREE iNSTRUMENT SETS:
o TIROS
o AEM



= PUBLIC SERVICE PLATFORM

BACKGROUND

o PRELIMINARY SYSTEM DESIGN FOR A PUBLIC SERVICE
COMMUNICATIONS TECHNOLOGY SATELLITE
DEVELOPED AT GSFC IN 1977.

o DESIGN WAS TECHNOLOGY CONSTRAINED -
PRIMARILY FOR COST REASONS.

OBJECTIVES

@ USE PSCTS CONSTRAINED DESIGN AS A BASELINE FOR
DEVELOPMENT OF UNCONSTRAINED TECHNOLOGY
CONCEPT.

@ USE CONCEPT TO IDENTIFY TECHNOLOGY DRIVERS
FOR PUBLIC SERVICE PLATFORMS IN ~1985
TIME-FRAME.

88T
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PSCTS CONCEPT -
ANTENNA BEAM COVERAGE

K,-BAND SPOT BEAMS
(3 FIXED + 2 STEERABLE)

K.-BAND TIME ZONE
BEAMS (4)

UHF ANTENNA
BEAMS (1)
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PUBLIC SERVICE PLATFORM

O REVIEW REQUIREMENTS BASIS FOR PSCTS
SYSTEM DESIGN CONCEPT.

© EXTEND/EXTRAPOLATE CURRENT DESIGN
CONCEPT TO “OPTIMIZE” CAPABILITIES.

O IDENTIFY TECHNOLOGY REQUIREMENT
OPTIONS FOR OPTIMIZED DESIGN CONCEPT.

EVALUATE IDENTIFIED TECHNOLOGIES FOR
READINESS IN ~1985 TIME-FRAME.



267

TECHNOLOGY READINESS

© IDENTIFY TECHNOLOGY ALTERNATIVES FOR MEETING MISSION
REQUIREMENTS (OPTIONS, EXTRAPOLATION, ETC.)

© EVALUATE INCREMENTAL BENEFIT TO MISSION FROM EACH
TECHNOLOGY ALTERNATIVE (BENEFITS MAY LIE IN
PERFORMANCE, RELIABILITY, COST, SYSTEM FLEXIBILITY, ETC.)

0 TO MAX. EXTENT POSSIBLE EXPRESS INCREMENTAL MISSION
BENEFITS IN COMMON ($) TERMS.

9 ASSESS COST AND RISK FOR EACH INCREMENTAL BENEFIT (E.G.,
COST - HIGH =2M, MED 0.5 - 2.0M, LOW <0.56M: RISK -

FUNCTION OF FLIGHT DATE AND LEVEL OF DEMONSTRATION
REACHED)

© RECOMMEND TECHNOLOGY AREAS FOR R&D ON BASIS OF
COST/BENEFIT EVALUATION.



SCHEDULE, FUNDING, MANPOWER

SCHEDULE
o START 3 JAN 78
o SOW/PR PACKAGE COMPLETE 3 FEB 78
© TASK ORDER AWARD 3 MAR 78
o FINAL REPORT COMPLETE 8 SEP 78

FUNDING 36K
O

MANPOWER

o O 0.6MY

CJ
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EVALUATE USE OF PENETRATOR CONCEPT FOR FUTURE EARTH EXPLORATION

Objectives

Phase I ¢ Define the resource parameters that must be measured

* Conceptually identify the type of sensors capable of
making the measurements

* Convene workshop with Geosat Committee and government
participants to evaluate concept

Fhaase II + Determine future sensor and system technology requirements
¢ Perform cese studies for penetrator simulation

¢ Prepare final report and recommendationa
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EVALUATE USE OF PENETRATOR CONCEPT FOR FUTURE EARTH EXPIORATION

Contacts
Working Staff: Amea Rescarch Center

Space Bcience Division
quce Projects Diviaion

Un:lv.era ity G'rant

San Joae¢ State University,
Department of Geology

On-81ite Contractor

LFE Corporation -~ Geologists

roa ':od Workshop: Geosat Committee President (Fred Henderaon III)
)
§ Z Participating Industry Corps
= ' .
2 2 Mineral
= '; 0il & Geas
()
%a
)

Geothermal
Envirommental & Engineering
Government Agencies
NA3A
USGS

ERDA
N3F

Universities and Consultants



EVALUATE USE OF PENETRATOR CONCEPP FOR FUILURE EARTH EXFLORATION

Phase Y Activities

. Determine characteristics to be measured;

Mineral Deposits

011 & Gas Accumulations

Geothermal Resources

Environmental & Engineering Applications

* (Conceptually identify methods of measurements

Geochemical
Biological
Geophysical

* (Convene workshop with Geosat Committee and Government
participants to exchange ideas:

Evaluate potential uses .
Determine important measurements
Identify demonstration project(s)

e Identify sites for case studies to simulate penetrator
application(s) for important potential uses:

Reconstrust actual ore deposit site(s) to a pre-mined condition
Simulate use in both reconnaissance and site survey modes, if possible

'
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EVALUATE USE OF FENETRATOR CONCEFF FOR FUTURE EARTH EXPLORATION

Schedule and

Cost

Hajor Taska

FY 771 zx_z_U_____J__l";tiZl_W
WIJABONDIFHNANJIABORNDJIFH

Phase I Activities:

Deterwmine characteristics —

Tdentify measurescnt methods

Convene Workshop

Identify sites for case studies

Preliminary rcport and recommendationa

Cese studiea for penetrator simulation

Final report and recoowmendations

Tten

University drant
LFE Contract

Univerajty Grant

=)
=
= Fhase II Activities:
Z
>
-
T
P
)
r
Activity
Ihase I(FY T7)
b
SE’ Fase II(FY 78)

LFE Contract

Techinology Innovations Contract

Fnture sensor and system technology requirements

Cost
20 K
4o X

K

3%
Yy
e
W%
i

&FY'TT Funds Exhausted

I
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PLACE OBJECTIVES

o TO IDENTIFY TIIE KEY TECHWOLOGIES OF EARTH RESOURCES SATELLITE
SYSTEMS OF THE POST ‘84 TIWE PERIOD (1985-2000)

o T0 PROVIDE A COMPRCHEWSIVE *SPACE SYSTEMS TECHHOLOGY HODEL’
FOR EARTII RESOURCES PROGRAMS FOR THIS PERIOD

o TO DEVELOP A TOOL TO ALLOW FOR PRIORITY STRUCTURING OF
THESE KEY TECHHOLOGIES AS A DECISION AlD



FANAGEMENT :

COHTRACTOK:

FUIDIHG:

PERIOD OF

PERFORMANCE :

0T

PLACE STubY

ORGANIZATION

S. SADIN (RY) -- PROGRAM MANAGER
F. FLATOW (GSFO -- STUDY MAHAGER

G.E.

$176K (OAST/08)

JuLv 1977 10 JULY 1978
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NASA MANDATE FOR VISION

e STUDY SHOULD ATTEMPT TO EMPLOY IMAGINATION, VISION AND INSPIRATION. SEEK TO GO
‘BEYOND THE CREDIBLE TO THE ‘SEMI-CREDIBLE’

e IN BOTH MISSION ANALYSIS AND TECHNOLOGY FORECASTING — ASK WHAT ‘CAN BE’
RATHER THAN WHAT ‘WiLL BE.’

APPLIED

Sl a9vd TVNIOIHO

CREDIBLE © SEMI-CREDIBLE INCREDIBLE
S Ny
 Gans—
GLOBAL CROP MONITOR TRAFFIC MONITORING
OBJECTIVES PHODUCTION GRAZING NAVIGATION HAZARDS
#ORECASTING POTENTIAL
SATCLOUD 501L COMPOSITION
(1000 SAT8) SYSTEM
LANDSAT £ MICROSAT FERRISWHEEL | SIMULTANEOUS
SYSTEMS SHUTTLE (600 X 130 KM ARAAY) | EVEN" OF TECTING
CALIBRATION | ARRAV} '
SYSTEM
LAl
- ]
GRAVITY WAVE
2-D ARRAY SENSORS
TLCHNOLOGIES DE TECTOH/ LARGE APPLICATIONS
PHOCESSORS  STAUCTURES MOOELS NEUTRING
DETECTOR




PLACE STUDY METHODOLOGY

T MISSION TODAY
ANALYSIS. -~ !

}
4

3 acy - I )

TECHNOLOGY - o Cevereme— - = NOLOGY TECHNOLOGY
FORECASTING - | “concerTs— | ‘reauirements [ FORECAST RUN
[EXPLORATORY) CONCEPTS — R (NORMATIVE)

- SVSTEM . =
ELEMENTS —

PRIORITY
SANALYSIS oo
“METHODOLOGY-.

—— e ] — m - — s wfé




STV h qoad A0

3

€3

ol odanvd AN RTNIY

HICLUDED

AGRICULTURE

RANGE MATAGEMENT
FORESTRY

GEOLGGICAL REZOURCES
LAND ULE

WATER RESOURCES
ERYIROEIEHTAL NUALITY
DISASTER ASSECSHMENT

(R

PLACE i41SSIOH CATEGORIES

EXCLUDED

HEATHER
CLIMATE

ATHOSPHERIC SENSING(EXCEPT CALIBRATION)
EARTH AHID OCEAN DYNAHICS

EHERGY/COMM/HAVY
MILITARY

AIRCRAFT/D.C.P,’S
EXTRATERRESTRIAL

CRIMINAL ACTIVITIES(EXCEPT POLLUTIOH)



DERIVATION OF MISSION OBJECTIVES

GE FORMULATION OF KEY MISSION OBJECTIVES
-- LITERATURE SEARCH
-~ PREVIGUS STUDBY RESULTS
-- Miss10N REQUIREMENTS BOARD

SELECTION CRITERIA
-- EconoMIC AND OTHER SOCIAL IMPORTANCE
-- DIVERSITY: OBJECTIVES, TECHNOLOGY REQUIREMENTS

OBJECTIVES APPROVED BY NASA FOR PURPOSE OF THIS STUDY



KEY OBJECTIVES

AGRICULTURE — CROP PRODUCTION FORECASTING

— IDENTIFY CROPS

— MEASURc ACREAGE

— ESTIMATE YIELD

— MEASURE PRODUCTION

RANGE MANAGEMENT — GRAZING POTENTIAL DETERMINATION
— EVALUATE STATUS AND MEASURE CARRYING CAPACITY

~ ESTIMATE LIVESTOCK COUNT
— ESTIMATE FORAGE PALATABILITY

FORESTRY — TIMBER STAND VOLUME ESTIMATION

— IDENYIFY TREES
— EVALUATE QUANTITY AND QUALITY OF TIMBER

GEOLOGY — GEOLOGICAL RESOURCES LOCATION

— LOCATE ORES .
— LOCATE FOSSIL FUELS

—~ LOCATE CONSTRUCTION MATERIALS
~ LOCATE GEOTHERMAL RESOURCES
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KEY OBJECTIVES

LAND USE — LAND USE AND CENSUS ENUMERATION

— CREATE THEMATIC AND LAND USE MAPS
— DETEOT CHANGE IN LAND USE
— ESTIMATE POPULATION

WATER RESOURCES — WATERSHED MONITORING
— MONITOR SURFACE SUPPLY OF FRESH WATER

— MEASURE GROUNDWATER FLOW AND STORAGE
— INTEGRATE RAINFALL AND EVAPORATION DATA

ENVIRONMENTAL QUALITY — WATER POLLUTION DETECTION
— DETECT, MONITOR, AND TRACE FRESH WATER POLLUTANTS

—~ MONITOR EUTROPHICATION
— MEASURE SALT WATER INCURSION

DISASTER ASSESSMENT — ABRUPT EVENT EVALUATION

— MONITOR AND ASSESS DISASTéRS
— MONITOR NON-CALAMiITOUS ABRUPT EVENTS
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TRENDS IN REQUIREMENTS AND CAPABILITIES

IFOV DOWN TO 5-10 METER
AMPLITUDE RESOLUTION TO 0.1-0.5% (8-10 BITS),
DATA RATE TO GIGABIT/SEC RANGE

'VARIABLE RESOLUTION/ZOOM CAPABILITY
MAKE OBSERVATIONS IN ANY WEATHER, DAY OR NIGHT, UP TO REAL TIME
MORE USE OF MODELS AND DATA BANKS
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{USER
DRIVEN)

(PLACE
METHODOLOGY)

(TECHNOLOGY
DRIVEN)

'

FORMATION OF SYSTEM CONCEPTS

MISSION USER SYSTEM SYSTEM
OBJECTIVES REQUIREMENTS 'T* SPECIFICATIONS CONCEPTS
ENGINEERING
1 AND SYSTEM
SCIENTIFIC CONCEPTS
;“’ JUDGMENT
EXPLORATORY BEST
TECHNOLOGY f}‘é’é&hﬁi’&v _6-3{ POSSIBLE
FORECASTING  SYSTEMS




SYSTEM ELEMENTS

COMMUNICATIONS

60

A -
PLATFORM
SENSOR e e — ORBIT
— SUPPORT
SUB.SYSTEMS
Y
PREPROCESS
AND
EXTRACT
END-TO-END >




*1.

. SENSOR & PLATFORM CONCEPTS

LANDSAT H
EARTHWATCH
SEOS
TEXTUROMETER
HCMM FOLLOW-ON

NITE-LITE

7. MICROSAT

PARASOL RADIOMETER

RADAR ELLIPSOMETER

. %10.
.
12
13
"

" 15.

16.
17.
18.

19.

FERRIS WHEEL RADAR
SATCLOUD

RADAR ALTIMETER

SWEEP FREQUENCY RADAR
GEOSYNCHRONOUS SAR

RADAR HOLOGRAPHER
FARADAY MAGSAT

TETHERSAT

SHUTTLE CALIBRATION FACILITY

OPERATIONAL SHUTTLE FLIGHTS .
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LANDSAT H — SYSTEM CONCEPT

EXTENSION OF OPERATIONAL LANDSAT PROGRAM

_ (APPROX. 1995)

INCORPORATES OPTICAL AND SAR DEVELDPMENTS OF

- LANDSAT F AND G

SMART OPTICAL SENSOR ALLOWS FOR INTELLIGENT ON-
BOARD EDITING/DATA REDUCTION

SYNTHETIC APERTURE RADAR PROVIDES MULTI- FREQUENCY
ALL WEATHER IMAGING CAPABILITY

ON-BOARD PROCESSING AND STORAGE ALLOWS FOR CHANGE
DETECTION AND OR INFORMATION EXTRACTION

HIGH RESOLUTION POINTABLE IMAGER PROVIDES GREATER
DETAIL IN SELECTED TARGET AREAS

ACTIVE VISIBLE SENSOR PROVIDES ATMOSPHERIC CALIBRA-.
TION, LUMINESCENCE, NIGHT IMAGING '
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LANDSAT H — SYSTEM CONCEPT (CONTINUED)

PERFORMANCE PARAMETERS

SMART VISIBLE/IR SENSOR

— FORWARD/BACKWARD LOOKING
— 10 M RESOLUTION

— 3 FORWARD BANDS/7 BACKWARD
— 1.25 GBPS DATA RATE

- 185 KM SWATH WIDTH

SYNTHETIC APERTURE RADAR
— L. C, X-BAND
— 25 METER RESOLUTION
HIGH RESOLUTION POINTABLE IMAGER
— 5 M RESOLUTION
— 5 KM x 5 KM TARGETS
— 4 SPECTRAL BANDS
LASER ATMOSPHERIC CALIBRATION
— ALSO USED FOR LUMINESCENCE,
NIGHT IMAGING
ORBIT-SUN SYNCHRONOUS — (700 - 900 KM)
— 3 SPACECRAFT CONSTELLATION
— 6 DAY REPEAT CYCLE

SYSTEM CONSIDERATIONS

OBJECTIVES CONTRIBUTED TO: ALL
RELATED SPACECRAFT: EARTHWATCH

. GEOSYNCHRONOUS SAR
RADAR HOLOGRAPHER

" TIME PROJECTION: 1992 - 1997

MEASURE OF RISK: MEDIUM
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MICROSAT —- SYSTEM CONCEPT

e L-BAND PASSIVE RADIOMETER

o PARABOLIC TORUS ANTENNA WITH CLUSTER OF FEED
HORNS IN A FOCAL ARC

s WOULD REQUIRE PREVICUS COMMITMENT TOWARD LARGE
STRUCTURES IN SPACE



MICROSAT — SYSTEM CONCEPT (CONTINUED)

PERFORMANCE PARAMETERS

FREQUENCY IS 1.4 GHZ (L BAND)

ANTENNA SIZE APPROXIMATELY
600M X 1300M

GROUND RESOLUTION — 1KM, ORBIT — 1000KM,
"REPEAT CYCLE — 3 DAYS (2 SPACECRAFT),
RADIOMETRIC TEMP. RES. — 19K

DATA RATE (PEAK) — 59 KBPS

o OSWATH WIDTH - S35 KM

4 A

SYSTEM CONSIDERATIONS

"OBJECTIVE CONTRIBUTED TO:

SOIL MOISTURE

RELATED SPACECRAFT:
ALL MICROWAVE SYSTEMS
EXCEPT TEXTURE SYSTEMS

TIME PROJECTION: 1488-1992

MEASURE OF RISK: MEDIUM



FERRIS WHEEL RADAR — SYSTEM CONCEPT

nyd TVNIOIO

[4
v

ALITVAD ¥00d 40

Sl

LARGE (20 KM DIAMETER) ROTATING CABLE STRUCTURE
THAT RELIES ON CABLE TENSION FOR SUPPORT. PRESUMES

PREVIOUS COMMITMENT TO ASSEMBLY OF LARGE STRUCTURES
IN SPACE

REAL APERTURE RADAR OPERATES AT LOW FREQUENCY
{30-300 MHZ) FOR GROUND PENETRATION

RESULTANT RETURN SIGNAL CAN MAP MATERIALS

. (BOUNDARY LAYERS AND GROUNDWATER)

SPACECRAFT SPIN VECTOR IS FIXED IN INERTIAL SPACE

PROBLEM AREA TO BE EXAMINED IS THE ATTENUATION
EFFECTS OF THE IONOSPHERE.

IC CHIPS FORM ELEMENTS OF A RANDOM SPARSE PHASED
ARRAY

TRADE BETWEEN CW AND PULSED IMPLEMENTATION YET
TO BE PERFORMED
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FERRIS WHEEL RADAR — SYSTEM CONCEPY
' (CONTTINUED)

PERFORMANCE PARAMETERS

30 KM DIAMETER
DEFTH OF 1 TO » 75 METERS, DEPENDING
ON SOIL TYPE, MOISTURE :

200 M GROUND RESOLUTION

VERTICAL TARGET RESOLUTION BELOW
GROUND SURFACE — APPROXIMATELY 2M

FREQUENCY — 30-300 MHZ

SPIN RATE APPROXIMATEL 1REV/HR

900 KM ORBIT

SYSTEM CONSIDERATIONS

OBJECTIVES CONTRIBUTED TO:
GEOLOGIC RESOURCES LOCATION
: GROUNDWATER MAPPING
S0IL MOISTURE
COMPETING SPACECRAFT: NONE

TIME PROJECTION: 1995-2000

MEASURE OF RISK: HIGH
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PLACE

TECHNOLOGY REQUIREMENTS ANALYSIS QUTPUT

o INSTRUMENTS

o SUPPORT SUBSYSTEMS

SPACE PLATFORMS

COMMUNICATION LINKS

PREPROCESSING SYSTEMS (SPACE AND GROUND)

INFORMATION EXTRACTION PROCESSING SYSTEMS
(SPACE AND GROUND)

-- USER MODELS

-- LARGE DATA BASES

-- DATA ACCESSING TECHNIQUES
° DATA DISSEMINATION
o SPACE TRANSPORTATION PROSPECTS
« LARGE STRUCTURES

[ ]

3
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OBJECTIVE:

APPLICATION:

Me THODOLODY;

PRIORITY STRUCTURING METHODOLOGY

To HELP DECISION MAKERS IN ALLOCATING LlMlTED’AMOUNTS OF
MONEY FOR DEVELOPMENT OF TECHNOLOGIES SO AS TO MAXIMIZE

BENEFITS
EXPERIMENTAL, INTERNAL TO STUDY ONLY AT THIS TIME

Two METHODS DEVELOPED
“Top-Down": SIMPLE, FAST, DOES NOT GUARANTEE OPTIMUM
RESULTS

“BotTomM-UP”: THOROUGH, GOOD VISIBILITY, LONG-RUNTIME.
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ENABLING TECHNOLOGY FOR GLOBAL SERVICE MISSIONS

OAST SPACE SYSTEMS REVIEW

NASA HEADQUARTERS
WASHINGTON, D.C.

JANUARY 11-12, 1978

W. RAY HOOK
LANGLEY RESEARCH CENTER



ENABLING TECHNOLOGY STUDIES I0/r8
LANGLEY RESEARCH CENTER
F ACTIVITIES lolulopElmﬂMIJMA[s oluwmp']ﬁwmppplsﬂglou|rflﬂ;’ummmus

MULTIPURPOSE SPACE SERVICE

PLATfORMS =
® POWER SFRVICE
SPACE 10 SPACE FORECAST oo =X/ cl:::jjzzgg;rmc
LASER FORECAST N/ TECHNOLOGY
© INFORMAT 10N SERVICE V' “ieport
COMMUNICATIONS
FORECAST

NAVIGATION FORECAST

® DATA ACQUISITION
LOW EARTH ORBIT
FORECAST

GLOBAL SERVICES
' ® REQUIREMENTS INTEGRATION
® EQUIPMENT DEFINITION

MICROWAVE RADIOMETER S — .
L SATELLITE - MISSIONREQ. |

INFORMATION PLATFORM REPORT N e

MEASUREMENT PLATFORM —

POWER MODULE
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SPACE SERVICE PLATFORMS ™ ™ |

o MULTIPURPOSE SPACE SYSTEMS
~SELECTIVE

LOWER _ HIGH SPEED ‘ " __READOUT
CoST DATA PROCESS| ‘INfORMATION SERVICES  ©
TRANSPORTATI0 P ~ y . - s PLATFORM .
Ol B .?
P v ORBIT TRANSFER ¥ DATA LINKS |
| . ULTIFREQUENCY |
SPACE POWER = — ENSORS s
- SYSTEM . o . M . DATA ACQUISITION
| - - | = r{rroms .
LOWER - : ' ‘ |
COST . ™~
HIGH POWER ——
LARGE '
SPACE ™ . .
STRUCTURE K .
. . . -, é‘
LOW COST -

TERMINALS _

e



SPACE SERVICE PLATFORM CONFIGURATIONS

THE SPACE SERVICE PLATFORM MISSION PROFILE IDENTIFIES THE FOLLOWING
PLATFORM CONFIGURATION:
1. INFORMATION SERVICE PLATFORM (ISP)

o LARGE COMMUNICATION ANTENNA ARRAYS
o HOUSES LARGE AMOUNT OF COMPUTER/DATA PROCESSING AND
COMMUNICATION EQUIPMENT

2. DATA ACQUISITION PLATFORM (DAP)

o 15 TO 300 METER ANTENNAS - RADIOMETRIC, IR, OPTICS
o MULTIPLE SENSORS EACH WITH MICROPREPROCESSING CAPABILITY

3., POWER SERVICE PLATFORM (PSP)

o LARGE NUCLEAR POWER PLANT
o LASER FOR TRANSMITTING ENERGY




SYSTEM DESIGN AND ANALYSIS

USER NEEDS

|

MISSION REQUIREMENT

BENEFIT l
COST SYSTEM REQUIREMENT
A A TECHNOLOGY
1
SYSTEM DESIGN e FIGURE
OFf
J, MERIT
l ; ‘
DEVELOP and OPS. COSTS SYSTEM PERFORMANCE




FUTURE NEAR EARTH SPACE ENERGY NEEDS

ENERGY
(POWER X MISSION DURATION) /.
100 _
10°}- p— =
/II— ==,
8 A= —=C3 | UNAR MATERIALS
0] P —=2——>"_ SPACE PROCESSING
ORBIT TO ORBIT - 27 L RADARS
PROPULSION USERS' ¢ "
7 , —=*—2" O SPACE CONSTRUCTION
10° - - —Z——>" O SPACE MANUFACTURING
© LIFE SCIENCES
KW-HR o OCEAM RESOURCES
Wl HALEY COMET HOHPROPULS IVE
RENDEZVOUS (SEPS) * SPACE MANUFACTURING MODULE ELECTRICAL
USERS
* SPACE PROCESSING LABORATORY
108 * SPACE CONSTRUCTION BASE
* PUB.;C SERVICES COMMUNICATIONS
4 /.\Lmnsm-l
10° § 060 ]
© SKYLAB
O ATS /
- © NIMBUS .
© MARINER-MARS * MISSIONS INCLUDED IN FIVE-YEAR PLANS
103 — © TIROS-M + BASED ON GEO PAYLOAD DELIVERIES OF
/s 5 108 '
o apoit0 . 10°-10° KG ANNUALLY IN 1990°'S
. © SuRY
= 102 JRYEYR | | | l | ok J
Sg 66 70 74 78 1Y) a6 ~90 LS

YEAR



1,000,000 — SPACE POWER DEVELOPMENT
100,000 (- NUCLEAR
FISSION
10,000}~ l l l I ,
w 1,000 ‘U\J\ \ 1
i . MULTI-KW \
. Puomvoumc - ORBITAL POMER
& 383;;:« \ INIT{ATIVE \ T7
= 100 |- °
& AUGHENTATION
5 \ G
a
o )
S 10|
® KIPS
1
RADIOISOTOPE
Bl
. .01 I ! L 1 | |
3.% 1970 1975 1980 1985 1990 1995 2000
O

YEAR OF APPLICATION



TRANSMITTER/RECEIVER SIZES VS RANGE
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ON-BOARD VS REMOTE POWER TRADEOFF

108 PHOTOVOLTAIC POWER OUTPUT
* .
HICROWAVE POMEP. THRESHOLD
G T e e om o e e e s e G Gmy S Gee S G e Gwe P e S e o o — 4
1%}
10%).
k)
107} EFFICIENCY
PHOTOVOLTAIC - 20%
(270 W/n2)
, LASER - 10% } : ,
. 0C 16 OC
10 IICROVAVE - 805 J
LASER PONER
JiRESIOLD BAGE - 40,000
' “1 = Py
10Y.
"“\\JASER RECEL a
VER ~
SER REC | MICROWAVE RECEIVER'
A = 0.5 i
]
]0 I\ 2 " 3 ] 1 [}
10! 10° 103 10} 0° 10° 107 108

RECEIVER OR ARRAY AREA, M2



SPACE TO SPACE POWER SYSTEM EFFICIENCIES

See

POWER XMISSION

DC to DC EFFICIENCY, e

OVERALL SYSTEM EFFICIENCY, 7o

POWERED LASERS

.01 (Nuclear Gas
Core Reactor)

SYSTEM PRESENT | PRCJECTED (1990) PRESENT PROJECTED (1990) |
MICROWAVE 55 » 65 6 (Si Cells) 12 (GaAs Cells)
0. 1 (Nuclear Gas 10-30 (MHD Nuclear
Core Reactor) ‘Gas Core
' Reactors)
CONVENTIONALLY 2-10 * 5-35 .1-3 (Si Cells) 1- 6 (GaAs Cells)

4 - 23 (MHD Nuclear
Gas Core
Reactors)

DIRECT PUMPED LASERS

o SOLAR NOT APPLICABLE NOT ESTIMATED | 1-2
CONCENTRATOR
o NUCLLAR NOT APPLICABLE 0.1-0.2 25— 35 (Gas Core
. Reactors)
* MEASURED

** INSUFFICIENT DATA AVAILABLE ON LAZANTS COMPATIBLE WITH SOLAR RADIATION
FREQUENCY SPECTRUM '
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CUMULATIVE COSTS EOL
100 _ CHEMICAL vs. SEPS vs. LASER ELECTRIC OQTVs COSTS OR 4 COSTS

SB
518

— 328

— "':,/164

W

107

SHUTTLE LAUNCH COSTS:
CHEM
100 SEPS

LEPS ——
103]-
NET_COST 4'S / _—
M_LEPS over CHEM / . —
] LEPS over sepsj’ -
104]. / "7
| .— /
10 { I § I 1 ! L L }
1985 1990 1995 2000 2005 2010 2015 2020
YEAR
)
&)



LASER VS SOLAR ELECTRIC PROPULSION
COSTING AND PERFORMANCE DATA

SHUTTLE LAUNCH COSTS $20M/FLIGHT

PHOTOVOLTAIC ARRAY (GaAs) COSTS ($20-50/WATT) $25/WATTe
POWER PLANT R and D COSTS $1,500M
LASER R and D COSTS $500M
SPACE BASED POWER SYSTEM COSTS ({1 GWe OUTPUT):

o CONSTRUCTION $5, 000M

o OPERATIONAL (ANNUAL) $10M

o MAINTANENCE (ANNUAL) $30M
EFFICIENCIES:

o SOLAR PHOTOVOLTAIC 20 PERCENT

o LASER PHOTOVOLTAIC 50 PERCENT

LASER FLUX IS 10 TIMES SOLAR FLUX

(W]




PHASED ARRAY LASER TRANSMITTER

SUBAPERTURE SUPPORT
" \(/ "~ STRUCTURE
52 (4-METER) B
SUB APERTURES LAY, ), TRANSFER OPTICS

CYLINDRICAL LASER
SLEW ENGINES

R D — SLEV/ FUEL

N
~ REACTANTS

BEAM SPLITTER
ASSEMBLIES
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'BANK OF HIGH POWER LASERS

(ARTIST'S CONCEPT)

]
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SPACE POWER PLATFORM
CONCLUSIONS

cee

SYSTEMS ANALYSIS

ACCELERATING SYSTEMS: BEST CASE FOR SPACE—fO-SPACE POWER

o UTILITY SYSTEM : MARKET NOT THERE IN 1995
o POWER MODULE FOR LARGE (APPROX. 250 KW) ZERO G USERS NEEDS STUDY
o NEED INTEGRATED TRANSPORTATION SYSTEM STUDY

STRUCTURES

o LARGE STRUCTURES WITH LARGE MASS CONCENTRATION
o FIGURE CONTROL MIRROR ARRAYS
o RADIATOR DESIGNS

MATERIALS

o RADIATION RESISTANT STRUCTURAL MATERIAL '
o HIGH TEMPERATURE MATERIALS MHD AND LASER APPLICATIONS

CONTROLS

o POINTING AND FIGURE CONTROL: LASER TRAHSMITTER AND RECEIVER
o ENERGY MANAGEMENT ’

POWER

o LASER: CLOSED CYCLE - LONG LIFE - HIGH POWER
o NUCLEAR POWER: GAS CORE REACTOR - MHD
o SOIAR CELLS: HHGH EFFICIENCY - COST REDUCTION-RADIATION RESISTANCE

PROPULSION o

e e ionn

o LASER POWER THERMAL ENGINE




CONCLUSIONS

¥ca

o

o

o

(o)

o

o}

o]

MAJOR INCREASES IN SPACE POWER LEVELS AND ENERGY NEEDS PROJECTED IN THE

1990'S

CENTRAL UTILITY CONCEPT ATTRACTIVE ALTERNATIVE TO SOME ON-BOARD SPACE POWER
SYSTEMS - HOWEVER, BENEFITS/RISKS/COSTS ASSESSMENTS REQUIRED

MATURING MICROWAVE TECHNOLOGY; EMERGING LASER TECHNOLOGY

MAJOR TECHNOLOGY DEVELOPMENT BUDGETS FOR LASERS AND HIGH POWER SYSTEMS
ARE IN DOD AND ERDA; HOWEVER, SYSTEMS ARF NOT AIMED AT NASA'S POTENTIAL

NEEDS

LASER TRANSMITTER/RECEIVER SMALL SIZE/MASS COMPARED WITH MICROWAVE

DIRECT PUMPED NUCLEAR LASER WOULD ENHANCE OVERALL SYSTEMS EFFICIENCY

LASER GENERATION AND COLLECTION SYSTEMS MAY BE DIFFERENT FOR PROPULSION

AND FOR REMOTF. ELECTRICAL USERS (E.G., CO, CO
FOR PHOTOVOLTAIC LASER RECEIVERS)

POTENTIAL FOR POWER TRANSMISSION IN SPACE

2

FOR THERMAL ENGINES, VISIBLE




ENABLING TECHNOLOGY STUDIES

ACTIVITIES

I/10/78
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FY79
OINID] 3| rim[a]at 31 3TAlS

MULTIPURPOSE SPACE SERVICE
PLATFORMS

e POVIER SERVICE
SPACE 10 SPACE FORECAST
LASER FORECAST

o INFORMATION SERVICE
COMMUNICATIONS
FORECAST
NAVIGATIOHN FORECAST

© DATA ACOUISITION
LOW EARTH ORBIT
FORECAST

GLOBAL SERVICES
® REQUIREMENTS INTEGRATION
® EQUIPMENT DEFINITION

MICROWAVE RADIOMETER
SATELLITE

INFORMATION PLATFORM
MEASUREMENT PLATFORM
POWER MODULE

[,., L A G (i o 2 Yy l S ’

A ST It

KEY
£ s1uDY
I REPORTING
v TECHNOLOGY
REPORT

TS AV
e S N/
MISSION REQ.
REPORT 7 -

ciT



REQUIREMENTS MODEL

Civil and Defense

GLOBAL SERVICES

LaRC

AEROSPACE

MEASUREMENT SERVICES

DATA ACQUISITION

COMMUNICATIONS SERVICES

DATA PROCESSING

INFORMATION

JPL-GSFC-LaRC

DELIVERY

GSFC-JPL

GSFC-LaRC

INFORMATION
MANAGEMENT

GSFC

Qe




EQUIPMENT MODEL

AN

GLOBAL SERVICE
SPACE SYSTEMS

L0

7

| TERRESTRIAL USER LEO MEASUREMENT | | GEO SYNCHRONOUS DOD
SYSTEMS SYSTEMS SERVICE SYSTEMS, , SYSTEMS
l;:“g%’i’m:gm SUN GEOSYNCH
SYNCHRONOUS | [~ INFORMATION
ARCHIVING
2.1 3.1 a.1
NON-SUN GEOSYNCH
COMMUNICATIONS SYNCHRONOUS | i  MEASUREMENT
2.2 3.2 4.2
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PUBLIC INFORMATION
MANAGEMENT SERVICES SYSTEM, CIRCA 1995

JOINT CENTER STUDY
SPONSORED BY
TECHNOLOGY PLANNING OFFICE
STATUS REVIEW

JPL CONTRIBUTIONS
R.G. NAGLER / E.J. SHERRY

JANUARY 1978
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fil_. PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM
STUDY RESPONSIBILITIES

COMMUNICATIONS

NEEDS

GSFC

JPL

LaRC

LeRC

ARCHIVING

MSFC
GSFC
JrPL

\J

mgsggaewm — SENSORS —# PROCESSING — SWITCHING — DISSEMINATION —& DISPLAY

L IpL GSEC GSEC GSFC GSFC
GSFC GSFC JrL JPL I L
LaRC LaRC LaRC LaRC LaRC LoRC

MSFC MSFC LeRC LeRC

f f

SUPPORT SYSTEMS SYSTEM INTEGRATION
LaRC LaRC
— GSFC
JPL
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PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM

MAJOR PRESENT JPL ACTIVITIES

MEASUREMENT
NEEDS

-SPECTRAL COMPARISONS
RADIATIVE DISCRIMINATION
-INCIDENCE ANGLES
-SPATIAL RESOLUTION
-TEMPORAL RESOLUTION
TEMPORAL UTIUTY

{

SENSOR
REQUIREMENTS

!

' '

SPECTRAL SEPARATION

TRANSMITTER POWER

COUECTOR SIZES
e OPTICS

o ANTENNAS

POLARIZATION

PROCESSING
REQUIREMENTS

DISSEMINATION DISPLAY
REQUIREMENTS REQUIREMENTS

LOCATION/RECTIFICATION

CALIBRATION/CORRELATION
GEOPHY SICAL CONVERSION
MERGING/BLENDING !

DELIVERY TIMELINESS

DATA RATES

STORAGE AND ARCHIVING
ACCESSING METHODOLOGY

MULTISPECTRAL MAPS
MAP OVERLAYS
GEOREFERENCING
INTERACTIVE GRAPHICS

ASSIMILATION/MODELLING

ANALYSIS

VEWING AND SCANNING
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P, . PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM

JPL APPROACH

DISCIfLINES

PARAMETERS

MEASUREMENT NEEDS

|

APPLICABLE SENSORS.
SENSOR REQUIREMENTS

PROCESSING, DISSEMINATION
& DISPLAY FUNCTIONS

47 IDENTIFIED IN 5 TERRESTRIAL REGIMES
162 |DENTIFiED IN 7 MEASUREMENT TYPES

MOST DEMANDING CAPABILITY SPECIFIED/
MINIMUM USEFUL VALUE

46 IDENTIFIED IN 5 X 7 MATRIX

"PRESENT CAPABILITY/PRQJECTED NEED

36 FUNCTIONS IDENTIFIED IN 4 FLOW
ORIENTATIONS
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Jpl—=

a7
DISCIPLINES

PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM

EACH DISCIPLINE HAS DIFFERENT
MEASUREMENT REQUIREMENTS

CLIMATE

OCEAN
DYNAMICS

CROP
YIELD

162 PARAMETERS 7

-

TEMPERATURE PRESSURE CHLOROPHYL _ ___

PRECISION
RESOLUTION H,V
TEMPORAL REPEAT

J

REFERENCE SOURCE-/



'M'—} PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM
SUMMARIZING MEASUREMENT

RESOLUTIONS

RANGE PRECISION HORIZONTAL VERTICAL TEMPORAL

MOST DEMANDING CAPABILITY REQUESTED/MINIMUM USEFUL VALUE

cvT




PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM
MEASUREMENT OPTIMIZATION DEPENDS

ON TYPE OF BALANCE OR TEXTURE
PROBLEM UNDER STUDY

CONVECTIVE
VALANCE

WATER

SALANCE

CHEMICAL
SALANCE

BIOLOGICAL
BALANCE

SPECIAL
FEATURES

SPACE

ATMOSPHERE

WATER

ICE/SNOW

LAND

1. ASSIGN MEASUREMENTS
2. IDENTIFY APPLICABLE SENSING METHODS
3. SELECT IMPLEMENTATION CONCEPTS




Ut

PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM
SELECTING SENSOR IMPLEMENTATIONS
WITH AT LEAST SOME CONCEPTUAL BASE

SPECTRAL
BANDS

BAND
WIDTH

INCIDENCE
ANGLES

RESOLUTIONS

HORIZONTAL

VERTICAL

SWATH
WIDTH

TEMPORAL
REPEAT

ORBIY




JP' ,  PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM
POST-SENSING INFORMATION
SERVICES REQUIREMENTS

SERVICE

ENGINEERING PREPARATION

EXTRACTION OF GEOPHYSICAL MEANING

INFORMATION DELIVERY

INFORMATION MANAGEMENT

DECISION AID

FUNCTION

DATA PROCESSING

INFORMATION EXTRACTION

TRANSFER & DESSIMINATION

ARCHIVING & ALCESSORY

INFORMATION DISPLAY

CHARACTER

o ONBOARD
¢ ARCHITECTURE
I SIZING

¢ GROUND/ONBOARD
o ARCHITECTURE

¢ SIZING

I FUTURE ORIENTED

¢ DATA RATES
» LINK TYPES/NUMBERS

o DYNAMIC ASSIMILATION
o MASS STORAGE

o ACCESSIBLE

¢ EFFICIENT SWITCHING

o USER PECULIAR



J}P'I _ PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM
FUTURE JPL ACTIVITIES

REMAINDER OF FISCAL YEAR (100K-1.5 MY)

o COMPLETE NEEDS PACKAGE - MEASUREMENT/SENSORS - BY FEBRUARY °
-PROCESSING /DELIVERY = BY MARCH
e PRELIMINARY SENSOR DESCRIPTIONS - BY APRIL
e SUPPORY TO DESIGNING/SCOPING SUPPORY CAPABILITIES - JANUARY —> APRIL
PROCESSING , SWITCHING, DISSEMINATION, DISPLAY
o TECHNOLOGY OPPORTUNITIES ASSESSMENT « MARCH =& JULY
o INTERIM REPORT - SEPTEMBER

NEXT FISCAL YEAR (200K-2.0MY + CONTRACT)

o IMPLEMENTATION OPTIONS SELECTION - OCTOBER
o ALTERNATIVE SYSTEM DESIOGN _ - OCTOBER —— MARCH
o TECHNOLOGY DEV(LOI;MENT STRATEGIES - JANUARY o=t JUNE

o FINAL REPORT ' - SEPTEMBER
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PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM
TECHNOLOGY DEVELOPMENT

STRATEGIES
ECONOMIC SYSTEM/
OR SOCIAL |« —>| SUBSYSTEM
BENEFITS COSTS

_________7/___ _._\\, _

BOUNDING INFORMATION

<>

IMPLEMENTATIONS

DELIVERY
TIMELINESS
NEEDS

SERVICES

COMMUNICATION
NEEDS




7 MEASUREMENT PARAMETERS
Jil—=  MAJOR EARTH APPLICATIONS
DISCIPLINES

ATMOSPHERE AND ICE

CLIMATE ,

UPPER ATMOSPHERE RESEARCH
STRATOSPHERIC CONTAMINATION
LARGE SCALE WEATHER FORECASTS
SMALL SCALE WEATHER FORECAST
WEATHER RESEARCH
TROPOSPHERIC CONTAMINATION
ICE FORECASTS

ICE RESEARCH

GLACEOLOGY

BIOLOGICAL LAND USE

SURFACE WATER INVENTORY
SOIL MOISTURE BALANCE
WETLAND MANAGEMENT

FRESH WATER CONTAMINATION
CROP YIELD MANAGEMENT
GRAZING LAND MANAGEMENT
AGRONOMY RESEARCH

FOREST MANAGEMENT
GRASSLANDS MANAGEMENT
FORESTRY RESEARCH

OCEAN

GLOBAL OCEAN CONDITION FORECASTING
COASTAL OCEAN CONDITION FORECASTING
PHYSICAL OCEAN RESEARCH

OCEAN ENGINEERING

MARINE GEOLOGY

OCEAN GEODESY AND BATHYMETRY
LIVING MARINE RESOURCES

BIOLOGICAL OCEAN RESEARCH

OCEAN CONTAMINATION

CHEMICAL OCEAN RESEARCH

PHYSICAL LAND USE

PHYSIOGRAPHIC MAPPING
SOCIAL/POLITICAL/ECONOMIC MAPPING
CARTOGRAPHY

EARTH GEODESY

LAND USE MANAGEMENT

SOIL MANAGEMENT

ROCK/MINERAL RESOURCE MANAGEMENT
TECTONICS RESEARCH

GEOTHERMAL ANOMOLIES

EARTH GEOPHYSICAL PROPERTIES

MILITARY AND SPECIAL OPERATIONS

TACTICAL AIR FORCE OPERATIONS

STRATEGIC A!R FORCE OPERATIONS

TACTICAL NAVAL OPERATIONS

STRATEGIC NAVAL OPERATIONS

TACTICAL ARMY OPERATIONS

STRATEGIC ARMY OPERATIONS

CIVILIAN NAVIGATION/LOCATION AIDS 249



MEASUREMENT PARAMETERS
TEMPERATURE/RADIANCE PROPERTIES

~ JONOS PHERE TEMPERATURE PROFILE
VERTICAL ATMOSPHERIC TEMPERATURE PROFILE
CLOUD TOP TEMPERATURE
SURFACE AIR TEMPERATURE
SURFACE WATER TEMPERATURE (FRESH-WATER /OCEAN)
VERTICAL OCEAN TEMPERATURE PROFILE
ICE/SNOW SURFACE TEMPERATURE
VERTICAL ICE/SNOW TEMPERATURE PROFILE
LAND SURFACE TEMPERATURE
VERTICAL LAND TEMPERATURE PROFILE .
SPECIAL TEMPERATURE ANOMOLIES (FIRE/GEOTHERMAL/INDUSTRIAL/URBAN)
CLOUD /ATMOS PHERE ALBEDO
WATER ALBEDO (FRESH-WATER /OCEAN/{CE/SNOW)
LAND ALBEDO

1.
2.
3.
4.
5.
6.
1.
8.
9.

ht et Pt et et
e i i
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MEASUREMENT PARAMETERS
ATMOSPHERIC PROPERTIES

SEA SURFACE PRESSURE

VERTICAL PRESSURE PROFILE

SEA SURFACE WIND - AMPLITUDE/DIRECTION (19 m REF)
VERTICAL WIND - AMPLITUDE DIRECTION

VERTICAL WIND CONVECTIVE DUCTS - LOCATION/SIZING
VERTICAL HUMIDITY PROFILE

CLOUD EXTENT

CLOUD LEVELS AND THICKNESS

CLOUD PARTICLE S1ZE DISTRIBUTION

PRECIPITABLE WATER PROFILE

PRECIPITATION EXTENT/AMOUNTS

PRECIPITATION FORM

PRECIPITATION RATES

FOG/MIST VISIBILITY
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MEASUREMENT PARAMETERS

ATMOSPHERIC COMPOSITION

OH
H,0
co
co
H,CO
CH
CXHY
NO
N,O
NH

HNO3

[ .
- S

O O NSNS WD

o

F

cL0
HCS

HF

CF, Gl
SO

2
HZS
AEROSOLS
Hg

Pb
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MEASUREMENT PARAMETERS
OCEAN DYNAMICS

ASTRONOMICAL AND STORM TIDES

SEA SURFACE WIND SHEAR AMPLITUDE/DIRECTION
WAVE HEIGHT AMPLITUDE

WAVE LENGTH AMPLITUDE/DIRECTION

OCEAN SURFACE CURRENT AMPLITUDE / DIRECTION
OCEAN SURFACE CURRENT LOCATION
COASTAL/ESTUARY CIRCU'ATION AMPLITUDE /DIRECTION
COASTAL/ESTUARY CIRCULATION LOCATION
UPWELLING LOCATION /EXTENT

SEDIMENT TRANSPORT LOCATION/EXTENT
SEDIMENT TRANSPORT AMPLITUDE /DIRECTION
SHOAL/SHORELINE MOVEMENTS

COASTAL BATHYMETRY

MARINE GEOID
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MEASUREMENT PAKAMETERS
BIOORIENTED WATER COMPOSITION

SURFACE SALINITY CONCENTRATION
CHLOROPHYL CONCENTRATION /EXTENT
PHYLOPLANKTON TYPE /EXTENT
ZOOPLANKTON TYPE /EXTENT

ALGAE TYPE/EXTENT

OCEAN/LAKE VEGETATION TYPE /EXTENT
OCEAN DISEASE VECTOR TYPE EXTENT
FISH OIL/BIPRODUCT TYPE/EXTENT
FISH OIL/BIPRODUCT THICKNESS
FISH IDENTIFICATION/SIZING
TURB!DITY

SUSPENDED PARTICLE CONCENTRATION/SIZE DISTRIBUTION
SEDIMENTATION RATE



Jpl—

MEASUREMENT PARAMETERS

POLLUTANT-ORIENTED WATER COMPOSITION

(o)
S

cCZ

A S A

DISSOLVED NUTRIENTS /SOLIDS - CONCENTRATIONS
DISSOLVED OXYGEN - CONCENTRATION

HEAVY METAL TYPE/CONCENTRATION/PROFILE
ACID/BASE PAIANCE - PH

CHEMICAL POLLUTANT - TYPE/CONCENTRATION /EXTENT
PETROLEUM POLLUTANT - TYPE /eXTENT

PETROLEUM POLLUTANT - THICKNESS

PESTICIDE POLLUTANT - TYPE/EXTENT

COLIFORM - BACTERIA /SEWAGE-LOCATION /EXTENT
RADIOACTIVE WASTE - TYPE/STRENGTH/EXTENT
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MEA SUREMENT PARAMETERS

e
D S

e
Pl

2O NSNS W

ICE

ICE/SNOW EXTENT

ICE/SNOW FRACTION

SEA ICE DRIFT RATE

ICE DEFORMATION RATE

ICE THICKNESS

SNOW DEPTH

ICE TOP SURFACE ROUGHNESS
ICE BOTTOM SURFACE ROUGHNESS
WATER EQUIVALENCY OF SNOW
ICE AGE

ICE LEAD LOCATION/SIZING
CREVASSE LOCATION/SIZING
ICEBERG LOCATION/SIZING
ICEBERG FORMATION RATE
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10.
11.
12.
13.
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MEASUREMENT PARAMETERS

LAND WATER

FRACTION OCEAN/FRESH-WATER /1 CE/SNOW /LAND /VEGETATION

SOIL MOISTURE CONTENT/PROFILE

LAKE /RESERVOIR /RIVER /CANAL EXTENT
LAKE /RESERVOIR DEPTH

WETLANDS EXTENT

IRRIGATION EXTENT

DROUGHT INDEX

SOIL SLOPE AND DRAINAGE

TOPSOIL TRANSPORT

DEPTH OF WATER TABLE

PERCENT SATURATION OF VADOSE ZONE
WATER EVAPORATION RATE

ICE/SNOW SUBLIMATION RATE
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MEASUREMENT PARAMETERS
LAND VEGETATION

VEGETATION EXTENT/TYPE (CROPS, WEEDS, TREES, GRASS, etc)
PLANT DENSITY/SIZING /MATURITY (CROPS, TREES)

PLANT VIGOR/GROWTH RATL

PLANT WATER STRESS /MOISTURE CONTENT

PLANT DISEASE STRESS EXTENT/TYPE

VEGETATION DAMAGE EXTENT/TYPE (GRAZING, INFESTATION, ICE, FROST,
OVERFERTILIZATION, FIRE, etc)

CULTIVATION INTENSITY /EXTENT /*METHOD

CHEMICAL/PESTICIDE CONCENTRATION/EXTENT/1DENTIFICATION
FUEL MOISTURE/COMBUSTIBLES AVAILABILITY

PLANT PHENOLOGY
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MEASUREMENT PARAMETERS
LAND GEOLOGY /MINEROLOGY

GEOLOGICAL FORMATION MAPPING
SURFACE CHARACTER /ROUGHNESS
MINERAL IDENTIFICATION/LOCATION
MINING /ORILLING LAND USE
SOIL/ROCK COMPOSITION

SOIL POROSITY

SOIL PERMEABILITY

SOIL GRANULARITY

SOIL SALINITY CONCENTRATION
SOIL ACID BASE BALANCE/SOIL CHEMISTRY
SOIL ORGANIC COMNTENT

TOPSOIL DEPTH

SOIL MECHANICAL PROPERTIES

RADIOACTIVE NUCLIDES - TYPE/STRENGTH /EXTENT
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MEASUREMENT PARAMETERS
EARTH PHYSICS

SOLAR CONSTANT
RADIATION BUDGET

CRUSTAL SHIFTS (CONTINENTAL DRIFT)

CRUSTAL BULGES /SURFACE TOPOGRAPHY

MAGMA TRANSPORT RATE

EARTH SPAN RATE WOBBLE

EARTH SPIN AXIS WOBBLE

MAGNETIC FIELD STRENGTH

GRAVITY FIELD STRENGTH

TRAPPED PARTICLE ENERGY DISTRIBUTION /EXTENT
X RAY ENERGY DISTRIBUTION

y RAY ENERGY DISTRIBUTION
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MEASUREMENT PARAMETERS
[ MISCELLANEOUS

1. URBAN LAND USE FRACTIONS - POWER /TRANSPORT/INDUSTRY /DISTRIBUTION/LIVING
2. SEARCH AND RESCUE

3. SHIP LOCATION/SIZING/{DENTIFICATION/ACTIVITY DETERMINATION

4. AIRPLANE LOCATION/SIZING/1DENTIFICATION/ACTIVITY DETERMINATION

5. AUTO/TRUCK /TANK LOCATION/SIZING/IDENTIFICATION/ACTIVITY DETERMINATION

6. SPACECRAFT LOCATION/SIZING/IDENTIFICATION/ACTIVITY DETERMINATION

7. WAR LOCATION/SIZING /IDENTIFICATION

8. NUCLEAR POWER STATION LOCATION/SIZING

9. SOLID WASTE IDENTIFICATION /EXTENT
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GLOBAL SERVICES

GLOBAL
INFORMATION
MANAGEMENT
SERVICES
DOD
iNTERNATIONAL (AEROSPACE)
MEASUREMENT COMMUNICATION
SERVICES SERVICES
JPL GSFC]
DATA PROCESSING,

DATA ANALYSIS, INFORMATION INFORMATION
ACQUISITION ARCHIVING DELIVERY MANAGEMENT
SERVICES SERVICES " SERVICES SERVICES

JPL GSFC GSFC
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GLOBAL SERVICES
GSFC TASKS

© COMMUNICATIONS SERVICES

— USER COMMUNICATIONS NEEDS
— DELIVERY SYSTEM

© INFORMATION MANAGEMENT SYSTEM
— DATA PROCESSING/ANALYSIS
— INFORMATION MANAGEMENT
— ARCHIVING



GSFC SUB-TASKS (1)

COMMUNICATICNS

o REVIEW POTENTIAL COMMUNICATIONS NEEDS IN EXISTING
USER DOCUMENTATION INCLUDING THAT DEVELOPED IN
THE PSCTS PROGRAM.

o OBTAIN ADDITIONAL INPUT FROM OTHER AVAILABLE SOURCES.

o FILTER, APPLY JUDGEMENT TO INPUTS, DEVELOP REFINED SET
OF REQUIREMENTS.

o COORDINATE COMMUNICATIONS REQUIREMENTS WITH LARC,
LERC, MSFC.

o DOCUMENT REQUIREMENTS. SUPPLY AS INPUT TO
INFORMATION MANAGEMENT SUB-TASK.

o DEVELOP & DEFINE COMMUNICATIONS SYSTEM CONCEPT TO
MEET REQUIREMENTS.

o IDENTIFY TECHNOLOGY REQUIREMENT OPTIONS FOR
COMMUNICATIONS SYSTEM.

;n o EVALUATE IDENTIFIED TECHNOLOGIES FOR READINESS IN~1995
TIME-FRAME.




GSFC SUB-TASKS (2)

INFORMATION MANAGEMENT

e REVIEW CURRENT TECHNOLOGY IN BOTH GROUND &
SPACE SYSTEM DATA PHOCESSING, ANALYSIS AND
DATA STORAGE.

® USE SENSOR & COMMUNICATION DOCUMENTATION TO
DEVELOP & DEFINE INFORMATION MANAGEMENT
SYSTEM. INCLUDE COMPUTER TECHNOLOGY FOR
PROCESSING AND ANALYSIS, DATA STORAGWE AND
SWITCHING, ROUTING AND BILLING PROCEDURES.

o IDENTIFY TECHNOLOGY REQUIREMENT OPTIONS FOR
THE INFORMATION MANAGEMENT SYSTEM.

e EVALUATE IDENTIFIED TECHNOLOGIES FOR READINESS
IN ~1995 TIME-FRAME.

92



SCHEDULE, FUNDING, MANPOWER

SCHEDULE
o INTER-CENTER ORGANIZATION MEETING 16-16 DEC 77
o SOW/PR PACKAGES COMPLETE 27 JAN 78
o TASK ORDER AWARDS 24 FEB 78
6 COMMUNICATIONS REQUIREMENTS 21 APR 78
DOCUMENTED

© FINAL REPORTS BOTH SUB-TASKS COMPLETE 18 AUG 78
FUNDING

o COMMUNICATIONS SUB-TASKS 35K

o INFORMATION MANAGEMENT SUB-TASK 55K
MANPOWER

.o © COMMUNICATIONS 0.5MY

% o INFORMATION MANAGEMENT 0.5MY
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ADVANCED JPL-APPLICATIONS MISSIONS
=~ SUGGESTED TECHNOLOGY PLANNING TASKS FY79

FOLLOWON TO PUBLIC INFORMATION MANAGEMENT SERVICES SYSTEM
e MULTIPLE SYSTEM IMPLEMENTATIONS TO SCOPE TECHNOLOGY
e TECHNOLOGY DEVELOPMENT STRATEGIES
e TECHNOLOGY ENABLEMENT
POLESITTER
e GEOSTATIONARY SATELLITE OVER POLE
o TECHNOLOGY READINESS
e TECHNOLOGY ENABLEMENT
EARTH BASED APPLICATIONS MISSIONS TECHNOLOGY READINES S/ENABLEMENT
e AIRCRAFT TECHNOLOGY ENABLEMENT TO MAKE COMPETITIVE FOR SOME MISSIONS

o BALLOON TECHNOLOGY READINESS/ENABLEMENT FOR LOCAL MONITORING
MISSIONS

e DRIFTING BUOY TECHNOLOGY READINESS FOR LOW-COST, DISPOSABLE,
SATELLITE RELAY IMPLEMENTATION

MULTISPECTRAL IMAGING RADAR TECHNOLOGY ENABLEMENT STUDY
e VOIR/SEASAT TECHNOLOGY READINESS FOLLOWON
e MULTIBEAM IMPLEMENTATION ENABLEMENT
o MULTISPECTRAL, MULTIVIEW ANGLE I MPLEMENTATION ENABLEMENT



POLESITTER
(GEOSTATIONARY OVER EARTH SPIN AXIS)

TECHNOLOGY - READINESS/
TECHNOLOGY - ENABLEMENT
STUDY

ol
JET PROPULSION LABORATORY

JANUARY 1978



POLESITTER

SOLAR ARRAYS

DOMSAT
RELAY

ELECTRICALLY
SCANNMED

mickowave |+ + + +

RADIOMETER

V&IR IMAGER

GOES LIKE ENVIRC' "MENTAL MONITOR
AT LATITUDES ABOVE 50°

COLOR, THERMAL MAPPING AMD
SOUNDING, ICE AND CLOUD COVER,
WINDS, WAVES, ETC

POLAR CAP

@ POLAR DOMSAT

DOMSAT LIKE RELAY LINK
PLUS LINK TO DOMSAT

TO COMPLETE WORLD
COMMUNICATIONS 5YSTEM
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V&ir 'MAGER

L{V‘;Ut TBEAy -
Retqy VICATIONg:

DOMSAT
WEST

DOMSAT
EAST




Jf—> WHY POLESITTER

e ACTS LIKE GOES FOR CONTINUOUS MONITORING OF POLAR WEATHER, OCEAN,
AND ICE CONDITIONS

o ORBITFEASIBILITY STUDY IN PROGRESS - OSTA FUNDING
e SENSOR PAYLOAD OPTIONS STUDY IN PROGRESS - OSTA FUNDING

e ACTS LIKE DOMSAT TO COMPLETE COMMUNICATIONS LINKS AT HIGH
LATITUDES

e LINK OPTIONS STUDY TO BE PROPOSED TO OSTA IN FY ‘79
e PROVIDES IMPORTANT 3RD DIMENSION FOR GLOBAL NAVIGATION

e TO BE STUDIED

i

{



“IP”" > HOW POLESITTER

e ACTIVE PROPULSION SYSTEM USED TO HOLE <PACECRAFT IN POSITION -
DYNAMIC SUN ORBIT PRECESSION, EARTH/MOON GRAVITY ATTRACTION

o SOLAR MOST LIKELY INIT. | CANDIDATE

o ALIERNATIVE PROPULSION SYSTEMS FOR LOW LEVEL STUDY
o NUCLEAR ELECTRIC
* SOLAR SAIL

) » SUPER CONDUCTING RING
¢y
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POLESITTER

TECHNOLOGY READINESS

EQUILIBRIUM POSITION USING EXISTING SOLAR ELECTRIC PROPULSION
TECHNOLOGY

GRCUND RESOLUTION CAPABILITIES FROM AVAILABLE SENSOR OPTICS
TECHNOLOGY

TECHNOLOGY ENABLEMENT
INVESTMENT NEEDED TO BRING EQUILIBRIUM ALTITUDE CLOSER TO EARTH
INVESTMENT NEEDED TO INCREASE OPTICS SIZES

BEST INVESTMENT COMBINATIONS TO ACHIEVE NECESSARY MONITORING
RESOLUTIONS
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> MAJOR CHARACTERISTICS OF POLESITTER
(SPECULATIVE FEASIBILITY - UNDER STUDY)

o INTERNATIONAL OPERATIONS/RESEARCH NEEDS EMPHAS| ZED

o ARCTIC OIL OPERATIONS, FISHERIES MANAGEMENT, ARCTIC
TRANSPORTATION

o INTERNATIONAL ECONOMIC/SCCIAL BENEFIT ORIENTED

o |CE/SNOW/GLACIER EXTEN, THICKNESS, AGE, DEFORMATION

PATTERNS PLUS TEMPERATURES AND WINDS

ALl WEATHER

FUNCTIONS LIKE A GOES BUT AT POLE

ORBIT KEYED TO ARCTIC COVERAGE

e GEOSTATIONARY OVER POLE USING ACTIVE PROPULSION TO
ORBIT RETAIN POSITION
o PRESENT TECHNOLOGY ALLOWS LUNAR DISTANCE TO 1/3 LUNAR
DISTANCE LOCATION

SENSOR CANDIDATES

¢ V&IR SURFACE MAPPER - LINESCAN OR CCD CAMERA
e IR SOUNDER
SENSORS e MICROWAVE SURFACE MAPPER
e SPUN SYNTHETIC APERTURE RADAR
o SWEPT FF "QUENCY MICRC'WAVE MAPPER
e SWEPT FREQUENCY SCATTEROMETER

DATA-PREPROCESSING/INFORMATION-EXTRACTION CANDIDATES
o REAL TYME DELIVERY TO CENTRAL SHTE
JOINT INTERNATIONAL FUUNDING

USER ORIENTATION

INFORMATION
EXTRACTION
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EARTH BASED APPLICATIONS MISSIONS
TECHNOLOGY READINESS/ENABLEMENT

Jpb=

JET PROPULSION LABORATORY

JANUARY 1978



-ﬂ{;ﬂﬂ " EARTH vs SPACE BASED APPLICATIONS MISSIONS

[ RESOLUTION T
BENEFIT | SYNOPTICITY

[ CAPITAL INVEL) MENT
| OPERATING EXPENSES

COST

| LOCAL CONTINUITY E .+t %7

WHICH?

WHEN?

2.2
o——0—
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» EARTH BASED APPLICATIONS MISSIONS
= TECHNOLOGY READINESS/ENABLEMENT QUESTIONS

AIRCRAFT
FOR WHICH MISSIONS ARE AIRCRAFT COMPETITIVE OR NEAR-COMPETITIVE WITH SPACECRAFT

HOW DO TECHNOLOGY INVESTMENTS IN ALTITUDE, VELOCITY, MANEUVERABILITY EFFECT
THE RELATIVE COMPETITIVENESS ?

BALLOONS/AEROSTATS

FOR WHICH MISSIONS ARE BALLOONS/AEROSTATS COMPETITIVE OR NEAR-COMPETITIVE
WITH SPACECRAFT ?

HOW DO TECHNOLOGY INVESTMENTS IN TRANSIENT SURVIVAL, STATIONKEEPING, HIGHER
ALTITUDES EFFECT THE RELATIVE COMPETITIVENESS 7

BUOYS

H1GH TECHNOIOGY, SATELLITE RELAY, DISPOSABLE DRIFTING GUOYS ARE AN EXTREMELY
IMPORTANT ADJUNCT TO SATEL!ITE ORIENTED OCEAN RESEARCH ?

HOW WOULD TECHNOLOGY INVESTMENTS IN LOW COST IMPLEMENTATION EFFECT THE COST
VIABILITY OF THESE IMPORTANT SYSTEM COMPONENTS ?



MULTISPECTRAL IMAGING RADAR
TECHNOLOGY ENABLEMENT

| >

JET PROPULSION LABPRATORY

JANUARY 1978
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MULTISPECTRAL IMAGING RADAR

o

TECHNOLOGY ENABLEMENT STUDY
NEEDS
CRITICAL FUTURE SENSOR(S)
MULT! PLE APPLICATIONS

MULTIPLE OPTIMIZATIONS

PROBLEMS
MULTIPLE SPECTRAL CHANNELS NEEDFD

MULTIPLE INCIDENCE ANGLES NEEDED
MULTIPLE BEAM WIDTHS NEEDED

IMAGING, ALTIMETRY, SCATTEROMETRY, SOUNDING
OPTIMIZES ON DIFFERENT PARAMETERS

SUPPORT NEEDS DEMANDING/COSTLY

HOW TO BEST DIRECT A LIMITED FUNDING BASE
FOR SENSOR/PROCESSING DEVELOPMENT



SESSION 'A' - APPLICATIONS

SEASAT Follow-On Technology Readiness Study (J. West, JPL)

DISCUSSION: Contact should be made with LeRC on their dynamic
power studies. The point was made that for orbit maintenance
of LANDSAT-type sun synchronous orbits, electric propulsion
could be used; but this study was based on SEASAT-B using
available technology.

Technolcgy Readiness for a Global Service Missions (W. Hook, LaR(C)

DISCUSSICN: None.

Public Service Platform (T. Durnam, GSFC)

DISCUSSION: FPuture ccmmunications requirements and the
utilization of more power on these types of satellites was
discussed.

Penetrator Concepts (J. Murphy, ARC)

DISCUSSION: Penetrator usage for prospecting was discussed,
and the fact that they would be low-cost, nonrecoverable items.
This concezt is of interest to oil companies and could benefit
them. The problem c¢f examining trade-offs was raised, but

that was nct included in the purpose cf this study. Mr. Murphy
mentioned that thaere has been very enthusiastic response to

the planned workshop. He also stated that some FY 73 funding,
perhaps joint with OSTA, was necessacry.

Post-LANDSA'"~D Advanced Concent Evaluation (PLACE) (F. Flatow, GSIC

DISCUSSION: 1. Flatow suggested a follow-on to lccok at
weather and climaze ralata2d apolications systems.

ORIGINAL PAGE Ib
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w‘,Loqy gor Global Setvxce Missicns (W. Hook, LaRQ)

ﬁBSiGN: Mr. Hook stated that the forecasts presented

tere based on many sources of information. Mr. Aviv mentioned
that intense relativistic electror devices (IREDs) should be
:“ponsidered for energy transmission. Art Henderson brought

..up the lack of OSTA involvement in the preliminary part of

: tgis effort.

i;Public Information Management Services System (R. Nagler, JPL)

‘7DIscnsszou- None.

QlGiobal Services (T. Durham, GSFC)

' DISCUSSION: None.

Global Services (D. Aviv, Aerospace)

DISCUSSION: Stan Sadin stated that this activity is primarily
to serve a: a DoD interface. He also mentioned that the pur-
pose of the space studies is to stretch technolegy, not to
push missions for NASA to fund.

According to Mr. Aviv, one of the major common MNASA and DoD
needs is a manned spacs service system. However, studies

at LeRC claim to show that replacement is cheaper than fix-up
for zatsllites in GEO.

A working group session of the investigatecrs for the previous
four studies was to be held on 13 January 1973.

Geostationary Platform (S. Sadi., HQ)

DISCUSSION: In the absence of a2n MSFC raprasentative t2
present the status of this 0STA funded study, S. Sadin nade
some brief renarks. This study was concarned with a cossibls
program for the 1930s whizh would handle informaticn transier
caly. However, tnere is considsrabla guestion whethar esven
such 3 modest orogram will be pessible 3ac such an zarly Jate.

282



Discussion of FY 79 Plans in Aoplications

There must Le OSTA participaticn in the multi-Center global
ssrvices study (LaRC - Lead). This study includes consideza-
tion of TDRS follow-cn, but the proposed global positioning
satallite precludes some of the TDRS follow-on requirements.

R. Nagler presented three JFL ideas: (1) polar stationary
satellite for such uses as triangulation, (2) multi-Center
study of close-in technolegy requirements (aircraft, balloons,
buoys) instead of satellites for applications purposes similar
to the ARC penetrator study, (3) multifunctional uses of radar ~
beyond VOIR, etc.

F. Flatow mentioned the possibility of a cooperative weather
and climate program with CSTA. Stan Sadin raised the gquestion
as to how {or whether) the PLACE activity should be coupled
into the multi-Center global services study; this will be
discussed in a future working group meeting.

Martz Cheleski brought up the point that NASA must be awar:
of, and ke concerned about, future economic, weliticai, ard
socialogical factors (such as user needs) or such things as
the global services missicns discussed in this session may

never occur. Ray Hook said that this problem has received

some attention. The related problem cf the NASA commitment
to and interest in the operational aspects of providing the
resulting satellite information was a2lso explorad. Stan 3Sa
commented that he feels that NASA will have :o grovide an
applications cperatiszsns sarvice for tha users.

~
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SECTION 7
SESSION ‘S’
REVIEW OF SCIENCE AND EXPLORATION STUDY PROGRAMS
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PRESENTATION TO OAST - CODE RX
STUDY, ANALYSIS AND PLANNING OFFICE

SPACEBORNE ANTENNA AND MICROWAVE
SYSTEMS TECHNOLOGY STUDY

RTOP No. 790-40-36
FUNDING: FY77 $75K
FY78 $50K

ROBERT E. EDELSON
JANUARY 12, 1978
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SPACEBORNE ANTENNA AND MICROWAVE
SYSTEMS TECHNOLOGY STUDY

STUDY OBJECTIVES AND STATUS
FOR A 200 TO 300 m SPACEBORNE ANTENNA OPERATING AT 20 TO 300 GHz IN
GEOSYNCHRONOUS ORBIT,
e DETERMINE SYSTEM FUNCTIONAL REQUIREMENTS
* DEVELOP SYSTEM SPECIFICATION
e DEVISE CONCEPTUAL SYSTEM DESIGN
—= o | DENTIFY CRITICAL REQUIRED TECHNOLOGIES

O RECOMMEND NASA PROGRAMMATIC APPROACH INCLUDING SYSTEM
DEMONSTRATIONS

REE-2
1-3-78
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SPACEBORNE ANTENNA AND MICROWAVE
SYSTEMS TECHNOLOGY STUDY

SYSTEM FUNCTIONAL REQUIREMENTS HIGHLIGHTS

10 YEAR OPERATIONAL LIFETIME

20 TO 300 GHz

300 m EQUIVALENT APERTURE DIAMETER

100% SKY COVERAGE

|
SHUTTLE COMPATI BLE CONCEPT

SENSITIVITY DEMONSTRABLY BETTER THAN THAT ATTAINABLE FROM GROUND

REE-3
1-3-78



SPACEBORNE ANTENNA AND MICROWAVE
= SYSTEMS TECHNOLOGY STUDY

PRINCIPAL TECHNOLOGY CHALLENGES

LOW NOISE AMPLIFIERS AND ASSOCIATED LONG-LIFE CRYOGENICS

ARRAY OR ARRAY-REFLECTOR ANTENNA TECHNIQUES FOR BEAM-STEERING

SHAPE CONTROL INVOLVING DISTRIBUTION OF SENSORS, ACTUATORS AND
MICROPROCESSORS OVER ENTIRE STRUCTURE

THRUSTERS FOR SELF-BOOST OF A FRAGILE STRUCTURE FROM LEO TO GEO

MATERIAL WITH HIGH STRENGTH/WEIGHT WITH LOW THERMAL COEFFICIENT
OF EXPANSION

DESIGN AND ANALYSIS SOFTWARE
* MULTI-NODE STRUCTURE OPTIMIZATION
e LOGISTICS OPTIMIZATION
o THERMAL ANALYSIS

ROBOTIC ASSEMBLY OR MANUFACTURING TOOLS

882

REE-4
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ANTENNA DIAMETER, meters

SPACEBORNE ANTENNA AND MICROWAVE

q'" . SYSTEMS TECHNOLOGY STUDY

RATIONALE

g

= RS2 2

100
70

%)
4()
30

20

10

|

STUDY BASELINE DIAMETER

1

BEST CURRENT DESICN,
EARTH-BASED SINGLE APERTURE

L

i

FREQUENCY, GHz

} ZENITH-VIEWING,

EARTH-BASED
EQUIVALENTS OF 300 m
SPACE ANTENNA

A: PERFECT ANTENNA,
PERFECT RECEIVER

B: PERFECT ANTENNA,

YEAR 2000 RECEIVER
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SPACEBORNE ANTENNA AND MICROWAVE
SYSTEMS TECHNOLOGY STUDY

CONCLUSIONS

SPACEBORNE ANTENNAS ARE THE ONLY MEANS OF EXTENDING SCIENTIFIC HORIZONS
FOR THE MAJORITY OF THE MICROWAVE REGIME

LEADERSHIP BY OAST IS REQUIRED FOR PRODUCING THE ENABLING TECHNOLOGY

TO PERMIT A YEAR 2000 CAPABILITY, THE TECHNOLOGY DEVELOPMENT PLAN
SHOULD BE PRODUCED NOW

REE-6
1-3-78
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EXTRASOLAR PLANETARY DETECTION

METHODS:

oIR InterreroMeTRY (NO FY78 Funbps)
--FY77 stupy BY BRACEWELL (STANFORD GRANT)

oAroD1ZED VISUuAL TELESCOPE
OBJECTIVES:

« CONCEPT DEVELOPMENT
« TECHNOLOGY REQUIREMENTS

oCriTiaue oF 1976 NASA/ASEE DesioN Stuby (ProJecT ORION) APODIZING coucepfs
RESGURCES:  $50K
CENTER:  ARC

CONTACT:  Davip C. BLack ‘



STATUS

» SOLE SOURCE PROPOSAL FROM HEWLETT-PACKARD RECEIVED AND FUNDED FOR TWO YEARS (FY77-73)
STUDY ON APODIZATION

« PRELIMINARY IR INTERFEROMETRY STUDY COMPLETED BY BRACEWELL; No FY78 ACTIVITY AT PRESENT

e DevaiLED BRIEFING BY BLAack 1IN JANUARY oN BoTH IR & APoDIZATION

o INTERIM ReEporRT BY H-P 1IN June

62
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PRESENTATION TO OAST-CODE RX

STUDY, ANALYSIS, AND PLANNING OFFICE

PROGRESS REPORT

VOIR /SEASAT FOLLOW-ON TECHNOLOGY READINESS STUDY
PART I: VOIR

RTOP No. 790-40-25 (-01)

FUNDING: 75 K FY '77, 20 K FY '78

JOHN L. WEST

JANUARY 12, 1978



FE

i

VOIR/SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 1: VOIR

PRESENTATION OVERVIEW

STUDY OBJECTIVES

GUIDELINES

PRODUCTS

STATUS

LW
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. VOIR /3eASAT FOLLOW-ON TECHNOLOGY
- P” e READINESS STUDY - PART 1: VOIR

STUDY OBJECTIVES

¢ PROVIDE INFORMATION USEFUL TO NASA IN PLANNING THE ADVANCED

GENERAL
DEVELGPMENT PROGRAM AND INSURING ITS RELEVANCE TO AGENCY

NEEDS

CeL
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 1: VOIR

STUDY OBJECTIVES (contd)

® PERFORM READINESS ASSESSMENT OF THE VOIR AND SEASAT-B MISSIONS

* PROVIDES AN EVALUATION OF THE MATURITY AT PROJECT START
AND RISKS OF UTILIZATION OF THE TECHNOLOGIES UPON WHICH
USER-PROGRAM-OFFICE-DEVELOPED DESIGNS FOR THESE MISSIONS
DEPEND

e PROVIDES A COMPARISON OF THE MATURITY OF THESE TECHNOLOGIES
WITH THE MATURITY OF THE TECHNOLOGIES AT PROJECT START OF
PREVIGUS JPL MISSiONS TO PLACE IDENTIFIED RISKS IN HISTORICAL
PERSPECTIVE

® PERFORM BENEFITS ASSESSMENT FOR THE VOIR AND SEASAT FOLLOW-ON
MISSTONS

* IDENTIFIES, FOR MUTUAL OASTJUSER PROGRAM OFFICE CONSIGERATION,
POSSIBLE TECHNOLOGY ALTERNATIVES WHICH MAY REDUCE RISK FOR
AHD fOR ENHANCE THE USER-PROGRAM-OFFICE-DEVELOPED BASELINE
DESIGHS

* PROVIGES MEASURES OF THE INCREMENTAL BENEFITS, RISK, AND COST
OF THESE ALTERMATIVES

L
V/12/78-3
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GUIDELINES

VOIR /SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 1: VOIR

AREA

GUI DELINE

VOIR

SEASAT-B

'SOURCE OF BASELINE MISSION
AND SPACECRAFT DESCRIPTIONS

e JPL FY '77 AND '78 PRE-PROJECT
ACTIVITY SPONSORED BY
NASA 0SS/SL

e JPL FY 'T1 PRE-PROJECT
ACTIVITY SPONSORED BY NASA

SOURCE OF TECHNOLOGY OPTIONS /
ALTERNATIVES

e JPL (WITH EMPHASIS)

INDUSTRY

e GOVERNMENT (TO INCLUDE
CONSIDERATION OF NASA-
RELATED DOD TECHNOLOGIES
IDENTIFIED BY THE
AEROSPACE CORP IN AN
FY ‘76 OAST/RX-SPONSORED
STUDY*)

0A
—1

(SAME AS VOIR)

EMPHASIS OF TECHNOLOGY
OPTIONS /ALTERNATIVES

e ALL SPACECRAFT
ENGINEERING SUBSYSTEMS
(EMPHASIS ON OPTIONS
WHICH MIGHT PROVE
BENEFICIAL FOR SUPPORT
OF THE SYNTHETIC APERTURE
RADAR (SAR))

® NO SCIENCE SUBSYSTEMS /
INSTRUMENTS

¢ NO GROUND SUPPORT
EQUI PMENT

(SAME AS VOIR)

__CORPORATION, D.G. AVIV

+"TECHNOLOGY ASSESSMENT AND NEW OPP( (TUNITIES - STUDY 2.3", THE AEROS PACE

JW

1/12/78-4
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 1: VOIR

PRODUCTS*

[ PrODUCT TIng DESCRIPTION

i IDENTIFICATION OF BASELINE LIST OF SUBSYSTEM COMPONENTS UTILIZED IN USER-
DESIGN TECHNOLOGY PROGRAM-O% €1CE-GENERATED BASELINE DESIGN
COMPONENTS

2 [DENTIFICATION OF TECHNOLOGY LIST OF SUBSYSTEM TECHNOLOGY OPTIONS WHICH MAY
OPTIONS REDUCE RISK. AND/OR ENHANCE THE BASELINE MISSIUN

3 BASELINE TECHNOLOGY IDENTIFICATION OF COMPONENT STATE-OF - DEVELOPMENT
COMPONENT /COMPONENT OPTION AT PROJECT START ON A STANDARD 7-DEVELOPMENT
STATE -OF - DEVELOPMENT LEVEL SCALE (FOR SCALE, SEE APPENDIX)
ASSESSMENT

4 BASELINE TECHNOLOGY EVALUATION OF COMPONENT SATISFACTION OF 7 CONDITIONS
COMPONENT /COMPONENT OPTION ESSENTIAL FOR COM. UNCNT COMMITMEN] 10 A PROJECT
COPAMITMENT CONDITION ASSES SMENI AT LOW RISK (1O CONDITIONS, SEE APPENDIX )

5 BASELINE TECHNOLOGY EVALUATION OF COMFONENT RISK (HIGH, MEDIUM, LOW)
COMPONENT | COMPONENT OPT|ON IN THE AREAS OF TECHNOLOGY. ENGINEERING. PERSONNEL,
RISK ASSESSMENT AND FORESEEABLE PROBLEMS (FOR CRITERIA. SEE APPENDIX)

6 TECHNOLOGY MATURITY COMPARISON OF THE MATURITY AT PROJECT START,

COMPARISON

BASED CN THE SCALE OF PRODUCT 3. OF THE TECHNOLOGIES
OF WHICH THE BASEL!NE DESIGN 1S COMPRISED WITH T
MATURITY AT PROJECT START OF THE TECHNOLOGIES

OF PREVIOUS JPL MISSIONS

TECHNOLOGY OPTION
BENEFIT .ATING

PRIORITIZATION OF TECHNOLOGY OPTIONS BY THt

DEGREE TO WHICH [HEY PROVIDE MISSION BENEFITS

(i.e., INCREASEL SCIENCE INFORMATION QUANTITY AND/OR
QUALITY AT REDUCED COST) FOR THE MISSION UF

INTEREST

DEVELOPMENT PROGRAM
RECO1, MENDATIONS

RECOMMENDED NEW INITIATIVES, INITIATIVE AUGMENTATIONS,
AND/OR INITIATIVE REVISIONS WHICH MAY REDUCE RISK TC AN
ACCEPTABLE LEVEL FOR, AND/OR ENHANCE, THE BASELINE MISSION

tFOR APFROACH, SEE APPENDIX

JLW
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY

READINESS STUDY - PART I: VOIR

MAR( H 1978

IN PR()(‘RESSI
fEBRUARY 1978

IN PROGRESS !

APRRIL 1978

STATUS
STATUS /|
EXPECTED
pRopuct |  EXPECTED COMMENTS
] bak ) )
) ESSENTIALLY | COMPOMNENTS /DESIGN APPROACHES UNDEFINED IN 0S5 /SL - SPONSORED FY 77
- | compLETE PRE-PROJECT ACTIVITY AT JPL CURRENTLY BEING DEFINED IN FY ‘78 EFFORT
2 14 PROGRESS / |  KEY OPTIONS: ON-BOARD SAR PROCESSOR. UNIFIED DATA SYSTEM, AEROBRAKE,
MARCH 1978 DYNAMIC POWEK SPACE STORABLE PROPULSION
o INVESTIGATION OF NASA-REIATED DOD TECHNOLOGIES JUST BEGINNING
o HEADQUARTERS REVIEW JAUGMENTATION OF PRESENT OPTIONS LIST IS
. REQUESTED (FOR LIST. SEE APPENDIX)
3 IN PROGRESS / | BASELINE TECHNOLOGY COMPONENT STATE-OF-DEVELOPMENT ASSESSMENT
 MARCH 1576 | NEARLY COMPLETE. OPTIONS ASSESSMENT ONGOING
| MARCH 1978 | NEA
4 IN PROGRESS ! | BASELINE TECHNOLOGY COMPONENT /COMPONENT OPTION COMMITMENT
MARCH 1978 | CONDITION ASSESSMENT ONGOING
- S
5 It1 PROGRESS / | BASELINE TECHNOLOGY COMPONENT /COMPONENT OPTION RISK ASSESSMENT
| mkon 1| oncomme
T IN PROGRESS / | TECHNOLOGY MATURITY COMPARISON ONGOING

| IDENTIFICATION /WEIGHTING OF CRITERIA FOR ASSIGNMENT OF OPTION
BENEFIT RATINGS JUST UNDERWAY

DEVELOPMENT PROGRAM RECOMMENDATIONS CURRENTLY EMERGING

JLw
V/12/78-6
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VOIR/SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART I: VOIR

APPENDIX
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READINESS STUDY - PART 1: VOIR
APPENDIX CONTENT

ﬂ ” VOIR/SEASAT FOLLOW-ON TECHNOLOGY

STUDY APPROACH

PRODUCT 2 - TECHNOLOGY OPTIONS LIST

PRODUCT 3 CRITERIA - COMPONENT STATE-OF-DEVELOPMENT SCALE

PRODUCT 4 CRITERIA - CRITERIA FOR COMPONENT COMMITMENT TO A PROJECT

PRODUCT 5 CRITERIA - CRITERIA FOR COMPONENT RISK ASSESSMENT

JLW
1/12/78-A1



VOIR /SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 1: VOIR

STUDY APPROACH
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VOIR /SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART I: VOIR

PRODUCT 2 - TECHNOLOGY OPTIONS LIST

MISSION ENGINEERING SUBSYSTEM
APPLICABILITY APPLICABILITY FUNDING

SIATUS
SEASAY FOLLOW-ON

VOIR

TECHNOLOGY OPTIONS * VOIR | SEASAT

FOLLOW-
ON

NG

1
MECHANICS
THERMAL

FIMMDHWMD

AND ARTICULA-

TION CONTROL

TELECOM-
DATA HANDLING

AND CONTROL

t

MECHANICS
PROPULS1ON
ATTITUDE

MUNI CATIONS

ENGIREERING

POVER
CONTROL
CONTROL AND
DETERMINATION

l'- CA‘
TIONS AND DATA
MANDLING -

POVAR

ATTITUDE

MULTIDISCIPLINARY RESEAKCH_
(NO OPTIONS IDENTIFILD)

MATERIALS R&T

(NO OPTIONS IDENTIFILD)

STRUCTURE R&Y
© METAL-LINED COMPOSITE X X
PROPELLANT TANKS

. X
SENSING & DETECTION RAT
tNO OPTIONS IDENTIFIED)

GUIDANCE & COMIROL R&Y ’
710 BE INVESTIGATED)

DATA REDUCTION & DISTRIBUTION RET
© ON-BOARD SAR IMAGE PROCESSOR X

® DIGITAL DATA SYSTEMS (UNIFILD X
DATA SYSItM)

® DIGITAL RADIO
© Ku-BAND PLANAR ARRAY ANTENNA
® OTHER
CHEMICAL PROPULSION HET
® FLOURINE HIYDRAZINE RETRO- . X
PRUPULSION 1tCHNOLOGILS
ELECTRIC PROPULSION R&I

TORLITIRIC PROPULSION X

> X

xX -
-~
»

X

+ CLASSIFIED BY OAST SPACE R&T PROGRAMIDISCIPLINE OBJCTIVE, SOURCES INCLUDE “SRE&T
T1LCHINOLOGY PROGRAM AND SPECIFIC UBJECTIVES,” OAST, FY *78; “VOIR 1983 MISSION AND
SYSTtM STUDY, ™ OCT 1978; “SEASAT-B OPTIONS PHASE FINAL REPORT," JUNE 1977

X INDICATLS MISSTONISUBSYSTEM APPLICABILITY AND FUNDING STATUS

JLW
1/12/78-A3




VOIR /SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 1: VOIR

PRODUCT 2 - TECHNOLOGY OPTIONS LIST (contd)

MSSION ENGINEERING SUBSYSTEM
APPLICABILITY . APPLICABILITY

VOIR SEASAT FOLLOW-ON

FUNDING
SIAIYS

VOIR | SEASAT
FOLLOW-
oN

TECHNOLOGY OPTIONS *

N LS

TRCTRITRTRG
PROPRSION
ATTITUDE

AND ARTICULA-
TION CONTROL
RUCoM-

AND CONTROL

YRCTIETRING

SPACE ENERGY SYSTEMS Rel
© BRAYTON 1S010Pt POWER
SYSHM 181PS) X X
© KILCWATT 1S0TOPE POWER
SYSIEM 1K1PS) X X
o AUTOMAIED POWER SYSTEM
MANA GE M NI X X X X
@ Ol it
| MUCLEAR (MRGY HBT
INO OFTIONS 1DENTIFIED)
HIGH: POYAR IASIRS &
(MERGETICS RE)
O BE IVESTIGATEDY
ENIRY Ra(
110 8L INVESTIGATED)

110 € INVESTIGA TLOS

MATERIALS AND SIRUCTURES
SYSIEMS 1EC: INDLOGY .
110 Bt INVESTIGATELDY

1 AND_POWER

® fLOURINE - HYDRAZINE ~
REIRO FROPULSION ISPACE
STURABLE BI PROPELIANT
PROPULSION) X X

® AERUBRAKE X X

» CLASSIFIED BY OAS] SPACE R&T PROGHAMIDISCIPLINE OB RCTIVE, SOURCES INCLUDE SRS
KOIMOL0LY PROGRAM AND SPECIFIC GBIECTIVES,” OAST, FY '78; “VOIR 1983 M1 SS100 AND
SYSHM SIUDY,” UCT 1978; *SEASAT-B OPTIONS PHASE FINAL RLPORT, * JUNE 1977

X INDICATES MISSIONMISUBSYSTEM APPLICABILITY AND FUNDING STATUS
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VOIR /SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 1: VOIR

PRODUCT 3 CRITERIA - COMPONENT
STATE-OF-DEVELOPMENT SCALE

STATE-OF- DEFINITION
DEVELOPMENT
LEVEL HARDWARE * SOFTWARE
1 BASIC PRINCIPLES OBSERVED AND REPORTFD BASIC THEORY DEVELOPED ANC PUBLISHED
2 CONCEPTUAL DESIGN FORMULAIED APPLICABILITY TO SPECIFIC PROBLEMS
PROPOSED

3 CONCEPTUAL DESIGN SUBJECTED TO ANALYTICAL USED TO IDENTIFY PARTS OF EXISTIIG MISSION
INVESTIGATION AND/OR EXPERIMENTAL TEST DESIGN

4 CRITICAL FUNCTION OR CHARACTERISTIC FAVORABLE COMPARISON WITH AVAILABILE
DEMONSTRATED (i.e., GROSS DESIGN FCASIBILITY MISSION RESULTS ATTAINED
ESTABLISHED)

5 PROTOTYPE /BREADBOARD SUCCESSFULLY TESTED ANALYSES REQUIRED FOR REFERENCE FUTURE
li.e., PERFORMANCE AND LIFETIME REQUIRED MISSION PERFORMED
BY THE MISSION OF INTEREST DEMONSTRATED)
IN THE RELEVANT, GROUND-SIMULATED ENVIRONMENT

6 ENGINEERING MODEL SUCCESSFULLY TESTED DEMONSTRATION THAT ALL FUNCTIONS REQUIRED

IN THE RELEVANT, GROUND-SIMULATED ENVIRONMENT

FOR REFERENCE FUTURE MISSION CAN BE PER-
FORMED TO THE REQUIRED ACCURACY

ENGINEERING MODEL SUCCESSFULLY FLIGHT TESTED OR
SUCCESSFULLY FLOWN IN THE SPACE ENVIRONMENT

SOFTWARE USED IN SUPPORT OF AT LEAST
ONE PREVIOUS MISSION

- —

+“ABSTRACTED FROM GD CONVAIR RPT. No. CASD-NAS-75-016, “FUTURE PAYLOAD TECHNOLOGY
REQUIREMENTS STUDY," JUNE 1975.

JLW
1/12/78-A5
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VOIR /SEASAT FOLLOW-ON TECHNOLOGY
— READINESS STUDY - PART 1: VOIR

PRODUCT 4 CRITERIA - CRITERIA FOR COMPONENT
COMMITMENT TO A PROJECT

f

COMMITMENT
CONDITION DEFINITION
L. THE COMPONENT STATE OF DEVELOPMENT MUST CORRESPOND TO

A LEVEL OF 5 OR HIGHER ON THE APPROPRIATE HARDWARE OR
SOFTWARE COMPONENT STATE -Of -DEVELOPMENT SCALE

2. THE COMPONENT MUST NOT PLACE REQUIREM‘Q.TS ON
OTHER SUBSYSTEMS WHICH REQUIRE THEIR ADVANCEMENT
BEYOND THE STATE-OF-THE-ART

3. COMPONENT PIECE PARTS (OR THEIR EQUIVALENTS) MUST
BE AVAILABLE (AND REMAIN SO) AND MUST MEET PROJECT
QUALITY REQUIREMENTS

4. THERE MUST BE NO UNSOLVABLE PROBLEMS TO THE
COMPONENT SURVIVING AND FUNCTIONING IN THE EXPECTED
ENVIRONMENTS

5. COMPONENT MASS, POWER, AND VOLUME ESTIMATES MUST
BE COMPATIBLE WITH SYSTEM PERFORMANCE CAPARILITIES

6. COMPONENT DEVELOPMENT COSTS AND SCHEDULE MUST BE
CONSISTENT WITH THE PROJECT PLAN AND ANTICIPATED
RESOURCES :

1. COMPONENT MANUFACTURING REQUIREMENTS MUST NOT
EXCEED INDUSTRY CAPABILITY IN QUALITY OR QUANTITY

Lw
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VOIR /SEASAT FOLLOW-ON TECHNOLOGY
READINESS STUDY - PART 1: VOIR

PRODUCT 5 CRITERIA - CRITERIA FOR COMPONENT
RISK ASSESSMENT

AREA

LEVELS OF RISK

]

MEDEUM

HIGH

TECHNOLOGY

TECHNOLOGY EXISTS AND HAS
DEMONSTRATED THE PERFORMANCE
AND LIFFTIME REQUIRED BY THE
MISSION OF INTEREST, CORRES-

MEND LFVEL UF 5 OR HIGHER.

IECHNOLOGY OPTIONS OR ALTER -
NATIVES EXIST.

PARALIEL TECHNOLOLY DEVELOP-
MINIS ARE FEASIBLE WITHIN
ANHCIPATED RESUURCES AND
SCHEDWLE.

PUNDING TG A STATE-OF -DEVELOP-

TECHNOLOGY FXISTS ONLY AS A
CONCEPTUAL DESIGN UNDERGUING
EVALUATION, CORRESPONDING 10
LEVELS 24

TECHNOLOGY OPTHONS OR ALIERNATIVES
EXIST ONLY AS COMCEPTUAL DESIGNS.

ANTICIPATED RESOURCES AND SCHEDULE
OEVELOPMENTS.

ARt MARGINAL FOR PARALLEL TECHNOLOGY

TECHNOLOGY DOES NOI EXIST AND
MUST BE DEVELOPED FROM BASIC
PRINCIFIES, CORRESPONDING 10

LEVEL 1.

TECHHOLOGY OPTIONS OR
ALIERNATIVES DO NOI EX)ST.

PARALIEL TECHNOLOGY
DEVELOPMENTS ARE NOT FEASIBLE.

PERSONNEL

FORESEEABLL
PROBIEMS

ENGINEERING

PROBIEM 1S COMMOY'PLACE AND
MAY BE SOLVED BY | i APPLICA-
TION OF ANY ONE OF . HUMBER OF
ROUTINE DESIGN APPROACHES.

PROBLEM IS SOMEWHAT NOVEL AND
REQUIRES A DESIGN APPROACH
SHOWING SOME INGENUITY AND
CREATIVITY.

PROBLEM 1S NOVEL, ALTHOUGH
SOLUTIONS BASED ON EXISTING
ZCHNOLOGY DO EX§SE, AND REQUIRES
A DESIGN APPROACH OF CONSIDERABLE
INGENUITY AND CREATIVITY.

PERSONMEL WHO ARE CONSIDERED
EXPIRIS IN JHEIR HIELDS AND
WHO HAVE SUCCESSFULLY
SUPPURILD SIMILAR PROIECTS
ARE AVALLABLE.

COMMITMLNE OF ABOVE PERSONNEL
10 PROJECT FOR 1TS DURATION
WOULD BF $1KM.

PLRSONNEL Of HIGH GUALETY, BUT
LIMITED APPLICABLE EXPERVENCE,
ARE AVAILABLE.

PERSONNEL COMMITMENT TO PROSECT
1S CONDITIONAL

PERSONNEL OF UNKNOWN Off QUESTIONABLE
CAPABILITIES ARE AVAILABIE.

PERSONNEL COMMITMENT TN PROJECT
IS UNDETERMINED.

ENOUGH 1S KNOWN 1O [ORESEE ALL
MAJOR PROBLEMS AND ACCURAIELY
ASSESS RISKS.

ENOUGH 1S KNOWN 10 FORESEE
MOST MINOR PROBLEMS.

ENOUGH 1S KNOWN 10 FORESEE MOST
MA JOR PROBLEMS AND ASSESS RISKS
WITH SOME ACCURACY.

[NOUGH 1€ KNOWN TO FORESEE SOME
MINOR PROBLEMS.

NO1 EHOUGH 1S KNOWN 10 FORESEE
MAJOR PROBLEMS OR ASSESS RISKS

NOT ENOUGH 1S KNOWM 10 FORESEE
MINOR PROBIEMS.

JLW
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STUDY, ANALYSIS, AND PLANNING OFFICE

STUDY PLANS

MARS SAMPLE RETURN TECHNOLOGY READINESS STUDY

RTOP No. 790-40-25 (-02)

FUNDING: 40K FY ‘78

JOHN L. WEST

JANUARY 12, 1978
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MARS SAMPLE RETURN TECHNOLOGY READINESS STUDY
PRESENTATION OVERVIEW

STUDY OBJECTIVES

APPROACH

PRODUCTS

SCHEDULE

JLw
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GENERAL

SPECIFIC

MARS SAMPLE RETURN TECHNOLOGY READINESS STUDY
STUDY OBJECTIVES

e PROVIDE INFORMATION USEFUL TO NASA IN PLANNING THE ADVANCED
DEVELOPMENT PROGRAM AND INSURING ITS RELEVANCE TO AGENCY NEEDS

© PERFORM READINESS ASSESSMENT OF EACH OF THE MISSION OPTIONS
FOR THE NEXT MARS MISSION CURRENTLY UNDERGOING EVALUATION
BY JPL UNDER OSS/SL - SPONSORSHIP IN THE FY '78-'79 MARS
PROCGRAM

e PROVINES AM EVALUAT!ON OF THE MATURITY AT PROJECT START
AND RISKS OF UTILIZATION OF THE TECHNOLOGIES UPON WHICH
EACH MISSICN OPTION, INCLUDING MARS SAMPLE RETURN, 1S
BASED

* IDENTIFIES, FOR MUTUAL OAST/USER PROGRAM OFFICE CONSIDERATION,
DEVELOPMENT PROGRAMS WHICH WILL REDUCE IDENTIFIED RISKS TO
AN ACCEPTABLE :: "EL, OR IF AN ACCEPTABLE LEVEL I'S NOT ACHIEVABLE,
TO THE LOWEST LEVEL POSSI BLE AT PROJECT START

JLw
! H—Vl?&? o



. MARS SAMPLE RETURN TECHNOLOGY READINESS STUDY
i >
ﬂlﬂ” APPROACH

e UTILIZE METHODOLOGY CURRENTLY BEING APPLIED BY JPL UNDER OAST/RX
SPONSORSHIP TO ASSESS TECHNOLOGY F.EADINESS AND RISK FOR THE VOIR
AND SEASAT FOLLOW-ON MI5SIONS

® PERFORM ASSESSMENT INDEPENDENT FROM BUT IN PARALLEL WITH, AND
UTILIZING RAW DATA GENERATED BY, THE OSS/SL - SPONSORED FY '78
MARS PROGRAM WHICH HAS AS AN ESSENTIAL OBJECTIVE THE DEFINITION
OF THE NEXT MARS MISSION

© CONSIDER THIS STUDY AS TASK 1 OF A POTENTIAL TWO-TASK STUDY

* TASK 1 (FY'78, 40 K) - READINESS ASSESSMENT TO EVALUATE TECHNOLOGY
MATURITY AND R1SK FOR EACH USER-PROGRAM-OFF| CE GENERATED MISSION
OPTION FOR THE NEXT MARS MISSION AND TO FORMULATE RECOMMENDATIONS
FOR DEVELOPMENT PROGRAMS THAT MAY REDUCE IDENTIFIED RISKS

e TASK 2 (FY'79, w0 K - PERFORMANCE TBD) - BENEFITS ASSESSMENT TO EVALUATE,
GIVEN THAT CIRCUMSTANCES INDICATE A BENEFIT TO THE FY'78-79 MARS PROGRAM
EFFORT TO DEFINE THE NEXT MARS MISSION, THE INCREMENTAL BENEFITS,

R1SKS, AND COSTS OF IDENTIFIED TECHNOLOGY OPTIONS

1 5%

JLW
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MARS SAMPLE RETURN TECHNOLOGY READINESS STUDY

PRODUCTS

PRODUCT TITLE

DESCRIPTION

1 TECHNOLOGY COMPONENT
AND TECHNIQUE LIST AND
DESCRIPTIONS

LIST OF COMPONENTS AND TECHNIQUES UTILIZED IN EACH
USER-PROGRAM-OFF | CE -GENERATED MARS MISSION
OPTION

2 TECHNOLOGY COMPONENT
STATE-OF-DEVELOPMENT
ASSESSMENT

IDENTIFICATION OF COMPONENT STATE-OF-DEVELOPMENT AT
PROJECT START ON A STANDARD 7-DEVELOPMENT LEVEL
SCALE (FOR SCALE, SEE VOIR/SEASAT PRESENTATION)

3 TECHNOLOGY COMPONENT
COMMITMENT CONDITION
ASSESSMENT

EVALUATION OF COMPONENT SATISFACTIGN OF 7 CONDITIONS
ESSENTIAL FOR COMPONENT COMMITMENT TO A PROJECT AT
LOW RISK (FOR CONDITIONS, SEE VOIR/SEASAT PRESENTATION)

4 TECHNOLOGY COMPONENT
RISK ASSESSMENT

EVALUATION OF COMPONENT RISK (HIGH, MEDIUM, LOW)
IN THE AREAS OF TECHNOLOGY, ENGINEERING, PERSONNEL,
AND FORESEEABLE PROBLEMS (FOR CRITERIA, SEE
VOIR/SEASAT PRESENTATION)

TECHNOLOGY MATURITY
COMPARISON

COMPARISON OF THE MATURITY AT PROJECT START, BASED
ON THE SCALE OF PRODUCT 2, OF THE TECHNOLOGIES OF
WHICH EACH MISSION OPTION 1S COMPRISED WITH THE
MATURITY AT PROJECT START OF THE TECHNOLOGIES OF
PREVIOUS JPL MISSIONS

6 DEVELOPMENT PROGPAM
RECOMMENDATIONS

IDENTIFIES DEVELOPMENT PROGRAMS WHICH wilLL
REDUCE 1DENTIFIED RISKS TO AN ACCEPTABLE

LEVEL, OR IF AN ACCEPTABLE LEVEL IS NOT ACHIEVABLE,
TO THE LOWEST LEVEL POSSIBLE AT PROJECT START

* VALUE UNCERTAIN, PERFORMANCE TO BE DETERMINED

JLw
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MARS SAMPLE RETURN TECHNOLOGY READINESS STUDY
] SCHEDULE

ﬂ
=||

78
MI LESTONES TN T o T T TF ATMT TTITATS

g1e

TASK 1(FY '78)

e START STUDY 7

® GENERATE STUDY -~/
GUIDELINES

® COLLECT MISSION/ ' /
TECHNOLOGY OPTION
DESCRIPTIONS

® PERFORM READINESS A/
ASSESSMENT '

® GENERATE CONCLUSIONS -/
AND RECOMMENDATIONS

® PREPARE FINAL REPORT -/

TASK 2 (FY '79)
( PERFORMANCE TBD)

JLW
1/12/78-5
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PRESENTATION TO OAST-CODE RX
STUDY, ANALYSIS, AND PLANNING OFFICE

STUDY PLANS

TECHNOLOGY NEEDS FOR SAMPLE RETURN MISSIONS
(ADVANCED SAMPLE RETURN CONCEPTS)

RTOP No. 790-40-15(-04)
FUNDING: 50 K FY '78, 40K FY '79

JOHN L. WEST
JANUARY 12, 1978



TECHNOLOGY NEEDS FOR SAMPLE RETURN MISSIONS
PRESENTATION OVERVIEW

e STUDY OBJECTIVES

e GUIDELINES

APPROACH

e SCHEDULE

JLW
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TECHNOLOGY NEEDS FOR SAMPLE RETUKN-MISSIONS

GENERAL

SPECIFIC

STUDY OBJECTIVES

-

e PROVIDE INFORMATION USEFUL TO NASA IN PLANNING THE
ADVANCED DEVELOPMENT PROGRAM AND INSURING TS
RELEVANCE TO AGENCY NEEDS

e ASSESS ADEQUACY OF CURRENT OAST TECHNOLOGY
DEVELOPMENT PROGRAM TO SUPPORT SAMPLE RETURN
MISSIONS AS A CLASS AND GENERATE RECOMMENDATIONS
FOR PROGRAM NEW INITIATIVES/AUGMENTATIONS/REVISIONS
TO FILL VOIDS OR GAPS SHOULD THEY BE IDENTIFIED

Jw
1/12/78-2
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TECHNTLOGY NEEDS FOR SAMPLE NZTURN MISSIONS

GUIDELINES '

AREA

GUIDELINE

SELECTION OF LRIVER
SET OF SAMPLL
RITURN MISSIONS

¢ DRIVER SAMPLE RETURN MISSION SET TO INCLUDE ONLY THOSE MISSIONS
FEASIBLE FROM A PERFORMANCE STANDPOINT UTILIZING PROPULSION SUB-
SYSTEMS EITHER CURREMTLY EXISTING OR UNDER DEVELOPMENT d.e.
CONVENTIONAL LIQUIDS AND SOLIDS, SPACE STORABLES, 1ON DRIVE)

® DRIVER MISSION SET TO INCLUDE MISSIONS HAVING {DENTIFIED
MISSION OPPORTUNITIES IN THE MID-80°'s TO MID-90's TIME FRAME

o TENTATIVE MISSION SET TO INCLUDE MARS, VENUS, LUNAR, COMET, AND
ASTEROID MISSIONS (ASSUMING ABOVE CONDITIONS MET)

SOURCE OF MISSION

o COMPLETED/CONCURRENT STUDIES, PERFORMED UNDER PROGRAM

PERFORMANCE OFF1CE SPONSORSHIP
INFORMATION/ e MARS - JPL FY *78-'79 MAR'S PROGRAM ACTIVITY (0SS/SL)
MISSI0N e VENUS - SAI* FY '8 VENUS DESCENT AND ASCINT STRATEGLES
DEFINITIONS STUDIES (0S5'SL) : ,
o LUNAR - JPL FY ‘77 LUNAR SAMPLE RETURN STUDIES (0S$/SL-
PROGRAM 684)
o COMET - JPL FY ‘78 ENCKE COMET SAMPLE RETURN STUDIES (0SS/SL)
e ASTEROID - JPL FY '77 STUDIES (UNSIFONSORED), POSITIVE INCLUSION IN
DRIVER SAMPLE RETURN MISSION SET WOULD REQUIRE 0SS M1 SSION
PERFORMANCE STUDIES IN FY *78 - *79
EMPHASIS OF o SPACECRAFT (VEHICLE) ENGINEERING SUBSYSTEMS (INCLUDING
TECHNOLOGIES TECHNGLOGIES REQUIRED FOR SAMPLE ACQUI'SITION/PROCUREMENT AND
IVESTIGATLD HANDLING)

"o NO SCIENCE SUBSYSTEMS/INSTRUMENTS
o NO GROUND SUPPORT EQUI PMENT

"SCIENCE APPLICATIONS. INC.

JLw
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TECHNOLOGY NEEDS FOR SAMPLE RETURN MISSIONS

APPROACH
TASK FUNCTION DESCRIPTION

1 IDENTIFY CRITICAL IDENTIFICATION OF THOSE AREAS WHICH MAY BE CONSIDERED PRIME
SAMPLE RETURN CANDIDATES FOR SAMPLE RETURN TECHNOLOGY DEVELOPMENT, BASED
TECHNOLOGY AREAS ON THE REQUIREMENTS OF THE IDENTIFIED SET OF DRIVER MISSIONS

2 ASSESS TECHNOLOGY | INVESTIGATION OF THE NEED FOR NEW TECHNOLOGIES IN EACH OF THE
NEEDS IN CRITICAL CRITICAL AREAS IDENTIFIED IN TASK 1 AND [DENTIFICATION OF NEW
TECHNOLOGY AREAS TECHNOLOGIES OR TECHNOLOGY { MPROVEMENTS REQUIRED TO MEET

THESE NEEDS WHERE THEY EXCEED CAPABILITIES

3 COMPARE TECHNO- COMPARI SON OF TECHNOLOCY NEEDS IDENTIFIED IN TASK 2 WITH
LOGY NEEDS WITH CAPABILITIES CURRENTLY UNDER OAST DEVELOPMENT TO IDENTIFY
CAPABILITIES PROGRAM DEFICIENCIES, SHOULD THEY EXIST, IN PROVIDING NEEDED
CURRENTLY UNDER CAPABILITIES TO SUPPORT THE DRIVER SET OF SAMPLE RETURN
OAST DEVELOPMENT MISSIONS

4 GENERATE RECOMMENDATION OF TECHNOLOGY DEVELOPMENT NEW INITIATIVES/

RECOMMENDATIONS
FOR PROGRAM AUG-

MENTATION/INITIA-

TIVE REVISION TO
FILL IDENTIFIED
SAMPLE RETURN
TECHNOLOGY NEEDS

INITIATIVE REVISIONS, RANKED BY POTENTIAL BENEFIT TO THE
DRIVER MISSION SET, WHICH ARE ESSENTIAL TO THE SUCCESSFUL
COMPLETION OF FUTURE SAMPLE RETURN MISSIONS

JLw
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TECHNOLOGY NEEDS FOR SAMPLE RETURN MISSIONS
SCHEDULE

MILESTONES

FY ‘78

FY ‘19

J

A

)

e START STUDY
® GENERATE STUDY GUIDELINES

e TASK 1 - IDENTIFY CRITICAL
SAMPLE RETURN
TECHNOLOGY AREAS

® TASK 2 - ASSESS TECHNOLOGY
NEEDS IN CRITICAL
TECHMOLOGY AREAS

e TASK 3 - COMPARE TECHNOLOGY
NEEDS WITH CAPA-
BILITIES CURRENTLY
UNDER OAST
DEVELOPMENT

e TASK 4 - GENERATE RECOMMEN -
DATIONS FOR PROGRAM
AUGMENTATION/
INITIATIVE REVISION TO
FILL IDENTIFIED SAMPLE
RETURN TECHNOLOGY
NEEDS

e PREPARE FINAL REPORT

I

ansmuunl, 7
Y
oaomend 7
cameal 7
i/

Jw
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PRESENTATION TO OAST - CODE RX
STUDY, ANALYSIS AND PLANNING GFFICE

FINAL REPORT

SURFACE EXPLORATION, PROSPECTING, AND ASSAYING
(SURFACE EPA)

RTOP NO. 790-40-33
FUNDING: $35K

ROY G. BRERETON

JAN 12, 1978
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ﬂ}ﬂ”" SURFACE EXPLORATION. PROSPECTING, AND ASSAYING
OBJECTIVES

e 1O DEFINE THE SCIENTIFIC INSTRUMENTS AND SUPPORT MECHANISMS
THAT WILL BE REQUIRED FOR AUTOMATED REMOTE-SURFACE EPA

IN ORDER TO:

® FORECAST POTENTIAL FUTURE SYSTEMS
FOR THIS TASK

® FORECAST THE TECHNOLOGY NEEDED IN
THEIR SUPPORT

Tee

RGS; 1-12-78
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- SURFACE EXPLORATION, PROSPECTING, AND ASSAYING
APPROACH

ot

}

® EXAMINE HOW EPA IS ACCOMPLISHED ON EARTH
» MAN ESSENTIAL "COG" IN LOOP
e ANALYSES FACILITY
* FIELD INSTRUMENTS AND EQUIPMENT

e EXAMINE HOW THIS CAN BE AUTOMATED FOR REMOTE-SURFACE EPA

© MODEL FOR ACCOMPLISHING REMOTE-SURFACE EPA
e FUNCTIONS
e SCIENTIFIC INSTRUMENTS
e SUPPORT MECHANISMS

® COMPARE THE MODEL AND ITS REQUIREMENTS WITH AVAILABLE
INSTRUMENTS AND MECHANISMS TO GET NEW TECHNOLOGY REQUIREMENTS

RGB; 1-12-78
SECT 910; p.3
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SURFACE EXPLORATION, PROSPECTING, AND ASSAYING
REPORT

._:j’.

© INSTRUMENT TECHNOLOGY FOR REMOTE-SURFACE EXPLORATION, PROSPECTING,

AND ASSAYING -~ PART A - JPL 710-7, 28 OCT 77
o TABLE OF CONTENTS

SECTION TITLE
| INTRODUCTION
H EPA MAJOR FUNCTIONS

il DESCRIPTION OF EPA SCIENTIFIC INSTRUMENTS

iV TECHNOLOGY OPPORTUNITIES FOR SCIENTIFIC INSTRUMENTS
REFERENCES
TABLE | - EPA FUNCTIONS AND INSTRUMENTS
TABLE Il - SURFACE EPA INSTRUMENTS
TABLE 111 - TECHNOLOGY CHART
TABLE IV - GEOPHYSICAL PROSPECTING METHODS
TABLE V. - VIKING LANDER CAMERA
TABIE VI - SCIENTIFIC INSTRUMENTS STATUS

AND TECHNOLOGY OPPORTUNITIES

11

30
13

RGB; 1-12-78
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'%d] SURFACE EXPLORATION, PROSPECTING, AND ASSAYING

MAJOR FUNCTION

IMAGIMG

GEOCHEMISTRY

DESCRIPTION OF FUNCTION

VIEWING OF THE REMOTE SURFACE, SAMPLES
AND SKY FOR THE FIELD GEOLOGY
FUNCTIONMNS AND PHOTO GEOLOGY, TO
ASSIST 1N THE SELECTION, ACQUISITION,
AND AMALYSIS OF THE SAMPLES, TO AID IN
INSTRUMENT HANDLING AND PLACEMENT,
ANMND FOR NAVIGATION, GUIDANCE AND
POSITIONIMG

DETERMINATION OF THE MINERALOGY/
PETROLOGY, THE ELEMENTAL/ISOTOPIC
COMPOSITION, THE MINERAL PHASES,

THE STRUCTURE AND TEXTURE, AGE-DATING
AND THE ASSAYING OF REMOTE SURFACE
PMATERIAL

REMOTE SURFACE EPA MODEL,
FUNCTIONS AND INSTRUMENTS

TYPICAL INSTRUMENTS OR

MECHANISMS

e WA =

VI2ICON CAMERA
FACSIMILE CAMERA
CCD CAMERA

X-RAY DIFFRACTOMETER
X-RAY SPECTROMETER
PETROGRAPHIC
MICROSCOPE

ELECTRON MICROPROBE
ION MICROPRCIBE
PULSED 1iEUTROMN/
GAMMA RAY SPECTRO-
METER

MASS SPECTROMETER

RGS; 1-12-78
_SEC] 910; g5,



j]hdLy SURFACE EXPLORATION, PROSPECTING, AND ASSAYING

MAJOR FUNCTION

GEOPHYSICS

FIELD GEOLOGY

DESCRIPTION OF FUNCTION

DETERMINATION OF THE GEOPHYSICAL
PARAMETERS BODY PHYSICS THAT ARE
IMPORTANT iN ORE SEARCH AND REMOTE
SURFACE EPA

PROVIDES THE GEOLOGIC CONTEXT FOR ALL
MEASUREMENTS, INCLUDING THE INSTRUMENTS
AND TECHNIQUES FOR RECONNAISSANCE AND
SURFACE MAPPING , PRELIMINARY MINERAL
AND ROCK IDENTIFICATION, AND THE SITE
SELECTION FOR SAMPLING AND
EXPERIMENTING

REMOTE SURFACE EPA MODEL,
FUNCTIONS AND INSTRUMENTS

TYPICAL INSTRUMENTS OR
MECHANISMS

SEISMOMETER
GRAVIMETER

MAG NETOMETER
ELECTRIC METHODS
ELECTROMAGNETIC
METHODS

RADIOACTIVE METHODS
WELL LOGGING
METHODS

NO O WN =

1. HAND LENS
2. BRUNTON COMPASS
3. SAMPLE AND COMPASS
MANIPULATOR
4. RECORD/MAP
5. ODOMETER
6. SPIRIT LEVEL (WYE
LEVEL)
7. TRANSIT

RGB; 1-12-78
SECT 910; p.6
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MAJOR FUNCTION

SAMPLE
ACQUISITION

SAMPLE
PREPARATION

SAMPLE HANDLING
AND STORAGE

DESCRIPTION OF FUNCTION

TO ACQUIRE SURFACE AND SUBSURFACE
SAMPLES OF MATERIAL FROM REMOTE SURFACES.
SAMPLES MAY INCLUDE ORIENTED CORES,
CHIPPED SECTIONS FROM OUTCROPS,

SELECTED MATERIAL FROM THE SURFACE, OR
HOMOGENIZED REGOLITH MATERIAL

TO PREPARE SAMPLES 8Y CRUSHING, SIEVING,
SLICING, LAPING ENCASING, ETC FOR
ANALYSIS

PROVIDES PRECISION MANIPULATION OF
SAMPLES TO ANALYSIS INSTRUMENTS,
CONTAINERS FOR SAMPLES THAT WON'T
CONTAMINATE RESULTS, ROUTING FROM

THE ACQUISITION AND PREPARATION
INSTRUMENTS TO THE ANALYSIS INSTRUMENTS
AND STORAGE WITH STORAGE RECALL

»  SURFACE EXPLORATION, PROSPECTING, AND ASSAYING
REMOTE SURFACE EPA MODEL,
FUNCTIONS AND INSTRUMENTS

TYPICAL INSTRUMENTS OR
METHOD _

1. CORE DRILL (DIAMOND-
DRILL)

ROTARY DRILL

CABLE DRILL

AUGER

DRIVE TUBE

SURFACE SAMPLER
ROCK. CHIPPER

ROCK CRUSHER

SIEVER

SAMPLE SAW

ROCK THIN SECTIONING
SLIDE MOUNTING

BRUSH

. LAPIDARY WHEEL

1. VIEWING STAGE

2. SAMPLE CONTAINERS
(VARIOUS)

3. STORAGE BOX

NO U &a W
. . .

NOULNAEWN =

RGS; 1-12-78
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%}[L_; SURFACE EXPLORATION, PROSPECTING, AND ASSAYING

MAJOR FUNCTION

EXPERIMENT
HANDLING

MNAVIGATIONM AND
POSITIONING

OTHERS

REMOTE SURFACE EPA MODEL

FUNCTIONS AND INSTRUMENTS

DESCRIPTION OF FUNCTION

TO OFFLOAD AND RETRIEVE INSTRUMENTS
AND VARIOUS EQUIFMENT AS REQUIRED - i.e.,
PLACING CHARGES AND SENSORS FOR

ACTIVE SEISMIC PROSPECTING

DETERMINATION OF RANGE, LATITUDE/
LONGITUDE, POSITION ON'A GRID, EIC.,
FOR MAPPING AND ALL SURFACE EPA
ACTIVITIES

SPECIAL EXPERIMENTS OR HANDLING AND
PROCESSING EQUIPMENT THAT DOESN'T FIT
‘NTO THE ABOVE CATEGORIES

TYPICAL INSTRUMENTS OR

METHODS

L . L] L ] L]

NOr LW =

v

VARIOUS FOR

a) GEOCHEM SENSORS
b) GEOPHYSICS SENSORS
c) FIELD GEOLOGY

d) SURVEYING

LASER RANGING
RADAR RANG ING
RADIO RANGING
SURVEYING

LAND MARK (WITH
IMAGING)
CELESTIAL

DEAD RECKONING

RGB; 1-12-78
SECT 910; p.8
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SURFACE EXPLORATION, PROSPECTING, AND ASSAYING

SCIENTIFIC INSTRUMENTS, NEW TECHNOLOGY AND PROBLEMS
TECHNOLOGY CATEGORY
o’
e N
«‘}? s /0 S/o /&
> 0oy & S/IS/N/S/S
o ST, /LS S/Y
(6) N & 46 “/ QY g /T A
SCIENTIFIC INSTRUMENTS $ é{:’ G'ev«,eé" $.$ o° £ é’é‘i‘
S 008 e (] T/S Y
S OIS IS v/ & Y9
S 3 &S5BS ST
(&) & - § Q
§ € C 5 5 3JE/5/5/555/8
\ N. ‘b. v. b. b. «.
IMAGING
. VIDICON M|
2. FACSIMILE M
3. CCDp X X X | x M
X = SOME
GEOCHEMISTRY M = MAJOR
4. X-RAY DIFFRACTOMETER X X X X X Imlxlx I = DATA RATE
5. X-RAY SPECTROMETER X X X X X |x|x|x AOUND
6. RADIOACTIVE SURVEY X X X CONTROL
7. PETROGRAPHIC MICROSCOPE XM X|MIM 2 = DEEP
DRILLING
8. MASS SPECTROMETER X X I Mixlim
9. SCANNING ELECTRON MICRO- MIiMIXIM]|Xx
SCOPE/MICROPROBE/MASS
RGB; 1-12-78
SECT 910; p.9
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-ﬂld] SURFACE EXPLORATION, PROSPECTING, AND ASSAYING

SCIEMTIFIC INSTRUMENTS, NEW TECHNOLOGY AND PROBLEMS
TECHNOLOGY CATEGORY
> /
$ > g
>/ /3
4 S [3/[S/S /5
< Oaq 2 S/S/N/L/[S
¥ o SS¥VELe /8/E/S/S
SCIENTIFIC INSTRUMENTS NI EEETINA) S/
S LORESTES/S S/5/55
V I COF Yy / Y/ Vo
< o, A < & X< 5 “ /W /% ?O
g;k{\ggé.,ogsos’ T/&/E/E/E
& ~ d S 9
EECSTSII/T/T/T/S/S
~ TATATLTAINAS
GEOCHEMISTRY
10. ION MICROPROBE/MASS MM x| x| x
AMALY ZER (IMMA)
11. PULSED NEUTRON GAMMA RAY X X X X
SPECTROMETER X = SOME
12. ALPHA-PARTICLE BACK- X X X X M = MAJOR
SCATTER SPECTROMETER 1 = DATA RATE
AND
13. AGE-DATING MimiM[mIm oD UND
\ CONTROL
GEOPH(SICS 2 - OEeP
14. SEISMIC X M DRILLING
15, GRAVIMETERY X X X|x
16. MAGHIETOMETERY X
17. ELECTRIC AND ELECTROMAGNETIC| X x | x M
18. ‘WELL LCGGING x | x X |2
RGS; 1-12-78
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SESSION 'S' - SCIENCE AND EXPLORATION

Spaceboren Antenn2 and Micrcwave Systems Technology Study
(R. cdelson, JPL)

DISCUSSION: D. Williams stated that composite manufacturing
may be possible in sypace before the year 2000. Mr. Edelson
proposed a cechnology development plan for FY 79, i.e., steps
leading up to a 300-m antenna. It was mentioned that 0SS has
funded studies in other regionz of the microwave spectrun,

83 has 0STDS for DSN uses. Stan Sadin stated that OAST cannct
afford to fund development plans; instead, it is interested

in feeding programs such as ESS and LSST. Mr. Aviv mentioned
that a related study concerns a 180-m space-based radar system
using adaptive antenna design.

Extrasolar Planetarv Detection (J. Murpny, ARC)

DISCUSSION: Stan Sadin commented that this study could lead
to an 0SS mission.

VOIR Technclcgy Readiness Study (J. West, JPL)

DISCUSSION: Stan Sadin mentioned that the readiness methcdology
developed by JPL was excellent, and recommended it for ail such
studies. This raised the guestion of when it was published;

J. West said the present versiocn would be published in May 1378,
which some peopls felt was not scon erough.

Mars Sample Return Tachnolocv Readiness Studv (J. West, JPL)

CISCUSSION: Readiness studies must use zrogram offics base-
line designs, unless specific agreenment Lo 4o otherwis: is
obtained from QAST and the grogram office.

Technology Needs for Sample Return Missions (J. West, JPL)

DISCUSSION: As part ¢f tiais stud

ady, th ertise on
sample acguisiton and handling will be u

-~

ex
Z

(]
[e ¢}

4

Surface Exploration, Proscecting, and Assaving (P, Meeks, J?L)

4 =9
S o, ——

DISCUSSION: JNone.
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Discussion of FY 79 Plans in Science and Exploration

A. Hibbs presented six JPL ideas:

l.

2.
3.

6.

Planetary exploration system study, similar to the
present global services study; the advanced pro-
pulsion comparative study (report, March 1973) was
given as a reference. Stan Sadin commented that
this appeared to be more of an 0SS effort because
it appeared to be more of a programmatic study
than a technology study. He said a more specific
issue involved in the future extensive exploration
phase of the solar system, such as sample management
which would involve ARC and JSC, would be more to
his liking.

AOther uses o2f the IUS.

Better uses of the STS.

Technology readiness studies of Saturn orbiter

dual proke, solar probe, and ion drive for Comet
Enke mission. However, the latter was £felt to have
been adequately covered in the racent SEP/solar
sail studies.

Wind powered balloon.
Autonomcus operations technology enablement study.

J. Murphy presented an ARC idea: advanced IR astronony missicn
concepts and technology reguirements. Stan Sadin stated that
such a study should cover more of the sgectrum.

Mr. DiBattista from LaRC gave a presentation of the extended
LDEF mission study, which will recquire $400X for a facility

study.

Stan Sadin said that RX has not funded this type s*tudy

in the pas%, but would have tc discuss the subject with wvarious
OAST people to see if rerhaos such furndiag should be provided
in the future.
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and

OAST Technology Forecast Handbook
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~ 12 January 1978
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OAST Space Systems Studies
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OAST Space Systems Technology Model

cee

@ PART OF THE OAST TECHNOLOGY PROGRAM PLANNING PROCESS
o DIVIDED INTO NEAR & FAR TERM MISSION OPPORTUNITIES

o PURPOSES
—ASSIST IN DEVELGPING TECHNOLOGY PROGRAM OPTIONS
— IDENTIFY MAJOR TECHNOLOGY AREAS REQUIRING CONCENTRATED EFFORTS
- SEAVE AS AN EVALUATION CRITERIA FOR CURRENT TECHNOLOGY PROGRAMS

® MODEL IS A SET OF GENERIC SYSTEMS
~ SELECTED TO DRIVE CRITICA!. TECHNOLOGIES
~ DESIGHED TO PROVIDE REALISTIC CHALLENGES FOR TECHNOLOGY AREAS

© MODEL 1S NOY
— PREDICTING THE FUTURE

= STATING NASA/OAST POLICY OR PLANS
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OAST Space Systems Technology Model

®KEY DATA SOURCES

-~ NASA OUTLOOK FOR SPACE

- OAST SPACE THEME WORKSHOP

— NASA FIVE YEAR PLAN

- NASA ADVANCED STUDIES REPORTS
-NASA PROGRAM OFFICES

~0AST SPACE DIRECTORS

-NASA CENTER TECIINOLOGISTS

-GRC TECHNICAL STAFF



OAST Space Systems Technology Model

LEC

VOLUME I: FAR TERM 1990-2000

EXPLORATION OF THE UNIVERSE

1. Automaled Planetary Station

2. Large Earth Orbital Solar Observalory
3. Aslrophysics Space Lalioratory

4. Atmospheric Physics Laboratory

5. Space-Based Radio Telescope

GLOBAL SERVICES
6. Large-Scale All Weather Survey System
1. High-Resolution Sea Survey System
8. Geological Mapping System
9. Farth Energy Budget Monitoring System
10. Global Communications System
11. Global Navigation System

12. Glotal Crop {nventory and Production
Forecasting System

13. Disaster Warning System
14. Satellite Power System

UTILIZATION OF THE SPACE ENVIRONMENT

15. Space Station

16, Nuclear Waste Disposal System
17. Teleoperator Vehicle System
18. Lunar Base

SPACE TRANSPORTATION SYSTEMS
19, Single-Stage-to-Orbit Launch Vehicle
20. Space-Based Orbital Transfer Vehicle
21. Heavy-Lift Launch Vehicle
22. Advanced Escape Vehicle
23. Advanced Low-Thrust Escape Vehicle

$



OAST Space Systems Technology Model

|EC

VOLUME (i: NEAR TERM 1980-1990

EXPLORATION OF THE UNIVERSE

. Space Telescope

. Out-of-Ecliptic Mission

. Solar Maximum Mission Reflight

. spacelab Muiliuser Instrument Program
. Solar Probe

. Origin of Plasmas in the Earth's
Neighborhood (OPEN)

1. Synoptic Troposphere and Terrashace
Environment Satellite

8. Pinhole Salellite
9. Solar Mesosphere Explorer

10. Active Magnelospheric Particle
Tracer Experiment

11. Cosmic/X-Ray Observatory

SN W DA WD e

12,
13.
14.
15,
16.
17.
18.
19.
20.
21.
22,
23.
24,
25,

HEAO-B

HEAO-C

Advanced X-Ray Astrophysical Facility
Cosmic Background Explorer

Gamma Ray Observatory

Large Area Moderate Angular Resolution
Lunar Polar Orbiter X-Ray Array
Jupiter Orbiter/Probe

Viking Mobile Lander

tHalley Rendezvous

Venus Orbital Imajing Radar

Mars Surface Sample Return

Saturn Orbiter/ Probe

Extreme Ultraviolet Explorer

?



OAST Space Systems Technology Model

68¢

VOLUME II: NEAR TERM 1980-1990 (Cont.)

GLORAL SERVICES UTILIZATION OF THE SPACE ENVIRONMENT
26. Multimission Modular Spacecralt 36. Teleoperalor Orbiter Bay Experiment
21. SEASAT-B - 37. Advanced Spacelab Space Processing
28. Environmental Monitoring Satellite Payloads
29. Glabal Communications Land Mobile 38, Space Manufacturing Module

Services 39, 250-kW Power Module
30. Stormsat-A 40, 25-kW Power Module
31. Geodelic Survey Satellite

32.

34,
35.

Public Service Communications SPACE TRANSPORATION SYSTEMS

Salellite 41, Spin-Stabilized Upper Stage
. TIROS-0 ' 42, Solar Electric Propulsion Stage
Geostationary Platform 43, Orbital Transfer Vehicle

Molec.ular Wake Shield g



OAST Space Systems Technology Mode!

o STATUS OF MODEL

— SECOND DRAFT DISTRIBUTED TO HEADQUARTERS PROGRAM OFFICES
AND CENTERS IN DECEMBER

e COMMENTS FROM CENTER TECHNOLOGISTS AND HQ
PROGRAM OFFICES ON FIRST DRAFT INCORPORATED

— CONTENTS OF SECOND DRAFT AND COMMENTS COMING IN ON SECOND
DRAFT BEING INCORPORATED INTO REVISED FORMAT



OAST Space Systems Technology Model

1te

@ PRINCIPAL GOALS OF REVISED FORMAT

~ PROVIDE AN OVERVIEW OF EACH OF THE SPACE THRUSTS

— PROVIDE AS DETAILED INFORMATION AS POSSIBLE ON EACH SYSTEM
DESCRIPTION AND THE TECHNICAL PROBLEMS WHICH MUST BE SOLVLD

— FOR EACH SYSTEM, IDENTIFY POTENTIAL SOLUTIONS, GIVING ALL KNOWN
ALTERNATIVES

— PROVIDE INFORMATION SOURCES AND NAMES OF CCGNIZANT PERSONS
TO CONTACT FOR MORE INFORMATION FOR EACH SYSTEM

— GROUP TECIINOLOGY NEEDS BY FUNCTION WITHIN EACH SYSTEM

— DISCUSS THE COMMONALITY JUNIQUENESS OF THE TECHNOLOGY NEEDS
OF THE VARIOUS SYSTEMS BY SPACE THRUST



ote

Far-Term Technology Model System No. 19
PRIORITY LAUNCH VEHICLE

PRIMARY DESIGN REQUIREMENT: Provide economical (i.e., low cost per flight)
transpostation 1o and from low earth urbit for a wide variaty of missions which include
simsll-1u-moderataly size cargo and personnel. Design payload is in the range of 15 to
100 metric tons. )

VENICLE CONCEPTS
A tully reusable, vertical-takeolf-horizontal landing {VTOML), single-stage-to-orbit vehicle (SSTO) utilizing dual-moda rocket propulsion.

A horizontal-takeofi-horizontal landing (HTOIL) SSTO with sted-assisted takaoff.
A VTOHL 2 stage vehicle.
A NTOUHL staged system using turhojet power hoosters.

e R

)

OMPARATIVE CONCEPT

The characteristics of concepts A and B are well defined at this time. The absolu‘e and comparative features of concepts C and D are not well
defined. Concept C would be expected to have most technology requirements in common with concept A, Concept D (1urhojet hooster) is
in an early conceptual stage needing much more study. The turboiot technology has SST commanality; however, many other technology im-
plications are expected to be uninue for this concept.

INFORMATION SOURCES
References: Contacts .

1. NASA CR-28G6, 2867, and 2860 1. B. Z. Henry/LaRC
2. NASA CR-2878, 2879




Far-Term Technology ModeI'System No. 19 (Cont.)

PRIMARY CAPABILITY MEASURE/ CONCEPT SYSTEM TECHNOLOGY
TECHNOLOGY NEEDS DESIRED VALUE COMMONALITY COMMONALITY
ADVANCED STRUCTURES WEIGHT REDUCTIONS/20-40% ALL 20

COMPOSITE MATERIALS
AND ADVANCED DESIGN
FOR:

WING/TAIL
PROPELLANT TANKS MASS FRACTION/3-56%
THRUST STRUCTURE
SECONDARY (e.g.,
DOORS, ADAPTERS)

METALLIC HONEYCOMB NO. OF FLIGHTS REUSABLE/
FOR HOT STRUCTURES 1000-2000
PROPULSION

DUAL-MODE ROCKETS, PROPELLANT VOLUME
HIGH P, HYDROCARBONS REDUCTION/ AC 20

THRUST/10%- 107N
ENGINE WEIGHT REDUCTION/

DUAL-MODE ROCKETS,
SERIES, DUAL EXP. A

DUAL POSITION NOZZLES . 'sp INCREASE/ 20

EXPANSION RATI0/200:1-40:1 A, B 20

oy



Far-Term Technology Model System No. 19 (Cont.)

3 2%

SECONDARY CAPABILITY MEASURE/ . CONCEPT SYSTEM TECHNOLOGY
TECHNOLOGY NEEDS DESIRED VALUE COMMONALITY COMMONALITY
ADVANCED STRUGCTURES
SUNSYSTEMS WEIGHT REDUCTIONS/16-20% ALL 20
ADVANCED DESIGN AMD
MATERIALS
THERMAL PROYECTION
SYSTEM WEIGHT REDUCTION/S-10% ALL 20
REUSABLE SURFACE NO. OF FLIGHTS REUSABS.E/
INSULATION 100-200
METALLIC STANDOFF TEMPERATURE CAPABILITY/
AUTOMATED DESIGN RADT&E MANPOWER )
INTEGRATION REDUCTIONS/70-80% ALL 20
AUTOMATED CONTROL WING FORCE REDUCTION/
LANDING GEAR 25% ALL
PROPULSION
PROPELLANTS
SU-COOLED CRYOGENS VOLUME REDUCTIONS/ 20
LOW-COST HYDROCARBONS




OAST Technology Forecast Handbook

Ste

® PART OF THE OAST TECHNOLOGY PROGRAM PLANNING PROCESS

O D{SPLAYS TECHNOLOGY READINESS OF VARIOUS CAPABILITY
MEASURES/DESIRED VALUES FOUND IN OAST SPACE SYSTEMS
TECHNOLOGY MODEL

— STATE-OF-THE-ART

—FUTURE TREND OF CAPABILITY MEASURE



OAST Technology Forecast Handbook

9te

o KEY DATA SOURCES

— A FORECAST OF SPACE TECHNOLOGY, 1980 — 2000

— OUTLOOK FOR SPACE

~ NASA CONTRACTOR REPORTS
~ TECHNICAL JOURNALS

— POPULAR MAGAZINES

— “FUTURES" STUDIES

— TECHNOLOGY FORECASTS BY GOVERNMENT & INDUSTRY



* OAST Technology Forecast Handbook

. LFE

o STATUS OF HANDBOOK

— FORECASTS FOR VARIOUS INFORMATION SYSTEMS AND
TRANSPORTATION SYSTEMS "CAPABILITY MEASURES' HAVE
BEEN ASSEMBLED '

~ FOR AVAILABLE FORECASTS, "DESIRED VALUES" ARE BEING
COMPARED WITH PROJECTED VALUES



Far-Term Technology Madel System No. 19 (Cont.)

PRIMARY
TECHNOLOGY NEEDS

CAPABILITY MEASURE/
DESIRED VALUE

 COMPOSITE MATERIALS
AND ADVANCED DESIGN
FOR:

WING/TAIL
PROPELLANT TANKS
THRUST STRUCTURE
SECONDARY (e.g.,

DOORS, ADAPTERS)
METALLIC IIONEYCOMB
FOR HOT STRUCTURES

PROPULSION

DUAL-MODE ROCKETS,
HIGH Pc tIYDROCARBONS

DUAL-MODE ROCKETS,
SERNIES, DUAL EXP.

DUAL POSITION NOZZLES

ST¢

.......

MASS FRACTION/3-6%

NO. OF FLIGHTS REUJSABLE/
1000-2000

PROPELLANT VOLUME
REDUCTION/

THRUST/10%- 107N
ENGINE WEIGHT REDUCTION/

'sp INCREASE/

EXPANSION RATI0/200:1-40:1

CONCEPT
COMMONALITY

A B

SYSTEM TECHNOLOGY
COMMONALITY

A

20

20

20



Space System Technology Forecast g

e RSOSSN  SU  ag

¢ STRUCTUNAL WEIGHT REDUCTION FOR SPACE SYSTEMS

14

1.2 |-

STRUCTURAL
WEIGHT/

stnuctepar 1.0
WEIGHT

IH 1975
LAUNCH VEHICLE
0.0 ,
0.6
Source: A Forecast of Space Technology, 1980-2000
1 | i 1 i | i |

&‘a 1960 1970 19890 1990 2000
© YEAR



OAST Technology Forecast Handbook g

@ PLANS FOR HANDBOOK

— SELECT THOSE "“TECHNOLOGY NEEDS" AND "CAPABILITY MEASURES"
FROM THE OAST SPACE SYSTEMS TECHNOLOGY MODEL FOR WHICH
FORECASTS ARE NEEDED

— PERFORM A LITERATURE SEARCH FOR HISTORIC DATA POINTS FOR
EACH SELECTED "CAPABILITY MEASURE" TO DETERMINE THE PAST
TREND

~ PROJECT THESE HISTORIC TRENDS INTO THE FUTURE (TO 2000) BY
TREND EXTRAPOLATION AND CHECK THE TREND EXTRAPOLATIONS TO
ENSURE NO FUNDAMENTAL LIMITS ARE VIOLATED

— DISTRIBUTE THE RESULTING FORECASTS TO EXPERTS IN RELEVANT
TECHNOLOGY AREAS FOR COMMENTS /ALTERATIONS

~ GENERATE TECHNOLOGY FCRECASTS WHICH INCORPORATE THE COMMENTS



OAST Technology Forecast Handbook

© FORMAT FOR OBTAINING EXPERT OPIMNiON ON TREND PROJECTIONS

— PRESENT EXPERT WITH HISTORIC TREND AND PROJECTION

— ASK FOR REFERENCES TO SIGNIFICANT RECENT WORK

— ASK THE EXPERT TO RATE FACTORS WHICH MAY INFLUENCE
THE TREND

— ASK FOR THE EXPERT'S PROJECTION FOR THE YEARS 1990 and 2000

— INQUIRE ABOUT THE MEANS BY WHICH THE EXPERT'S PROJECTION
MAY BE FULFILLED

1Se

3



Sample Trend Projection Format

FIGURE 1 SHOWS THE TREND OF THE AVERAGE POWER OF HIGH ENERGY LASERS AND AN ENVELOPE OF
PROJECTED FUTURE RANGE.

1GW
100 MW
10 MW
Mw
AVERAGE !
POWER
MU0 kW |
10 kW | {
1 kW |
|
100 kW : Data Sousces for Historic Trend:
Laser Focus and Aviation Week
S 1. 11 1 1 i s
1065 1970 1980 1990
YEAR Post 1990

la. HIAVE YOU ENCOUNTEHED SIGNIFICANT WORK WITHIN THE PAST YEAR WHICH MAY AFFECT THE
FUTURE THEND¢ IF SO, PLEASE PROVIDE A HEFERENCE:

€
[\Y]



Sample Trend Projeciion Format (cont.)

€ce

b, MANY FACTORS MAY INFLUFNCE THE PROJECTION, SOME OF WHICH WiL.L ENHANCE THE GROWTH OF LASEN

AVERAGE POWER, SOME OF WHICH WILL HINDER 115 GROWTH., CONSIDER THE INFLUENCING FACTORS LISTED IN

TABLE 1. THIE LEFT COLUMN CONTAINS ENNANCING FACTORS; THE RIGHT COLUMN CONTAINS HINDERING FACTONS.
PLEASE ADD ANY ADDITIONAL INFLUENCING FACTORS WHICH YOU FEEL ARE IMPORTANT. IN TIIE BLANK SPACES
PROVIDED. ASSIGN WEIGHTS TO ALL Oy THE INFLUENCING FACTONS ON A SCALE OF 0 to 4 {0 = NOT IMPORTANT,

4= VERY IMPONTANT)

ENI'ANCING

Waight
(0-4)

HINDERING

Waeight
{C 4)

ANTAGONISMS AMONG VARIOUS NATIONS LEAD
TO INTENSIFIED U.S. DEPARTMENT OF DEFENSE
HIGH POWER LASER WORK.

FUTURE STRATEGIC ARMS LIMITATION TALKS
RESTRICT HIGH ENERGY LASER MILITARY
APPLICATIONS

SEVENE ENERCY C'IORTAGES LEAD TO GREAT
EMPHASIS ON COLLECTING AND/OR GENERATING
ENERGY IN SPACE AND TRANSFERRING IT TO
EARTH BY LASER.

ALTERNATIVE FORMS OF ENERGY, e.g.. COAL AND/
OR SOLAR, PROVE MORE ECONOMICALLY AND/OR
TECHNOLOGICALLY VIALLE THAN LASER FUSION.

MUCH THGHER POWER VERSIONS OF CURRENT
STATE OF -THE-ART LASERS PROVE ECONOMICALLY

AND TECIINICALLY FEASIBLE.

HIGH ENERGY LASER DEVELOPMENT COS1S I'NOVE
TO BE TOO GREAT 10 MERIT CONTINUATION OF

SuciHHwonk.

SEVERE ENENGY SHORTAGES LEAD TO INCREASED
FUNDING OF U.5. DEPARTMENT OF ENERGY LASER
FUSION WORK.

MUCH HIGIHER POWEI VERSIONS OF CURRENT
LTATE OF-THE-LASERS PROVE ECONOMICALLY AND/
OR TECHNICALLY IMPRACTICAL.

A TECIINOLOGICAL BREAKTHNOUGH, ANALOGOUS
TO THE ADVENT OF THE GAS-DYNAMIC LASER
SEVERAL YEANS AGO, LEADS TO A NEW TYPE OF

LASER.

PUBL.IC DISTRUST OF THE U.8. FEDERAL GOVEIRNMENT
PRECLUDES A HIGH LEVEL OF U.S. EMPHASIS ON 1hIGI
ENERGY LASER WOLK,

1 39Vd TVNIDINO

RIrTVNd 9004 30



rce

Tc. What will be the maximum avorage power a laser achicves by the given year?

Sample Trend Projection Format (Cont.)

YEAR AVERAGE POWER
1990
2000
. o the following table, please check one entry in each of the three calumns to indicate the combination{s) of pumping method,

lasing mediwm, and radiative phenomena which you halieve will be exploited to achieve the average power predicted lor the year 2000
in question 1c. Il you choose “*other”, please specily. To indicate serveral combinations, use *'v/"’, “X", etc.

RADIATIVE
PUMPING Y MEDIUM ‘/ PHENOMENA 4
NUCLEAR co, ELECTRON TRANSITION
SOLAR co ‘-22
— o
FLASHLAMP q | MF = | oTnen:
ACOUSTIC O | orf OTHER:
ELECTHON BEAM OTHER: DISASSOCIATION
ELECTRIC DISCHARGE OTHER: g VIBRATIONAL
ELECTHON INJECTION Nd: GLASS 3 | eLectronic
p=~=—=" - ——1 w
SHOCK HEATING S | Na:YAG a8 | RovaTiONAL
e - a3 s
GASDYNAMIC @ | OTHER: OTHER:
TEA OTHER:
OTNER: g DYES . OTHER:
a
5 | ovHER:




OAST Technology Forecast Handbook

@ PUBLICATION OF RESULTANT FORECASTS

— REFERENCE DOCUMENT CONTAINING THE FORECASTS AND
COMMENTS RECEIVED FROM THE EXPERTS AND A PROJECTION
OF EACH "CAPABILITY MEASURE" BASED UPON AN ANALYSIS
OF ALL AVAILABLE INFORMATION

— SUMMARY DOCUMENT WHICH RELATES THE “'CAPABILITY
MEASURE" TREND PROJECTIONS TO THE "DESIRED VALUES"
FOR THE SYSTEMS IN THE OAST SPACE SYSTEMS TECHNOLOGY

MODEL



Sample Summary Format

o LIGHTWEIGHT ADVANCED STRUCTURES

12(
1.0}-
STRUCTURAL WEIGHT/
STRUCTURAL 08} |
WEIGHT IN 1976 |
0.6} |
1 | I j
1960 1970 1080 2000
YEAR
B
SYSTEM [ oesiren DESIRED TECHNOLOGY | PROJECTED TECHNOLOGY
PRIMARY  VALUE READINESS DATE READINESS DATE
PRIORITY LAUNCH VEHICLE 19 F—'/ 20-40% REDUCTION 1006 }ggg;;ggg* ﬁg‘g;
f - - :
SPACE-BASED RANIO TELESCOPE & 40.50% REDUCTION 2000 109520001 m%g
TELEOPENATOR VEMCLE SYSTEM T/ 26.30% REDUCTION 1966 }3325838, &rﬁ;
O o o i
g; HEAVY LIFT LAuNCH VERICLE 201 o/ 30-40% REDUCTION 109 20000 {40%)
ORBITAL ESCAPE VENMIULE 23 30-60% REDUCTION ;335300“' :gg&%




SESSION 'X! « ANALYSIS

OAST Space Svstems Technoloay Model and QOAST Tschnology Forecast
Handbook (T. Zakrzewski, GRC)

DISCUSSION: The question was raised whether the critical
tachnology needs identified in the model are really needs

or ways of achieving the needs. Also, there was a reguast

for a type of corxrelation matrix between the identified needs.
It was suggestad that the forecasts contain both the perturied
and unperturbel growth trend curves.

ORIGINAL PAGE Ib
OF POOR QUALITY
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APPENDIX A
STUDY DESCRIPTION PACKAGE

EXTRACTED FROM REVIEW MEETING ANNOUNCEMENT



8:15
8:30
10:30
12:30
1:30

8:15
12:10
1:10
2:10

TABLE 1

SPACE SYSTEMS STUDIES REVIEW MEETING

11 and .2 January 1978

NASA Headquarters (FOB 10B), Room 625

FIRST DAY

Qverview of OAST Space Studies Program
Session 'U' - Space Utilization
Session 'T' - Space Transportation
Lunch

Session 'M' -~ Multiprogram Technolog§

SECOND DAY

Session 'A' - Applications
Lunch
Session 'X' - Analysis

Session ‘S' - Science and Exploration

359



TABLE 2

SPACE SYSTEMS STUDIES REVIEW MEETING

11 and 12 January 1978

NASA Headquarters (FOB 10B), Room 625

Session 'U' - Space Utilization

Space Utilization Studies

Large Space Systems Using
Nonterrestrial Materials

and Nonterrestrial Materials
Processing

Nonterrestrial Materials
Fabrication Technology

FY 79 Programs

Session 'T' - Space Transportation

Advanced Transportation Systems

Advanced Transportation -
Propulsion Systems

FY 79 Programs

Session 'M' - Multiprogram Technology

Advanced Automation Technology
Pointing and Control Systems
Software Technology Enablement

New Data System Technology
Requirements

Cryogenics Technology
Space Power

FY 79 Programs

2 hr
Gilbreath (ARC)
Crum (JSC)

von Tiesenhausen
(MSFC)

All

2 hr
Henry (LaRC)
Pelouch (LeRC)

All

3 hx

Heer (JPLY
‘echman (JPL)

Carps (MSFQC)
Krchnak (JSC)

Manning (ARC)
Stearns (JPL)

All

30
30

30

30

50
40

30

30
15
30

13
30
30

=y e peeey g

s
mij[
o]




TABLE 2 (Cont.)

Session 'A' - Applications

SEASAT B Readiness

Pollution Monitoring Mission
Public Services Platform
Advanced Penaetration Concepts
Post-LANDSAT Concept Evaluation

Advanced Global Services Concepts

Geostationary Platform

FY 79 Programs

Session 'X' - Analysis

Technology Model, Technology
Forecasting Handbook

FY 79 Programs

Session 'S' - Science and Exploration

Space-Based Radio Telescope
Space-Based Planetary Detection
Mars Sample Return Readiness .
VOIR Readiness

Prospecting Instrumentation
Advanced Sample Return Concepts

FY 79 Progranms

3 hr, 55 min
West (JPL)
Hook (LaRC)

Durham (GSFC)
Manning (ARC)
Flatow (GSFC)

Hook (LaRC)
Nagler (JPL)
Durham (GSFC)
Aviv (Aerocspace)

Hamilton (MSFC)

All

1 hr
Zakrzewski (GRC)

All

2 hr, 50 min
Edelson (JPL)
Black (ARC)
West (JPL)
West (JPL)
Brereton (JPL)
West (JPL)

all

(&)

20
15
15
30
30

30
25
15
15

10
30

30

30

30
30

20
30
15

30 =

61

min

min



S9g

ATITALBMENY 3

SPACE SYSTEM STUDIES

STUDY FUTURE PROGRAMS AND TECHNOLOGY. BOTH PLANNED AND FORECAST.
TO GENERATE OAST TECHNOLOGY PLANNING ALTERNATIVES

EVALUATE ALTERNATIVES TO PROVIDE DEVELOPMENT COST. RISK. AND BENEFIT
INSIGHTS OR MEASURES

STUDY R&T BASE ACTIVITIES TO IDENTIFY AUGMENTATIONS/INITIATIVES IN

. Magor TecunorLocy “DRIVERS”
. Systems TecunorLocy PROJECTS

. SPACELAB EXPERIMENTS



£9¢

600

500

400

300

200

100

i e e S 0 WS I N & =
AT SPACE SVSTEM STUDIES - FY78 NET R&D FUNDING

ARC
HQ
|
JPL
GSFC
HQ |
MSFC !
)
ARC LeRC MSFC JPL
LaRC
JPL LaRC JSC HQ
SCIENCE & SPACE APPLICATIONS SPACE MULTIPROGRAM

EXPLORATION TRANSPORTATION

UTILIZATION

R&D



FY78 OAST SPACE SYSTEM STUDIES

AGENCY TECHNOLOGY ENABLING
THEMES READINESS TECHNOLOGY
Space Radio-Telescope

Astrophysics . Planetary Detection
SCIENCE & ® Mars Sample Return
EXPLORATION Planetary e Sample Return 200K

¢ VOIR/SEASAT B ® Penetrators

e Pollution Monitorin ® Post-LANDSAT
APPLICATIONS 9 ® .Global Services Mission 610K

e Public Service Platform '
SPACE e Space Indusitrialization 280K
UTILIZATION e Lunar Materials: ‘:

ACE e Earth-To-GEO
P
S 225K
TRANSPORTATION ® Low Thrust Propulsion
e Automalion
Analysis &

MULTIPROGRAM ® Pointing & Control Planning ®
R&D ® Software Forecaslting I 266K

792

166K

1236K



TECHNOLOGY READINESS - PLANETARY

IDENTIFY & EVALUATE TECHNOLOGY ALTERHATIVES FOR PLANNED AGENCY PLANETARY PROGRAMS,

FunpinG
($K)

FY 1975 1976 1977 1978 1979 |FY-78/Cun.

|

MJOP & MIS MISSIONS, JpL ---235- & —v !
I

VOIR/SEASAT B MISSIONS., L.  —oeeo 11— - 20/95
i

MARS SAMPLE RETURN MISSION. JPL oA v 10740

c9¢



QA9¢

ENABLING TECHNOLOGY - PLANETARY

FORLCAST FUTURE PLANETARY EXPLORATION SYSTEMS AND IDENTIFY TECHNOLOGY NEEDS. DEVELOPHENT
OPTIONS, & RANK CANDIDATES.

Funping
N e - (5K)
[Fv | 1975 1976 | 1977 1978 | 1979 |FY 78/Cum.
TITAY EXPLORER, ARC v o
| |
AUTOMATED JUPITER STATION, JPL 4 v |
[
SOLAR SATLING, JPL _MALLEY +
' 4 Y san/sed
|
SAMELE RETURN TECHHOLOGY, JPL —v | = 50/130
_ [
CHHER PLAHED DEEP PROBES, ARC —iv
e Tet , |
ROSPEC ) S ’ e :
PROSPECITNG INSTRUMCNTATION, i . i—v
RIMOE LASER SINSING, L -~—-——-*=v
SURFA“L AL TRATORS. ARC Koo Ve v /110



ENABLING TECHNOLOGY - ASTROPHYSICS

FORECAST SPACE ASTROPHYSICS SYSTEMS AND IDENTIFY TECIHNOLOGY NEEDS, DEVELOPMENT OPTIONS.

AND RANK CANDIDATES

FUNDING
| ($K)
| Py | 1975 | 1976 | 1977 | 1978 | 1979  |ry 78/cum.
1 oer 0ss |
SETI FEASIBILITY, ARC p — _,__..._%__-
SPACL-BASED PLARETARY DEFECTION, ARC p : g ———2% 507125
i
SPACE RADIO TELESCOPE, JPL p i v 50/125

L9




TECIHINOLOGY READINESS - APPLICATIONS

IDERTIFY & EVALUATE TECHNOLOGY ALTERNATIVES FOR PLANNED AGENCY APPLICATIONS PROGRAMS.,

FunpinG
($¥)

i 1975 | 1976 | 1977 | 1978 [ 1979 [ry 78/Cun)

SEASAT B/VOIR MISSIONS, JPL A : - 20/95
POLLJTION MONITORING. LaRC : F— 75175
(SLIC SERVICE PLATFORM, GSFC | o— 50/50

SI9¢



ENABLING TECHNOLOGY - APPLICATIONS

FORECAST FUTURE SPACE APPLICATIONS SYSTEMS & lDENTlFY TECHNOLOGY NEEDS, DEVELOPMENT
OPTIONS. & RANK CANRIDATLS.

Funping
($K)
FY 1975 1976 1977 1978 | 1979  |ry 78/Cum.
POS T-LANDSAT SYSTEMS ARC [
(PLACE), GSFC 4 v A v
|
SURFACE PENETRATORS, ARC i
‘(APPLIC? V{SCIENCE) 507110
GLOBAL SERVICES' MISSTON i
LARC . : - 150/275
1 T ‘i —  100/185
6SKC | & - 5
|
ALROSPACE ~— mmmmmemmmmooeees bommmg— = 100/300

69¢



ADVANCED APPLICATION SYSTEMS CONCEPTS AND ENABLING TECHNOLOGY
B e e

> ESTABLISH MODEL OF 1990s GLOBAL SERVICES PLATFORMS WITH CENTRALIZED SEKVICES
o SENSING | o INFORMATION PROCESSING
o [INFORMATION TRANSFER o POYER
> GENCRATE CNABLING TECHNOLOGY FORECASTS FOR PROPULSION. POWER., MATERIALS.
SIRUCTURLS ., AND ELECTRONICS

FY 78 RESOURCES

PARTICIPANT ROLE
NET ReD IMS €S MY
o LEAD CENTER RESPONSIBILITY 150 73 9,0
LARC o SYSTEM CONCEPT INTEGRATION
AND MANAGEMENT
o 10P DOWN LOGIC 100 0 N.A.
el o PARAMETRIC TRADES
o OCEAN OBSERVATIONS
o COMMUNICATIONS/ INFORMATION TRANSFER 75 3-1)
GOl o LAHD AND ATMOSPHERIC OBSERVATIONS
o INTEGRATE WITH NEEDS
3 o CHANGE FROM CATALOGUING 100 0 N.A.
S aRseACE o DOD INTERFACE

e ee RELIVAN RO TLEYNESSY e g vy gy pee ey ] L3 2775

-----



ENABLING 1ECHNOLOGY - UTILIZATION

FORECAST FUTURE SPACE UTILIZATION SYSTEMS & IDENTIFY TECHNOLOGY NEEDS. DEVELOPMENT

OPTIOHS. & RAMK CANDIDATES.

Funping
($K)

FY

FY 78/Cum.

SPACE. SETTLEMENTS/
INDUSTRIALIZATION, ARC,?

LUNAR MATERIALS UTILIZATION
PROCESSINT, JSC

FABRICATION, MSFC

SPACECRAFT SYSTEMS, JSC

|

P.*!—._ h SIS B e & GERS ¢ SN & Gnfem.

|

507150

75/125

80/80

/5/75



ENABLING TECHIOLOGY - TRANSPORTATION

FORECAST FUTURE SPACE TRANSPORTATION SYSTEMS & IDENTIFY TECHNOLOGY NEEDS. DEVELOPMENT
OPTIONS, & RANK CANDIDATES.

Funpine
($K)

[ FY 1975 1976 1977 1978 1979  |FY 78/Cunm,

ADVAHCED TRANSPORTATION. LaRC

10 (SST0) VEHICLES A vIait.
HTOHL

<

AIR-BREATHING LAUNCH

>

010 VERICLE
CARTH-TO-GEO SYSTEMS

v— 150/150

ADVANCED PROPULSION, LeRC
EGH PRESSURE ENGINES A v

LINLAR AEROSPIKE ENGINES Y

DUAL FUEL OTO VENICLE

>

h.—b-.-.-.-.-._P.-P.—.-..-.-._.

‘:i LOW-THRUST PROPULSTON

i

v 75/175



ENABLING TECHNOLOGY - MULTIPROGRAM

FORECAST MULTIPROGRAM SYSTEMS, IDENTIFY TECHNOLOGY NEEDS, DEVELOPMENT OPTIONS. & RANK
CANDIDATES. '

FunpinG
- ($K)
FY 1975 1976 1977 1978 1979 |FY 78/Cun.»

FUTURE SHUTTLE PAYLOADS., ARC £——
SPACECRAFT SYSTEMS, JPi
COMMUNICATIONS & TV
ENVIRONMENTAL CONTROL Fy
POWER
POINTING & CONTROL
FND-TO-END DATA SYSTEMS. JSC
PAYLOAD SOi-THARE TECHNOLOGY, MSFC
CRYOAENICS TECHNCLOGY. ARC
SENSORS TECHNOLOGY, JPL, AELROSPACE &
ADVANCED AUTOMATION, JPL

<

|

- 25/25

<

v 50/225

- e & —r.
<
\

1]

30/105

>
<



NEW INITIATIVES/AUGMENTATIONS - PROGRAM DEVELOPMENT

CONDUCT STUDIES TO DEVELOP TECHNICAL PLANS, SCHEDULES, & COSTS FOR TECHNOLOGY
INITIATIVES & AUGMENTATIONS.

Funbing
($K)
(/v T 1975 | 1976 [ 1977 | 1978 | 1979 [FY 78/Cum.
NEEDS. GSFC 4'\ — 200/200
LARGE SPACE STRUCTURES. 1O : 300/ 360
BENEFIT/COST v
PROGRAM DEF INITION | ——
AWVAHCED SPACE PONER, MSFC ;—%——V
SUTTLE/SPACELAB PAYLOAD DEFINITION . 275/
SHUTTLE FLIGHT CONTROL. LARC : R
MICRONAVE RADIOMETER, LARC iy
NCTDS COMPONENT TEST. JPL | A——v
NEAT TRANSFER, LeRC | ——
N
=}

pete



o o FY 22, ONSLTECANGY) OGUANT Tt |VEC=ANDEHGHELEAT ke

TRANSPORTATION
SYSTEMS

SPACECRAFT
SYSTEMS

| NFORMAT1ON
SYSTEMS

Pover
SYSTEMS

>
%
3
%,
42
G
1. SCcience &
EXPLORATION X
2. APPLICATIONS X
S, Seace UTILIZATION X X
h, SPAcE IRANSPORTATION
5. Mut.tieroGram RRD X
L., DisciIPLINE X X
%]
~3
n
[ 1
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6.

B.

9.

<) 0.

op

PROGRAM CATEGORY :

STUDY TITLE:

STUOY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:

USE OF RESULTS:

LENGIH OF STUDY:

MANAGLMENT :

RLSOURCES ($K):

MAN-YEARS (€S/SC):

UNIQUE PROJECT NO. :

e L aaiiomm s s ik

ATTACHMENT Z
FY 1978 PLANNING STUDY

OAST Space Systems, Enabling Technology

Space Utilization Grants

Concepts studies and workshops for technology identification for space settlements.

Consider lunar materials constructed systems, mass drivers, asteroid retrieval,
etc.

Development of nave! concepts.

Technology planning for 1990s. Provide insights for i.SST, nonlinear large
deflection, automated operations, nonterrestrial resources, reusable propulsion,
MOPP, and higih-performance power activities.

3 years

OAST Study, Analysis, and Planning Office (RX)/

100; RX-- 50, OSF ~ 50 Cumulative: 200
0/2

790-40-31(03)



8.

9.

C3 .

«}

PROGRAM CATLGORY :

STUDY TITLE:

STUDY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:

st OF RESULTS:

LENGHE OF STUDY:

MANAGEME T .

RESOURCLS ($K):

MAN-YFARS (€S/SC):

URIUE PROJECT NO.:

l!!l N m Wwm wm |
1978 PLANNING STUDY

OAST Space System Studies, Enabling Technology

Mining and Processing Nonterrestrial Materials

Provide quidelines for developing the technology necessary to utilize nonterrestrial
materials as resources, particularly as metals, glasses, ceramics and composites,

and useful gases.

1) Cataloque lunar resources.
2) Determine viable processes for converting nonterrestrial materials into

useful products.

Design of hench scale processes that will yield metals, ceramics, glasses,
composites, or useful gases, and determine technology requirements.

Help determine value and direction of nonterrestrial materials utilization
program. Provide insights for Agency activities in ESS, automated operations,
nonterrestrial resources, and MOPP.

2 years

OAST Materials and Structures Division (RH), OAST Study, Analysis, and
Planning Office (!X)/JSC, Lunar Science Institute

R - 30, Cumulative: 90; RX - 60, RW - 30

0.3/0.1



[}

FY 1978 PLANNING STUDY
f

?

1. PRCGRAM CATEGORY : OAST Space System Systems; Enhancing Technology
2. STUbY TITLE: Nanterrestrial Materials Fabrication Technology

Examine secondary refining and mapufacturing processes using nonterrestrial

3. STUDY PURPOSE:
materials. ‘ i

Assess ecanamic, resources, environmental, and other consequences of utilizing

4, PRINCIPAL TASKS:
nonterrestrial materials.

5. RESULTS EXPLCTED: Comparative assessment of space construction from terrestrial and nonterrestrial

materials.
6. USE OF RESULTS: OAST technology planning. Pravide insights for automated operations,
nontevrestrial resources, and MOPP activities.
7. LOHGTIL OF STUDY: 1 year
88
B. MANAGEMENT: OAST Study, Analysis, and Planning Office (RX)/NSFC ’§§
a3
9. RUSOURCES {$K): 80 - e v
MAH-YEARS (CS/SC): 1.6/ gg
&

€9
QD 10.  UNIQUU PROJECT NO.:  790-40-39



FY 1978 PLARNNING STUDY

I.  PROGRAM CATEGORY :

OAST Space Studies
2. STUDY TITLE: Nonterrestrial Materials for Future Large Spacecraft Systems
3. STUbY PURPOSE:

Estimate technical and economic factors for operating a lunar materials program
consisting of mining, transport, processing, and fabrication.

4  PRINU(PAL TASKS:

Determine technical and economic feasibility of using lunar resources
including processing and transportation techniques.

. RESULTS EXPECTED: Generatle approach and initial evaluation of alternatives for using nonterrestrial
o o ) materials in large spacecraft systems. ODerive initial estimates of the threshold
at which investment in a space based lunar material utilization program is
economically feasible.
6. USE OF RESULTS: Help determine value and direction of a nonterrestrial materials utilization
program. Provide insights for agency activities in LSST, automatad operations,
nonterrestrial resources, and MOPP.
/.

LENGTI OF STUDY: 2 years

8. MANAGEMENT: OAST Study, Analysis, and Planning Office (RX)/JSC

c o

v <

o &

9. RESOURCES (3K): 150 g7
= 2

MAN-YEARS ((S/SC): £~

-~} E: =
QO 10, URIQBE PROJICT HO.:  790-40-17(01) 2



6.

8.

0S¢

PROGRAM CATEGORY :

STUDY TIYLE:

STUDY PURPOSE:

PRIRCIPAL TASKS:

RESULTS EXPLCTLD:

UsSt OF RESULTS:

LTHGIN OF STUDY:

MARAGE I HT:

gEsourees ($K):

MAN-YLARS (CS/SC):

QU PROJECY HO ..

FY 1978 PLANNING STUDY

OAST Space System Studies, Enabling Technology

Advanced Transportation Technology

Identify and evaluate technology required for the design and operation of
economical transportation in the post-shuttie time frame; irnitiate Earth-
to-geosynchronous technology study pragram similar to previous 010 and SSTO
programs .,

Perform integrataed study of all space transportation requirements, including SSTO,

cargo, priority, orbital transfer, etc.

ldentity system requirements, vehicle options, and advanced concepts for
Earth-to-GEQ vehicles '

Identify crucial and cost-effective technologies and technolegy devices for
integrated transportation system.

Technology identification and evaluation to support advanced transporiation
systems. Provide insights for agency activities in reusable propulsion and
CASTS.

1 year

OAST Study, Analysis, and Planning Office (RX)}/LaRC

150, 89 "IMS

3.6/1.1

790-40- 30



e O D om0 0 B3 e OO B0 &moow.

2.
S? PROGRAM CATEGORY

2.

8.

9.

[ 223

10.

STUDY TITLE:

STUDY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:

USE OF RESULTS:

LENGTH OF STuDY:

MANAGEMENT :

RESOURCES ($K):
MAN-YEARS (CS/SC):

UNTQUE PROJECT NO.:

FY 1978 PLANNING STUDY

OAST Space System Studies, Enabling Technology

Low-Thrust Propulsion Systems

Evaluate low-impulse thrusters and determine comparative value and preferred
system applications.  This study has two parts: (1) electric propulsion--a
contract effort, (2) low-thrust propulsion--an in-house effort.

(1) Parametric analysis of candidate systems: weight, size, performance,
and operational characteristics.
(2) ldentify key technology experiments to verify feasibility and performance

characteristics, .

Conceptual designs and identification of key technology development needs and
experiments,

Support new OAST technology initiative/augmentation in low-thrust propulsion.

1 year

OAST Study, Analysis, and Planning Office (RX), OAST Space Propulsion and
Power Division (RP)/LeRC

175; RX.- 75, RP - 100 (FY 77)

790-40-12
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PROGRAM CATEGORY :

STUDY TITLE:

STUDY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:

USE OF RESULTS:

LLNGTI OF STuDY:

MANAGEMENT :

RLSOURCES {$K):

MAN-YIUARS (CS/SC):

UNIQUE PROJECT NO.:

FY 1978 PLANNING STuUDY

OAST Space System Studies, Enhancing Technology
Advanced Automation Technology

Assist NASA in enhancement of planned missions and enablement of future missions
through projected advances in automation, machine inte)ligence, robotics, etc.

(1) Conduct workshop series involving artificial intelligence spacialists and
NASA personnel.

{2) Explore for enhancing planned missions.

3) Explore for enabling novel missions.

Recommend programs of research, advanced development, and implementation of
machine intelligence technology.

Provide insights for NEEDS and automated operations activities.

2 years
0AST Study, Analysis, and Planning Office (RX)/JPL

30 - Cumulative: 105

0/0.3

790-40-15(01)
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.

9.

€ge

14.

PROGKAM CATLGORY :

STUBY TITLE:

STUDY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:

USE OF RESULTS:

LENGTH OF STuUDY:

MANAGEMLNT ;

RESOURCES ($K):

MAN-YEARS (CS/SC):

URINVE PROJECT KO, :

- FY 1978 PLANNING STUDY

OAST Space System Studies, Enabling Technoloqy
Multiple Requirements for Pointing and Control Systems

Identify and assess the enabling pointing and control system technologies
required by NASA missions in the 1985-2000 time pertod.

Identify requirements of proposed NASA missions and advances in technology
that could be effectively employed by these missions.

Ranking of technology planning options.

Pointing and control systems technolaogy planning. Provide insights for NEEDS, LSST,
nonlinear large deflection, automated operations, reusable propulsion, and low-
thrust propulsion activities.

1 year

OAST Study, Analysis, and Planning Office (RX)/JPL

50; RX ~ 25, RE - 25

0/0.8

790-40-15(03)
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PROGIRAM CATEGORY :

Stuby TITLE:

STUBY PURPOSE:

PRINCIFAL TASKS:

RESULTS EXPECTED:

USE OF RESULTS:

FENGTHE OF STUDY:

MARAGEMENT :

RESOURCES ($7):

MAN-YEARSG (€5/SC):

UNEQUL PROJECT NO.:

FY 1978 PLANNING STUDY

OAST Space System Studies, Enabling Technology
Software Technology Enabluent

Forecast software technology needs and capabilities that have the potential
to reduce software costs and improve payload performance.

51) Generate future software forecast model and propose software for model.
2) Estimate future software magnitudes, complexity, and limitations.
(3) Identify opportunities for advancement of software technology that

of fer substantial payload benefits.

Program plan for advancement of software technology.

Technology planning; reduce costs and improve performance for payloads
beyond 1980, Provide insfghts for NEEDS actitity.

3 years
OAST Study, Analysis, and Planning Office (RX)/MSFC

50 - Cunulative: 225

790-40-19
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9.

10,

G8e

PROG(AM CATEGORY:

STUDY TITLE:

STUDY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:

USE OF RESULTS:

LENGTH OF STUDY:

MANAGEMENT :

RESOURCES ($K):
MAN-YLARS (CS/SC):

UNIQUE PROJECT NO. :

FY 1978 PLANNING STUDY

0AST Space Svstem Studies, Technology Readiness
Venus Orbiting Imaging Radar and SEASAT & Technalogy Options

Develop technology options by studying excursion from base-line configurattons
provided by 0SS and OA.

(1) Identify candidate options.
(2) Determine performance gains, cost, and risk to accomplish.
(3) Evaluate against base-line and recommended program changes.

Provide a ranking of the technolbgies by relative merit and establish the readiness
of each technology for mission support.

Evaluation and potential enhancement of VOIR and SEASAT B. Provide insights
for NEEDS, ESS, and high-performance power activities.
1.5 years

OAST Study, Analysis, and Planning Office (%X)/JPL

20 Cumuylative: 95
0/0.4

790-40-25(01)
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FY 1978 PLANIING STUDY

PROGRAM CATEGORY : OAST Space Lystem Studies, Techrology Readiness
STUDY TITLE: Technology Readiness for a Polluticn Monitoring Mission
STUDY PURPOSE : Develop technology options by studying excursions from base-line configurations

provided by OA.

PRINCIPAL TASKS: (1) Identify candidate options.
(2) Determine performance gains, cost, and risk to accomplish.
(3) Evaluate against base-line and recommended program changes.

RESULTS EXPECTED: Provide a ranking of the technologies by relative merit and establish the

readiness of each technology for mission support.

USE OF RLSULTS: Evaluation and potentiai enhancement of pollution monitoring missions.
insights for agency activity in ESS and MOPP.

LEHGTI OF STUDY: 1 year
MANAGEMENT : OAST Study, Analysis, and Planning Office {RX)/LaRC
RESOURCES ($K): 75, 24 1MS

MAN-YEARS (CS/SC): 3N

UNIGUL PROJECT NO.:  79C-40-23

Provide
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10.

PROGRAM CATEGORY :

STUDY TITLE:

STUDY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:

USE OF RESULTS:

LENGTH OF STUDY:

MANAGEMENT:

RESOURCES ($K):
MAN-YEARS (CS/SC):

UNIQUE PROJECT NO.:

" B9 107 PLanTRG STODY.

OAST Space System Studies, Technology Readiness

Public Service Platform Technology Readiness

Develop technology options by studying excursions from base-1ine configurations

provided by OA.

2) Determine performance gains, cost, and risk to accomplish.

;l§ Identify candidate options.
3) Evaluate against base-line and recommended program changes.

Provide a ranking of the technologies by relative merit and establish the
readiness of each technology for mission support.

Evaluation and potential enhancement of gublic service platforms. Provide
insights for agency activity in NEEDS, ESS, automated operations, and HOPP.

1 year
OAST Study, Analysis, and Planning Office (RX)/GSFC

50 -

790-40-26



PROGRAM CATEGORY:

STUDY TITLE:

STUDY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:

USE OF RESULTS:

LENGTH OF STUDY:

MANAGEMENT :

RESOURCES ($K):

MAN-YEARS (CS/SC):

UNIQUE PROJECT NO.:

FY 1978 PLANNING STUDY
OAST Space System Studies, Enabling Technology
Advanced Penetrator Missions

Study the use of penetrators for mining assay missions in remote areas of the
Earth and on the Moon and planets.

(1) Conceptual configurations.

/2) Type of sensors required.

13 Method of delivery.

(4) Data retrieval techniques.

(5) Cost comparison between penetrator and field exploration on Earth.

Conceptualization of penetrators and sensors to: determine elemental composition
of subsurface material; predict ore deposites based on composition.

OAST planning in sensors, Earth applications, lunar resources, and planetary
exploration. Provide insights for ESS activity.

2 years
OAST Study, Analysis, and Planning Office (RX)/ARC

50
171 (es}imate)

790-40-31(02)
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a.

9.

10.

PROGRAM CATEGORY *
STUDY TITLE:

STUDY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:
USE OF RESULTS:

LENGTH OF STUDY:
MANAGEMENT :

RESOURCES ($K):

MAN-YEARS (CS/SC):

UNIQUE PROJECT NO.:

" FY 1978 PLANNING STUDY

OAST Space System Studies, Enabling Technoloqgy

Study of Advanced Global Services Conceots

Establish model of 1990s global services as a set of LEO and GEO platforms with
centralized power, sensing, and information processing/transfer services.
Develop new concepts for global services to the public; make enabling technology
forecasts for propulsion, power, materials, structures, and electronics; and
identify associated flight experiments.

{l Function as lead center for global services activity.
2) Perform system concept integration and management.

Technology forecasts defining focused RA&T paths which meet NASA Earth orbit
mission needs of the 1990s.

Enhance future NASA applications missions. Provide insights for Agency activities
in NEEDS, ESS, LSST, automated operations, and MOPP.

Second year, continue into 1979

OAST Study, Analysis, and Planning Office (RX)/LaRC, joint effort with
GSFC, JPL, Aerospace

150, 73-IMS Cumulative: 275
9/1

790-40-13
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8.

9.

10.

PROGRAM CATEGORY :

STUDY TITLE:

STUDY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:

USE OF RESULTS:

LENGI OF STUDY:

MANAGEMENT :

RESOURCES ($K):
MAN-YEARS (CS/SC):

UNIOQUE PROJECT NO.:

FY 1978 PLANNING STUDY

0AST Space System Studies, Enabling Technology

Study of Advanced Global Services Concepts

Establish mode! of 1990s global services as a set of LEO and GEO platforms with
centralized power, sensing, and information processing/transfer services.
Develop new concepts for global services to the public; make enabling tech-
nology forecasts for propulsion, power, materials, structures, and electronics;
and identify associated flight experiments.

(1) Generate top down systems requirements logic.
(2) Structure parametric trade-off analysis.

Technology forecasts defining focused RAT paths which meet NASA Earth
orbit mission needs of the 1990s.

Enhance future NASA applications missions. Provide insights for Agency
activities in NEEDS, ESS, LSST, automated operations, and MOPP.

First Year, continue into 1979
0AST Study, Analysis, and Planning Office (RX)/JPL, joint effort with LaRC

(Lead), GSFC, and Aernspace

100 N

790-40-15(02)
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10.

PROGRAM CATEGORY :

STUDY TITLE:

. STUDY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:

USE OF RESULTS:

LENGTI OF STUDY:

MANAGEMENT :

RESOURCES ($K):
MAN-YEARS (CS/SC):

UNIQUE PROJECT NO.:

Ty 1270 FLANMNING DIUWL)

OAST Space System Studies, Enabling Technology
Study of Advanced Global Services Concepts

Establish model of 1990s global services as a set of LEO and GEO platforms with
centralized power, sensing, and information processing/transfer services. Develop
new concepts for global services to the public; make enabling technology forecasts
for propulsion, power, materials, structures, and electronics; and identify
associated flight experiments.

(1) Emphasis on communications/information transfer platform.
(2) Provide requirements for land and atmospheric observations.

Technology forecasts defining focused RA&T paths which meet HASA Earth orbit
mission needs of the 1990s.

Enhance future NASA applications missions. Provide insights for Agency activities
in NEEDS, ESS, LSST, automated operations, and MOPP.

First year, continue into 1979

OAST Study, Analysis, and Planning Office (RX)/GSFC, joint effort with LaRC
(Lead), JPL, Aerospace
75 .

3/0 (estimated)

790-40-36
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PROGRAM CATEGORY :
STUDY TITLE:

STUDY PURPOSE :

PRINCIPAL TASKS:

RESULTS EXPECTED:

USE OF RESULTS:

LENGTIE OF STUDY:
MANAGEMENT

RESOURCES ($K):
MAN-YFARS (CS/SC):

UHIOUE PROJECT NO.:

FY 1978 PLANNING STUDY

OAST Space System Studies, Enabling Technology
Study of Advanced Global Services Concents

Establish model of 1990s global services as a set of LEO and GEQ platforms with
centralized power, sensiinz, and information processing/transfer services. revelop
new concepts for global services to the public; make enabling technology forecasts
for propulsion, power, materials, structures, and electronics; and identify
associated flight experiments.

(1) Provide Nc:' interface to global services integrated activity.
(2) Work with tne advanced program personnel at NASA Headquarters and the various
Ceaters to review planned missions and identify technologies from DoD.

Technology forecasts defining focused R&T paths which meet NASA Earth orbit
mission needs of the 1990s.

Enhance future NASA applications missions. Provide insights for Agency
activities in NEEDS, ESS, LSST, automated operations, and MOPP.

First year, continue into 1979

OASY Study, Analysis, and Planning Office (RX)/Aerospace, joint effort
with LaRC {Lead), GSFC, JPL
100 -

01

790-40-40(01)
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PROGRAK CATEGORY :

Stupy JINE:

STIDY PURPOSE :

PRINCIFAL TASKS:

RESURTS EXPECTLD:

Ustk OF RESULTS:

LTHGEH OF STubY

MANALEMENT :

ke LouRcEs (3r):

VAN (EARS (CS7490):

BNIQUE PROJTCT N, :

FY 1978 PLANNING STUDY

0AST Snace System Studies, Systems Planning and Analysis
Hpace Studies, Analysis, and Planning

Develop and maintain planning gnals and objectives.

(1) Generate technology advanced systems model.
(2) Analyze study progrems to de-ive future needs and requiresiznts far
OAST technology planning.

(1) Conduct technoloqy assessments.

Cost, benefit, and visk rankings. Technology forecasts., Assesswments of R&T programs,
fdentifying technology volds and qgaps in OAST discipline structure.

DAST Lechnalogy planning for HEEDS, £S5, 19557, automated operations, reusahble
propulsion, iow-thrust propulsion, and MOPP activities.

Lecond year, continue tnto 1979
ODAST Study, Analysis, and Planning Otfice (R1)

160 Cumdative: 5130

/2.0

190G 40 40(02)
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FY 1978 PLANNING STUDY

PROGRAM CATEGORY: OAST Space System Studies, Enabling Technology
STUDY TITLE: Space-Based Radio Telescope

STUDY PURPOSE: Generate conceptual design of 100 to 300 m antenna to serve SETI signal search
and astrophysics experiments.

PRINCIPAL TASKS: (1) ldentify technology drivers, e.g9., cooling, data processing, figure control,
etc.
’2 Generate conceptual designs.
3) Estimate program schedules and costs for several deployment options.

RESULTS EXPECTED: Identify critical technology needs and develop new concepts.

USE OF RESULTS: Development of enabling technologies; future SETI and astrophysics planning.
Provide insights for ESS, LSST, automated operations, and long-11fe composites
activities.

LENGTI OF STUDY: 2 years

MANAGEMENT : OAST Study, Analysis, and Planning Office (RX)/JPL

RESOURCES ($K): 50 Cumulative: 125
MAN-YEARS (C€S/SC): 0/0.7

-

UNIQUE PROJECT NO.: 790-40-35(01)
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FY 1978 PLANNING STUDY

PROGRAM CATEGORY: OAST Space System Studies, Enabling Technology
STUDY TITLE: Space-Based Flanetary Detection Systems

STUDY PURPOSE: Evaluate known approaches and develop new concepts to search for extra-solar
planetary systems.

PRINCIPAL TASKS: (1) Evaluate planetary detection workshop -ecommendations from SETI programs.
$2 Conceive and explore new concepts.
3) Reconmend further study of programs and technology.
RESULTS EXPECTED: Plane.ary detection concepts feisibility evaluations and recommended
artions.
USE OF RESULTS: Planning by OAST and other offices. Provide 1nsights for ESS activity.
+ENGTH OF STUDY: 2 years
MANAGEMENT : OAST Study, Analysis, and Planning Office /RX)/ARC
KESOURCES ($K): 50 Cunulative: 125° %z
T
MAN-YEARS (CS/SC):  1/) (estimate) &=
=l
Z ~
UNIQUE PROJECT NO.: 790-4G-31(01) Lo
<
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PROGHAM CATEGORY :

STUDY THILL:

STUIT PURPOSE:

PRINCIPAL TASKS:

RESULTS CAPECTED:

S8 OF RESULTS:

LENGTH GF S THOY

HANAGEMENT :

Bt LOupCES (4r):

MAM-TEARS (L9/40):

MG PROJECT W),

FY 1978 PLANNING STUDY

OAST Space Systew Studies, Techinoloqy Readiness
Mars Seuple Return Technology Readiness

Identify a grou of spacecraft advanced technnlogy alternatives for the Mars
sample return zsission,

fvaluate the incremental benefits, risks, and costs of the utilization of
identified alternatives in a complete spacecraft system.

Provide a ranking of the technulogies by relative merit and establish the
readiness of each technolugy fur mission support.

Recosmmend advanced development program changes which will ensure that tne
technolongies selected for the mission are ot an acceptable state of develop-
w:nt for project commitment. Provide insights for £59, automated operat ons,
and high-performance power activities,

Farst year, continue into 1979
GALE Study, Analysic, ard Planning Office (RX)/JPL

40

asa0.7

790-40-25(02)
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PROGRAM CATEGORY :

STubY TITLE:

STUDY PURPOSE:

PRINCIPAL TASKS:

RESULTS EXPECTED:

st OF RESULTS:

LERGHIE OF STUDY:

MAHAGEMENT :

RESOURCLS ($K):

MAN-YEARS (CS/SC):

URIGUE £ROJECT HO.:

FY 1978 PLANNING STUDY

OAST Space System Studies, Enabling Technology

.

Advanced Sample Return Concepts

Evaluate technology implications of shift in emphasis to sample return from
surface and/or atmosphere of planets, moons, asteroids, and comets instead
of information return.

(1) Define science and technology for automatic sample collection, and/or
packaging and return. ‘
(2) ldentify technologies to support sample return missions.

Assessment of necessary technologies and their state of development; identify
voids and gaps in technology development; and analyze the sensitivity to
technological developiment investment.

Planning technology development for roving vehcile and sample return missions.
Provide insights for ESS, automated operations, and high-performance power
activities.

First year of renewed effort; continue into 1979

OAST Study, Analysis, and Planning Office (RX)/JPL

50 * Cuwmlative: 130

0/1

790-40-35(02)





