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PREFACE

The Technology for Future NASA Missions Conference was held during the
period of September 12-13, 1988 at the Capital Hilton in Washington, DC. The
conference provided industry and university executives programmatic and
technical information on OAST space technology efforts. The conference was
jointly sponsored by the American Institute of Aeronautics and Astronautics
and the National Aeronautics and Space Administration. First day proceedings
were devoted to programmatic discussions of CSTI, Pathfinder, and the
Research and Technology Base program. Second day activities included the
coverage of technical efforts on a more detailed basis.
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EXTERNAL PROGRAM PLANNING INTERACTIONS

O-AS_I-

® NASA ADVISORY COUNCIL

® SPACE SYSTEMS AND TECHNOLOGY ADVISORY COMMITTEE
® AERONAUTICS AND SPACE ENGINEERING BOARD -- NRC

® SPACE TECHNOLOGY INTERAGENCY GROUP -- USAF

® WORKSHOPS/CONFERENCES

® IR&D COORDINATION

® INFORMAL TECHNOLOGY INTERCHANGES

® INDUSTRY AND UNIVERSITY SITE VISITS
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Until ad-

vanced technology programs like Project
Pathfinder are initiated, the exciting goals of
human exploration will always remain 10 to 20

years in the future.
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SPACE R&T STRATEGY

_

REVITALIZE TECHNOLOGY FOR LOW EARTH ORBIT
APPLICATIONS

DEVELOP TECHNOLOGY FOR EXPLORATION OF THE
SOLAR SYSTEM

MAINTAIN FUNDAMENTAL R&T BASE

BROADEN PARTICIPATION OF UNIVERSITIES

EXTEND TECHNOLOGY DEVELOPMENT TO IN-SPACE
EXPERIMENTATION

FACILITATE TECHNOLOGY TRANSFER TO USERS



SPACE R&D BUDGET

O-AS_
PLANNED
FY 88 FY 89 FY 90-94
R&T BASE 108.4 134.1 LEVEL-OF-EFFORT
CSTI 115.2 121.8 700
PATHFINDER — 40.0 1000

TOTAL 223.6 295.9
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TOTAL SPACE R&T PROGRAM FUNDING 1989

($M)

R&T BASE
R&D 295.9 CSTI
© PATHFINDER
R&PM 142.9
CofF 6.1

1989 SPACE TOTAL 444.9

88-2720
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TECHNOLOGY READINESS LEVELS

O-A:S=

AND PROGRAM PHASES

Basic
Re
o Research LEVEL 1

Z
'
%
%
%
%
%

Feasibllity J
Research

Technology
Development LEVEL 4
Y LEVEL 5
§
§
Technology \§ LEVEL 6
Demonstration §

BASIC PRINCIPLES OBSERVED & REPORTED

TECHNOLOGY CONCEPT/APPLICATION
FORMULATED

ANALYTICAL AND EXPERIMENTAL CRITICAL

R&T
Base

FUNCTION AND/OR CHARACTERISTIC PROOF-
OF-CONCEPT

COMPONENT AND/OR BREADBOARD VALIDATION
IN LABORATORY —

COMPONENT AND/OR BREADBOARD
DEMONSTRATION IN RELEVANT ENVIRONMENT

SYSTEM VALIDATION MODEL DEMONSTRATED IN
SIMULATED ENVIRONMENT

SYSTEM VALIDATION MODEL DEMONSTRATED IN
SPACE

VIIEI TS

PR CCER TR LR

Focused
Program

JCM-0689
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AIAA/OAST SPACE TECHNOLOGY CONFERENCE

HIGH CAPACITY POWER

SURFACE POWER
SPACE NUCLEAR POWER

1ST
anD RAY CSTI PATHFINDER R&T BASE
DAY
PHYSICAL-CHEMICAL CLLS
EARTH-TO-ORBIT CHEMICAL TRANSFER PROP. PROPULSION
PROPULSION | BOOSTER CARGO VEHICLE PROPULSION
POWER & CRYOGENIC FLUID DEPOT
LIFE SUPPORT]

SPACE ENERGY CONVERSION

INFORMATION
CIENCES &

‘IS'IUMAN

FACTORS

SCIENCE SENSOR TECHNOLOGY

DATA: HIGH RATE/CAPACITY

AUTONOMOUS SYSTEMS

ROBOTICS

PHOTONICS

OPTICAL COMMUNICATIONS

AUTONOMOUS LANDER
AUTONOMOUS REND. & DOCKING

PLANETARY ROVER

EVA/SUIT
HUMAN PERFORMANCE

INFORMATION SCIENCES

SPACE DATA & COMMUNICATIONS

CONTROLS & GUIDANCE

HUMAN FACTORS

YNAMICS

‘AEROTHERMO-
D

AEROASSIST FLIGHT EXP.

RESOURCE PROCESSING PLANT
MATERIALS & | PRECISION SEG. REFLECTORS | B0 RO RO & PRE| MATERIALS AND STRUCTURES
STRUCTURES| CONTROL OF FLEXIBLE STRUCT.| |N.SPACE ASSEMBLY & CONST.
FLIGHT
SPACE FLIGHT R&T
PROJECTS

HIGH ENERGY AEROBRAKING

AEROTHERMODYNAMICS




CONFERENCE PURPOSE

HAVE YOU CONCLUDE THAT:
® THE CIVIL SPACE PROGRAM HAS A BRIGHT FUTURE

® TECHNOLOGY ADVANCES ARE CRITICAL TO THAT FUTURE

el

® NASA IS COMMITTED TO A STRONGER TECHNOLOGY PROGRAM
® MORE EXTERNAL INVOLVEMENT IS REQUIRED
® IT'S TIME TO MAKE CONTACT WITH NASA MANAGERS

® IT'S APPROPRIATE TO REVIEW YOUR IR&D PLANS
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SPACE R&T STRATEGY

_

REVITALIZE TECHNOLOGY FOR LOW EARTH ORBIT
APPLICATIONS

DEVELOP TECHNOLOGY FOR EXPLORATION OF THE
SOLAR SYSTEM

91

MAINTAIN FUNDAMENTAL R&T BASE

BROADEN PARTICIPATION OF UNIVERSITIES

EXTEND TECHNOLOGY DEVELOPMENT TO IN-SPACE
EXPERIMENTATION

FACILITATE TECHNOLOGY TRANSFER TO USERS



MISSION NEEDS
e 6 S e e ————————————————————————————— e e

® TRANSPORTATION TO LOW EARTH ORBIT

- PROPULSION

- AEROBRAKING

® OPERATIONS IN LOW EARTH ORBIT

L1

- AUTONOMOUS SYSTEMS
- TELEROBOTICS

- POWER

® SCIENCE
- STRUCTURES
- SENSORS

- DATA SYSTEMS

CSTI!88-020




BACKGROUND

e THE FIRST STEP IN REVITALIZING THE NATION'S
CIVIL SPACE TECHNOLOGY BASE

® WILL FILL GAPS IN MANY TECHNOLOGY AREAS

81

® FOCUSED TECHNOLOGY EFFORT, WILL RESULT IN
DEMONSTRATED / VALIDATED TECHNOLOGIES



EARTH TO ORBIT PROPULSION

O e———————————————————————— = S

OBJECTIVE:

PROVIDE A VALIDATED TECHNOLOGY BASE FOR THE DESIGN
OF HIGH PERFORMANCE, LONG LIFE LOX/H2 AND LOX /HC

ENGINES

o ENABLE FULLY REUSABLE VEHICLES TO REDUCE
TRANSPORTATION COSTS

61

APPROACH:

EXTEND KNOWLEDGE AND UNDERSTANDING OF ROCKET
ENGINE CHEMICAL AND PHYSICAL PROCESSES BY BUILDING
AND VALIDATING COMPONENTS AND HEALTH MONITORING
DEVICES




O-AS-T-

0¢

EARTH TO ORBIT PROPULSION

MANAGEMENT

LEAD OAST DIVISION

PROPULSION, POWER AND ENERGY DIVISION

LEAD NASA FIELD CENTER

MARSHALL SPACE FLIGHT CENTER

PARTICIPATING CENTER
LEWIS RESEARCH CENTER

FY 1989 BUDGET : $ 29.1 M

CST188-019
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BOOSTER TECHNOLOGY

- () (S Fm——————————————————————————————————————————————————————— ({3} P |

OBJECTIVE:

DEVELOP THE ENGINE TECHNOLOGY FOR ALTERNATE
PROPULSION CONCEPTS FOR THE SPACE SHUTTLE

SOLID ROCKET BOOSTER (SRB)

@ PROVIDE A SAFE ABORT OPTION

Zc

® PROVIDE THE ABILITY TO TAILOR THRUST

® PROVIDE THE POTENTIAL FOR ADDITIONAL IMPULSE

APPROACH:

EXPLORE ALTERNATIVE BOOSTER TECHNOLOGIES
INCLUDING LIQUID AND HYBRID CONCEPTS




BOOSTER TECHNOLOGY

MANAGEMENT

® LEAD OAST DIVISION

PROPULSION, POWER, AND ENERGY DIVISION

£¢

® LEAD NASA FIELD CENTER

MARSHALL SPACE FLIGHT CENTER

e FY 1989 BUDGET: $9.0 M

CSTI88-019
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AEROASSIST FLIGHT EXPERIMENT

S P ————————————————————————————————————— 33

OBJECTIVE:

INVESTIGATE THE CRITICAL VEHICLE TECHNOLOGIES AND
UPPER ATMOSPHERIC CHARACTERISTICS APPLICABLE TO
THE DESIGN OF AN AEROASSISTED ORBITAL TRANSFER

VEHICLE

S¢

[ PROVIDE A LARGE SAVING IN PROPELLANT WHICH COULD
DOUBLE THE PAYLOAD WEIGHT

APPROACH:

CONDUCT A REENTRY FLIGHT EXPERIMENT THROUGH THE
UPPER ATMOSPHERE TO VALIDATE DESIGN CODES




9¢
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AEROASSIST FLIGHT EXPERIMENT

MANAGEMENT

® LEAD OAST DIVISION

FLIGHT PROJECTS DIVISION

e LEAD NASA FIELD CENTER

MARSHALL SPACE FLIGHT CENTER

e PARTICIPATING CENTERS

LANGLEY RESEARCH CENTER
JOHNSON SPACE FLIGHT CENTER
AMES RESEARCH CENTER

e FY 1989 BUDGET: $ 13.3 M

G5

CSTi 88-019
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82

ROBOTICS

OBJECTIVE:

DEVELOP THE TECHNOLOGY BASE REQUIRED TO
EVOLVE FROM TELEOPERATIONS TO TELEROBOTICS

PY PERFORM SPACE ASSEMBLY AND CONSTRUCTION, SATELLITE
SERVICING, AND PLATFORM MAINTENANCE AND REPAIR

EFFICIENTLY AND SAFELY

APPROACH:

DEVELOP COMPONENTS TO BE EVALUATED IN AN
INTEGRATED TESTBED THAT WILL DEMONSTRATE
CAPABILITIES SUCH AS STOPPING SLOWLY SPINNING
SPACECRAFT, PERFORMING SIMPLE SERVICING, ETC.



CLA.S_T-

62

ROBOTICS
CGoT

MANAGEMENT

LEAD OAST DIVISION

INFORMATION SCIENCES AND HUMAN FACTORS DIVISION

LEAD NASA FIELD CENTER

JET PROPULSION LABORATORY

PARTICIPATING CENTERS

GODDARD SPACE FLIGHT CENTER
LANGLEY RESEARCH CENTER
JOHNSON SPACE CENTER

FY 1989 BUDGET : $ 13.8 M

CSTI188-019
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SCIENCE SENSOR TECHNOLOGY

DG
OBJECTIVE:

DEVELOP AN ADVANCED SENSOR TECHNOLOGY BASE FOR
SCIENTIFIC SENSING INVESTIGATION OF EARTH SYSTEMS,
THE SOLAR SYSTEM, AND THE UNIVERSE

o DEVELOP PASSIVE, SENSITIVE, RELIABLE, AND
IMPROVED IMAGING CAPABILITY OF SPACE-BASED
ADVANCED DETECTORS

It

® KEEP COSTS TO A MINIMUM

APPROACH:

DEVELOP ADVANCED TUNABLE SOLID STATE AND GAS
LASERS AND ACCOMPANYING ADVANCED TECHNOLOGY




SCIENCE SENSOR TECHNOLOGY
_

MANAGEMENT

e LEAD OAST DIVISION
INFORMATION SCIENCES AND HUMAN FACTORS DIVISION

e LEAD NASA CENTER
LANGLEY RESEARCH CENTER

4%

e PARTICIPATING CENTERS

GODDARD SPACE FLIGHT CENTER
JET PROPULSION LABORATORY
MARSHALL SPACE FLIGHT CENTER
AMES RESEARCH CENTER

LEWIS RESEARCH CENTER

e FY 1989 BUDGET : $ 7.8M

CSTI188-019
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AUTONOMOUS SYSTEMS

OBJECTIVE:

DEVELOP AN ARTIFICIAL INTELLIGENCE TECHNOLOGY
BASE FOR EFFICIENT AUTONOMOUS OPERATIONS IN
SPACE AND ON THE GROUND

@ ® FREE HUMAN RESOURCES FROM ROUTINE OPERATIONS
° DECREASE COSTS OF SPACE OPERATIONS
APPROACH:

DEMONSTRATE KNOWLEDGE BASED DECISION MAKING,
MACHINE LEARNING, UNCERTAINTY PLANNING AND
SIMILAR ADVANCED CONCEPTS



AUTONOMOUS SYSTEMS
O A -]

MANAGEMENT

® LEAD OAST DIVISION
INFORMATION SCIENCES AND HUMAN FACTORS DIVISION

se
®

LEAD NASA FIELD CENTER
AMES RESEARCH CENTER

® PARTICIPATING CENTER
JOHNSON SPACE CENTER

® FY 1989 BUGET: $ 12.1 M

CST188-019
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OFFICER (INCO) IN MISSION CONTROL CENTER



DATA: HIGH RATE/CAPACITY

OBJECTIVE:

DEVELOP HIGH SPEED, HIGH VOLUME DATA HANDLING
TECHNOLOGIES AND SYSTEMS NEEDED TO MEET

THE SCIENTIFIC AND OPERATIONAL REQUIREMENTS OF
FUTURE MISSIONS

o PERFORM RECOGNITION, EXTRACTION, AND TRANSMISSION
OF SIGNIFICANT OBSERVATIONS ON-BOARD THE SPACECRAFT

L€

o ENSURE HIGH SCIENTIFIC RETURNS WHILE KEEPING
OPERATIONAL COSTS LOW

APPROACH:

PRODUCE, TEST AND VALIDATE FLIGHT QUALIFIABLE
COMPONENTS FOR ON-BOARD DATA PROCESING AND
STORAGE




O-A.S-

8¢

DATA : HIGH RATE /CAPACITY

e |

MANAGEMENT

LEAD OAST DIVISION
INFORMATION SCIENCES AND HUMAN FACTORS DIVISION

LEAD NASA FIELD CENTER

LANGLEY RESEARCH CENTER

PARTICIPATING CENTERS

GODDARD SPACE FLIGHT CENTER
JET PROPULSION LABORATORY

FY 1989 BUDGET : $ 8.1 M

CSTI 88-019
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CONTROL OF FLEXIBLE STRUCTURES
_

OBJECTIVE:

DEVELOP STRUCTURES AND CONTROLS TECHNOLOGY
THAT WILL ENABLE THE DESIGN VERIFICATION AND
QUALIFICATION OF PRECISION SPACE STRUCTURES AND
LARGE FLEXIBLE SPACE SYSTEMS

0¥

® INCREASE SURFACE AND POINTING PRECISION AND USE
OF ARTICULATED MOVING COMPONENTS

APPROACH:

VERIFY THE ANALYSIS AND DESIGN METHODS THROUGH
GROUND TESTS AND IN-SPACE FLIGHT EXPERIMENTS



CONTROL OF FLEXIBLE STRUCTURES

MANAGEMENT

e LEAD OAST DIVISION
MATERIALS AND STRUCTURES DIVISION

1P

e LEAD NASA FIELD CENTER
LANGLEY RESEARCH CENTER

e PARTICIPATING CENTERS

MARSHALL SPACE FLIGHT CENTER
JET PROPULSION LABORATORY
GODDARD SPACE FLIGHT CENTER

e FY 1989 BUDGET: $15.7 M

CST188-019
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PRECISION SEGMENTED REFLECTORS

OBJECTIVE:

DEVELOP THE MATERIALS, STRUCTURES, AND CONTROL
TECHNOLOGY TO ENABLE THE DESIGN OF LARGE,
LIGHT-WEIGHT, HIGH PRECISION ORBITING ASTRONOMICAL
INSTRUMENTS

ev

® DEVELOP LIGHT-WEIGHT AND SPACE ERECTABLE/DEPLOYABLE
SYSTEMS FOR MAKING DEEP SPACE OBSERVATIONS
IN THE SUB-MILLIMETER AND SMALLER PORTION OF THE
SPECTRUM

APPROACH:

FABRICATE HIGH SURFACE PRECISION PANELS AND
CONDUCT SYSTEM LEVEL VALIDATION TESTING




PRECISION SEGMENTED REFLECTORS
e G S

MANAGEMENT

e LEAD OAST DIVISION
MATERIALS AND STRUCTURES DIVISION

747

e LEAD NASA FIELD CENTER
JET PROPULSION LABORATORY

® FY 1989 BUDGET: $49 M

CSTI1 88-019
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HIGH CAPACITY POWER

S ————— X T

9%

OBJECTIVE:

DEVELOP THE TECHNOLOGY BASE NEEDED TO MEET THE
LONG DURATION, HIGH CAPACITY POWER REQUIREMENTS
FOR FUTURE NASA SPACE INITIATIVES

® INCREASE SYSTEM THERMAL ELECTRICAL ENERGY
CONVERSION EFFICIENCY AT LEAST FIVEFOLD

o ACHIEVE SYSTEMS COMPATIBLE WITH SPACE NUCLEAR REACTORS

APPROACH:

EXPERIMENTAL VERIFICATION OF ADVANCED ENERGY
CONVERSION TECHNOLOGIES, SUCH AS THE FREE-PISTON

STIRLING ENGINE AND HIGH EFFICIENCY THERMOELECTRIC
MATERIALS



HIGH CAPACITY POWER

MANAGEMENT

® LEAD OAST DIVISION
PROPULSION, POWER, AND ENERGY DIVISION

A

® LEAD NASA FIELD CENTER

LEWIS RESEARCH CENTER

e PARTICIPATING CENTER
JET PROPULSION LABORATORY

e FY 1989 BUDGET: $ 11.1 M

CSTI88-019




FREE-PISTON
STERLING ENGINE
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CSTI PROGRAM BUDGET

ELEMENTS

ROBOTICS

AUTONOMOUS SYSTEMS
EARTH-TO-ORBIT

BOOSTER TECHNOLOGY
AEROASSIST FLIGHT EXP.
SCIENCE SENSOR TECHNOLOGY
DATA: HIGH RATE/CAPACITY
CONTROL OF FLEX. STRUCTURES
PRECISION SEG. REFLECTORS
HIGH CAPACITY POWER

PROGRAM TOTALS

FY 88 FY89
13.0 13.8
12.1 12.1
15.8 29.1
8.0 9.0
15.0 13.3
7.8 7.8
8.7 8.1
17.1 15.7
4.9 4.9
12.8 11.1

115.2 121.8

PLANNED
FY 90-94

80
70
160
20
150
40
30
100
10
40

700




TECHNOLOGY TRANSFER TO THE USER
i

® |NCLUDE NASA USER REPRESENTATIVES IN

ADVISORY GROUPS
WORKING GROUPS

0S

® [NCLUDE INDUSTRY AND UNIVERSITY
REPRESENTATIVES AS APPROPRIATE

® DISSEMINATE INFORMATION TO SPACE
COMMUNITY VIA

REPORTS
PAPERS
PRESENTATIONS

CST188-019
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SPACE R&T STRATEGY

REVITALIZE TECHNOLOGY FOR LOW EARTH ORBIT
APPLICATIONS

DEVELOP TECHNOLOGY FOR EXPLORATION OF THE
%OLAR SYSTEM

(A

MAINTAIN FUNDAMENTAL R&T BASE

BROADEN PARTICIPATION OF UNIVERSITIES

EXTEND TECHNOLOGY DEVELOPMENT TO IN-SPACE
EXPERIMENTATION

FACILITATE TECHNOLOGY TRANSFER TO USERS



PATHFINDER PHILOSOPHY

S e ——

PROVIDE A BROAD RANGE OF TECHNOLOGY OPTIONS
FOR ROBOTIC AND HUMAN EXPLORATION OF THE
SOLAR SYSTEM

SUPPORT A NATIONAL DECISION ON THE EXPLORATION
PATHWAY IN THE EARLY 1990'S

PRODUCE CRITICAL TECHNOLOGY DELIVERABLES IN
SUPPOR; OF CHOSEN MISSION SCENARIO IN MID TO
LATE 90

£S

MAJOR TECHNOLOGY DEMONSTRATIONS ADDED
WHEN PATHWAY DECISION IS MADE

KEEP TECHNOLOGY AS AN ACTIVE PARTICIPANT IN
AGENCY PLANNING PROCESS




PATHFINDER STATUS

e e —

¥S

APPROVED FY1989 NEW START

PROGRAM AND PROJECT PLANS CURRENTLY BEING WRITTEN

PROGRAM ELEMENTS DISTRIBUTED AMONG NASA CENTERS

SOME ELEMENTS WILL BE DEFERED IN FY1989, BUT ALL
ELEMENTS WILL BE KEPT IN OUT YEAR PROGRAM

BUDGET STARTS AT $40M IN FY89, IS PLANNED TO INCREASE
TO $220M LEVEL BY FY92 AND CONTINUE OUT INTO 1990'S.
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OFFICE OF EXPLORATION
CASE STUDIES

SS

HUMAN EXPEDITION TO PHOBOS

HUMAN EXPEDITIONS TO MARS

LUNAR OBSERVATORIES

LUNAR OUTPOST TO EARLY MARS OUTPOST




PATHFINDER THRUSTS AND ELEMENTS
B e —

TRANSFER VEHICLES

CHEMICAL TRANSFER PROPULSION
CARGO VEHICLE PROPULSION
HIGH ENERGY AEROBRAKING
AUTONOMOUS LANDER
FAULT-TOLERANT SYSTEMS

EXPLORATION

PLANETARY ROVER
SAMPLE ACQUISTION,ANALYSIS
&PRESERVATION

SURFACE POWER
OPTICAL COMMUNICATIONS

99

OPERATIONS

AUTONOMOUS RENDEZVOUS AND DOCKING
RESOURCE PROCESSING PILOT PLANT
IN-SPACE ASSEMBLY & CONSTRUCTION
CRYOGENIC FLUID DEPOT
SPACE NUCLEAR POWER (SP100)

HUMANS-IN-SPACE

EVA/SUIT
HUMANPERFORMANCE
CLOSED-LOOP LIFE SUPPORT
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PATHFINDER PROGRAM AREA
SURFACE EXPLORATION

AT —— s

TECHNOLOGY NEEDS

e PILOTED AND AUTOMATED SURFACE MOBILITY
AND MANIPULATION SYSTEMS

e MOBILE AND STATIONARY SURFACE POWER
SYSTEMS (SOURCES AND STORAGE)

e ADVANCED SPACE COMPUTING, WITH GROUND &
ON-BOARD AUTONOMOUS SYSTEMS

89

e MULTIPLE SENSORS (REMOTE AND LOCAL)

e SURFACE MATERIALS, STRUCTURES, AND
MECHANISMS

e TECHNOLOGIES FOR SURFACE SCIENCES
(E.G., SAMPLING AND IN SITU ANALYSIS)

JCM-0750



PATHFINDER PROGRAM AREA
SURFACE EXPLORATION

ELEMENT PROGRAMS

e PLANETARY ROVER

e SAMPLE ACQUISITION, ANALYSIS,
& PRESERVATION

6S

e AUTONOMOUS LANDER
e SURFACE POWER
e PHOTONICS

JCM-0745




09

OA:S

PATHFINDER
PLANETARY ROVER

TECHNOLOGIES

MOBILITY

AUTONOMOUS GUIDANCE
SAMPLING ROBOTICS

ROVER POWER

MISSION APPLICATIONS

LUNAR ROVERS (Piloted & Robotic)
MARS ROVERS (Piloted & Robotic)

OTHER ROBOTIC EXPLORATION AND
SAMPLE RETURN MISSIONS (e.g., CNSR)

JCM-0053
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19

PATHFINDER
PLANETARY ROVER

PROGRAM MANAGEMENT

LEAD OAST DIVISION:
Information Sciences And Human
Factors Division

LEAD NASA FIELD CENTER:
Jet Propulsion Laboratory

PARTICIPATING CENTERS:
Ames Research Center
Langley Research Center
Lewis Research Center

FY 1989 BUDGET: $ 5 MILLION

JCM-0758
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PATHFINDER

SAMPLE ACQUISITION, ANALYSIS & PRESERVATION
e 0 S e ———————————————————————————————

TECHNOLOGIES

SAMPLING TOOLS & SYSTEMS

CHEMICAL/PHYSICAL ANALYSIS SENSORS
PRESERVATION (e.g., Materials, Seals)

MISSION APPLICATIONS

LUNAR ROVERS (Piloted & Robotic)
MARS ROVERS (Piloted & Robotic)
OTHER SAMPLE RETURN MISSIONS (CNSR)

JCM-0054



PATHFINDER
SAMPLE ACQUISITION, ANALYSIS, & PRESERVATION

PROGRAM MANAGEMENT

e LEAD OAST DIVISION:
Materials and Structures Division

e LEAD NASA FIELD CENTER:
Jet Propulsion Laboratory

e PARTICIPATING CENTERS:
Ames Research Center
Johnson Space Center

e FY 1989 BUDGET: $ 1 MILLION

JCM-0759




O-AS

b9

PATHFINDER
AUTONOMOUS LANDER

TECHNOLOGIES

GN&C (Terminal Descent)
SENSORS

SYSTEMS AUTONOMY
MECHANIZATION/MECHANICAL SYSTEMS

MISSION APPLICATIONS

LUNAR OUTPOST OPERATIONS VEHICLES

ROBOTIC SOLAR SYSTEM EXPLORATION

PILOTED MARS EXPEDITION

JCM-0069



PATHFINDER

AUTONOMOUS LANDER
e ) [ S Prmeeeeeee—————————————————————————————————

PROGRAM MANAGEMENT

e LEAD OAST DIVISION:

Information Sciences & Human Factors
Division

LEAD NASA FIELD CENTER:

Johnson Space Center

S9
®

e PARTICIPATING CENTERS:
Ames Research Center
Jet Propulsion Laboratory

e FY 1989 BUDGET: $ 1 MILLION

JCM-0760
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PATHFINDER
SURFACE POWER

TECHNOLOGIES

99

ADVANCED PHOTOVOLTAICS

POWER STORAGE (e.g, Fuel Cells)
ENVIRONMENTAL COUNTERMEASURES

MISSION APPLICATIONS

LUNAR OUTPOST START-UP
PILOTED MARS EXPEDITIONS
OTHER SPACECRAFT (Earth-orbit, Transfer)

JCM-0055



PATHFINDER
SURFACE POWER

I 8 o i e ————————————————————————————————

PROGRAM MANAGEMENT

e LEAD OAST DIVISION:

Propulsion, Power, and Energy
Division

e LEAD NASA FIELD CENTER:
Lewis Research Center

L9

e PARTICIPATING CENTERS:
Jet Propulsion Laboratory
(Not funded in FY'89)

e FY 1989 BUDGET: $1.5 MILLION

JCM-0761




PATHFINDER
PHOTONICS

%"}-—————-———-—___

89

TECHNOLOGIES

FAULT-TOLERANT ELECTRONICS/
PHOTONICS SYSTEM ARCHITECTURES

PHOTONICS COMPONENTS
(Sensors, Memories, Input/Output Components,
Image Processing)

MISSION APPLICATIONS

LUNAR OUTPOST SYSTEMS (e.g., Observatories)
PILOTED PHOBOS/MARS EXPEDITIONS

ROBOTIC SOLAR SYSTEM EXPLORATION
(e.g., Autonomous Landers, Planetary Rovers)

ADVANCED EARTH-ORBITING OPERATIONS

JCM-0754



PATHFINDER
PHOTONICS

%‘1—

PROGRAM MANAGEMENT

e LEAD OAST DIVISION:
Information Sciences & Human Factors
Division

69

e PARTICIPATING CENTERS:
Ames Research Center
Jet Propulsion Laboratory
Johnson Space Center
Langley Research Center

e INITIATION DEFERRED TO 1990

JCM-0762
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PATHFINDER PROGRAM AREA
IN-SPACE OPERATIONS

%:—

TECHNOLOGY NEEDS

AUTOMATED AND SEMI-AUTONOMOUS
OPERATIONS (E.G., RENDEZVOUS & DOCKING)

ASSEMBLY, CONSTRUCTION, AND TESTING OF
LARGE SPACE SYSTEMS (IN ORBIT AND ON
SURFACES)

MANAGEMENT AND LONG-TERM STORAGE OF
CRYOGENIC FLUIDS

HIGH-CAPACITY POWER SYSTEMS (E.G., NUCLEAR)
HIGH-RATE SPACE COMMUNICATIONS SYSTEMS

IN SITU RESOURCE UTILIZATION TECHNIQUES
AND HARDWARE (E.G., FUEL PRODUCTION AND
MINING)

JCM-0751



PATHFINDER PROGRAM AREA
IN-SPACE OPERATIONS

%_

ELEMENT PROGRAMS

e AUTONOMOUS RENDEZVOUS &
DOCKING

e IN-SPACE ASSEMBLY AND
CONSTRUCTION

e CRYOGENIC FLUID DEPOT

e SPACE NUCLEAR POWER (SP-100)

e RESOURCE PROCESSING PILOT
PLANT

o OPTICAL COMMUNICATIONS

14

JCM-0746




PATHFINDER

~AUTONOMOUS RENDEZVOUS & DOCKING
(@G emmm———————————————e e e s

i TECHNOLOGIES

b st et oo,

e SENSORS (e.g., Laser Ranging, Radars)

® GN&C (Fault-Tolerant, On-Board)
® SYSTEM AUTONOMY

¢l

MISSION APPLICATIONS

e SPACE TRANSFER VEHICLES (Earth & Lunar)
® PILOTED MARS EXPEDITION
e ROBOTIC SAMPLE RETURN MISSIONS (MRSR)

JCM-0057



PATHFINDER
AUTONOMOUS RENDEZVOUS & DOCKING

%_

PROGRAM MANAGEMENT

e LEAD OAST DIVISION:

Information Sciences & Human Factors
Division

LEAD NASA FIELD CENTER:

Johnson Space Center

£
o

e PARTICIPATING CENTERS:
Jet Propulsion Laboratory
Marshall Space Flight Center

e FY 1989 BUDGET: $1 MILLION

JCM-0763




| PATHFINDER
IN-SPACE ASSEMBLY AND CONSTRUCTION

TECHNOLOGIES

e LARGE-SCALE MANIPULATION SYSTEMS
(Including highly flexible manipulators)

e JOINING TECHNIQUES (e.g., Welding)

e PRECISION STRUCTURE ALIGNMENT/ADJUSTMENT

Ve

MISSION APPLICATIONS

LUNAR OUTPOST STAGING
MARS MISSION STAGING (Robotic, Piloted)

ADVANCED SPACE STATION OPERATIONS
EARTH-ORBIT OBSERVATORY STAGING

JCM-0059



PATHFINDER

IN-SPACE ASSEMBLY & CONSTRUCTION

PROGRAM MANAGEMENT

e LEAD OAST DIVISION:
Materials and Structures Division

e LEAD NASA FIELD CENTER:
Langley Research Center

SL

e PARTICIPATING CENTERS:
Jet Propulsion Laboratory
Johnson Space Center
Marshall Space Flight Center

e FY 1989 BUDGET: $1 MILLION

JCM-0764




PATHFINDER
CRYOGENIC FLUID DEPOT

O-AS

TECHNOLOGIES

e LONG-TERM CRYOGEN CONTAINMENT &
MANAGEMENT

® REFRIGERATION COMPONENTS/SYSTEMS

e FLUID TRANSFER COMPONENTS/SYSTEMS

94

MISSION APPLICATIONS

LUNAR OUTPOST STAGING/OPERATIONS
MARS MISSION STAGING (Robotic, Piloted)

ADVANCED SPACE STATION OPERATIONS
ASTROPHYSCIS OBSERVATORY SERVICING

JCM-0060
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PATHFINDER
CRYOGENIC FLUID DEPOT

LL

PROGRAM MANAGEMENT

LEAD OAST DIVISION:

Propulsion, Power, and Energy
Division

LEAD NASA FIELD CENTER:
Lewis Research Center

PARTICIPATING CENTERS:
Johnson Space Center
Marshall Space Flight Center

FY 1989 BUDGET: $3 MILLION

JCM-0765
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PATHFINDER
SPACE NUCLEAR POWER (SP-100)

TECHNOLOGIES

REFRACTORY METAL REACTOR
FUEL PINS

HIGH-TEMPERATURE CONTROL SYSTEM

LIQUID-METAL THERMOELECTRIC MAGNETIC PUMP
THERMAL-TO-ELECTRIC CONVERSION

HEAT-PIPE HEAT-REJECTION SYSTEMS

MISSION APPLICATIONS

LUNAR/MARS OUTPOSTS
PILOTED MARS EXPEDITION

ADVANCED EARTH-ORBIT OPERATIONS

ROBOTIC SOLAR SYSTEM EXPLORATION
(Nuclear Electric Propulsion/Power)

JCM-0061
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PATHFINDER
RESOURCE PROCESSING PILOT PLANT

TECHNOLOGIES

o MATERIALS ANALYSIS SENSORS

© MECHANICAL SEPARATION/EXTRACTION
® ELECTRO-CHEMICAL SEPARATION/EXTRACTION

e ROBOTIC MATERIALS COLLECTION/HANDLING

MISSION APPLICATIONS

e LUNAR OUTPOST RESOURCE PLANT
® MARS RESOURCE PLANT

e OTHER SOLAR SYSTEM RESOURCE
UTILIZATION

JCM-0058




PATHFINDER

RESOURCE PROCESSING PILOT PLANT

PROGRAM MANAGEMENT

e LEAD OAST DIVISION:
Materials and Structures Division

LEAD NASA FIELD CENTER:
Johnson Space Center

08
®

e PARTICIPATING CENTERS:
Jet Propulsion Laboratory

e INITIATION DEFERRED TO 1990

JCM-0767



G-AS

18

PATHFINDER
OPTICAL COMMUNICATIONS

TECHNOLOGIES

ACQUISITION & TRACKING SYSTEMS

CONTROL SYSTEMS
TELESCOPE/LASER SYSTEMS

MISSION APPLICATIONS

LUNAR OUTPOST
PILOTED MARS EXPEDITIONS
ROBOTIC SOLAR SYSTEM EXPLORATION

JCM-0056




PATHFINDER

OPTICAL COMMUNICATIONS
e S e —————————————————————————

PROGRAM MANAGEMENT

e LEAD OAST DIVISION:
Information Sciences & Human Factors
Division

8

e PARTICIPATING CENTERS:
Goddard Space Flight Center
Jet Propulsion Laboratory

e INITIATION DEFERRED TO 1990

JCM-0768



PATHFINDER PROGRAM AREA
SPACE TRANSFER

TECHNOLOGY NEEDS

@ ADVANCED CHEMICAL PROPULSION SYSTEMS
(DESIGNED FOR SPACE-BASING/MAINTENANCE)

® HIGH-THRUST IN-SPACE PROPULSION FOR
HUMAN MISSION STAGING

® LUNAR-LEO AND INTERPLANETARY AERO-
BRAKING (TPS, GN&C, AEROTHERMODYNAMICS)

£8

® DESCENT/ASCENT PROPULSION FOR MOON/
MARS APPLICATIONS

@ HIGH-EFFICIENCY ELECTRIC PROPULSION FOR
CARGO TRANSFER

JCM-0752




PATHFINDER PROGRAM AREA
SPACE TRANSFER

s et —

v8

ELEMENT PROGRAMS

e CHEMICAL TRANSFER PROPULSION

e HIGH-ENERGY AEROBRAKING

¢ CARGO VEHICLE PROPULSION

JCM-0748
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PATHFINDER

CHEMICAL TRANSFER PROPULSION

B

TECHNOLOGIES

LIQUID OXYGEN/HYDROGEN ENGINES
HIGH-HEAT COMBUSTERS

HIGH-PRESSURE TURBO-MACHINERY
INTEGRATED DIAGNOSTICS/CONTROLS

MISSION APPLICATIONS

LUNAR OUTPOST OPERATIONS VEHICLES
ROBOTIC SOLAR SYSTEM EXPLORATION
PILOTED MARS EXPEDITION

ADVANCED EARTH-ORBIT OPERATIONS

JCM-0065




PATHFINDER

CHEMICAL TRANSFER PROPULSION
e e ——

PROGRAM MANAGEMENT

e LEAD OAST DIVISION:
Propulsion, Power, and Energy
Division

e LEAD NASA FIELD CENTER:
Lewis Research Center

e PARTICIPATING CENTERS:
Marshall Space Flight Center
(Not funded in FY'89)

e FY 1989 BUDGET: $4 MILLION

98

JCM-0773
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GAS

PATHFINDER
HIGH-ENERGY AEROBRAKING

TECHNOLOGIES

o AEROBRAKE CONFIGURATIONS

¢ AEROTHERMODYNAMICS

® GN&C (On-Board, Autonomous, Adaptive)
e THERMAL PROTECTION SYSTEMS

MISSION APPLICATIONS

e LUNAR OUTPOST OPERATIONS
e ROBOTIC/PILOTED MARS EXPEDITION
e ROBOTIC SOLAR SYSTEM EXPLORATION

JCM-0067




PATHFINDER

HIGH-ENERGY AEROBRAKING
e 2 e S e ———————————————————————————————

PROGRAM MANAGEMENT

e LEAD OAST DIVISION:
Aerodynamics Division

e LEAD NASA FIELD CENTER:
Langley Research Center

e PARTICIPATING CENTERS:
Ames Research Center
Johnson Space Center
Jet Propulsion Laboratory

88

e FY 1989 BUDGET: $1.5 MILLION

JCM-0772
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PATHFINDER
CARGO VEHICLE PROPULSION

TECHNOLOGIES

MAGNETOPLASMADYNAMIC THRUSTERS (MPD)
(e.g., Cathodes, Controls, Magnetic Fields, High
Power Level Systems)

ION ENGINES (Testing)
LONG-LIFE TESTING

MISSION APPLICATIONS

e LUNAR OUTPOST OPERATIONS (OTV/ion)
® PILOTED MARS EXPEDITION (Cargo Vehicle)
e ROBOTIC SOLAR SYSTEM EXPLORATION (lon)

JCM-0066




PATHFINDER
CARGO VEHICLE PROPULSION

PROGRAM MANAGEMENT

e LEAD OAST DIVISION:
Propulsion, Power, and Energy
Division

e LEAD NASA FIELD CENTER:
Lewis Research Center

e PARTICIPATING CENTERS:
Jet Propulsion Laboratory

06

e INITIATION DEFERRED TO 1990

JCM-0774



PATHFINDER THRUSTS AND ELEMENTS

e 6 S e eeeeeeeeeee———————————————————————————

TRANSFER VEHICLES

CHEMICAL TRANSFER PROPULSION
CARGO VEHICLE PROPULSION
HIGH ENERGY AEROBRAKING
AUTONOMOUS LANDER
FAULT-TOLERANT SYSTEMS

16

EXPLORATION

PLANETARY ROVER
SAMPLE ACQUISTION,ANALYSIS
&PRESERVATION

SURFACE POWER
OPTICAL COMMUNICATIONS

OPERATIONS

AUTONOMOUS RENDEZVOUS AND DOCKING
RESOURCE PROCESSING PILOT PLANT
IN-SPACE ASSEMBLY & CONSTRUCTION
CRYOGENIC FLUID DEPOT

SPACE NUCLEAR POWER (SP100)

HUMANS-IN-SPACE

EVA/SUIT
HUMANPERFORMANCE
CLOSED-LOOP LIFE SUPPORT
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"HUMAN EXPLORATION OF THE SOLAR SYSTEM
MISSION CONDITIONS

O DURATION INCREASE OF AN ORDER OF MAGNITUDE

O UNACCUSTOMED ENVIRONMENTAL STRESS FROM:
* SMALL GROUP, CONFINED ISOLATION
* UNFAMILIAR RISKS
* SPACE RADIATION
* UNNATURAL GRAVITY FIELDS

O TOTAL, UNRELIEVED DEPENDENCE ON ADVANCED
TECHNOLOGICAL SYSTEMS



S6

HUMAN EXPLORATION OF THE SOLAR SYSTEM
HUMAN SELF-SUFFICIENCY

O ON PAST MISSIONS, FLIGHTS HAVE BEEN SHORT, ACTIVITIES
NEW AND CHALLENGING, AND RESOURCES EXPENDABLE

* PERFORMANCE REQUIREMENTS HAVE FALLEN WITHIN
EASY REACH OF HUMAN VERSATILITY AND SHORT-TERM
ADAPTABILITY

* SUPPORT REQUIREMENTS HAVE FALLEN WITHIN OUR
TRANSPORT CAPABILITY

O BUT FOR MUCH LONGER MISSIONS:

* HUMANS MUST FUNCTION OUTSIDE THE BOUNDARIES
OF THE CURRENTLY KNOWN PERFORMANCE ENVELOPE

* LIFE SUPPORT RESOURCES MUST BE REGENERATED
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PATHFINDER / HUMANS IN SPACE

RATIONALE

O EXISTING TECHNOLOGIES MAY NOT BE SCALABLE TO MEET
HUMAN PERFORMANCE AND SUPPORT REQUIRMENTS
OVER LONG, SELF-SUFFICIENT MISSIONS

O TECHNOLOGY IDENTIFICATION AND ADVANCEMENT CANNOT
EFFECTIVELY PROCEED INDEPENDENTLY FROM THE
DETERMINATION OF THE HUMAN REQUIREMENTS
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PATHFINDER / HUMANS IN SPACE

JOINT PROGRAM

s OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY
OFFICE OF SPACE SCIENCE AND APPLICATIONS
(LIFE SCIENCES DIVISION)
-
OBJECTIVES
(
Determine the enabling system engineering and technology
requirements and develop technology options
Y
-

\.

Determine critical human and system performance requirements
for enabling human health, productivity and self-sufficiency




PATHFINDER/HUMANS-IN-SPACE

TECHNICAL REQUIREMENTS INTERFACES

OSSA(EB)

HUMAN PERFORMANCE
& BIOLOGICAL SYSTEM

RESEARCH AND
DEFINITION

86

OAST/OSSA(EB)

REQUIREMENTSJ

—

OSSA(EB)

7.

ALTYNd ¥ood 40
SI 39vd TYNIDINO

ENGINEERING
SYSTEM/TECHNOLOGY

RESEARCH AND
DEFINITION

v
VERIFIED T TECHNOLOGIES | TECHNOLOGY
—
ENGINEERING SYSTEM TESTS SOLUTIONS/OPTIONS
DEVELOPMENT
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HUMANS IN SPACE - FUNCTIONAL OBJECTIVES

ENABLE:

ON-DEMAND, EXTENDED DURATION SURFACE EVA
WITH ON-SURFACE SUIT MAINTENANCE AND ECLSS
REGENERATION

ENABLE:

PRODUCTIVE COGNITIVE, PHYSICAL, BEHAVIORAL,
AND TEAM PERFORMANCE THROUGHOUT MISSIONS
OF UNACCUSTOMED ENVIRONMENTAL STRESS AND
DEPENDENCE ON TECHNOLOGICAL SYSTEMS

ENABLE:

A MEANS TO MAINTAIN HEALTH AND PHYSICAL
CONDITIONING DURING LONG EXPOSURE TO
UNNATURAL GRAVITY FIELDS AND SPACE RADIATION

ENABLE:

LIFE SUPPORT SYSTEM SELF-SUFFICIENCY AND
SIGNIFICANT REDUCTION IN EXPENDABLES WEIGHT &
TRANSPORT REQUIREMENTS FOR MISSIONS > 1 YR




HUMANS IN SPACE - PROGRAM MILESTONES

Integrated Systems Tests
Completed

Prototypes Ground-Validated

0ct

EVA & Serv. Syst. Components
and Subsystems Validated

Integrated Systems Technology
Demonstrator Completed

End Effector & Glove Validated

Biomedical Rqmts Defined

Space Serviceable EVA System 1996

Concepts Analyzed

Critical Components Developed

PLSS / Heat-Refrig System

Proof-of-Concept Demonstrated

1992

2000




HUMANS IN SPACE - PROGRAM MILESTONES

HUMAN
PERFORMANCE

HUMAN-MACHINE
INTERACTIONS

Human Performance Models
Scientifically Validated

Human-Machine Interface
Technology Validated

Prototype Human-Automation-

Model-Based CAD Habitat
Design Capability Developed

Countermeasures for Human-

101

Identified

Human-Automation-Robotics

Integrated System

Test Bed Operational
Cognitive & Physical Perform. pera™

Machine Performance Decrement

Robotics System Tests
Completed

2000

Modeis Developed
1996
Human-Machine System Design
Tools Developed (CAD)

Human-Automation-Robotics
System Reqmts. Determined

1992



HUMANS IN SPACE - PROGRAM MILESTONES

Radiation Shielding Rqmts.

HUMAN
PERFORMANCE

ARTIFICIAL GRAVITY
HUMAN FACTORS

Artificial Gravity Rqmts.

Habitability Rgmts.

Selection, Training, Crew
Factors & Mission Rqmts.

Ongoing Tests to Determine

Operational and Structural
Parameters of Art.-G Systems 2000

c01

Ongoing Tests to Determine
Crew Factor and Habitability
Parameters

Prelim. Rqmts Determ. for Art-G

- Chronic Rotation Tolerance
- Feasibility of Acute-G Loading 1996

Partial-G Load Ground Test
Facility Completed

Prelim. Shielding Rqmts for
Space Radiation Defined

Analog Environ. Operational

1992



HUMANS IN SPACE - PROGRAM MILESTONES

CLOSED LOOP
LIFE SUPPORT

PHYSICAL-CHEMICA

Full Scale Integrated P-C
System Tests Complete

Engineering Design of
Integrated P-C / Biol. System

and Tech. Validated in Test Bed

Power,Thermal, Fluid Subsyst.
Integration Concepts Defined

€01

P-C Eng. System Designed

Integrated P-C / Biol.
System Concepts Defined

Proc & Subsys Models Integrated

2000

Chem. Process Models Compl.

1996

Chem. Process Tests Underway

Prelim. Rgmts for Monitoring
& Control Determined

1992



HUMANS IN SPACE - PROGRAM MILESTONES

CLOSED LOOP
LIFE SUPPORT

BIOREGENERATIVE

Integrated Bioregenerative
System Tests Complete

FOT

Initial Tests Conducted in
Human-Rated Test Facility

Complete Model of Integrated
System Behavior & Control

Define Bioregen. System with
Advanced P/C Subsystems

Feasibility of Bioregenerative
Concept Demonstrated
in Breadboard Facility

Analytical Process & System
Models Developed

Complete Initial Studies of
Human-Rated Test Facility

Define Mission-Specific
Bioregen. System Concepts

2000

1996

1992



PATHFINDER
HUMANS IN SPACE

S0t

PROGRAM MANAGEMENT

OAST DIVISIONS: * DIRECTORATE FOR SPACE
* PROPULSION, POWER & ENERGY
* INFORMATION SCIENCES AND
HUMAN FACTORS
* MATERIALS AND STRUCTURES

OSSA LEAD DIVISION: * LIFE SCIENCES DIVISION

NASA FIELD CENTERS:
* AMES RESEARCH CENTER

* JOHNSON SPACE CENTER
* KENNEDY SPACE CENTER

FY 1989 BUDGET: $6.0 M
FY 90-94 TOTAL BUDGET: $227.5 M
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SUMMARY

O EXPANSION OF HUMAN PRESENCE INTO THE SOLAR
SYSTEM WILL REQUIRE:

* DETERMINATION OF HUMAN RESPONSE TO MISSION
CONDITIONS

* DETERMINATION OF HUMAN REQUIREMENTS FOR
WELL-BEING AND PRODUCTIVITY

* DEVELOPMENT AND VALIDATION OF TECHNOLOGICAL

SOLUTIONS (BIOMEDICAL AND ENGINEERING) TO MEET
THE HUMAN AND MISSION REQUIREMENTS

O PROPOSED PATHFINDER PROGRAM WILL:

* IDENTIFY THE MOST CRITICAL UNCERTAINTIES IN
HUMAN AND TECHNOLOGICAL REQUIREMENTS

* RESOLVE THEM TO THE DEGREE POSSIBLE
* WHERE APPROPRIATE, DEVELOP TECHNOLOGY SOLUTIONS
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Office of
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SPACE RESEARCH &
TECHNOLOGY BASE

Presentation to

AIAA/OAST Conference on Space Technology

Lana M. Couch
Deputy Director for Space
September 12, 1988
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OASL

SPACE R&T STRATEGY

REVITALIZE TECHNOLOGY FOR LOW EARTH ORBIT
APPLICATIONS

DEVELOP TECHNOLOGY FOR EXPLORATION OF THE
SOLAR SYSTEM

MAINTAIN FUNDAMENTAL R&T BASE

BROADEN PARTICIPATION OF UNIVERSITIES

EXTEND TECHNOLOGY DEVELOPMENT TO IN-SPACE
EXPERIMENTATION

FACILITATE TECHNOLOGY TRANSFER TO USERS




. R&T BASE CHARACTERISTICS
A e ______]

e LABORATORY RESEARCH
e GENERIC, FUNDAMENTAL

e ANALYTICAL MODELING

601

e ENGINEERING DATA BASE

e HIGH RISK, HIGH PAYOFF

e TECHNOLOGY OPPORTUNITIES
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SPACE R&T

e o —

FY 1989 - $M

SPACE R&T 295.9

R&T BASE 134.1

- AEROTHERMODYNAMICS R&T 11.5
= SPACE ENERGY CONVERSION R&T 13.8
PROPULSION R&T 19.7

MATERIALS AND STRUCTURES R&T 17.5

SPACE DATA AND COMM. R&T 9.3

INFORMATION SCIENCES R&T 9.0

CONTROLS AND GUIDANCE R&T 6.7

HUMAN FACTORS R&T 5.3

SPACE FLIGHT R&T 18.1

SYSTEMS ANALYSIS 6.9

UNIVERSITY SPACE RESEARCH 16.3
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AEROTHERMODYNAMICS

ADVANCED
COMPUTATIONAL METHODS CONFIGURATION

ANALYSES

FLIGHT DATA
ANALYSES
INTEGRATED
AEROTHERMAL
ANALYSES

HYPERSONIC
WIND
TUNNEL
TESTING
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SPACE ENERGY CONVERSION

_

- e PRIMARY/SECONDARY
e SP-100 BATTERIES
e SOLAR DYNAMICS e FUEL CELLS

e LIGHTWEIGHT ARRAYS
e CONCENTRATORS
e ADVANCED CELLS

NNASA

4 3DVd TWNIDRIO

ALIVNO yood 40

e TWO-PHASE HEAT

PIPES

e ADVANCED RADIATORS

e POWER DISTRIBUTION
COMPONENTS

QAN

AP 86-587(3)
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LOX/HYDROGEN
2o

ELECTRIC
PROPULSION

PROPULSION

AIRBREATHING

P
N

REUSABLE EARTH-TO-ORBIT

LOX/HYDROCARBON

otTv
PROPULSION

REHD 686 S
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MATERIALS AND STRUCTURES

STRUCTURAL CONCEPTS

DYNAMICS OF FLEXIBLE
NASA STRUCTURES

AEROTHERMAL STRUSTURES
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INFORMATION SCIENCES

REMOTE SENSING
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CONTROLS AND GUIDANCE

BEAM DYNAMICS

? CONTROL
~ GIMBALS

SENSOR
PACKAGE

ADAPTIVE CONTROL (AFE)

LASER GUIDANCE
RESEARCH

SPACECRAFT CONTROL
LABORATORY
EXPERIMENT

RCS6-438(3|
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SYSTEMS ANALYSIS

TECHNOLOGY FOR FUTURE SPACE SYSTEMS
LARGE SPACE SYSTEMS
> ¥ - ty

TRANSPORTATION
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ADVANCED SPACE TRANSPORTATION SYSTEMS ANALYSIS

vel
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APAS

SMART
Geometry
Definition
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SYSTEMS ANALYSIS STUDIES

e e

ADVANCED TRANSPORTATION

® SHUTTLE I
e ADVANCED LAUNCH SYSTEMS
e LUNAR/MARS VEHICLES

> @ TRANSPORTATION NODES

HUMAN EXPANSION

ADVANCED SPACE STATION
VARIABLE GRAVITY FACILITY
LUNAR BASES

ADVANCED POWER SYSTEMS

GLOBAL CHANGE TECHNOLOGY

® GEO SCIENCE PLATFORMS
® LEOEOS

INNOVATIVE CONCEPTS

EXTRA-SOLAR PLANET
DETECTION

OPTICAL INTERFEROMETRY
MICRO-SPACECRAFT
TETHER SYSTEMS
DESIGNS FROM NATURE
SUPERCONDUCTORS

G1J-0041A




SPACE RESEARCH & TECHNOLOGY BASE

%ﬁl_

INCREASED EMPHASIS FOR FUTURE

e SOFTWARE ENGINEERING

® HIGH TEMPERATURE SUPERCONDUCTORS

® OPTICS

¢ COMPUTATIONAL CONTROLS

e NDE/NDI

® TECHNOLOGY FOR SELF REPAIR

® BASIC RESEARCH IN "INHERENT RELIABILITY"
¢ MICROSAT TECHNOLOGY

e WORLD MODELING DATA SYSTEMS

1Al

GI1J-0030A
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SPACE RESEARCH & TECHNOLOGY BASE
CANDIDATE EXAMPLES FOR FUTURE EMPHASIS

I 8 S e —— e ———

e SOFTWARE
ENGINEERING

Objective is to develop methods, technologies, and skills to enable NASA to cost-effectively

specify, build, and manage reliable complex software which is evolvable and maintainable
over and extended period of time.

® HIGH TEMPERATURE
SUPERCONDUCTORS

Objective is to study the suitability in the space environment of the new and rapidly evolving
class of high temperature superconducting materials to a variety of space applications
including sensors, processors, power, and propulsion.

® OPTICS

Objective is to enhance the on-going (CSTI and R&T Base) effort in sensors, communications,
large space structures, and precision segmented reflectors with a complementary program in optics.

Included are improvements in optical performance, adaptive optics, distributed apertures, and
enhanced modeling capability.

® COMPUTATIONAL
CONTROLS

Objective is to enhance the proceedure, tools, and theories used by space system designers
to improve control system evaluation time by a factor of 40. Currently evaluation of control
system performance is the limiting factor in option/trade studies and annomally response.

e NDE/NDI

Objective 1s to enhance the capability to inspect, monitor, evaluate, and validate space
materials and structures both pre- and in-flight in order to assure a very high level of
initial and continued reliability.

® TECHNOLOGY FOR
SELF REPAIR

Objective is to develop sell-diagnostic capabilities extending to the ability to select
alternative modes of operating and/or to substitute back-up components/equipment. Efforts
will include fault compensating architectures for data processors and power integrated

circuits, as well as monitoring and control approaches for other spacecrft subsystems such
as power and attitude control.

¢ BASIC RESEARCH IN
"INHERENT RELIABILITY"

Objective is to conduct studies and evaluations seeking break-throughs in inherent reliability
on the order of the reliability of transistors over vacuum tubes. For example, the power
integrated circuit (PIC) promises to produce power systems with the reliability and reduced
parts counts associated with conventional integrated circuits.

e MICROSAT
TECHNOLOGY

Objective is to evaluate the technologies needed for micro-spacecraft (5 to 10 kg) that are
high g-force tolerant. These spacecraft could be launched using chemical propulsion or a
rail-gun launcher and used for science missions including solar system exploration.

e WORLD MODELING
DATA SYSTEMS

Objective is to develop the on-board capability to store, analyze, and compare global models
of the earth with spacecraft sensor data. This effort complements the Software Engineering
activity and builds upon the CSTI on-board data processing and storage efforts.

Gl1J-00308B
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UNIVERSITY SPACE ENGINEERING
RESEARCH PROGRAM

GOAL:

BROADEN INVOLVEMENT IN SPACE ENGINEERING AND
STIMULATE INNOVATION IN TECHNOLOGY

OBJECTIVES:

BUILD ENGINEERING SPECIALTIES
STIMULATE CROSS-DISCIPLINE RESEARCH

PROVIDE ENVIRONMENT FOR GENERATION OF INNOVATIVE
CONCEPTS

INCREASE NUMBER OF U.S. GRADUATES
SUSTAINED LONG-TERM COMMITMENT
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! Office of
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| Space

| Technology

IN-SPACE
TECHNOLOGY EXPERIMENTS PROGRAM

InSTEPR

99211 -68N

DR. JUDITH H. AMBRUS
ASSISTANT DIRECTOR FOR SPACE, NS SRS
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SPACE R&T STRATEGY

e O A S e e I R S IS

REVITALIZE TECHNOLOGY FOR LOW EARTH ORBIT
APPLICATIONS

DEVELOP TECHNOLOGY FOR EXPLORATION OF THE
SOLAR SYSTEM

Zel

MAINTAIN FUNDAMENTAL R&T BASE

BROADEN PARTICIPATION OF UNIVERSITIES

EXTEND TECHNOLOGY DEVELOPMENT TO IN-SPACE
EXPERIMENTATION

FACILITATE TECHNOLOGY TRANSFER TO USERS



IN-SPACE EXPERIMENTS IN OAST

s 8 S e——————————————————————————— 3 ks

€el

IN-SPACE EXPERIMENTS HAVE ALWAYS BEEN PART OF OAST'S
PROGRAM

- TO OBTAIN DATA THAT CAN NOT BE ACQUIRED ON THE GROUND
- TO DEMONSTRATE FEASIBILITY OF CERTAIN ADVANCED TECHNOLOGIES

CONDUCTING TECHNOLOGY EXPERIMENTSS IN SPACE IS A
VALUABLEE AND COST EFFECTIVE WAY TO INTRODUCE
ADVANCED TECHNOLOGY INTO FLIGHT PROGRAMS

THE SHUTTLE HAS DEMONSTRATED THE FEASIBILITY AND

TIMELY BENEFITS OF CONDUCTING HANDS-ON EXPERIMENTS
IN SPACE

SPACE STATION WILL BE A PERMANENT LABORATORY IN SPACE
AND WILL PROVIDE LOGICAL AND EVOLUTIONARY EXTENSION
OF GROUND BASED R&T IN SPACE

INSTEP 88-002




IN-SPACE EXPERIMENTS PLANNING

%M
ASEB PANEL ON NASA'S R&T PROGRAM JUNE, 1983
INDUSTRY / DOD WORKSHOP FEB, 1984
ADMINISTRATOR'S POLICY STATEMENT APRIL, 1984
ASEB PANEL ON IN-SPACE ENGINEERING AND MAY ,

5 TECHNOLOGY DEVELOPMENT , 1985
OAST IN-SPACE TECHNOLOGY WORKSHOP OCT, 1985
INITIATION OF IN-REACH / OUT-REACH PROGRAMS ocCT, 1986
SSTAC AD HOC COMMITTEE ON THE USE OF
SPACE STATION FOR IN-SPACE ENGINEERING R&T AUG, 1987
SPACE STATION OPERATIONS TASK FORCE ocT, 1987

NASA MANAGEMENT STUDY GROUP (NMSG - 24) DEC 1987

NASA CENTER SCIENCE ASSESSMENT TEAM MAY, 1988

INSTEP 88-001



IN-SPACE TECHNOLOGY EXPERIMENTS PROGRAM
R N ¥ 3, —

e NASA EXPERIMENTS

- ARISE FROM THE R&T BASE OR FOCUSED PROGRAMS
- INCLUDE PRESENTLY ONGOING EXPERIMENTS

qel

e INDUSTRY/UNIVERSITY EXPERIMENTS

- FOLLOWING THROUGH ON OUR COMMITMENTS IN THE
OUT-REACH PROGRAM

® INTERNATIONAL EXPERIMENTS

- COOPERATIVE ACTIVITIES WITH OUR ALLIES

INSTEP 88-010




NASA IN-SPACE TECHNOLOGY EXPERIMENTS
DAST————— . o ______ S EP

EXPERIMENTS CONTINUALLY ARISING
® AS A NATURAL EXTENSION OF R&T BASE AND
FOCUSED PROGRAMS CONDUCTED BY NASA, SUCH AS

- ORBITER EXPERIMENTS PROGRAM (OEX)

9¢1

- LONG DURATION EXPOSURE FACILITY (LDEF)
- LiDAR IN-SPACE TECHNOLOGY EXPERIMENT (LITE)
- ARCJET AUXILIARY PROPULSION SYSTEM

- SPACE STATION STRUCTURAL CHARACTERIZATION
- AEROBRAKING

- ETC

INSTEP-003



INDUSTRY/UNIVERSITY IN-SPACE EXPERIMENTS
e e e ———————— 3 =2

e PROVIDE ACCESS TO SPACE FOR INDUSTRY AND
UNIVERSITIES TO DEVELOP SPACE TECHNOLOGY

- ENTHUSIASTIC RESPONSE OF AEROSPACE COMMUNITY TO
OUT-REACH SOLICITATION

AN

e OAST HAS COMMITTED TO AEROSPACE COMMUNITY
TOSSEI{:SIEE AS CONDUIT FOR TECHNOLOGY DEVELOPMENT
IN SP

- PERIODIC RESOLICITATIONS TO INDUSTRY/UNIVERSITY
COMMUNITY FOR EXPERIMENT DEFINITION, DEVELOPMENT,
AND FLIGHT

INSTEP 88-004
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INTERNATIONAL IN-SPACE EXPERIMENTS
OAS ' 110G SR

® PROMOTES COOPERATION WITH ALLIES

e LEVERAGES TECHNOLOGY DEVELOPMENT
BY OTHERS IN KEY AREAS

6€1

LEVERAGES AND HUSBANDS SCARCE FLIGHT
® OPPORTUNITIES

{INSTEP 88-005




IN-SPACE EXPERIMENTS INITIATIVE - PHASE |

O-A.S_

0v1

oA £

FLIGHT OPPORTUNITY RESTORED

INITIATE MORE VIGOROUS PROGRAM ON SHUTTLE
AND ELVs

- OBTAIN DATA THAT CAN NOT BE OBTAINED ON THE GROUND

- VALIDATE ADVANCED TECHNOLOGIES FOR EARLY
USE IN FLIGHT PROJECTS

GET A RUNNING START ON SPACE STATION

- GEAR UP NASA, INDUSTRY, UNIVERSITY ACTIVITY

- CONDUCT SPACE STATION PRECURSOR EXPERIMENTS

INSTEP 88-027



IN-SPACE EXPERIMENTS INITIATIVE - PHASE II
G-AS Sl E:0

e ROUTINE OPERATIONS IN LOW EARTH ORBIT WILL INITIATE
ERA OF BOLD NEW INITIATIVES

- NEED FOR TECHNOLOGY DEMONSTRATIONS FOR ENABLING
TECHNOLOGIES WILL INCREASE

- THE RANGE OF TECHNOLOGIES TO BE DEMONSTRATED
IN SPACE WILL INCREASE

8741

- SPACE STATION WILL PROVIDE THE FACILITY FOR SIMPLER,
FASTER ACCESS TO SPACE

- SPACE STATION WILL ENABLE EXPERIMENTS NEEDING LONG-TERM
HUMAN INTERACTION

EXPERIMENTS PLANNED AND DEFINED FOR SPACE STATION
DURING PHASE | WILL ENTER HARDWARE DEVELOPMENT STAGE

INSTEP 88-025




SUMMARY

A S /] 2
® TECHNICAL NEED IDENTIFIED 1983
® PLANNING COMPLETE 1983-86
® COMMITMENTS MADE 1986-88

A}

- INDUSTRY / UNIVERSITIES (VIA OUT-REACH)

- CENTERS (VIA IN-REACH)

- INTERNATIONAL COMMUNITY
e OPPORTUNITY FOR SPACE FLIGHT RESTORED
- SHUTTLE, ELV MANIFESTING

- SPACE STATION PLANNING

INSTEP 88-023
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Presentation to

AIAA/OAST Conference on Space Technology

Steven C. Hartman
Program Manager
September 12, 1988
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SPACE R&T STRATEGY
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REVITALIZE TECHNOLOGY FOR LOW EARTH ORBIT
APPLICATIONS

DEVELOP TECHNOLOGY FOR EXPLORATION OF THE
SOLAR SYSTEM

MAINTAIN FUNDAMENTAL R&T BASE

BROADEN PARTICIPATION OF UNIVERSITIES

EXTEND TECHNOLOGY DEVELOPMENT TO IN-SPACE
EXPERIMENTATION

FACILITATE TECHNOLOGY TRANSFER TO USERS
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OAST UNIVERSITY PROGRAMS

BASIC RESEARCH GRANTS

RESEARCH INSTITUTES

JOINT UNIVERSITY INSTITUTES

CENTERS OF EXCELLENCE

9p1

AEROSPACE ADVANCED DESIGN PROGRAM

HYPERSONIC TRAINING AND RESEARCH PROGRAM

STATION UTILIZATION - TECHNOLOGY OUTREACH

GRADUATE PROGRAM IN AERONAUTICS

UNIVERSITY SPACE ENGINEERING RESEARCH PROGRAM



OAST UNIVERSITY PROGRAMS

S

LhI

BROADEN THE CAPABILITIES OF THE NATION'S
ENGINEERING COMMUNITY TO PARTICIPATE

MORE EFFECTIVELY IN THE U.S. CIVIL SPACE
PROGRAM




OAST UNIVERSITY PROGRAMS

gyl

WHAT WE ARE DOING DIFFERENTLY:

MORE EFFICIENT USE OF ANNOUNCEMENTS OF OPPORTUNITY

INDEPENDENT OPPORTUNITIES TO CONTRIBUTE INNOVATIVELY

PEER REVIEW

LONG-TERM FUNDING

STRONGER INDUSTRY/UNIVERSITY PARTNERSHIPS WITH NASA
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UNIVERSITY SPACE ENGINEERING RESEARCH PROGRAM
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UNIVERSITY SPACE ENGINEERING
RESEARCH PROGRAM

e e ——

IST

GRANTS UP TO $1-2M PER YEAR FOR A MINIMUM OF 4 YEARS
FLEXIBLE SO UNIVERSITIES ARE FREE TO BE INNOVATIVE

CENTER CONCEPT FOR MULTI-DISCIPLINARY RESEARCH
AND EDUCATION

COLLABORATIVE ACTIVITY INVOLVING NASA CENTERS
AND INDUSTRY

FUNDING SUPPORT TO U.S. STUDENTS ONLY




UNIVERSITY SPACE ENGINEERING
RESEARCH PROGRAM

CRITERIA:

STRENGTH OF EXISTING ENGINEERING PROGRAM

QUALITY OF THE PROPOSED SPACE RESEARCH

¢St

POTENTIAL IMPACT

MANAGEMENT AND COMPETENCE

GROWTH POTENTIAL



UNIVERSITY SPACE ENGINEERING

RESEARCH PROGRAM

EVALUATION PROCESS

® PEER REVIEW
-- EACH PROPOSAL ASSIGNED 5 REVIEWERS

-- RESEARCHERS FROM NASA, INDUSTRY, UNIVERSITIES,
OTHER GOVERNMENT AGENCIES

£6T

® STEERING COMMITTEE
-- STANDARDIZED REVIEW OF ALL PROPOSALS
-- WORKING GROUP INTERMEDIATE PROCESS
-- SITE VISITS
-- RECOMMEND SELECTIONS

® SELECTION OFFICIAL




UNIVERSITY SPACE ENGINEERING
RESEARCH PROGRAM
= -

NINE CENTERS SELECTED FOR FY 1988

e UNIVERSITY OF ARIZONA — CENTER FOR UTILIZATION OF LOCAL PLANETARY RESOURCES

e UNIVERSITY OF CINCINNATI — HEALTH MONITORING TECHNOLOGY CENTER FOR SPACE
PROPULSION SYSTEMS

o UNIVERSITY OF COLORADO, BOULDER — CENTER FOR SPACE CONSTRUCTION

o UNIVERSITY OF IDAHO -~ VERY LARGE SCALE INTEGRATED HARDWARE ACCELERATION
CENTER FOR SPACE RESEARCH

PST

® MASSACHUSETTS INSTITUTE OF TECHNOLOGY — CENTER FOR SPACE ENGINEERING
RESEARCH FOCUSED ON CONTROLLED
STRUCTURES TECHNOLOGY

® UNIVERSITY OF MICHIGAN — CENTER FOR NEAR-MILLIMETER WAVE COMMUNICATION

e NORTH CAROLINA STATE AT RALEIGH & NORTH CAROLINA
AGRICULTURAL AND TECHNICAL STATE UNIVERSITY — MARS MISSION RESEARCH CENTER

® PENNSYLVANIA STATE UNIVERSITY — CENTER FOR SPACE PROPULSION ENGINEERING

o RENSSELAER POLYTECHNIC INSTITUTE -— INTELLIGENT ROBOTIC SYSTEMS FOR
SPACE EXPLORATION



§S1

UNIVERSITY SPACE ENGINEERING

RESEARCH PROGRAM
O-A-S =

COLLABORATIVE ACTIVITIES:

EXCHANGE OF PERSONNEL

FACILITY USE

STUDENT RESEARCH

ADVISORY SERVICES

TECHNICAL EXCHANGES

ETC.







Office of
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Space
Technology

PROPULSION, POWER &
ENERGY
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Presentation to

LST

AIAA/OAST Conference on Space Technology

Gregory M. Reck
Director, Propulsion
Power, & Energy Division
September 13, 1988
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PROPULSION, POWER & ENERGY DIVISION

_

OVERVIEW G. RECK
SPACE PROPULSION L. DIEHL
% LAUNCH VEHICLE PROPULSION R. RICHMOND
POWER R. J. SOVIE

LIFE SUPPORT SYSTEMS J. LAWLESS



PROPULSION, POWER & ENERGY DIVISION

6S1

PROGRAM ELEMENTS
LIFE SUPPORT
PROPULSION POWER SYSTEMS
R & T BASE R & T BASE R & T BASE
CSTI CSTI
EARTH TO ORBIT HIGH CAPACITY
BOOSTER

PATHFINDER

CHEMICAL TRANSFER
CARGO VEHICLE
CRYOGENIC DEPOT

PATHFINDER

SURFACE
SP-100
ROVER

PATHFINDER

PHYS/CHEM LIFE SUPPORT
EVA/SUIT




PROPULSION, POWER & ENERGY DIVISION

' 33@:3

RESEARCH & TECHNOLOGY BASE PROGRAM

HQ MANAGER
PROPULSION
SPACE TRANSPORTATION R. ZURAWSKI
LOW THRUST PRIMARY & AUXILIARY G. BENNETT
LUNAR/PLANETARY R. ZURAWSKI
= ADVANCED CONCEPTS G. BENNETT
POWER
PHOTOVOLTAIC ENERGY CONVERSION G. BENNETT
CHEMICAL ENERGY CONVERSION G. BENNETT
THERMAL ENERGY CONVERSION A. D. SCHNYER
POWER MANAGEMENT G. BENNETT
THERMAL MANAGEMENT M. LOPEZ-TELLADO

LIFE SUPPORT SYSTEMS P. EVANICH



PROPULSION, POWER & ENERGY DIVISION

T e i e —————— e —————
HQ MANAGER CENTER FOCUS
CSTI ELEMENTS
EARTH-TO-ORBIT PROPULSION F. STEPHENSON MARSHALL
BOOSTER PROPULSION F. STEPHENSON MARSHALL
HIGH CAPACITY POWER A. D. SCHNYER LEWIS

_ PATHFINDER ELEMENTS

19

CHEMICAL TRANSFER PROPULSION R. ZURAWSKI LEWIS
CARGO VEHICLE TRANSFER PROPULSION G. BENNETT LEWIS
CRYOGENIC FLUID DEPOT M. LOPEZ-TELLADO LEWIS
SP-100 A. D. SCHNYER JPL

SURFACE POWER M. LOPEZ-TELLADO LEWIS
*ROVER (POWER) G. BENNETT JPL

PHYS/CHEM LIFE SUPPORT SYSTEMS P. EVANICH AMES
*EVA/SUIT (PORTABLE LIFE SUPPORT) P. EVANICH AMES

* Portions of other Pathfinder elements
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IKD SPACE PROPULSION TECHNoLOGY Division INASA

AEROSPACE TECHNOLOGY DIRECTORATE Lewis Research Center

SPACE PROPULSION PROGRAM AREAS

BASER&T PATHFINDER
ON-BOARD CHEMICAL TRANSFER
LUNAR

CARGO VEHICLE
ADVANCED CONCEPTS
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AN  space propuLsion TEcHNoLoGy Division  NASA

Lewis Research Center

ORBIT TRANSFER

MAJOR THRUSTS
CHEMICAL PROPULSION ELECTRIC PROPULSION
» LOX/LH2 - MPD

« EXPANDER CYCLE * ION
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L\‘D SPACE PROPULSION TECHNoLOGY Division NASA

AEROSPACE TECHNOLOGY DIRECTORATE Lewis Research Center

CHEMICAL TRANSFER PROPULSION

PROGRAM OBJECTIVES

+ PROVIDE VALIDATED TECHNOLOGY BASE FOR HIGH PERFORMANCE, SPACE
BASED, THROTTLEABLE, LOXYHYDROGREN EXPANDER CYCLE ENGINES

- VALIDATION AT COMPONENT AND ENGINE SYSTEMS LEVEL
- RESPONSIVE TO CONCURRENT MISSION STUDIES

» ENABLE SIGNIFICANT REDUCTIONS IN ON-ORBIT PROPELLANT MASS

REQUIRED FOR LUNAR/PLANETARY TRANSFER AND DESCENT/ASCENT
VEHICLE OPERATIONS

TECHNOLOGY ISSUES

+ HIGH PRESSURE ENGINE OPERATION (PERFORMANCE)

« DEEP THROTTLING WITH MINIMUM PERFORMANCE LOSS
* LONG-LIFE, HIGH RELIABILITY DESIGN CAPABILITY

« DESIGN FOR ON-ORBIT MAINTAINABILITY

* AUTOMATED FLIGHT READINESS OPERATIONS

+ FAULT-TOLERANT ENGINE OPERATIONS METHODOLOGY
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AT  SPACE PROPULSION TECHNOLOGY DIVISION NASA
AEROSPACE TECHNOLOGY DIRECTORATE ewis Hesearc enter
CHEMICAL TRANSFER PROPULSION

PROGRAM DESCRIPTION
» Responsible Centers: LeRC (N. Hannum) & MSFC (S. Mclintyre)

MILESTONES

« COMPONENT TECHNOLOGY VERIFICATION FY 1992
« TESTBED SYSTEM PERFORMANCE VALIDATION  FY 1994

« AUTOMATED INSPECTION/CHECKOUT FY 1996
TECHNIQUES DEMONSTRATED

« HEALTH MONITORING/CONTROL SYSTEM FY 1997
DEFINED

« FAULT TOLERANT ENGINE OPS DEMONSTRATED FY 1999




L\‘D SPACE PROPULSION TECHNoLoGY pivision NASA

AEROSPACE TECHNOLOGY DIRECTORATE Lewis Research Center

CHEMICAL TRANSFER PROPULSION

891

DELIVERABLES

- COMPUTER CODES FOR SIMULATING INTERNAL ENGINE
PROCESSES, DEFINING LOADS, PREDICTING
PERFORMANCE, LIFE AND ENGINE TRANSIENT
AND STEADY STATE OPERATIONS

« ADVANCE DESIGN CONCEPTS FOR EXTENDING COMPONENT LIFE, ENHANCING
PERFORMANCE, OPERATIONS AND CONTROLS

+ DIAGNOSTICS FOR COMPONENT CONDITION MONITORING AND
INCIPIENT FAILURE DETECTION AND
CORRECTIONS

+ EXPERIMENTAL DATA BASE FOR VALIDATION OF ADVANCED DESIGN
CONCEPTS AND COMPUTER CODES

 OPERATING ENGINE SYSTEM FOR DEVELOPMENT PROGRAM PROBLEM
SOLVING AND PRODUCT IMPROVEMENTS
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L&‘D SPACE PROPULSION TECHNoLOGY Division NASA

Lewis Research Center

CARGO VEHICLE PROPULSION

PROGRAM OBJECTIVES
ESTABLISH FEASIBILITY OF ELECTRIC PROPULSION WITH

Isp > 4000 sec

EFFICIENCY > 0.60

SPECIFIC MASS < 10 kg/kw
SCALABLE TO MULTI-MEGAWATT

DURABILITY FOR TOTAL IMPULSE OVER 108 N-sec PER ENGINE

TECHNOLOGY ISSUES
SCALE-UP OF ION OPTICS TO HIGH POWER

MPD EFFICIENCY AND LIFE FOR BOTH APPLIED FIELD AND
SELF FIELD

LIFE EVALUATION METHODS
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LD

AEROSPACE TECHNOLOGY DIRECTORATE

SPACE PROPULSION TECHNOLOGY Division NS

Lewis Research Center

CARGO VEHICLE PROPULSION

PROGRAM DESCRIPTION
+ Responsible Centers: LeRC (D.Byers) & JPL (J.Stocky)

FY 88 89 90 91 92 93
: N—7N AN
SELF FIELD MPD 05-2NW Perr 1000 Hr 4
[ N N N
APPLIED FIELD MPD Tesla STass Noz @yw 000 1
efl.
ION THRUSTER | 7\ N—7N
1000 Hr at SMW lon 1000 Life Feas.
LAB POWER 50 kW Optics Test Asses.
PROCESSORS . N
S5MW PWR SUPPLY FLT. DESIGN
THERMAL ANALYSES [
[ MW Therm Mgmt
SYSTEM DEFINITION
MW Syst. Req.
EACILITIES “N——7 \
250 kW  Hi Fidel 0.5 MW MW Facility
Perf Meas Capabilitv Requirements
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IA‘D SPACE PROPULSION TECHNoLogY Division NASA

AEROSPACE TECHNOLOGY DIRECTORATE Lewis Research Center

CARGO VEHICLE PROPULSION

DELIVERABLES

« BY 1993 PROVIDE:
0.5 MW PERFORMANCE AND LIFE EVALUATION
- SELF FIELD MPD
- INDUCED FIELD MPD
- ION THRUSTER

MEGAWATT SYSTEM REQUIREMENT AND CONCEPT
DEFINITION

0.5 MW (STEADY STATE) FACILITY AND EVALUATION OF
FACILITY IMPACTS

CONCEPT SELECTION FOR PHASE Il FOCUSED PROGRAM
. FOCUSED TECHNOLOGY PROGRAM (1994-98)
+ FLIGHT VALIDATION PROGRAM (1998 —»)
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AEROSPACE TECHNOLOGY DIRECTORATE

ON-BOARD PROPULSION

SPACE PROPULSION TECHNOLOGY Division INASA

Lewis Research Center

PROGRAM DESCRIPTION

» Responsible Center: Lewis Research Center (D. Byers)

TASK FY'88 | FY'89 | FY'90 | FY'91 | FY'92
Integrated
2600K Integral Hot Rocket H/O
5LB Rocket H/O Scaling Tech| Rocket Demo
i . S~ 7 A4
Low Thrust Chemical (X2 "/ v .
:‘ ‘‘‘‘‘‘‘
1000 Hour, 10K Hour | KW Arcjet 10KWlon | !*1KW ArCiet:
500 Cycle 5KW lon Interface Eng. Model |1 Flight Test,
Electric Arcjet Feas. Evaluation S;stem bese--m-- !
; ; Vv \V4
Rocket Heat Unified
Arciet Piyme %ﬁhgﬂm Transter DSMC%:L“’“G Rocket Code
Fundamentals Definitipn Model | yerife it
vV

_-\/&—

* Separate Program. Not Approved




EL1

Lﬂ: SPACE PROPULSION TECHNOLOGY DIVISION NASA

AEROSPACE TECHNOLOGY DIRECTORATE

LUNAR/PLANETARY

Lewis Research Center

PROPULSION TECHNOLOGY

MAJOR THRUSTS

PROPULSION/TRAJECTORY STUDIES

«INJECTION PROPULSION
*ASCENT/DESCENT PROPULSION
*MIXED MODE

COMBUSTION STUDIES OF PROPELLANT OPTIONS

*GELLED METALLIC MONOPROPELLANTS
LIQUIFIED ATMOSPHERES
LIQUID BI-PROPELLANTS

LUNAR/PLANETARY PROPULSION TECHNOLOGY

*THRUST CHAMBER & SYSTEM TECH.
*PROPELLANT GELLING

*THRUST CHAMBER COOLING
*PROPELLANT FEED SYSTEMS

PROPELLANT PRODUCTION STUDIES
*O5/CO SEPARATION/PRODUCTION

LUNAR O, PRODUCTION
LUNAR ALUMINUM PRODUCTION




NASA

Lewis Research Center

A

AEROSPACE TECHNOLOGY DIRECTORATE

LUNAR/PLANETARY PROPULSION TECHNOLOGY

SPACE PROPULSION TECHNOLOGY DIVISION

PROGRAM DESCRIPTION

» Responsible Centers:

PLT

Propulsion LeRC Carl A. Aukerman
Propellant Production  JPL Jack Stocky
FY'89 FY'90 FY'91 FY'92 FY'93
05/CO Gelled Liquid 0,/CO
Combustion C’\g(:f:gltlllsz,t?gn Bi-Prop [ separation
Milestones Va Va Va Va
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AEROSPACE TECHNOLOGY DIRECTORATE

SPACE PROPULSION TECHNOLOGY DIVISION

Lewis Research Center

ADVANCED CONCEPTS

NASA

Advanced Electric

Concept/Mission

OBJECTIVE

MAJOR THRUSTS

Nuclear Fission/Fusion

Antimatter & Energetic Propellants
nalyses

Theoretical & Experimental Research on Breakthru Propulsion

PROGRAM DESCRIPTION
» Responsible Centers: LeRC (D.Byers) & JPL (J.Stocky)

TASK FY'88 | FY'89 | FY'90 | FY'91 | FY'92
Nuc. Prop. Mag. Nozzle
Assessments Definition
Nuclear Fission/Fusion TR N fv7
R o%k ot RF Thruster | 5T Magnetic Electrodeless
. Nozzle Rocket Feas.
Advanced Electric —_A
Anti. Mat Prop. Study Anti. Mat.
Antimatter/Energetic Props. S ZICFDetl  —FTPRE g Sys Eval
vFusion \4 Y
Concept/Mission Analyses e !

\V4




PROJECT PATHFINDER NNASN

CRYOGENIC FLU'D DEPOT Lewis Research Center
h—————-————

FLUID MANAGEMENT TECHNOLOGY

OBJECTIVE

TO DEVELOP AND VALIDATE THE TECHNOLOGY REQUIRED TO
PERFORM STORAGE, SUPPLY, AND TRANSFER OF SUBCRITICAL
CRYOGENIC LIQUIDS IN A MICROGRAVITY SPACE ENVIRONMENT

TECHNOLOGY AREAS

941

O  LIQUID STORAGE

O LIQUID SUPPLY

O LIQUID TRANSFER

O FLUID HANDLING

O  ADVANCED INSTRUMENTATION

o TANK MATERIALS AND STRUCTURES



PROJECT PATHFINDER NASA
CRYOGENIC FLUID DEPOT

Lewis Research Center

I o e ——————

LLT

PROGRAM OBJECTIVES

DEVELOPMENT OF DEPOT CONCEPTUAL DESIGNS

PERFORMANCE OF CRITICAL RESEARCH AND ADVANCEMENT OF
TECHNOLOGY READINESS LEVELS IN THE AREAS OF:

FLUID MANAGEMENT
DEPOT OPERATIONS
MATERIALS AND STRUCTURES

ORBITAL OPERATIONS AND LOGISTICS
SAFETY

DEFINITION OF IN-SPACE EXPERIMENT REQUIREMENTS

CENTER FOCUS
LEWIS RESEARCH CENTER ( P. SYMONS)
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2 EARTH-TO-ORBIT PROPULSION NASA

S&E Directorate/R&T Office Marshall Space Filight Center

081

PURPOSE:

o PROVIDE A VALIDATED TECHNOLOGY BASE TO SUPPORT A RANGE
OF PROPULSION SYSTEM OPTIONS FOR MINIMUM LIFE CYCLE COST
FUTURE SPACE TRANSPORTATION SYSTEMS

0 MAINTAIN AND ENHANCE U.S. LEADERSHIP IN SPACE TRANSPORTATION

IMPLEMENTATION:

o EARTH-TO-ORBIT PROPULSION R&T IS COMPOSED OF THREE
PROGRAM ELEMENTS

R &T BASE PROGRAM CSTI
. b o EARTH-TO-ORBIT PROPULSION
- Nund(a:menta rocesses . Oxygen/Hydrogen
- New Concepts - Oxygen/Hydrocarbon

- Far Term
0 BOOSTER TECHNOLOGY
- Pressure-Fed Liquids
- Hybrids
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e 2 EARTH-TO-ORBIT PROPULSION NASA

S&E Directorate/R&T Office Marshall Space Flight Center

BASE R&T PROGRAM

OBJECTIVE:
o EXPAND FUNDAMENTAL KNOWLEDGE AND UNDERSTANDING OF ROCKET
ENGINE PROCESSES AND PRINCIPLES

o EXPLORE AND DEFINE ADVANCED TECHNOLOGIES APPLICABLE TO
EARTH-TO-ORBIT PROPULSION

JUSTIFICATION:

o APPLICATION OF NEW CONCEPTS AND IMPROVED UNDERSTANDING OF
THE FUNDAMENTALS HOLDS THE POTENTIAL FOR MAJOR ADVANCEMENTS

IN ETO PROPULSION

SIGNIFICANCE:

o WILL ENABLE THE DEVELOPMENT OF FUTURE LAUNCH VEHICLES WITH
FAR GREATER PAYLOAD DELIVERY CAPABILITY AT GREATLY REDUCED

COST




e 2 EARTH-TO-ORBIT PROPULSION NNASA

S&E Directorate/R&T Office Marshall Space Flight Center

BASE R&T PROGRAM

PROGRAM CONTENT:

o FUNDAMENTALS OF COMBUSTION AND FLUID FLOW PROCESSES

281

o VERY HIGH MIXTURE RATIO COMBUSTORS

o METALLIZED GELLED PROPELLANTS

o APPLICATIONS OF SUPERCONDUCTIVITY



S e EARTH-TO-ORBIT PROPULSION NNASN

S&E Directorate/R&T Office Marshall Space Flight Center

£81

CSTI _EARTH-TO-ORBIT

OBJECTIVE:

o PROVIDE AN EXPANDED VALIDATED TECHNOLOGY BASE FOR

ADVANCED OXYGEN/HYDROGEN AND OXYGEN HYDROCARBON
ETO PROPULSION SYSTEMS

JUSTIFICATION:

o INCREASED BENEFITS TO SPACE TRANSPORTATION SYSTEMS
THROUGH ADVANCEMENTS IN ETO PROPULSION SYSTEMS

- PERFORMANCE
- SERVICE LIFE

- AUTOMATED OPERATIONS AND DIAGNOSTICS

SIGNIFICANCE:

o WILL ENABLE A RANGE OF PROPULSION SYSTEM OPTIONS FOR
MINIMIZING OVERALL SPACE TRANSPORTATION COSTS
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NASA CSTI EARTH-TO-ORBIT PROPULSION R&T PROGRAM

TECHNOLOGY THRUSTS

PREBURNER/GAS GEN

® UNIFORM TEMPERATURE
TURBINE DRIVE GAS

® CARBON DEPOSITION

[HRUST CHAMBER

® COMBUSTION EFFICIENCY
® COMBUSTION STABILITY

® PERFORMANCE PREDICTION
® CARBON DEPOSITION

® THERMAL BARRIER COATINGS ¢

® FUEL COKING
@ FUEL COOLANT/CHAMBER LINER |

COMPATIBILITY

e
® LOX COOLING T

® COOLING PASSAGE

GEOMETRY OPTIMIZATION
® TRANSLATING NOZZLE

TURBOMACHINE

® BEARING DURABILITY

® ROTOR DYNAMICS

® AEROTHERMO LOADS

® COOLED TURBINES

® TURBINE BLADE DURABILITY

® HYDROGEN EMBRITTLEMENT

® TURBINE & PUMP SECTION
EFFICIENCY

NTROL YSTEM MONITORI

® ADVANCED SENSORS
® DIAGNOSTIC TECHNIQUES
® CONTROL STRATEGY



N EARTH-TO-ORBIT PROPULSION NNAGA

S&E Directorate/R&T Office

Marshall Space Flight Center

G81

CSTI _EARTH-TO-ORBIT

o ANALYTICAL/EMPIRICAL
MODELS

o ADVANCED COMPONENT
TECHNOLOGY

Program Content

PERFORMANCE AND LIFE PREDICTION

- Flow Process Codes
- Combustion Codes

- Heat Transfer and Cooling
- Loads Definition

- Materials Behavior

- Structural Response

- Fatigue and Fracture

METHODOLOGIES AND PROCESSES

- Bearings

- Seals

- Turbine Blades
- Active Dampers
- Materials

- Coatings

- Manufacturing




e 200 EARTH-TO-ORBIT PROPULSION NNASA

S&E Directorate/R&T Office Marshall Space Flight Center

CSTI EARTH-TO-ORBIT
Program Content (Cont'd)

0 INSTRUMENTATION SYSTEM MONITORING AND CONTROL

- Performance Analysis
- Engine Control

- Satety Monitoring

- Condition Monitoring

981

0 ENGINEERING TESTING SUBCOMPONENT VALIDATION
- Models and Codes
- Materials
™ - Processes
' - Instruments
N

0 SUBSYSTEM/TESTBED ENGINE TRUE ROCKET OPERATING ENVIRONMENT
TESTING VERIFCATION

- Steady State
- Transient
- All Influences and Interactions Present



R 22 EARTH-TO-ORBIT PROPULSION NNASNA

S&E Directorate/R&T Oftice Marshall Space Flight Center

L81

CSTI EARTH-TO-ORBIT
MAJOR DELIVERABLES

o VALIDATED ANALYTICAL CODES:
- Enhanced Structural Dynamics Codes for Internal Force Definition
- Enhanced Life Prediction Codes Based on Fracture, Fatigue
- Enhanced Rotordynamics Codes

- Enhanced Engine Performance Prediction/Combustion Codes

o ADVANCED DESIGN METHODOLOGY FOR:
- High Efficiency, Long Life Turbines, Pumps, Bearings, and Ducts
- Combustor Stability and Cooling
- Turbomachinery Stability

- Safety Monitoring, Condition Monitoring, and Control Systems




SN BOOSTER TECHNOLOGY NNASN

S&E Directorate/R&T Offlce Marshall Space Flight Center

CSTI BOOSTER PROPUSLION

OBJECTIVE:

o DEVELOP THE VALIDATED DATA BASE AND DESIGN METHODOLOGY
FOR ADVANCED BOOSTER PROPULSION SYSTEMS

- HIGH THRUST
- OXYGEN/HYDROCARBON PRESSURE-FED LIQUIDS
- OXYGEN/SOLID FUEL HYBRIDS

881

JUSTIFICATION:

o PRESSURE-FED AND HYBRID PROPULSION HAVE INCREASED
PERFORMANCE, THRUST TERMINATION, AND THRUST TAILORING
CHARACTERISTICS

SIGNIFICANCE:

o WILL ENABLE ALTERNATIVE OPTIONS TO THE SOLID ROCKET BOOSTERS
FOR FUTURE SPACE SHUTTLE AND OTHER LAUNCH VEHICLE APPLICATIONS
THAT OFFER SAFE-ABORT AND INCREASED PAYLOAD CAPABILITY
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S&E Directorate/R&T Office

BOOSTER TECHNOLOGY NNASA

Marshall Space Flight Center

PRESSURE-FED LIQUIDS - TECHNOLOGY ISSUES

- Gas Generator
- Heat Exchanger

o COMBUSTION PERFORMANCE & STABILITY

- High Frequency "Acoustic” Stability

| - Low Frequency "Chugging” Modal Definition
- Combustion Efficiency

o THRUST CHAMBER

- Cooling

' - Water Impact/Corrosion
- Refurbishment

o TANK PRESSURIZATION SYSTEMS
/ - Catalytic

681
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S&E Directorate/R&T Office

BOOSTER TECHNOLOGY NNASN

Marshall Space Flight Center

061

o PRESSURE-FED LIQUIDS

o HYBRIDS

CSTI BOOSTER PROPULSION
PROGRAM CONTENT

- ANALYTICAL MODELS
- Low Pressure, Large Scale Combustors
- Tank Pressurization

- LABORATORY, SMALL SCALE TESTING FOR
CODE VALIDATION

- LARGE SCALE COMPONENT TESTING FOR
DESIGN METHODOLOGY VERIFICATION

- ANALYTICAL MODELS
- Combustion Processes
- Propellant Feed System

- LABORATORY, SMALL SCALE TESTING FOR
CODE VALIDATION

- SUBSCALE MOTOR TESTING FOR DESIGN
METHODOLOGY VERIFICATION
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S&E Directorate/R&T Office

BOOSTER TECHNOLOGY

Marshall Space Flight Center

HYBRIDS - TECHNOLOGY ISSUES

7

LOX

161

o OXIDIZER FEED SYSTEM
N‘/

- Tank Pressurization Gas Generator
- Turbomachinery

- Turbine Drive Gas Generator

o IGNITION SYSTEM OPTIMIZATION
/ o FUEL GRAIN ASSESSMENT
- Composition, Producibility

- Burning Rate Characteristics
- Mechanical Properties

o INTERNAL BALLISTICS
- Propellant Tailoring
- Oxidizer Injection

- Combustion Process Optimization

o INSULATION MATERIALS CHARACTERIZATION

\ o NOZZLE DESIGN AND FABRICATION

NASA




1\ =y BOOSTER TECHNOLOGY NNASN

S&E Directorate/R&T Office Marshall Space Flight Center

CSTI BOOSTER PROPULSION
MAJOR DELIVERABLES

o VALIDATED ANALYTICAL CODES:

Low to Moderate Pressure, Bipropellant Combustion Processes

Hybrid Combustion Processes

¢61
]

High and Low Mixture Ratio Combustion for Tank Pressurization

In-Tank Condensible Predictions

o ADVANCED DESIGN METHODOLOGY FOR:

- Pressure-Fed Combustor Design with High Performance, Stable
Combustion, Minimum Pressure Drop Cooling, and Minimum Weight Ablative

- Hybrid Solid Fuel Grain Design, Oxidizer Injection and Ignition
Systems

- High and Low Mixture Ratio Combustors

- High and Low Mixture Ratio Ignition Systems



SPACE POWER TECHNOLOGIES

£61

BY

RONALD .J. SOVIE ,

"
DEPUTY CHIEF, POWER TECHNOLOGY DIVISION g |
l ¢
NASA LeRC W
ek
3
3
o
AIAA/OAST CONFERENCEON -
CSTI AND PATHFINDER .
9/13/88 =
RISS13.001 .

.
(\\
~




P61

WHAT WILL BE DISCUSSED

OAST BASE RESEARCH AND TECHNOLOGY POWER PROGRAM

PATHFINDER

— ROVER POWER

— SURFACE POWER

— SPACE NUCLEAR POWER (SP-100)

CSTI
= HIGH CAPACITY POWER

RJS.9-13.002
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SPACE ENERGY CONVERSION R&T BASE
PROJECT ELEMENTS

® PHOTOVOLTAICS LeRC, JPL
CELLS, BLANKETS, MODULES D.FLOOD P.STELLA

® ELECTROCHEMISTRY LeRC, JPL

= BATTERIES, FUEL CELLS L. THALLER G.HALPRIN

® THERMAL ENERGY CONVERSION LeRC, JPL
ADVANCED SOLAR DYNAMICS, AMTEC M. WARSHAY  P. BANKSTON

® POWER MANAGEMENT LeRC, JPL
FAULT TOLERANT, 20 kHz, SPACE ENVIRON. R.BERCAW J.KLEIN
ELECTROPHYSICS

® THERMAL MANAGEMENT LeRC, GSFC, JSC

ADVANCED RADIATORS, LOW TEMP. HEAT PUMPS, 0-G
M. WARSHAY T.SWANSON W. ELLIS

RJS.9-13.006
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PATHFINDER POWER SYSTEMS - MISSIONS

« ROVER POWER

- LUNAR/MARS EXPLORATION
- ROBOTIC EXPLORATION AND SAMPLE RETURN
- LUNAR/MARS BASES

» SURFACE POWER

= LUNAR/MARS OUTPOSTS
* PILOTED MARS EXPEDITION

- SPACECRAFT POWER
- EARTH ORBIT
- OBSERVERS
- TRANSFER
- OTHERS

» SPACE NUCLEAR POWER (SP-100)
- LUNAR/MARS BASES
- MANNED MARS EXPEDITION
- ADVANCED EARTH ORBIT OPERATIONS
- OUTER PLANETARY EXPLORATION

RJS.9-13.015
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NASA
c-87-11751

SP-100 NNASA

ROLE OF NUCLEAR POWER IN SPACE

LUNAR BASE MANNED MARS MISSION
28
38
gl
ds

/ P

CO-ORBITING PLATFORM UTILITY POWER



OAST EVOLUTIONARY POWER REQUIREMENTS FOR
SURFACE BASE OPERATIONS

UNMANNED MANNED INTERIM SUSTAINED
PRECURSOR OUTPOST/CAMP BASE BASE
2 kWe ~ 25-100 kWe 500 kWe 2000 kWe

« ORBITER « HABITAT (6 CREW) * HABITAT (15 CREW) « HABITAT (24 CREW)

* ROVER « LABORATORY * ADD'L LABS « RESEARCH FACILITIES
~ + SAMPLE RETURN « SCIENCE EXPTS « EXTENDED SCIENCE « SUSTAINED SCIENCE
“  + FARSIDE « LOX PILOT PLANT * IN-SITU RESOURCES « INCREASED LOX

COMSAT . SITE PREP PLANT PRODUCTION
. ROVERS/TRAILERS * CELSS RESEARCH . METALS PRODUCTION
. LANDER/ASCENT * SURFACE SURVEYS « MANUFACTURING
VEHICLE * MINING . CERAMICS PRODUCTION
* LOX PRODUCTION . FOOD PRODUCTION
* MATL'S PILOT PLANT . PRODUCT EXPORT
* REUSABLE LEM . MASS DRIVER

CARGO VEHICLE

RJS.9-13.027
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LUNAR

MARS

LUNAR

MARS

LUNAR POWER SYSTEM MASS

AND
MARS BASES
100 kWe
SOA ADV NUCLEAR NUCLEAR
SOLAR SOLAR 411 SURFACE
3,300,000 33,000 11,900 4000
120,000 12,500 11,900 4000
500 kWe
- 165,000 20,700 12,000
— 62,500 20,700 12,000

RJS.9-13.030
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MASS SAVINGS (kg) AND NUMBER OF HLLV's

MASS SAVINGS IN LEO FOR

LUNAR AND MARS OPERATIONS

5X10°--

NUCLEAR (4 Pl SHIELD TRANSPORTED FROM EARTH)
VERSUS ADVANCED SOLAR

LUNAR OPS
5.0 LEO/LUNAR
PAYLOAD RATIO

7y MARS OPS
4 6.5 LEO/LUNAR
PAYLOAD RATIO

105,500
2 HLLvS | 3,900
A1 HLLV'S B

721,500

11 HLLV'S

MANNED OUTPOST
100 kWe

INTERIM BASE
500 kW

e

3,125,000
46 HLLV'S

SUSTAINED BASE
2000 kWe

RJS.9-13.031
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MARS/LUNAR BASE
POWER SYSTEM PHILOSOPHY

SPACECRAFT, INITIAL CAMP BASED ON ADVANCED SOLAR
POWER SYSTEMS (10 - 25 kWe MODULES)

SURFACE PREPARATION FOR NUCLEAR POWER

EVOLUTION TO NUCLEAR POWER PROVIDES HUNDREDS
TO THOUSANDS OF kWe

PATHFINDER - SOLAR POWER
SP-100 GES SUPPORT

CSTI - HIGH CAPACITY POWER (NUCLEAR)

RJS.9-13.014
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TECHNOLOGY GOALS

o EARTH ORBITAL, SPACECRAFT, OTHER APPLICATIONS

SOA

SOLAR 3-6 Wikg > 16-20 Wikg

NUCLEAR ) 15-40 Wikg

RJS.9-13.032
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OAST SURFACE POWER SYSTEMS

907¢

GOAL: DEMONSTRATE FEASIBILITY OF CRITICAL COMPONENT
TECHNOLOGIES NECESSARY FOR INITIAL LUNAR/MARS
CAMPS, SPACECRAFT POWER SYSTEMS

REQUIREMENTS: ~ 3 We/kg - LUNAR CAMP 14 DAYS D/N CYCLE
~ 8 Welkg - MARS CAMP 12 HR D/N CYCLE

ENERGY CONVERSION 40— 300 W/kg

ENERGY STORAGE 40—500-1000 Whr/kg
- MISSION DEPENDENT

POTENTIAL FOR SUCCESSFUL OPERATION ON MARS,
LUNAR SURFACES

RJS.9-13.020
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SURFACE POWER SYSTEMS
PROJECT ELEMENTS

MISSIONS AND SYSTEMS ANALYSIS
H, -0, REGENERATIVE FUEL CELL
PHOTOVOLTAIC POWER
- AMORPHOUS SILICON CELLS/BLANKETS
- ADVANCED ARRAY STRUCTURES
ADVANCED SOLAR DYNAMICS
- CONCEPTUAL DESIGN STUDY
POWER CONDITIONING/CONTROL
ENVIRONMENTAL COMPATIBILITY

RJS.9-13.021




OAST SURFACE POWER SYSTEMS

MAJOR DELIVERABLES
FY'93

DEMONSTRATE 2000 HR OPERATION ON 65% REGENERATIVE FUEL CELL

- 300F, 200 PSI

- HIGH PRESSURE ELECTROLYZER (3000 PSI)
- BUILDING BLOCK STACK

807

1 kWe DEMONSTRATION AMORPHOUS SILICON ON KAPTON
- 2000 W/kg 300 Wikg

CONCEPTUAL DESIGN REDUCED-G ARRAY STRUCTURE
- .46 kg/m?

CONCEPTUAL DESIGN OF SOLAR DYNAMIC LUNAR/MARS POWER SYSTEMS
- ELECTRICAL, THERMAL 3 - 8 Wikg

POWER CONDITIONING CONTROL DESIGN/ENVIRONMENTAL COMPATIBILITY

RJS.9-13.022
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SURFACE POWER SYSTEMS

« MAJOR LABORATORIES
- LeRC - LEAD CENTER
- TECHNICAL SUPPORT FROM JPL, LANL

o CONTACT - J. BOZEK, LeRC

RJS.9-13.023
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SPACE NUCLEAR POWER SP-100

* PROVIDES NASA SUPPORT TO TRI-AGENCY, DOE/NASA/DOD,
SP-100 GROUND ENGINEERING SYSTEM (GES) DEVELOPMENT
PROGRAM

- ENSURES REACTOR AVAILABLE FOR NASA APPLICATIONS

* REQUIREMENTS
- 100 kWe

7-10 YEARS LIFE
> .95 RELIABILITY
30 Wikg

1/3 SHUTTLE BAY

RJS.9-13.024
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SPACE NUCLEAR POWER SP-100
MAJOR DELIVERABLES

e 25 MWt REACTOR TEST - FY'92

* SPACE SUBSYSTEM TEST - 15 kWe - FY'94

MAJOR LABORATORIES

DOE - PGM. DIR. - E. WAHLQUIST
JPL - PROJECT MGMT. - V. TRUSCELLO
LeRC - NASA GES SUPPORT - H. BLOOMFIELD

RJS.9-13.025
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CSTI
HIGH CAPACITY
POWER
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CSTlI HIGH CAPACITY POWER

PROVIDES FOR INCREASED POWER, RELIABILITY AND
LIFETIME FOR NUCLEAR SPACE POWER SYSTEMS USING
THE SP-100 REACTOR WITH EITHER DYNAMIC OR STATIC
CONVERSION SYSTEMS.

RJS.9-13.011
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CSTi

HIGH CAPACITY NUCLEAR POWER

o FOCUSED TECHNOLOGY DEVELOP-
MENT TO ENHANCE CAPABILITY OF
SPACE POWER SYSTEMS USING
GES REACTOR

25 — 80 W/kg
100 —= 800 kWe

o ADVANCED ENERGY CONVERSION
- FREE PISTON STIRLING ENGINES
- ADVANCED THERMOELECTRICS

o ADVANCED RADIATORS
o POWER CONDITIONING & CONTROL

e REFRACTORY & COMPOSITE
MATERIALS

100

speciFic 90
POWER,
Wikg 40

20

CSTl
GOAL

— GES

200 400 600 800 1000
POWER, kWe
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CSTlI HIGH CAPACITY POWER
MAJOR MILESTONES
FY92

DEMONSTRATE TECH. READINESS $1300 k FPSE

- 1050 k (25%, <6kg/kWe, 25kWe/pl, Th= 2.0)
- 1 YEAR ENDURANCE

= COMPONENT PERF. W/REFRACTORY METALS

Z = 1.2 Si Ge GaP "n" LEG TECH. AVAIL. FOR GES
-0OAZ=0.85
- DEMONSTRATE POT. FOR Z = 1.2 COUPLE

850k, 550k HT PIPE DEMO., € >0.85, <5kg/m2
- ADV. RADIATOR DEMO. ~ 5kg/m?

10° RAD. HARD, 400C INVERTER DEMO.
COMPLETE REFRACTORY COMPOSITE CHARACTERIZATIONS
POTENTIAL FOR 10 YEAR LIFE

RJS88-007.16
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CSTI
HIGH CAPACITY POWER

o NASA CENTERS

LeRC - PROJECT MANAGEMENT - J. WINTER
= ALL PROGRAM ELEMENTS

JPL - ADVANCED THERMOELECTRICS - C. WOOD

RJS.9-13.016
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CONCLUDING REMARKS

o COMPREHENSIVE SPACE POWER PROGRAM
- BASE R&T, CSTI, PATHFINDER
- SIGNIFICANT ACCOMPLISHMENTS

o« WELL CO-ORDINATED

- SDIO, USAF, DOE
- LEVERAGE AT NATIONAL LEVEL

« POWER SYSTEM CAPABILITY

- ENABLE BOLD NEW MISSIONS
- RESTORE NATIONAL TECHNICAL LEADERSHIP

« WE HOPE YOU CAN PARTICIPATE

RJS.9-13.019
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HUMANS IN SPACE: LIFE SUPPORT NI\S’\

Ames Research Center

PHYSICAL/CHEMICAL CLOSED-LOOP LIFE SUPPORT

JAMES G. LAWLESS, PhD

CHIEF, ECOSYSTEM SCIENCE AND
TECHNOLOGY BRANCH

SEPTEMBER 13, 1988

CT22TI-68N
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HUMANS IN SPACE: LIFE SUPPORT  [\J/AS/\

Ames Research Center

PROGRAM OBJECTIVES

PROVIDE A PHYSICAL/CHEMICAL LIFE SUPPORT
TECHNOLOGY BASE TO ENABLE FUTURE LONG
DURATION HUMAN SPACE MISSIONS

PROVIDE AGENCY FOCUS FOR A MULTI-CENTER
PHYSICAL/CHEMICAL LIFE SUPPORT R AND T PROGRAM

ESTABLISH A PHYSICAL/CHEMICAL LIFE SUPPORTRAND T
DEVELOPMENT INFRASTRUCTURE AMONG NASA,
INDUSTRY AND UNIVERSITIES

JUSTIFICATION

CLOSURE OF AIR & WATER LOOPS HAS THE POTENTIAL
FOR AN ORDER OF MAGNITUDE REDUCTION IN THE MASS
OF LIFE SUPPORT EXPENDABLES AND ASSOCIATED
TRANSPORTATION REQUIREMENTS
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ELEMENTS OF A LIFE SUPPORT SYSTEM

THERMAL AND
OTHER ENERGY

EXCHANGE
CONTROLLED ENVIRONMENT

ATMOSPHERE
REVITALIZATION

RESUPPLY

WATER
RECLAMATION
WASTE
LOCAL MANAGEMENT
RESOURCES

FOOD
MANAGEMENT

GAS LEAKAGE

AMBIENT
ENVIRONENT

CREW

EXCHANGE




Zee

HUMANS IN SPACE: LIFE SUPPORT

IMPLEMENTATION

BASER&T

PATHFINDER

NASN

Ames Research Center
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HUMANS IN SPACE: LIFESUPPORT  NINASNA

Ames Research Center

R & T BASE PROGRAM

AIR, WATER, WASTE PROCESSING RESEARCH

PROCESS SIMULATION TECHNIQUES

MONITORING AND CONTROL INSTRUMENTATION
FOR AIR, WATER QUALITY, AND CONTAMINATION
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HUMANS IN SPACE: LIFE SUPPORT NI\S,\

Ames Research Center

PATHFINDER PROGRAM ELEMENTS

BIOREGENERATIV

MODELING AND ANALYSIS \

(0SSA) ECLAMATION MANAGEMENT

SCIENCE AND
TECHNOLOGY . WATER SOLID WASTE
SYSTEMS SYSTEMS

\

AIR REVITALIZATION
SYSTEMS

—

PHYSICAL/CHEMICAL
PROCESSING
TECHNOLOGIES

[ THERMAL CONTROL |
SYSTEMS

o

SYSTEMS

\ J

SUPPORT
TECHNOLOGY

( )
FOOD MANAGEMENT [ PORTABLE LIFE ]

INTEGRATED SYSTEMS

MISSION SCENARIOS
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HUMANS IN SPACE: LIFE SUPPORT Nl\s,\

Ames Research Center

MAJOR THRUSTS

WATER RECLAMATION

Processing technology
Contaminant control

Subsystem analytical modeling &
validation

WASTE MANAGEMENT

Composition and definition
Handling & processing

Subsystem analytical modeling &
validation

AIR REVITALIZATION

CO2 removal
Oxygen generation
Trace contaminant control

Subsystem analytical modeling &
validation

INTEGRATED SYSTEMS

System requirements

Systems analysis & assessment

System test & validation
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HUMANS IN SPACE: LIFESUPPORT NS

Ames Rosearch Center

Pathfinder P/C Closed Loop Life Support
Technology Development

Simulation Modeling
Focused Research & Modeling
Prototype Systems Development
Phase A/B Project Commitment

Phase C/D Project Development

OPERATIONS

RESEARCH CENTERS - PRIMARY
DEVELOPMENT CENTERS - SUPPORT
DEVELOPMENT CENTERS - PRIMARY

-—.

RESEARCH CENTERS - SUPPORT
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HUMANS IN SPACE: LIFESUPPORT  \JASN\

Ames Research Center

TECHNICAL APPROACH

SUBSYSTEM —— INTEGRATED

SYSTEM
MODELS

~

MODELS

LIFE SUPPORT DATABASE

» VALIDATION & VERIFICATION

SUBSYSTEM INTEGRATED
TESTS P SYSTEM
TESTS

BREADBOARD
PROTOTYPES

\ RESEARCH TEST /

FACILITIES
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HUMANS IN SPACE: LIFESUPPORT  \JASA\

Ames Resaarch Center

P/C CLOSED LOOP LIFE SUPPORT PROGRAM

OAST - RP
PROGRAM MANAGER

P. EVANICH

| PORTABLE LIFE SUPPORT
(EVA SUIT)

LEAD CENTER FOR
PROJECT MANAGEMENT

AMES RESEARCH CENTER

W. Berry

— 1T T 1 1

AMES
RESEARCH
CENTER

MARSHALL
SPACE
FLIGHT

CENTER

JOHNSON
SPACE
CENTER

JET
PROPULSION
LAB

LANGLEY
RESEARCH
CENTER

J. Lawless

R. Humphries

A. Behrend

P. Seshan

J. Hall
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HUMANS IN SPACE: LIFESUPPORT  N\JASN\

Ames Research Center

PATHFINDER P/C CLOSED LOOP LIFE SUPPORT

MAJOR DELIVERABLES

WATER RECLAMATION

Subsystem
Selection

WASTE MANAGEMENT

Analysis
Subsystem Initiate Integrat.

AIR REVITALIZATION | A Seiecton | Analysis

INTEGRATED SYSTEMS
Packages
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INFORMATION SCIENCES AND HUMAN FACTORS DIVISION
ORGANIZATION

INFORMATION SCIENCES
AND HUMAN FACTORS
DIVISION

L. HOLCOMB, DIRECTOR
R. HOOD, DEPUTY DIRECTOR

HUMAN FACTORS

DR. J. JENKINS,
MANAGER

AERO. HUMAN FACTORS
SPACE HUMAN FACTORS
EVA SUITS,PATHFINDER
HUMAN PERF, PATHFINDER
AVIATION SAFETY/
AUTOMATION AUGMENT.

COMPUTER SCIENCE
AND DATA
DR. PAUL SMITH, MANAGER

- AERO. COMPUTER SCL.

SPACE COMPUTER SCI.

DATA CONCEPTS

HIGH-RATE/CAPACITY
DATA SYSTEMS - CSTI

« SOFTWARE ENG'G FOR
COMPLEX RELIABLE SYS.

HIGH PERFORMANCE
COMPUTING INITIATIVE

AUTOMATION AND ROBOTICS

DR. M. MONTEMERLO,
MANAGER
TBD, DEPUTY MANAGER

+ SYSTEMS AUTONOMY, CSTI

- TELEROBOTICS, CSTI

» PLANETARY ROVER,
PATHFINDER

SENSORS AND
COMMUNICATION

DR. M. SOKOLOSKI
V. HEINEN

SENSORS RESEARCH
SCIENCE SENSORS - CSTI
COMM. RESEARCH
PHOTONICS, PATHFINDER
OPTICAL
COMMUNICATIONS,
PATHFINDER
HIGH TEMPERATURE
SUPERCONDUCTIVITY
AERONAUTICAL SENSORS

SPACE CONTROLS

J. DIBATTISTA

+ SPACE CONTROLS AND
GUIDANCE R&T

+ AUTOMATED RENDEZVOUS &
DOCKING, PATHFINDER

- ADAPTIVE LANDING,
PATHFINDER

AERONAUTICAL
CONTROLS AND
GUIDANCE

R. CALLOWAY
M. LEWIS

» AERONAUTICAL CONTROLS

AND GUIDANCE
AIRBORNE WINDSHEAR
ATOPS
FLIGHNT CRUCIAL SYSTEMS
SIMULATION




GOALS
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. EVOLVING SPACE TELEROBOTICS CAPABILITY

. EVOLVING AUTOMATED SPACE SYSTEMS CAPBILITY

. NASA-UNIQUE SPACE SENSING CONCEPTS

. EFFICIENT ACQUISITION, PROCESSING, DISTRIBUTION

AND ANALYSIS OF SPACE-DERIVED DATA
EFFECTIVE UTILIZATION OF HUMANS-IN-SPACE
ADVANCED SPACE COMMUNICATIONS CAPABILITY
CONTROL OF COMPLEX/FLEXIBLE SPACE SYSTSMS

RELIABLE AND ADAPTIVE GUIDANCE, NAVIGATION AND
CONTROL OF ADVANCED TRANSPORTATION VEHICLES




DISCIPLINARY CROSSWALK

R&T BASE

SPACE DATA & COMM. R&T
SOFTWARE ENGINEERING
ADV. DATA CONCEPTS
COMMUNICATIONS

INFORMATION SCIENCES R&T
COMPUTER SCIENCES
SENSORS
PHOTONICS

CONTROLS & GUIDANCE R&T
CONTROL TECHNOLOGY
GUIDANCE CONCEPTS
COMPUTATIONAL CONTROLS

HUMAN FACTORS R&T |

CREWSTATION DESIGN
EXTRAVEHICULAR ACTIVITY

CSTI

00

AUTOMATION & ROBOTICS
ROBOTICS
AUTONOMOUS SYSTEMS
INFORMATION TECHNOLOGY

SCIENCE SENSOR TECHNOLOGY

DATA: HIGH RATE/CAPACITY
PATHFINDER

EXPLORATION TECHNOLOGY
PLANETARY ROVER
OPTICAL COMMUNICATIONS

OPERATIONS TECHNOLOGY

AUTOMATED RENDEZ & DOCKING

HUMANS-IN-SPACE
EXTRAVEHICULAR ACTIVITY/SUIT
HUMAN PERFORMANCE

TRANSFER VEHICLE TECHNOLOGY
AUTONOMOUS LANDER
FAULT-TOL. SYS. (PHOTONICS)

234




SYSTEMS AUTONOMY
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LONG RANGE GOAL:
TO PROVIDE AND VALIDATE THE BASIC TECHNOLOGY TO ACHIEVE
SUCCESSIVELY HIGHER LEVELS OF AUTONOMY IN SPACE OPERATIONS

THRUSTS:
-SYSTEMS AUTONOMY DEMONSTRATIONS
- ARTIFICIAL INTELLIGENCE
- SYSTEM ARCHITECTURE AND INTEGRATION

FY 88 ACCOMPLISHMENTS:
_ SHUTTLE INTEGRATED COMMUNICATIONS OFFICER REAL-TIME EXPERT SYSTEM
- SPACE STATION THERMAL CONTROL EXPERT SYSTEM EVALUATED ON BRASSBOARD
- INITIAL PLANNING FOR COMBINED SPACE STATION THERMAL AND POWER SYSTEMS
- MACHINE LEARNING APPLIED TO ANALYSIS OF INFRARED ASTRONOMY DATA

FY 89 PROGRAM FOCUS
-SPACE STATION SYSTEM AUTONOMY DEMONSTRATIONS
- REAL-TIME EXPERT SYSTEM CONTROL OF SHUTTLE LAUNCH PROCESSING SYSTEMS
-HUBBLE SPACE TELESCOPE DESIGN/ENGINEERING KNOWLEDGE CAPTURE

LONG RANGE MILESTONES:

GENERAL LPS

AUTOMATED CONTROL  CONTROLLER AUTOMATED CONTROL OF HEIRARCHIAL CONTOL OF
OF THERMAL STATION SOFTWARE THERMAL & POWER STATION HUMAN STATION SYSTEMS
89 90 91 92 93
STS-26 INCO VOYAGER ENCOUNTER

UPLINK/DOWNLINK DATA
AUTOMATION




TELEROBOTICS

O-A-S -
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LONG RANGE GOAL:
TO PROVIDE AND VALIDATE THE BASIC TECHNOLOGY TO ACHIEVE
SUCCESSFULLY HIGHER LEVELS OF SPACE ROBOTIC CAPABILITY

THRUSTS:

- TELEROBOTIC DEMONSTRATIONS
SENSING AND PERCEPTION
PLANNING AND REASONING
CONTROL EXECUTION
OPERATOR INTERFACE

FY 88 ACCOMPLISHMENTS:

- EASE STRUCTURE ASSEMBLY BY BAT
FORCE CONTROL OF MULTI ARM MANIPULATOR
TELEROBOTIC INTERACTIVE PLANNING SYSTEM
AUTOMATED VISION-BASED SATELLITE GRAPPLING
TELEROBOTIC INTELLIGENT INTERFACE FLIGHT EXPERIMENT

FY 89 PROGRAM FOCUS

- SHARED HUMAN/AUTOMATION CONTROL TELEROBOTIC DEMONSTRATION
SUPPORT OF SATELLITE SERVICING CAPABILITY
INITIATION OF NEW APPLICATIONS DEMOS: SHUTTLE RMS AND UMBILICAL
INITIATION OF PLANETARY ROVER
CONTINUED CORE TECHNOLOGY

LONG RANGE MILESTONES:

TRADED MOBILE  SPACE EVAL.OF PLANETARY
TELEROBOTIC CMU  TELEROBOTIC  FORCE REFLECTING ROVER
CONTROL WALKER SERVICING ~ CONTROLLER DEMONSTRATIONS
Y AV A/ \V AV

89 90 91 92 93




SPACE SENSORS

ﬂﬁg

LONG RANGE GOAL:
TO PROVIDE SPACE QUALIFIABLE TECHNOLOGY FOR THE EFFECTIVE AND EFFICIENT
DETECTION OF ELECTROMAGNETIC RADIATION FROM THE MILLIMETER TO THE
GAMMA-RAY WAVELENGTH REGION

THRUSTS:
- DETECTOR SENSORS
- SUBMMW SENSORS
- LIDAR SENSORS
- COOLER SYSTEMS
SOLID STATE TECHNOLOGY (INCLUDING PHOTONICS)

FY 88 ACCOMPLISHMENTS:

. EXCELLENT LOW-BACKGROUND IR ARRAY PERFORMANCE

- HELIUM-3 COOLER (0.25°K) FOR ROCKET-BORNE IR EXPERIMENTS
DIODE-PUMPED Nd:YAG SPACE LASER FOR RANGING AND ALTIMETRY
- IMAGING X-RAY AND COSMIC RAY SPECTROMETERS
. SUBMILLIMETER OSCILLATORS DEMONSTRATED AT
- SOLID-STATE LASER DESIGN DATA BASE

LET

FY89 PROGRAM FOCUS:
- SOLID-STATE LASER TECHNOLOGY
. LONG-LIFE, STABLE 10-JOULE-PER-PULSE (CO2) SPACE LASER FOR LASER
ATMOSPHERIC WIND SOUNDER
. HUBBLE SPACE TELESCOPE DESIGN/ENG'G KNOWLEDGE CAPTURE
. COMPONENTS FOR 600-3000 GHZ SUB-mm SENSORS
. INCOHERENT DETECTORS FOR IR, UV, X-RAY & COSMIC RAY SENSORS

LONG RANGE MILESTONES:

SUBMILLIMETER 600 GHZ EYE SAFE LARGE ARRAY
TI SAPPHIRE LASER HETERODYNE LASER LONG-WAVE
LASER AMPLIFIER OSCILLATOR  SENSOR AMPLIFIER  IRDETECTORS
\V4 A/ Y \VA 4
89 90 91 92 93
A A A

1~JOULE/PULSE SUB KELVIN EYE-SAFE
LIDAR COOLER LIDAR



HUMANS IN SPACE

LONG RANGE GOAL:
TO PROVIDE GUIDELINES, METHODS AND TECHNOLOGY TO ASSURE THE SAFE AND
EFFECTIVE UTILIZATION OF HUMANS IN SPACE

THRUSTS:

HUMAN PERFORMANCE
HUMAN/INTELLIGENT SYSTEM INTERFACE
SENSORY AND INFORMATION FUSION
EVA SYSTEMS

FY 88 ACCOMPLISHMENTS:
- ADVANCED HARD SPACE SUIT STRENGTH/MOTION TESTING IN WETF
- VIRTUAL WORKSTATION
- EVA HELMET MOUNTED DISPLAY PROTOTYPE
- HUMAN INTERFACE TO THERMAL EXPERT SYSTEM
- PYRAMID IMAGE CODES DEVELOPED FOR HUMAN DISPLAY INTERFACES AND FOR
ROBUST COMPUTER VISION

8€z

FY89 PROGRAM FOCUS:

STUDY OF HUMAN FACTORS IMPLICATION IN NASA'S OPERATIONAL EXPERIENCE
EVALUATION OF HARD SUIT AND GLOVES FOR EVA

EVALUATION OF VIRTUAL WORKSTATION FOR TELEROBOTIC CONTROL AND
"EXPLORATION" OF PLANETARY SURFACES

INITIATION OF SURFACE SUIT AND HUMAN PERFORMANCE ELEMENTS OF PATHFINDER

LONG RANGE MILESTONES:

PHYS. & COGN.
COMPLETE REVISION HIGH PRESSURE ~ HUMANPERF.  SURFACE SUIT
OF STD-3000 EVA GLOVE DATABASE ~ COMPONENTS
A/ A/ Y
89 90 91 92 93
COMPLETE AX-SWETF  SURFACE SUIT ERROR-TOLERANT HUMAN

EVALUATION REQUIREMENTS OPERATION INTERFACES



SPACE COMMUNICATIONS
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LONG RANGE GOAL:
DEVELOP DEVICES, COMPONENTS & ANALYTICAL METHODS TO SUPPORT THE COMM.
RQMTS. OF NASA'S FUTURE NEAR-EARTH, DEEP-SPACE & SPACE STATION MISSIONS

THRUSTS:
- HIGH EFFICIENCY TUBES
- SOLID STATE DEVICES
- LARGE ANTENNAS
- OPTICAL COMMUNICATIONS

FY 88 ACCOMPLISHMENTS:

- Ka-BAND MMIC POWER AMPLIFIER FOR DEEP SPACE MISSIONS
SPACE ANTENNA DISTORTION COMPENSATION BY ADAPTIVE ELECTRONIC FEED
HIGH-EFFICIENCY DEEP SPACE OPTICAL COMMUNICATIONS LASER
PHASED-ARRAY SEMICONDUCTOR LASER
NEAR-EARTH LASER TRANSMITTER AND RECEIVER
HIGH-EFFICIENCY X-BAND TWT FOR MARS OBSERVER

FY89 PROGRAM FOCUS:
- HIGH-FREQUENCY, HIGH-EFFICIENCY TWTS
- COMPENSATION FOR FLEXIBLE SPACE ANTENNAS
- HIGH-DATA-RATE EARTH ORBIT AND PLANETARY
- SPACE LASER COMMUNICATIONS
- HIGH-EFFICIENCY MMIC TECHNOLOGY FOR PLANETARY COMMUNICATIONS

LONG RANGE MILESTONES:

0.5-W, KA
PHASED ARRAY COMPENSION ~ BANDPOWER  HIGH EFFIENCY KA-BAND TWT
ANTENNA DEMONSTRATION AMPLIFIER  FOR PLANETARY
\Vi AV
89 90 91 92 93
DEFIND SPACE LASER  2-W ND:YAG LASER 4 GHZ, 5-W SOLID STATE

COMM FOR FLIGHT EXPT. TRANSMITTER LASER TRANSMITTER




SPACE DATA SYSTEMS
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LONG RANGE GOAL:
TO PROVIDE AGENCY FOUNDATION IN FUNDAMENTAL AEROSPACE COMPUTER SCIENCE TO ENABLE EFFICIENT
AND EFFECTIVE ACQUISITION, PROCESSING, DISTRIBUTION AND ANALYSIS OF SPACE-DERIVED INFORMATION

ove

THRUSTS:

CONCURRENT PROCESSING

INFORMATION MANAGEMENT

ADVANCED ATA CONCEPTS

ON-BOARD PROCESSING TECHNIQUES

HIGH PERFORMANCE STORAGE TECHNOLOGY

FY 88 ACCOMPLISHMENTS:

FY 89

LONG

ESTABLISHMENT OF CENTER OF EXCELLENCE IN SPACE DATA AND INFORMATION SCIENCES AT THE UNIVERSITY
OF MARYLAND AND GSFC

DEMONSTRATED REVERSIBLE, VAR. STRENGTH ELECTRONIC "NEURAL NETWORK" DEVICE

DEVELOPED HARDWARE SIMULATOR OF SPARSE DISTRIBUTED NETWORK

COMPLETED DESIGN FOR REAL-TIME FOCAL PLANE PROCESSOR FOR HIGH RESOLUTION IMAGING
SPECTROMETER

DEMONSTRATED FEASIBILITY OF OPTICAL NEED, LASER DIODES AND MEDIA FOR TERABIT ERASIBLE OPTICAL
DiISK RECORDER

PROGRAM FOCUS:

NEURAL NETWORK RESEARCH

ON-BOARD PROCESSING SYSTEMS

MODULAR TERABIT OPTICAL DISK BRASSBOARD

PLAN HIGH PERFORMANCE COMPUTING INITIATIVE (HPCI)

RANGE MILESTONES:

DEMONSTRATE 1 MIPS INITIAL HPCI HIRES SAR PROCESSOR SELECT TERAFLOP
MULTIPROGRAM - 16/32 BIT TESTBEDS COMPRESSION BREADBOARD ARCHITECTURE
\VA Y \Vi \VA
89 90 91 92 93
HPCI PROGRAM PLAN OPTICAL DISK RECORDER DEMO. 6 MIPS DEMO. NEURAL NET CONCEPTS

BRASSBOARD MULTI-PROGRAM - 32 BIT FOR ROBOTICS, VISION AND SPEECH
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TRANSPORTATION VEHICLE

GUIDANCE AND CONTROL
OAS

LONG RANGE GOAL:
TO PROVIDE COST EFFECTIVE, RELIABLE AVIONICS FOR ADVANCED EARTH-TO-ORBIT
TRANSFER AND PLANETARY VEHICLES

THRUSTS:
- FAULT TOLERANT PROCESSING
- SOFTWARE ENGINEERING
- ADAPTIVE G, N. AND C CONCEPTS
- SENSORS AND ACTUATORS

FY 88 ACCOMPLISHMENTS:
ADVANCED 8-COMPONENT FIBER OPTIC GYRO BREADBOARD
- INCREASED "QUIET TIME” FOR AFE
- LANDING ANALYSIS FOR MARS SAMPLE RETURN MISSION
- IMPACT OF ADA ON FLIGHT CONTROL
- EVALUATION OF AIPS FAULT-TOLERANT PROCESSOR
- EMPIRICAL COMPARISON OF FAULT TOLERANCE AND FAULT ELIMINATION

FY89 PROGRAM FOCUS:
- VALIDATION OF AIPS OPERATING SOFTWARE
- AUTOMATED RENDEZVOUS AND DOCKING, PATHFINDER
- ADAPTIVE LANDING, PATHFINDER
- SOFTWARE ENGINEERING FOR COMPLEX RELIABLE SYSTEMS

LONG RANGE MILESTONES:

COMPLETE PLANETARY HAZARD
COMPLETE EVALUATION VALIDATE AIPS ARCHITECTURE/ DETECTION & AVOIDANCE
OF AFE GUIDANCE ALGORITHMS OPERATING SYSTEM TECHNOLOGIES
AV
89 90 91 92 93
EVALUATE CURRENT NASA AUTONOMOUS PLANETARY PROTOTYPE SOFTWARE DEVELOPMENT
SOFTWARE DEVELOPMENT RENDEZVOUS AND DOCKING TOOLS FOR COMPLEX RELIABLE SYSTEMS

ENVIRONMENTS REQUIREMENTS




SPACECRAFT CONTROL

LONG RANGE GOAL:
TO PROVIDE THE CONTROL ALGORITHMS, COMPUTATIONAL METHODS, AND SYSTEMS MODELS

TO ENABLE THE CONTROL OF COMPLEX/FLEXIBLE SPACE SYSTEMS

THRUSTS:
- COMPUTATIONAL CONTROL
- ADVANCED CONTROL
- CONTROL OF FLEXIBLE STRUCTURES
- CONTROL OF LARGE APERATURE SEGMENTED OPTICS/INTERFEROMETERS

FY 83 ACCOMPLISHMENTS
- CONTROL TECHNIQUES EVALUATED ON ADVANCED CONTROL EVALUATION FOR STRUCTURES

(ACES)-1 TEST ARTICLE
E - NON-LINEAR, MULTI-BODY COMPUTER ANALYSIS TOOL ENHANCEMENTS
- COMPUTATIONALLY EFFICIENT CONTROL TECHNIQUES EVALUATED ON SPACECRAFT
- CONTROL LABORATORY EXPERIMENT (SCOLE)
- LQG CONTROL FOR THE MINI-MAST EXPERIMENT
- COMPLETED DESIGN FOR 3-D SHAPES BREADBOARD AND DETAILED PERFORMANCE

CHARACTERIZATION

FY 89 PROGRAM FOCUS
- CONTROL OF FLEXIBLE STRUCTURES; LARGE ANTENNAS AND PLATFORMS

- CONTROL OF PRECISION OPTICAL SYSTEMS
- COMPUTATIONAL METHODS FOR MULTI-BODY CONTROL

LONG RANGE MILESTONES:

SHAPES 3-D  UPGRADE 4TH GENERATION ADAPTIVE CONTROL FOR
DEMO. CONTROL TOOLS FLEXIBLE STRUCTURES
V4 \V4
89 90 91 92 93

CONTROL TOOLS FOR RAPID
DESIGN OF COMPLEX SYSTEMS



INFORMATION SCIENCES AND HUMAN FACTORS DIVISION
MAJOR PROGRAM DIRECTIONS IN SPACE
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GENERAL
@ INCREASE UNIVERSITY RESEARCH BLOCK GRANTS

@ INCREASE PROGRAM OFFICE AND INDUSTRY INVOLVEMENT IN CSTI AND PATHFINDER ELEMEN
@ EXPLIOT OPPORTUNITIES OF PHOTONICS AND HIGH-TEMPERATURE SUPERCONDUCTIVITY

o INCREASE EMPHASIS ON SPACE FLIGHT EXPERIMENTS

EVOLVING SPACE ROBOTIC CAPABILITY:
® MAINTAIN LONG-TERM TECHNOLOGY BASE

® TRANSFER INITIAL DEMONSTRATION RESULTS/CAPABILITY TO FTS AND SATELLITE
SERVICING CONCEPTS

® INCREASED EMPHASIS ON APPLICATIONS DEMONSTRATIONS AND TECHNOLOGY
FLIGHT EXPERIMENTS

o INITIATE PLANETARY ROVER PROGRAM

INTELLIGENT SYSTEMS RESEARCH:
@ MAINTAIN NATIONAL REPUTATION IN ARTIFICIAL INTELLIGENCE RESEARCH

e PERFORM EFFECTIVE GROUND-BASED DEMONSTRATIONS FOR SPACE STATION, SHUTTLE
AND SCIENCE MISSIONS

@ INITIATE RESEARCH TO MERGE INTELLIGENT SYSTEMS WITH EXPLORATION VEHICLES
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INFORMATION SCIENCES AND HUMAN FACTORS DIVISION
MAJOR PROGRAM DIRECTIONS IN SPACE

NASA-UNIQUE SPACE SENSING CONCEPTS:
@ ADDRESS NASA-UNIQUE DETECTOR REQUIREMENTS IN CSTI SCIENCE
SENSORS PROGRAM
- LOW-BACKGROUND INFRARED DETECTORS
- SUBMILLIMETER SENSORS
- ACTIVE LASER SENSING

o INITIATE NEW THRUST IN SCIENCE SENSORS AND OPTICS FOR GLOBAL CHANGE

ADVANCED SPACE COMMUNICATIONS CAPABILITY:
e CONTINUE TWT, SOLID STATE MMIC DEVICE AND ANTENNA RESEARCH

¢ INCREASE SUPPORT TO NEAR-EARTH AND PLANETARY OPTICAL COMMUNICATIONS

EFFICIENT ACQUISITION, PROCESSING, DISTRIBUTION AND ANALYSIS OF SPACE DERIVED DATA:

@ MAINTAIN STRONG COMPUTER SCIENCE PROGRAM IN COST-EFFECTIVE SOFTWARE,
CONCURRENT PROCESSING AND INFORMATION MANAGEMENT

e IMPLEMENT CSTI HIGH-RATE/CAPACITY DATA PROGRAM

o INITIATE NEW INITIATIVE IN HIGH PERFORMANCE COMPUTING



INFORMATION SCIENCES AND HUMAN FACTORS DIVISION
MAJOR PROGRAM DIRECTIONS IN SPACE
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EFFECTIVE UTILIZATION OF HUMANS IN SPACE:

@ FOCUS ON HUMAN-INTELLIGENT SYSTEM INTERFACE, SENSOR AND INFORMATION FUSION,
AND EVA SYSTEMS

o INITIATE PATHFINDER EXTRAVEHICULAR ACTIVITY/SUIT AND HUMAN PERFORMANCE
PROGRAM ELEMENTS

CONTROL OF COMPLEX/FLEXIBLE SPACE SYSTEMS:
® SUPPORT CONTROL STRUCTURES INTERACTION RESEARCH

Spe

o INITIATE RESEARCH FOR CONTROL OF PRECISION OPTICS

o INITIATE COMPUTATIONAL CONTROLS RESEARCH PROGRAM

GUIDANCE, NAVIGATION AND CONTROL TECHNOLOGY FOR TRANSPORTATION VEHICLES:
@ SUPPORT REAL-TIME FAULT TOLERANT CONTROL ARCHITECTURE RESEARCH

o ADVOCATE FAULT TOLERANT FLIGHT SYSTEMS INITIATIVE
o IMPLEMENT NEW THRUST IN SOFTWARE ENGINEERING FOR COMPLEX RELIABLE SYSTEMS

o INITIATE PATHFINDER AUTONOMOUS LANDER AND AUTONOMOUS RENDEZVOUS AND
DOCKING PROGRAM ELEMENTS
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SYSTEMS AUTONOMY

Henry Lum, Jr.
Chief, Information Sciences Division
NASA Ames Research Center

TECHNOLOGY FOR FUTURE NASA MISSIONS

AN ATAA/OAST CONFERENCE
ON CSTI AND PATHFINDER

12-13 SEPTEMBER, 1988

WASHINGTON D.C.
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MARS EXPLORATION

LUNAR OUTPOST

SYSTEMS AUTONOMY PROGRAM

PERMANENT PRESENCE IN SPACE

ENABLING TECHNOLOGIES FOR THE
NATIONAL SPACE CHALLENGES

* LOWERS MISSION OPERATIONS COSTS
* INCREASES PRODUCTIVITY
¢ RENDERS HIGHER QUALITY DECISIONS

® MAINTAINS TECHNOLOGICAL LEADERSHIP
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END-TO-END SYSTEMS INTEGRATION OF HUMANS, INTELLIGENT SYSTEMS, AND FACILITIES
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NANASN

Ames Research Center Information Sciences Division

SYSTEMS AUTONOMY PROGRAM
WHY INTELLIGENT AUTONOMOUS SYSTEMS

REDUCE MISSION OPERATIONS COSTS

+ AUTOMATE LABOR INTENSIVE OPERATIONS

INCREASE MISSION PRODUCTIVITY

« AUTOMATE ROUTINE ONBOARD HOUSEKEEPING FUNCTIONS

INCREASE MISSION SUCCESS PROBABILITY

» AUTOMATE REAL-TIME CONTINGENCY REPLANNING

HL/ATAA 9-88 (LAH)
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NASN

Ames Research Center Information Sciences Division
DESCRIPTION OF INTELLIGENT AUTONOMOUS SYSTEMS
CHARACTERISTICS
KNOWLEDGE-BASED SYSTEMS

« DYNAMIC WORLD KNOWLEDGE ACQUISITION, UNDERSTANDING,
AND EXECUTION OF COMMAND FUNCTIONS

« RELIABLE DECISIONS IN UNCERTAIN ENVIRONMENTS

« LEARNING ABILITY

« ALLOWS "GRACEFUL" RETURN TO HUMAN CONTROL

CAPABILITIES

GOAL-DRIVEN BEHAVIOR
« COMMUNICATE AT HIGH LEVELS WITH HUMANS AND OTHER MACHINES

"COLLABORATIVE" HUMAN-MACHINE INTERACTIONS
« RECOGNIZE AND RESOLVE COMMAND ERRORS

SELF-MAINTENANCE
+ OPERATE AUTONOMOUSLY FOR EXTENDED PERIODS OF TIME

HL/ATAA 9-88 (LAH)
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SYSTEMS AUTONOMY PROGRAM
HOW DO WE GET THERE - PROGRAM ELEMENTS

ONGOING CORE TECHNOLOGY
* PLANNING AND REASONING
e OPERATOR INTERFACE
* SYSTEMS ARCHITECTURE

T /\y
IN SPACE o
4 CONSTRUCTION>/ ™~
. f‘\'v\
RESEARCH TECHNOLOGY x
PRODUCTS FOCUS

PERIODIC DEMONSTRATIONS

e LONG TERM EVOLVING =]
TESTBED

e SHORT TERM SPECIFIC ===y
DOMAIN DEMOS

\ SHUTTLE
SHUTTLE LAUNCH DIAGNOSTICS
MISSION CONTROL
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NASN

Ames Research Center Information Sciences Division

SYSTEMS AUTONOMY PROGRAM

TECHNICAL CHALLENGES

REAL-TIME KNOWLEDGE-BASED SYSTEMS

DYNAMIC KNOWLEDGE ACQUISITION AND UNDERSTANDING

ROBUST PLANNING AND REASONING

COOPERATING KNOWLEDGE-BASED SYSTEMS

VALIDATION METHODOLOGIES

HL/AIAA 9-88 (LAH)
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NNASN

Ames Research Center Information Sciences Divison

—
SYSTEMS AUTONOMY PROGRAM - TECHNOLOGICAL CHALLENGES
A. WHERE WE ARE TODAY

REAL-TIME KNOWLEDGE-BASED SYSTEMS
» NO PARALLEL SYMBOLIC-NUMERIC PROCESSORS

» SLOW SPECIAL-PURPOSE HARDWARE (1 GBYTE MEM, 5 MIPS)
» PROTOTYPING SW SHELLS (ART, KEE, KNOWLEDGECRAFT)
» DIAGNOSIS AND PLANNING DECISIONS IN 1-10 MINUTES

DYNAMIC KNOWLEDGE-ACQUISITION & UNDERSTANDING
* NO AUTOMATED EXPANSION OF K-B
« SMALL STATIC PRE-PROGRAMMED K-B
« DEC "XCON" LARGEST (5000 RULES, 2000 COMPONENTS)

ROBUST PLANNING AND REASONING
» HEURISTIC RULES ONLY, NO CAUSAL MODELS
» PRE-MISSION PLANNING (NO REAL-TIME REPLANNING)
* DIAGNOSIS OF ONLY ANTICIPATED SINGLE FAULTS
* "FRAGILE" NARROW DOMAINS (RAPID BREAKDOWN AT K-B LIMITS)

COOPERATING KNOWLEDGE-BASED SYSTEMS
» SINGLE STANDALONE DOMAIN SPECIFIC SYSTEMS
* HUMAN INTERACTION ONLY, NO INTELLIGENT SYSTEMS INTERACTION

VALIDATION METHODOLOGIES
« CONVENTIONAL TECHNIQUES FOR ALGORITHMIC SYSTEMS

—

HL/ATAA 9-88 (LAH)
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OBSERVABLES AND EXECUTION STATUS

SIMULATOR MONITOR

EXTERNAL
SENSING & OBSERVABLES
PLAYS PERCEPTION
DISPL KNOWLEDGE
 ADVISE BASE
OPERATOR oL ANNIN
INTERFACE TASK PLANNING INTERNAL

& REASONING OBSERVABLES

DIAGNOSER

CONTROLS

|
OoPt RlATOR

CONTROL
EXECUTION

STATE
CHANGES

F INTERROGATIONS

PLANNER EXECUTOR

EXECUTION COMMANDS
SYSTEM ARCHITECTURE & INTEGRATION




LSC

KNOWLEDGE
SYSTEMS

EXTENSIONS, TESTS,
VERIFICATION VALIDATIONS

»

KNOWLEDGE

ACQUISITION KNOWLEDGE
SUBSYSTEM BASE
EXPLANATION REASONING
SUBSYSTEM ENGINE
USER WORKING
INTERFACE MEMORY
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AUTOMATED SYSTEMS FOR IN-FLIGHT MISSION OPERATIONS
EVOLUTION OF AUTOMATION TECHNOLOGY

NASA AMES RESEARCH CENTER
QAST-SPONSORED RESEARCH
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PARTICIPANTS AND FACILITIES SCHEDULE
PARTICIPANTS 87 | 88| 89| 90| 91| 92| 93| 94| 95| 96
TCS
- AMES RESEARCH CENTER ‘
» JOHNSON SPACE CENTER
/P
S A » LEWIS RESEARCH CENTER TCS/Power l ﬁ
W - MARSHALL SPACE FLIGHT CENTER Hierarchical »
T * INDUSTRY Multiple Sys.
o 2
o~ .
b B Distributed
© =3 FACILITIES Multiple Sys.
= + ARC INTELLIGENT SYSTEMS LABORATORY
3 + JSC INTELLIGENT SYSTEMS LABORATORY
i + JSC THERMAL TEST BED

SYSTEMS AUTONOMY PROGRAM DEMONSTRATION

SYSTEMS AUTONOMY DEMONSTRATION PROJECT (SADP)
'y OBJECTIVES

r

SPACE STATION
AUTOMATION

DEMONSTRATE TECHNOLOGY FEASIBILITY OF INTELLIGENT
AUTONOMOUS SYSTEMS FOR SPACE STATION THROUGH TESTBED

DEMONSTRATIONS
+ 1988: SINGLE SUBSYSTEM (THERMAL)

+ 1990: TWO COOPERATING SUBSYSTEMS (THERMAL/POWER)
+ 1993: HIERARCHICAL CONTROL OF SEVERAL SUBSYSTEMS

+ 1996: DISTRIBUTED CONTROL OF MULTIPLE SUBSYSTEMS

+ LeRC POWER TEST BED

HUAIAA 9-88 (LAH)
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1988 DEMONSTRATION
SYSTEMS AUTONOMY DEMONSTRATION PROJECT
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