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NATIONAL AERONAUTICS aND SPACE ADMINISTRATION
FISCAL YEAR 1986 ESTIMATES

GENERAL STATEMENT

The National Aeronautics and Space Administration conducts space and aeronautical activities for
peaceful purposes and the benefit of all people. NASA"s activities are designed to enhance United
States leadership in aeronautics and in space research, exploration and utilization. More

specifically, the objectives of NASA"s activities are to:
-- Make the Space Transportation System fully operational and cost effective;
-- Move forward toward the establishment of a permanently manned Space Station;

-- Conduct an effective and productive program of aeronautical research and technology which will
contribute materially to the enduring preeminence of the United States in aviation;

-- Conduct an effective and productive Space and Earth Sciences program which expands human
knowledge of the Earth, its environment, the solar system and the universe;

-- Conduct effective and productive space applications and technology programs which contribute
materially to our nation®"s current and future leadership in space; and

-- Enhance opportunities for U.S. private sector involvement in civil space and space-related
activities

The NASA FY 1986 budget recommendation of $7,886 million provides for a deliberately paced program
of flight projects and ground-based activities to make progress toward these objectives.

Space program elements in FY 1986 involve:

o Definition and technology effort in preparation for development of a permanently manned Space
Station, the next major step in exploration and utilization of space and a key element in
continued U.S. leadership in space. The ability to function routinely iIn space onboard the space
station will provide countless opportunities for experimenting in the known sciences as well as
in those still to be discovered. Commercial companies, other United States government agencies,
and foreign governments have been invited to join us in this endeavor broadening the horizons for
all those who participate. Definition and preliminary design contracts will be initiated in FY
1985 so that the best ideas and technology of industry are considered before the final design and

development are begun.

o Expanded use of the Space Shuttle and other elements of the Space Transportation System
capitalizing on its demonstrated capabilities to place satellites iIn orbit, to retrieve and



repair satellites, and to conduct experiments and make observations using the Shuttle and the
Spacelab. The rvy 1986 program will provide for the procurement of the hardware, mission
integration and training, ground processing and flight operations of the Space Shuttle. Flights
during 1986 include payloads fTor NASA, Department of Defense and domestic commercial and
international users of space. The present fleet of three orbiters will be expanded with the
delivery of the fourth orbiter in mid-1985, and final operational modifications to 0V-102 will be
completed during 1985. Additional Spacelab flights will capitalize on the success of the initial
mission as this unique capability is exploited for space research and applications missions. The
Centaur upper stages for Department of Defense and NASA missions will proceed toward the critical
Ffirst uses of the planetary version in 1986 for the Galileo and Ulysses Missions. The initial
launch from the Vandenberg launch site scheduled for early 1986 will use the first set of lighter
weight filament wound cases for the Solid Rocket Booster. Work will continue on the the Space
Shuttle main engine to iImprove the operating margins, reliability and maintainability of the
present configuration. Development efforts will be initiated on a reuseable orbital maneuvering
vehicle to extend operational on-orbit capabilities beyond the range of the orbiter.

A banner year for the Space Science and Applications program including the planned launch of the
Galileo and Ulysses (formerly the International Solar Polar Mission) missions and the Hubble
Space Telescope, the observations of Halley"s Comet from Astro telescopes aboard the Space
Shuttle, and the Voyager encounter with Uranus. The Galileo mission will retain an option to fly
by the asteroid amphitrite on its way to Jupiter where it will send a probe into Jupiter®s
atmosphere and conduct a series of encounters with satellites of the giant planet. Ulysses will
fly past Jupiter and use the powerful gravitational force of the planet to accelerate the
spacecraft into a trajectory which will permit observation of the Sun at high latitudes
previously beyond our capability to observe. The Hubble Space Telescope will provide a quantum
Jjump over the best ground-based telescopes in our ability to observe and better understand the
Universe. Work will continue on important missions for the future: the Gamma Ray Observatory
will study extremely high energy phenomena; the Venus Radar Mapping mission will penetrate the
dense cloud cover and provide global imagery of the surface of Venus; the Upper Atmosphere
Research Satellite will provide iImportant information on the chemical composition and
vulnerability of the upper atmosphere; the Mars Orbiter will provide geoscience and climatology
mapping of Mars; the Advanced Communications Technology Satellite will demonstrate new
capabilities in frequency reuse and on-board switching; and, the Scatterometer will fly on a Navy
satellite to acquire global ocean data. Progress will continue iIn other areas including
Materials Processing in Space, the Search and Rescue locator system and analysis of data acquired
from the Earth Radiation Budget Satellite launched in late 1984.

Space research and technology activities to advance the technology base which provides new
concepts, materials, components, devices, software and subsystems for use in United States civil
and military space activities. This research emphasizes the longer range aspects of generic
research and technology development in transportation, spacecraft and platform systems which are
crucial to future United States leadership in space.
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The Aeronautical research and technology program contributes materially to the enduring preeminence
of U.s. civil and military aviation by: (1) conducting disciplinary and systems research at the
leading edge of technology in those areas critical to the continued superiority of US. aircraft; (2)
maintaining the research centers in positions of excellence in facilities and technical staff; (3)
assuring timely transfer of research results to the U.s. aeronautical industry; (4) assuring
appropriate involvement of universities and industry; and (5) providing aeronautical development
support to other government agencies and U.S. industry. Conducted well in advance of and independent
of specific applications, the Aeronautical research and technology program includes both fundamental
research in the aeronautical disciplines and systems research applicable to general classes of
advanced military and civil aircraft. The program involves participation by aeronautical
manufacturers to ensure that the technology is compatible with practical design considerations and can
be successfully transferred into application in new and better aircraft, systems and components.

Resources Summary
The budget authority recommended for FY 1986 totals $7,886.0 million with estimated outlays of

$7,772.0 million and civil service staffing level of 21,800 full-time equivalent workyears.
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v NATIONAL AERONAUTICS AaND SPACE ADMINISTRATION

BUDGET SUMMARY
(Thousands of Dollars)

Budget Plan

1984 1985 1986

RESEARCH AND DEVELOPMENT 2,064,200 2,422,600 2,881,800
Space Station 21,9002/ 150,000 230,000
Space Transportation Capability Development 431,700 351,400 459,300
Space Science and Applications 1,157,000 1,404,500 1,613,200
Technology Utilization 9,000 9,500 11,100
Commercial Use of Space -—- (8,5009/ 30,000
Aeronautical Research and Technology 315,300 342,400 354,000
Space Research and Technology 137,000 150,000 168,000
Tracking and Data Advanced Systems 14,200 14,800 16,200
SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS 3,772, 300 3,601,800 3,509,900
Shuttle Production and Operational Capability 1,646,300 1,492,100 976,500
Space Transportation Operations 1,452,000 1,314,000 1,725,100
Space & Ground Network, Comm. and Data Systems 674,000 795,700 808,300
CONSTRUCTION OF FACILITIES 155,500 150,000 149,300
RESEARCH AND PROGRAM MANAGEMENT 1,255,908 1,336,300 1,345,000
TOTAL 7,247,908 7,510,700 7,886,000
OUTLAYS 7,047,600 7,317,000 7,772,000

a8/ 1n FY 1984, funded as part of the Office of Space Flight ($13.0 million), Office of Aeronautics and
Space Technology ($6.0 million), Office of Space Science and Applications ($2.0 million), and
Office of Space Tracking and Data Systems ($0.9 million).

Y/ 1n FY 1985, funded as part of the Office of Space Station ($0.2 million), Office of Space Flight
($4.5 million), Office of Space Science and Applications ($2.0 million), OfFfice of Aeronautics and
Space Technology ($0.7 million), and Office of Space Tracking and Data Systems ($1.1 million).
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
PROGRAM HIGHLIGHTS
RESEARCH AND DEVELOPMENT

SPACE STATION

o Establish a permanently manned space station:
- The next logical step in US. leadership in space
- Built upon the operational capabilities of the Space Shuttle
- Conducive to user community
- Orbital activities begin in the next decade
o Perform a thoroughly detailed front-end definition including:
- Engineering design by industrial contractors
- Subsystem advanced development and tests in dedicated test beds
- Early flight experiments on the Space Shuttle to prove system feasibility
- Continued trade studies for system optimization

o Develop a multi-purpose facility involving both manned and unmanned elements to perform:

- Essential scientific and technical research
Unique commercial activities
Operational tasks iIn space more efficiently such as:
- Satellite servicing
- Assembly and servicing of platforms
- Placement of spacecraft into higher orbits
Extensive national and international user community participation through:
- Simplified user interfaces
- Capability for on-orbit crew maintenance
- Operational autonomy to achieve effective long-term performance
Staging base for potential future national programs such as:
- Manned missions to the Moon or planets
- Unmanned scientific probes and sample returns

MAJOR FLIGHT ACTIVITY

Fiscal Years

1985 1986 1987 1988 1989 1990

Flight Experiments on Space Suttle......... sasannnnnns /N
BUDGET PLAN (millions of dollars) FY 1984 FY 1985 FY 1986
Utilization (4.1) 9.0 15.0
Advanced Development (6.9) 52.3 82.0
Systems Definition (5.5) 52.0 74.0
Operation Readiness (——-) 3.0 7.0
Program Management Integration (5.4) 3.7 52.0
Systems Development (——=) —== -—=

Total (21.9)* 150.0 230.0

*Funded as part of the OFfice of Space Fight ($13.0),
($6.0), OFFice of Space Science and Applications ($2.0),
($0.9) FY 1984 budgets.

and Office of Tracking

Office of Aeronautics and Space Technology
and Data Systems
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
PROGRAM HIGHLIGHTS
RESEARCH AND DEVELOPMENT

SPACE TRANSPORTATION CAPABILITY DEVELOPMENT

o Proceed with development of the capabilities to enhance the space transporation system throuyh
pursuit of:

- Manned orbital experiments using Shuttle and Spacelab

- Complete development of Centaur upper stage to place payloads into deep space and in
geosynchronous orbits

- ldentification of future space proyrams and new technology to reduce program risks

- Orbital placement, servicing and retrieval of automated satellites

- Orbital maneuvering vehicle to extend operational on-orbit capabilities range

o Development of United States-Iltalian Tethered Satellite System
o Maintain engineering, scientific and technical support capability

o Development of operational equipment to support payload pre- and post-launch processing and
on-orbit operations

MAJOR FLIGHT ACTIVITY

Fiscal Years

1984 1985 1986 1987 1988 1989 1990
Spacelab (Development FIIGhtS) ceciassnsssnansnsssnnsnnnnns A
(Operational FlightS).usssessnnssssnnnnnnnnnns

Upper StageS.:.cesssssssssssssssnssssnssnnnsnnnnnnns A
Tethered Satellite SStEN.....coooomememnnn.. e sssEEEsssssssEEEEsssssssEEEEassnns A
BUDGET PLAN (millions of dollars) FY 1984 FY 1985 FY 1986
Space Transportation Capability

Development 431.7 351.4 459.3
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
PROGRAM HIGHLIGHTS
RESEARCH AND DEVELOPMENT

SPACE SCIENCE AND APPLICATIONS

o Increase our understanding of the Earth and its environment, the solar system, and the universe
through a balanced program of space exploration missions and ground-based investigations;

o Utilize the space environment for research in the biomedical, biological, and bioinstrumentation
fields;

o Exploit the knowledge gained from current and completed program efforts by thorough analysis and
interpretation of the scientific data obtained; and

o0 Develop and demonstrate practical uses of space and space-derived technology

MAJOR FLIGHT ACTIVITY

Fiscal Years
1984 15985 10985 1987 1988 1980 15045

Hubble Space teleSCOPE s sassssssssssnnssnnssnnsnnssnnnnnnnns A
Gamma ray deenatory. .. ... A
Explorer BUdES. .oonommoeeemeeaeaaeaeee A oA A LLAAGLL A LA
shuttle/Spacelab science and applications
MiSSiONSeeassecssnccscsossccssssossssasccaasssely
Dedicated life sciences Spacelab missions...vvservvuiiervaan
VOYAGEY e e sssosanscasnssnsssosssassssscnssscssoscssscssscnee () nnnnnnnnnsnnnsnnnss@®
(€= 11 A N 6
Ullyses(International solar polar mission-ESA Spacecraft). A.. cevesssssssssnssnnnnnnnns A polar Passage
Venus radar mapper mission...... A @
MarsS ODSEIrVATEONS . s s s ssssssssssssssssssssssssssssssssssssssssssnnnssnssssnsssnnnnnnnnns A
Landsat-D'.cesesseces Ceesseennens A
Search and rescue locator system on
weather sellites. ... ... JAY
Earth radiation budget experiment.. ...cveuuus
Advanced communications technology satelliteussssssnssssnnsnsnsnnsnsnnnnnnnnnnnns A
Upper atmospheric research satellite... .ussssssssssssssssnssnssnnsnnnsnnsnnsnnnnnnnnns A
Scatterometer (tobe launched on Navy®s NROSS MISSION) susssssnssnssnssnnannnnns A
BUDGET PLAN (millions of dollars) FY 1984 EY.1085 FY 1986
Physics and Astronomy 567.6 677.2 630.4
Life Sciences 58.0 62.3 72.0
Planetary Exploration 217.4 290.9 359.0
Solid Earth Observations 76.4 57.6 74.9
Environmental Observations 162.0 212.7 317.5
Materials Processing in Space 25.6 27.0 34.0
Communications 41.1 60.6 106.2
Information Systems 8.9 16.2 19.2
Total Space Science and Applications 1157.0 1404.5 1613.2
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
PROGRAM HIGHLIGHTS
RESEARCH AND DEVELOPMENT

SPACE RESEARCH AND TECHNOLOGY

o Provide a technology base essential to future United States leadership in space by:

- Improving performance and effectiveness
- Reducing cost and risk

- Increasing reliability

- Developing technological options

o Achieve these objectives, by means of ground and space-based research and technology activities,

through advances in the technology areas of:

- Aerothermodynamics

- Materials and structures

- Space energy conversion

- Propulsion

- Space data and communications
- Information sciences

- Controls and guidance

- Human factors

- Space flight systems

- Systems analysis

MAJOR FLIGHT ACTIVITY

Fiscal Years

1984 1985 1986 1987 1988 1989 1990
Space technology shuttle/Spacelab payloads..........&

Long duration exposure facility (Launch/Retrieval) &X—— O— Ay

BUDGET PLAN (millions of dollars) FY 1984 FY_1985 FY 1986

Space Research and Technology 137.0 150.0 168.0
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NATIONAL AERONAUT1CS AND SPACE ADMINISTRATION
PROGRAM HIGHLIGHTS
RESEARCH AND DEVELOPMENT

AERONAUTICAL RESEARCH AND TECHNOLOGY

o Conduct the fundamental research and technology in the aeronautical disciplines and
systems research applicable to general classes of advanced civil and military aircraft to:
- Improve performance
- Reduce costs

Increase safety

Reduce energy requirements

Decrease environmental effects

o Develop and sustain a strong Research and Technology Base in:

- Fluid and thermal physics - Propulsion and power
- Applied aerodynamics - Flight systems
- Materials and structures - Systems analysis

Controls and guidance
Human factors
Information sciences

o Conduct focused systems technology to evaluate the technical feasibility of advances or concepts:
- Numerical aerodynamic simulation for complex aerospace computational problems
- Technology for next generation rotorcraft including X-Wing and advanced tilt-rotor technology
- Turbine engine hot section technology for higher performance and longer lasting engines
- High-performance flight research
- Advanced rotorcraft technology and flight research
- General aviation/commuter engine technology for better performance and efficiencies
- Advanced turboprop systems for faster, more fuel-efficient transport and commuter aircraft
- Ceramics for turbine engines for high operating temperatures
- Oblique wing technology for aerodynamic efficiency over transonic speeds

o Maintain expertise and operate significant national facilities to support research and technology:
- Research and test facilities
- Simulation facilities
- Wind tunnels

BUDGET PLAN (millions of dollars) FY 1984 FY 1985 FY 1986
Aeronautical Research and Technology 3153 342.4 354.0
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
PROGRAM HIGHLIGHTS
SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS

SHUTTLE PRODUCTION AND OPERATIONAL CAPABILITY/SPACE TRANSPORTATION OPERATIONS

o0 Continue with the operational establishment of a versatile and cost-effective space transportation
system to provide for:

- Completing and operating a national fleet of four Space Shuttle orbiters

- Ground support equipment, launch site equipment and manpower to support launch and landing
operations

- External tanks and solid rocket boosters and the manufacturing tooling/equipment supporting
their production

- Establishing logistics support capability to provision spares, repair and overhaul flight
hardware

- Provision of capability for training astronauts, launch and flight operation personnel

o Thirteen to fourteen operational flight missions in FY 1986 building to a flight rate of 24 per
year by FY 1989

o0 Continued improvement of Shuttle performance capability
0 Support to first Vanderburg Air Force Base flight

o Implementation of improvements to make space transportation more economical and cost effective to
all users

MAJOR _FLIGHT ACTIVITY

Fiscal Years
194 1985 1986 1987 1988 1989 1990

Space Shuttle: Operational flightS..serassssnsnsnnadeeee10=-1T1,0,013=140000 1700000190000 24000,0..24
BUDGET PLAN (millionsof dollars) FY 1984 FY 1985 FY 1986
Shuttle Production and Operational Capability 1,646.3 1,492.1 976.5
Space Transportation Operations 1,452.0 1,314.0 1,725.1
3,098.3 2,806.1 2,701.6
AS-13



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
PROGRAM HIGEILICEITS
SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS

SPACE AND GROUND NETWORKS, COMMUNICATION AND DATA SYSTEMS

0 Tracking and Data Acquisition using Space and Ground Network interconnected with highly reliable
communications to provide support to:

- Shuttle operational flights

- Automated Earth orbiting missions - supports applications and scientific spacecraft including
the Nimbus, Landsat, International Ultraviolet Explorer, International Sun-Earth Explorer,
Applications Technology Satellites, Solar Maximum Mission, Dynamics Explorer, Solar Mesosphere
Explorer, Earth Radiation Budget Satellite, and Active Magnetospheric Particle Tracer Explorer.

- Planetary missions - support will continue for Pioneers-10 and -11, Pioneer Venus, and Voyagers-
1 and -2, as well as limited support for Helios and earlier Pioneer missions

- Upcoming missions which will include Space Telescope, Galileo and Ulysses
- Sounding rockets
- Aeronautical flight research program
0 The Tracking and Data Relay Satellite System (TDRSS) will replace most ground stations in providing
tracking, command and telemetry services to all low-Earth orbital missions. The first spacecraft

was launched in April 1983, the second is scheduled to be launched in February 1985 and the third
launch is planned for the last half of 1985.

MAJOR _FLIGHT ACTIVITY

Fiscal Years

1984 1985 1986 1987 1988 1989 1990
Tracking and Data Relay Satellite..... ... .. ......... AN
(Backup satellites available)
BUDGET PLAN (millions of dollars) FY 1984 FY 1985 FY 1986
Space & Ground Network, Comm., and
Data Systems 674.0 795.7 808.3
Ac-11



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1986 ESTIMATES

Fiscal Year 1984

Appropriation, PL 98-45............
Reappropriation, PL 98-39%6.ccceeese

Transfer between accountS sesssssns
Unobligated balance transferred....

Supplemental Appropriation,
PL 98-181cecesecsccssscsscsnsscaass

Supplemental Appropriation,
PL 98-396.ccecceceescvsosnsnnnnnnns

Total Budget Plan................

Fiscal Year 1985

Appropriation, PL 98-371.cceeeeensn

Proposed Supplemental
Appropriation. sssssssssssnsnsnnns

Proposed Recissioneseiivsssooviroons

Total Budget Plan................

Fiscal Year 1986

Appropriation request/budget plan..

(Thousands of Dollars)

Space Flight,

Research and Control and Construction

Total Development Data Comm. of Facilities
7,177,500 2,011,900 3,791,600 135,500
20,000 20,000 - -—
- 19,300 -19,300 —_—
13,000 13,000 ——- _—
20,000 -—— -—— 20,000
17,582 — _— -
2,248,082 2,064,200 3,772,300 155,500
7,491,400 2,422,600 3,601,800 150,000
23,300 —_— —_—— _—
-4,000 -_— --- _—
7,510,700 2,422,600 3,601,800 150,000
7,886,000 2,881,800 3,509,900 149,300

Research and

Program

1,238,500

17,582

1,256,082

1,317,000

23,300

1,336,300

prresre ety

1,345,00

302020 3920 30 0 0 aam,
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NATIONAL AERONAUTICS anb SPACE ADMINISTRALLON
FISCAL YEAR 1986 ESTIMATES

SUMMARY OF BUDGET PLANS BY INSTALLATION BY APPROPRIATIUN
(Millions of Dollars)

Space Flight Control

Research dnd Program

Total and bata Communications Research and Development Construction of Facilities Hanagement
1984 1985 1986 1984 1985 1986 1984 1985 1986 1984 1985 1986 1984 1985 1986

Johnson Space Center........ 1,612,496 1,572,781 1,417,605 1,303,210 1,124,450 910, 100 175,849 233,153 292,692 2,300 3,200 1,100 201,137 211,978 213,713
Kennedy Space Center ssssssss 724,090 631.499 659,691 439,900 372,900 375.500 53.008 47,019 73.860 58,550 29,600 21,000 172,632 181,980 189,331
Marshall Space Plight Center 1,921,564 1,915,382 1,982,795 1,272,900 1,224,400 1,273,800 447,112 491,806 506.690 11,700 1,600 6,500 189,852 197,576 195,805
National Space Technology

Laboratories.............. 20.549 31,691 32,253 800 6,300 7,200 9,555 11,451 11.422 -— 3,000 2,500 10,194 10,940 11,131
Goddard Space Flight Center. 950,607 1,028,099 1,088,496 405,916 428,030 306,100 357,918 398,387 510,877 -— 2,200 11,800 186,773 199,402 199,719
Jet Propulsion Laboratory... 349,824 469,616 602.356 97, 189 109,500 124,800 248,335 347,916 468, 656 4.300 12,200 8,900 -— —_— —
ames Research Centersssssnss 318,057 400,472 386,284 Y ,800 11,200 14,100 189,670 254,145 240,076 4,700 13,600 8,200 113,887 121,527 123,908
Langley Besearch Center..... 289,760 336,605 324,325 200 10V 100 140,107 173.974 170,266 9,500 13,800 4,900 139,953 148,731 149,059
Lewis Research Center.. 423,233 405,362 520,806 2,000 20 — 281,929 266,084 380,910 10,600 bt —— 128,706 139,258 139.896
Inspector General........... 4,734 5.878 5,603 — —— —— - —-— - - -— —— 4,734 5,878 5.603
Headquarters...,............ 553,118 687,515 836.386 240,385 324,900 438,200 160,717 198,665 226,351 43,800 45,000 55,000 108.216 118,950 116,835
Undistributed Construction of

Pacilities:

Various Locations.. sssssss 1,450 13,800 17,400 - --r -— - - — 1,450 13,800 17.400 — —- —-

Facility Planning

and Design.............. 8.600 12.000 12,000 J— — — — — —_ 8.600 12.000 12.000 —— -—— —~—
Total Budget Plan........ 7,248,082 7,510,700 7,886,000 3,772,300 3,601,800 3,509,900 2,064,200 2,422,600 2,881,800 155,500 150,000 149,300 1,256,082 1,336,300 1,345,000
AS-13



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
suMMARY OF PERMANENT CIVIL SERVICE WORKYEARS BY INSTALLATION
FISCAL YEAR 1986 ESTIMATES

FY 1984 FY 1985 FY 1986

\]Ohnson Space Center I EEEEEEEEEEEEEEEEEEEEENEENEEEEEEEEEENENETSR 3' 196 3l222 3. 201
Kennedy Space CenterIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 2.074 2' 075 2.054
Marshall Space Flight Center EEEEEEEEEEEEEEEEEEEEEEEEEEEEGETSR 3' 270 3' 251 3. 229
National Space Technology Laboratories ssssssssssssssssssss 107 109 106
Goddard Space Flight Center E I EEEEEEEEEEEEEEEEEEEEEEEEEENENGETSR 3' 608 3' 599 3. 569
ME Research CenterIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 2.023 2' 021 2. 001
Langley Research Center EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENENGESR 2.869 2.860 2.808
LeWiS Research Center BB EEEEEEEEEEEEEEEEENEEEEEEEEEEEEEENEENGESR 2' 634 2l604 2.582
Headquarters EEEEEEEEEEEEEEEEEEEEEE NN NN NN NN NN EEEEEEEENEEEENGESR 1l327 1.326 1' 292
Inspector GenerallIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 90 _97 —97
Subtotal. Full-Time Permanent Civil Servicessssssassssns 21. 198 21. 164 20.939
Other than full-time permanent workyearS ssssssssssssnnnnns 882 836 861
Total. Ceiling Controlled Civil ServicCe sasssssssssnssnns 224080 22. 000 21.800
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NATIONAL AERONATUTICS AND SPACE ADMINISTRATION

RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

GENERAL _ ATEMENT

The objectives of the National Aeronautics and Space Administration program of research and development
are to extend our knowledge of the Earth, its space environment, and the universe; to expand the technology
for practical applications of space technology; to develop and improve manned and unmanned space vehicles;
and to assure continued development of the long-term aeronautics and space research and technology necessary
to accomplish national goals. These objectives are achieved through the following elements:

SPACE STATION: A program to define the systems and develop a United States space station to continue the
Nation®"s leadership in Space and to provide for enhancement of science and applications programs and for
development of capabilities for further exploitation of space.

SPACE TRANSPORTATION CAPABILITY DEVELOPMENT: A program to provide for the development and use of
capabilities related to the Space Shuttle. The principal areas of activity iIn Space Transportation
Capability Development are efforts related to the development and flight certifiction oF the jointly
developed U.S./Italy Tethered Satellite System, development of the Orbital Maneuvering Vehicle, Spacelab,
the upper stages that place satellites in high altitude orbits, the engineering and technical base support
at NASA centers, payload operations and support equipment, and advanced programs study and evaluation
efforts.

SPACE SCIENCE AND ICATIONS A program using space systems, supported by ground-based and airborne
observations, (1) to conduct a broad spectrum of scientific investigations to advance our knowledge of the
Earth and its space environment, the Sun, the planets, interplanetary and interstellar space, the stars of
our galaxy and the universe; and (2) to identify and develop the technology for the useful applications of
space techniques in the areas of advanced communications satellite systems technology; materials processing
research and experimentation; and remote sensing to acquire information which will assist in the solution of
Earth resources and environmental problems.

TECHNOLOGY UTILIZATION: The program includes activities to accelerate the dissemination to both the public
and the private sectors of advances achieved in NASA"s research, technology, and development programs.

COMMERCIAL USE OF SPACE: A program to increase private sector awareness of space opportunities and
encourage increased industry investment and participation in high technology, space-based research and
development.
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AERONAUTICS AND SPACE TECHNOLOGY: A program to conduct the fundamental long-term research and to develop

the discipline and systems technology required to maintain United States leadership in aeronautics and
space.

TRACKING AND DATA ADVANCED SYSTEM: This program includes activities to perform studies and provide for the
development of systems and techniques leading to improved tracking and data program capabilities.

RD SUM 2



NATIONAL AERO! ICS AND SPACE ADMINISTRATION

RESEARCH AND DEVELOPMENT
FY 1986 BUDGET ESTIMATES

1985 1986
1984 Budget Current Budget
Actual Est imate Estimate Estimate

(Thousands of Dollars)

7SPACE_STATION (21,900)2 150,000 150,000 230,000
\ ;| TRANSPORTATION |\ D L r 431.700 361,40C 351.40 459
SPACE _SCIENCE AND APPLICATIONS 1,157,000 1,371,500 1,404,500 1,613,200

Physics and astroOwy. ..o ooooooooo . 567,600 677,200 677,200 630,400
Life soe0ss oo 58,000 63,300 62,300 72,000
Planetary eploaton................._. 217,400 286,900 290,900 359,000
Solid earth deervatios................ 76,400 63,600 57,600 74,900
Environmental dosernvations.............. 162,000 220,700 212,700 317,500
Materials processSiNg-.. sesssssssssssssas 25,600 23,000 27,000 34,000
CommUNICAtIONS v st v oot o ovnosos ce e 41,100 20,600 60,600 106,200
Information sstars.................... 8,900 16,200 16,200 19,200
COMMERCIAL PROGRAM 9,000 9,500 9,500 41,100
: tion 9,000 9,500 9,500 11,100
s Use of Space --- —--- (8,500)b/ 30,000
AERONAUTICS AND SPACE _TECHNOLOGY 452,300 492,400 . 492,400 522,000
Aeronautical research and technology.... 315,300 342,400 342,400 354,000
h space research and tedrology.-.......... 137,000 150,000 150,000 168,000
= "RACKING AND DATA ADVANCED SYSTEMS 14,200 15,300 14,800 16,200
TOTAL 2,064,200 2,400,100 2,422.600... 2,881,800

2/ In Fy 1984, funded as part of the Office of Space Flight ($13.0 million), Office of Aeronautics and
Space Technology ($6.0 million), Office of Space Science and Applications ($2.0 million), and Office of
Space Tracking and Data System ($0.9 million).

p/ In FY 1985, Tfunded as part of the Office of Space Station ($0.2 million), Office of Space Flight

($4.5 million), OFFice of Space Science and Applications ($2.0 million), OFffice of Aeronautics and
Space Technology ($0.7 million), and Office of Space Tracking and Data Systems ($1.1 million)
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROPOSED APPROPRIATION LANGUAGE

RESEARCH AND DEVELOPMENT

For necessary expenses, not otherwise provided for. including re-
search, development, operations. services, minor construction. mainte-
nance, repair. rehabilitation and modification of real and personal
property; purchase, hire, maintenance. and operation of other than
administrative aircraft, neessary for the conduct and support of aero
nautical and space research and development activities of the Nation-
al Aeronautics and Space Administration; [including not to exceed
(1) $155.500,000 for a space station; (2) $195,000,000 for space telescope
development; (3) $120.200,000 for the gemma ray observatory: (4)
$92,400,000 for upper stapes: 131 $92,500,000 for the Venus radar
mapper Mmission; and (6! $56,100,000 for Galileo; without the sapproval
of the Committees on Appropriations; $2,422,600,000] $2.881.500.000,
to remain available until September 30, [1986; including $135,500,000
for a space station. of which 85,500,000 sha{l be made available from
prior year appropriations: Provided. That of this amount. $63,800,000
is available for space station systems definition and integration stud-
ies, including $6.300,000 for systems engineering and integration sup-
port activities: Provided further, That within this amount. NASA
shall conduct a study of an option which “phases-in” the permanently
manned features of the station. as one of the reference configurations
to be examined in the definition studies: Provided further. That the
result of this study shall be reporad to the House and Senate Com-
mittees on Appropriations prior to the selection by the Administrator
of a configuration for the permanently manned space station: Provid-
rd further. That of this amount. §57.500.000 shall be withheld from
obligations or expenditure until April 1, 1985: Provided further. That
the recommendations contained in the report required under the
""Research and Program Management™ be incorporated in any con-
tract entered into as part of the systems definition and integration
studies) 1982: Provided. Thaf notwithstanding the provisions of the
Small Business Innovation Development Act. Public Law 97-219.
amounts available in fiscal vear 1986 for corning out the Small
Business /nnovation Research Program rhall not exceed the rate au-
thorized for fiscal vear 1955 for ecarrving out this program. (Depart-
ment of Housing and Urben Development-Independent Agencies Ap-
propriation Act, 19SSt
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NATIONAL AERONAUTICS aND SPACE ADMINISTRATION

RESEARCH AND DEVELOPMENT

PROGRAM AND FINANCING
(in thousands of dollars)

1984 1985 1986
Identification code 80-0108-0-1-999 actual estimate estimate
Program by activities:
Direct program:

Space transportation systems:
00.0101 Capability ceelqmEt ..o ceeeeeeeens 484,795 456,725 453,935
00.0201 (065 121 10 o SN 41,669 139 —-—
00.0301 Space SN oo - 142,500 226,000

Scientific investigations In space
00.1001 Physics and astraOy...oocooooooooacaaes 564,885 700,381 632,780
00.1101 Planetary eploation. .o cco oo eccecaeaes 205,956 302,907 355,550
00.1301 Life SOatEs oo 56,088 64,228 71,500

Space and terrestrial applications:
00.2001 Space gpIiGEIas. oo 283,058 432,072 542,910
00.2101 Commercial A, ccceoo e 10,467 12,283 39,545
00.3001 Space research and tsdTOlOy oo oocooemaaoaaeaaaaa. 134,617 157,320 167,100
00.4001 Aeronautical research and tedrology..cocoeoaoaoo.. 323,545 352,118 353,400
00.4101 Supporting activity: Tracking and data acquisition. 69,687 16,488 16,090
00.9101 Subtotal, direct POANL ccocemc e 2,174,767 2,637,161 2,858,810
01.0101 Reimbursable p@a@mn . oo 642,223 745,983 597,780
10.0001 Total O S. oo 2,816,990 3,383,144 3,456,590
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1984 1985 1986

Identification code 80-0103-0-1-999 actual estimate estimate

Financing:

Offsetting collections from:

11.0001 Federal futh. oo -411 ,284 -514,503 -456 ,414
14.0001 Non-Federal SoGes. ..o -123,982 - 155,097 -137,586
21.4001 Unobligated balance available, start of year...... -676,230 -445,524 -154,580
22.4001 Unobligated balance transferred, ret............. 13,000 - -—
24.4001 Unobligated balance available, end of year........ 445 ,524 154,580 173,790
25.0001 Unobligated balance Igsig..ccocoeeeooos 182 - -——
39.0001 Budget attoity.....cooooooocooocceeaeeens 2,064,200 2,422,600 2,881,800

Budget authority:
400001 ApprOpriatiOﬂ EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREDR 2,024,900 2,422,600 2,881,800
41.0001 Transferred to other accouts..................... -TT -—— -—
42.0001 Transferred from other accouts................... 19,300 - _
43.0001 Appropriation @juwsted). ..o 2,044,200 2,422,600 2,881,800
50.0001 Wiatim ----------------- " E BB EEEEEENEEENEEERBETSR 20 ,OOO ——— ———

Relation of obligations to outlays:
71.0001 Obligations incurred, ret . ... 2,281,724 2,713,544 2,862,590
72.4001 Obligated balance, start of year..cc.oooo...... 1,149,420 634,454 950,531
74.4001 Obligated balance, end of year.................... -634 ,454 -950,531 -1,119,221
77.0001 Adjustments in expired aouUtS.oooooeaioaaooo.. -4,878 —_— —_—
90.0001 QRS - oo 2,791,812 2,397,467 2,693,900

ED
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NATIONAL AERONAUTICS anND SPACE ADMINISTRATION

Research and Development

Research and Development

Reimbursable Summary
(In thousands of Dollars)

Budget Plan

£r.8d .8 EY 86
Space Transportation Capability 136,245 227,600 201,499
Space Science and Applications 249,041 296,600 262,901
Technology Utilization 3,792 3,400 1,900
Space Research and Technology 10,750 9,900 17,800
Aeronautical Research and
Technology 56,550 45,200 40,000
Energy Technology 86,900 69,900
Total 560000 669,600 594.000...

melersis
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
RESEARCH AND DEVELOPMENT
FISCAL YEAR 1986 ESTIMATES

SUMMARY OF BUDGET PLAN BY SUBFUNCTION
- (I'n thousands of dollars) -

FY 1984 FY 1985 FY 1986

431,700 501,400 709,300

253 Space HOL

254 Space Science, Applications and Tedrology.-.......... 1,303,000 1,564,000 1,802,300

14,200 14,800 16,200

255 Supporting Space AMtES ...

(250) Subtotal, General Science, Space and Technology..-.. 1,748,900 2,080,200 2,527,000

315,300 342,400 354,000

402 Air Transportation..............---..................

TOtal..................................-....-...- 2‘064l200 2:422:600
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MATIUNAL AKHONAUTICE AND SPACK ADMINISTHATIUN

Piscal Year 1986 Kstimates
Distribution of Research and Usvelopment Budyet Plan by Installation and Fiscal Year
{'mousands of Lolliars)

Johnson Kennedy Marshell National space Goduard Jut Ao Lanyley Lawin
Space Bpace Bpace Fliyght Technology Space Flight Propulsion Ressarch Resssrch Ressacch NALA
Progrem and Project Total Centec Center Lanter Laboratories Center Laboratory  Center Center Conter  headyuarters
w 1984 {21,900) {9,200) (4v0) t4,800) (===} 13u0) {1,800} {1,000 {1,200} {1,400) {e,000)
1985 150,000 62,300 2,400 34,900 3o 16,200 4,800 3,700 4,400 16,800 4,000
1946 230,000 111,900 5,300 45, 400 400 17,808 2,640 4,500 4, 100 46,800 ©,200
Space Transportation Capability
Pevelogment 1904 431,700 18,000 47,600 121,700 7,200 2,200 w0 400 150 127,300 4,800
1985 351,400 113,200 34,700 89,2v0 u,200 300 el —— ] 73,000 32,400
1966 459,300 15, 1ou 56,900 129,400 7, luu — 1,000 — 400 115, 300 35,300
fipace Science and Applications 1944 1,157,000 43,695 4,660 311,066 2,205 341,762 212,093 S8, 110 11,450 35,79 146,140
1945 1,404,500 44,736 8,854 352,426 2,766 369,530 309,79 wa, s 15,1337 55,519 142,31
1946 1,613,200 51,242 9,350 3u5, 100 3,442 479,227 424,140 71, oo 15,53 100, 900 153,194
Physics and Astronomy e 567,600 7,253 3,295 297,417 — 167,695 17,826 14,655 w1 %o - W, 434
1945 677,200 4,563 6,754 334,348 -—— 191,078 26,679 57,042 2,914 — 49,022
1956 630,400 9,500 7,250 u3,298 -—- 216,990 34,525 27,500 3,233 —-— “, 0%
Life Scieaces 1964 58,000 20,752 1,373 — 23 10 2,6 2,099 365 - 10,660
1985 62,300 42,035 2,100 — 50 300 S0 28,300 500 15 12,50
1906 72,000 26,550 2,100 —— 100 200 1,500 26,050 600 - 12,100
Planstary Rxploration 1984 417,400 w,420 __ 95 —_— 3,703 135,791 16,687 5 — 50,699
13¢5 290,900 10,260 —_— 100 - 5,19 215,795 16,774 had - 42,092
1946 359,000 11,108 - 1w -— 3,620 284,755 W, 159 - ——— 49,203
Solid Barth Ubservations 1984 76,400 3,300 - 245 2,093 47,361 16, 144 T.0T6 -—— b 6,241
1945 57,600 1,000 - 262 2,241 33,657 15,426 £ — -—— 4,474
1986 74,900 25¢ hGad an 2,875 3T 208,164 645 — —— 5,494
Eavironmental Ubservations 1984 162, 00w 159 bt 5,630 34 95,615 23,541 3,190 9,769 - 24,002
1945 212,700 406 - d,445 235 126,220 36,661 3,429 10,568 - 26,650
1986 317,50 an - w,315 237 2006, 406 5,057 3,062 w,503 ——— 29,743
Materials Processing in tpace 1904 25,600 1,746 -—- 7,643 - — 6,302 -— 3% 5,307 4,252
1985 27,000 4,214 — Y, o — -— 5,405 -— 1,355 5,754 3, 0u
1996 36,000 3,150 .- 10,980 - —— 8,078 - 1,400 ., 700 3,895
Comminications 19494 AP - -— - 20 4,75 4,342 - 458 L 3,422 1,443
1985 60,000 . - hiand - 3,47 4,400 - -—— 49,7% 3,663
19u6 10s, 200 -— -— —— -—- 2,720 6,000 -—- —_ e, 200 3,00
laformation Systems 1964 8,900 as -—- 7o 3s 2,523 5,469 205 .- - 567
1985 16,200 200 — 125 {71 9,409 4,850 330 — -— 1,006
19606 19,200 210 -—= 130 210 12,050 5,050 350 - -— 1,20
Commerci Prog 1984 9,000 154 240 346 150 951 57 48 651 450
1985 9,500 217 05 280 5 1,057 120 70 537 36>
1986 41,100 1,850 1,710 6,590 500 1,850 1,210 2,910 4,130 2,310 14,040
Technojogy Utilisstion 19684 9,000 154 240 346 15¢ 951 357 “» 651 450 5,653
1945 9,500 217 205 200 8s t,u57 120 70 537 5 6,408
1986 11,100 250 21 390 100 1,050 510 2,010 530 ki) $,740
Commercial Use of Space 1984 — - — -— —-— - — — - -— ———
1985 (8,500) {1,000) (300) {1,900) (200) (200} (300) (300) {1,000) {700} (2,600)
1946 30,000 1,600 1,508 6,200 400 800 T wWo 3,600 2,000 12,300
Aaronautics and Space Technology 1904 452,300 14,000 500 14,000 - 8,400 25,300 131,100 126,500 118,500 14,000
1945 492,400 12,700 400 15,000 -— 6,500 22,900 147,200 153,600 1,400 13,700
1946 $42,000 12,600 600 21,200 - 6,300 23,600 161,500 1486, 300 135,600 13,700
Asronautical Wesearch and
Technology 1984 315,300 «wo — 400 —— 400 6u0 114, 700 97,000 90,100 1.200
1985 342,400 1,000 - 1,000 - 3w 200 132,400 115,300 86,000 6,200
1946 354,000 1,000 — 1,000 - 300 200 146,200 101, 3v 97,400 ~,200
Space Mesearch and Technology 1984 137,000 13,100 500 13,600 -— 8,000 24,700 12,400 29,500 20,400 6,800
1965 150,000 1,700 vy 14,000 - 6,200 22,700 14,600 34,300 4,000 7,500
1986 164,000 11,000 600 20,200 - 6,600 23,400 15,300 45,000 37,900 7,500
Space Tracking and Lata Acquisition 1984 14,200 - - -— 4,585 9,485 2 - -— "e
1945 14,800 - -—- - 4,800 10,000 -—- - - -
1986 16,200 -— == -== it 5,100 11,100 - - = hnintel RD SU}/I 9
Total Budyet Plan 19u4 2,064,200 175,049 53,008 447,12 9,555 157,918 244,335 159,670 140, W7 241,929 160,717
1S 2,422,600 233,153 47,019 491,due 11,451 394,387 347,910 154,185 173,974 260,064 194, 665

1946 2,441,800 292,692 73,460 506,690 1,422 510,877 464,056 240,076 170,266 Ju0, 90 426,351
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

OFFICE OF SPACE STATION

BUDGET SUMMARY

OFFICE OF SPACE STATION

SUMMARY OF RESOURCES REQUIREMENTS

1984
Actual

Budget

Estimate

Utilimtim ----------- " HE E EEEEEEENEEENESNEENEENEENEERBESR (4,100)
Advanced Development. cvssssssssasssssssas (6,900)
Program Management/Integration sasssssssss (5,400)

Operational Readiness..... trsssssssEEEEns (===~)
Systems DefinitioN. ... ooooooiooooo. (5,500)

TOB. e (21,900)*
*

Space Tracking and Data Systems ($0.9 million).

(Thousands of Dollars)

12,500
65,400
16,300

3,800
52,000

150,000

Funded as part of the Office of Space Flight ($13.0 million),
Technology ($6.0 million) , OFfice of Space Science and Applications (.0 million),

SPACE STATION PRC

1986
Current Budget
Estimate Estimate
9,000 15,000
52,300 82,000
33,700 52,000
3,000 7 ,000
52,000 74,000
150,000 230,000

Page

Number

RD 1-5
RD 1-5
RD 1-6
RD 1-6
RD 1-5

Office of Aeronautics and Space

and Office of
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1985 1986

1984 Budget Current Budget
Actual Estimate Estimate  Estimate

Johnson Space Gawer..ccccccccccoaannnnn. (9,200) - 62,300 111,900
Kennedy Space Gater....oooooooooo... (400) -—= 2,800 5,300
Marshall Space Flight Gater..........._. (2,800) -—- 34,900 45,400
National Space Technology Laboratories... (---) --= 300 400
Goddard Space Flight Ganter.............. (300) -—= 16,200 17,800
Jet Propulsion leboratory................ (1,800) -—- 4,800 7,600
Ames Research Ger..................... (1,000) -— 3,700 4,500
Langley Research Gawer......cccccccee... (1,200) - 4,200 4,100
Lewis Research Gaer.................... (1,200) -— 16,800 26,800
Hedhyarters. ..l (4,000) 150,000 4,000 6,200

Total.. sasssssnssssssnsnsnunnnnnns (21,900)* 150z000** 150,00 230,000

* Funded as part of the Office of Space Flight ($13.0 million), Office of Aeronautics and Space
Technology ($6.0 million), Office OF Space Science and Applications ($2.0 million), and Office of
Space Tracking and Data Systems ($0.9 million) FY 1984 budgets.

** In the FY 1985 budget justification document, the funding was shown at Headquarters pending
implementation decisions on the individual elements and related field center assignments.
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A United States Space Station will provide permanently manned space-based facilities to allow for
enhancement of the Nation®"s science and applications programs and for development of capabilities for
further commercial utilization of space, while stimulating advanced technologies. A vigorous but
deliberately-paced Space Station program will permit us to maintain the preeminence iIn space our
Nation has attained through various manned and unmanned programs.

The Space Station will be a multi-purpose facility providing a permanent human presence iIn space to
conduct essential scientific and technical research, to perform unique commercial activities, and to
perform more efficiently operational tasks in space such as satellite servicing. The development and
the use of the Space Station will involve extensive national and international participation. The
program definition phase will feature continuing emphasis on and iteration of user requirements. The
Space Station will incorporate a modular design philosophy which will permit the system to evolve
through time, as warranted, to provide greater user utility and operational capabilities. Its manned
and unmanned elements will be designed to facilitate maximum on-orbit maintainability/restorability,
operational autonomy, and simplified user interfaces. Implicit in these objectives is the recognized
need to optimize the synergistic effects of the man/machine combination in space via automation,
robotics, and artificial intelligence technology. The Space Station will provide essential system
elements and operational considerations for an integrated national space capability. The Space
Station facility (core and associated platforms) will be placed and maintained in low-Earth orbit by
the Space Transportation System, thereby building upon the previous national investment in space.

A basic premise of the Space Station program is to provide a thoroughly detailed front-end
definition. Such detailed definition consists of engineering design by industrial contractors,
subsystem advanced development and tests in dedicated test beds, early flight experiments on the Space
Shuttle to prove system feasibility, and continued trade “studies for system optimization. It will
also include a thorough analysis of a "man-tended" Space Station option. Detailed definition,
thoroughly digested and incorporated into hardware specifications, provides the greatest single
assurande of program success and the achievement of cost and schedule targets. Following an extensive
definition program, consisting of both in-house and contracted activities, development is planned to
begin in FY 1987 with an initial Space Station operating capability in about a decade. Throughout the
definition period, an effort to better understand growth potential and evolutionary configuration will
be undertaken to insure that the Station is not restricted in growth capability.

In the past fiscal year, a Source Evaluation Board (SEB) was established to review U.S. industry
proposals for a definition and preliminary design study of the Space Station. Contracts for the
definition analysis are scheduled to be awarded during April 1985. One or more contractors will be
selected for each of the four basic work packages. The established system requirements were the
result of extensive system engineering studies conducted in-house by NASA. These engineering studies
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evaluated mission requirements, user requirements, and various system architectural options to meet
these system requirements.

The program office has been organized at NASA Headquarters. The lead center, the Johnson Space
Center (gsc), will manage the program and perform in-house system engineering and integration. Major
development responsibilities have been assigned to the Marshall Space Flight Center (MsSrFc), the Lewis
Research Center (LeRC), and the Goddard Space Flight Center (GSrC). Also, an Advanced Development
program has been defined to support the Space Station definition program. Major technical options
have been identified that will be carried forth in the various technical disciplines. A major study
is underway to provide the Congress, prior to initiation of definition in April 1985 with an
assessment on how Space Station can incorporate various automation/robotics technology into its
design.

The program has two contracts underway which are defining a potential end-to-end data management
system architecture for the Space Station program. This study will define the basic data management
system to be used both in flight and on the ground. The results of this study will be folded into the
system definition contracts.

Utilization efforts will identify potential users and define the payload requirements for science,
commercial, and technology development missions which will drive the design of the overall Space
Station systems capabilities to provide services which are user friendly and cost effective.

The Systems Engineering and Integration (SE&I) organization at JSC is currently being staffed to
handle the difficult and complex work of integrating the Space Station elements into an effective and
efficient system. An important tool 1in carrying out this sgxI work will be the Technical and
Management Information System (TMIS). In the past year, a significant amount of sSExI work has been
accomplished including preliminary definition of the overall Space Station system initial program
planning and system trade studies.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The total funding for FY 1985 did not change from the FY 1985 budget request; however, some changes
were made within the program. There has been a reallocation of funding in Advanced Development,
Utilization, and Operational Readiness to Program Management/Integration In recognition of the near-
term need of increasing the support for Systems Engineering and Integration and the TMIS. The
reductions in Advanced Development have been in the areas of systems/operations, environmental control
and life support, human productivity, and data management. FY 1985 Utilization estimates were reduced
when the projected start of the definition contract was delayed from January to April 1985, permitting
a delay in starting the refinement of the mission data base which will be the basis for establishing
the performance envelope update to be given to the definition contractors.
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BASIS OF FY 1986 ESTIMATE

Utilization - This activity develops functional and user requirements based on both national and
international missions. These requirements specify user needs in terms of power, volume, services,
heat, communications, etc. The objective of gathering this data now is to insure that the Space
Station and supporting ground systems are "'user friendly." The Missions Requirements Working Group
and Customer Advocacy Panels deal directly with the user in three specific areas: (1) science and
applications; (2) technology; and, (3) commercial. Aspects of this include: on-board accommodations;
servicing free-flying spacecraft already launched; constructing and servicing platforms; placement of
spacecraft into various required orbits; and commercial endeavors in the fields of life sciences,
astrophysics, environmental sciences, materials processing, and advanced technology development.

Advanced Development - This activity provides for the development of advanced technology options
that are reliable and cost effective both for the initial and evolutionary Space Station. The
proposed Space Station hardware development start date in FY 1987 allows time in which to mature new
technologies for application in the initial system and, subsequently, in its evolutionary growth
configurations. The approach being taken by NASA to develop and demonstrate technology for the Space
Station builds upon the Agency®"s strong generic research and technology base program. In this
context, advanced development implies a process whereby applicable generic technologies are focused on
the Space Station and matured to a brassboard/prototype level 1iIn order to demonstrate their
feasibility, establish their performance, and quantify the risk (cost and schedule) associated with
their inclusion in the Space Station development phase.

Examples of key technologies which are identified for the Advanced Development program are: solar
concentrator arrays and regenerative fuel cells in the power area; two-phase thermal bus for heat
acquisition transport and deployable heat pipes in the thermal area; carbon dioxide
concentration/removal and water reclamation iIn the environmental control and life support area;
gaseous hydrogen/oxygen propulsion systems for orbit maintenance; and docking/berthing systems in the
structures and mechanisms area. Candidate Space Shuttle flight experiments include environmental
interaction plasma effects, contamination, cryogenic fluid management, thermal systems and
environmental control and life support hardware. Studies will also be performed to define the Space
Station requirements of elements in assembling the Space Station as well as servicing satellites and
the necessary operations associated with these tasks.

System Definition - System definition contracts will be awarded to industry for the performance of
detailed definition and preliminary design efforts beginning in April 1985 applying the FYy 1985
funding in addition to $.5 million brought forward from FY 1984. Proposals for these design efforts
were requested under a single request for proposal for separate contracts to define the common
module/laboratory outfitting, the assembly hardware and habitability provisions, the
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platforms/servicing Ffunction, and the power system. These contracts will include hardware and
software analysis and design tasks as well as systems engineering and integration support tasks.
Funding for the definition contract effort will continue in FY 1986.

Operational Readiness - This activity develops requirements and commences the implementation of the
launch, orbit, and Ilogistics operational support systems. The Qlaunch support systems include
equipment and fTacilities definition necessary for launch readiness of the Space Station elements,
logistics support, and user payload processing. The orbital requirements and facilities requirements
identification activities include: definition of the concepts of station and user operations; payload
and station support center Tacilities requirements identification; Space Station operational
requirements, e.g., maintenance, display and controls; and, the planning activities to insure user
accommodations. The logistics activities include the definition of the systems and processes to
support resupply of the Space Station system on a regular basis. The objective of these activities is
to insure the operational readiness of the Space Station, including the platforms.

Program Management/Integration - This activity provides for the necessary program management and
integration functions for the total program. The major effort within this activity is the sExI which
provides the capability to perform in-house systems engineering and integration including the
definition of design requirements, environmental requirements, architecture configurations
commonality, and system interfaces. SE&I also provides for the creation and maintenance of an
engineering master data base and the performance and management of special studies. The integration
activity will encompass both the element definition work done by the contractors as well as the
individual advanced development tasks.

also included in the Program Management/Integration effort is the Technical and Management
Information System (TMIS) which will provide an advanced, program-wide network of compatible hardware
and iIntegrated software linking all elements involved in the program. This system will be the
principle mechanism for electronic processing and exchange of data with primary utilization in the
broad areas of engineering and technical support, as well as program management and information, and
communications.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE FLIGHT SPACE TRANSPORTATION CAPABILITY DEVELOPMENT PROGRAM

SUMMARY OF RESOURCES REQUIREMENTS

1985 1986
1984 Budget Current Budget Page
Actual Estimate Estimate Estimate Number
(Thousands of Dollars)

Spacelab......cccooiiiii. 111,000 69,300 58,300 96,700 RD 2-6
Upper stages.........cooviviiiiiannn.. 143,200 92,400 92,400 122,000 RD 2-9
Engineering and technical base........ 93,100 105,700 105,700 109,700 RD 2-12
Payload operations and support

equipment.....................LL 59,600 61,300 56,300 63,900 RD 2-15
Advanced programs..................... 21,500 14,500 20,500 21,000 RD 2-17
Tethered satellite system............. 3,300 18,200 18,200 21,000 RD 2-19
Orbital maneuvering vehicle........... ——- - — 25,000 RD 2-20

Total........iiii 431,700 361,400 351,400 459,300
Distribution of Program Amounts By Installation
Johnson Space Center.................. 118,000 115,300 113,200 115,100
Kennedy Space Center.................. 47,600 43,100 34,700 56,900
Marshall Space Flight Center.......... 121,700 81,000 89,200 128,400
National Space Technology Laboratories 7,200 6,600 8,200 7,100
Goddard Space Flight Center........... 2,200 -— 300 -—
Jet Propulsion Laboratory............. 1,100 300 300 1,000
Langley Research center............... 1,500 100 300 200
Lewis Research Center................. 127,200 85,000 73,000 115,300
Ames Research Center.................. 400 - —-——- -
Headquarters............coovvevennnn.. 4,800 30,000 32,200 35,300

Total.......ooiiii 431,700 361,400 351,400
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

OFEICE OF SPACE FLIGHT SPACE TRANSPORTATION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION

The principle areas of activity in Space Transportation Capability Development are efforts related
to the Spacelab, the Upper Stages that place satellites in high altitude orbits, the Engineering and
Technical Base support at NASA centers, Payload Operations and Support Equipment, Advanced Programs
study and evaluation efforts, the development and Ffirst flight of the United States/Italy Tethered
Satellite System, and the development of the Orbital Maneuvering Vehicle.

Spacelab is a major element of the Space Transportation System (STS) that provides a versatile,
reusable laboratory which is flown to and from Earth orbit in the orbiter cargo bay. The development
program which has been carried out jointly by NASA and the European Space Agency (ESA) continues with
the second verification mission, Spacelab 2, currently scheduled for the last quarter of FY 1985
NASA®"s support of the Spacelab development effort includes ancillary flight and ground hardware and
system integration efforts which assure Spacelab compatibility with experiments and the orbiter. The
First operational mission, Spacelab 3, is currently planned to fly in the middle of FY 1985 and will
be of the same general configuration as the first Spacelab mission.

Upper Stages are requied to deploy payloads to orbits and trajectories not attainable by the Shuttle
alone. The program provides for procurement of stages for NASA missions, for technical monitoring and
management activities for government and commercial Upper Stages, a Solid Rocket Motor integrity
program to establish an engineering data base for Upper Stage components and for the NASA share of the
joint Air Force development effort on the Centaur upper stages for use in the Shuttle.

The Engineering and Technical Base provides the core capability for the engineering, scientific and
technical support required at the Johnson Space Center (JsSC), the Kennedy Space Center (KsC), the
Marshall Space Flight Center (MSFC), the White Sands Test Facility (WSTF), and the National Space
Technology Laboratories (NSTL) for research and development activities. In FY 1985 and subsequent
years, computational capability is included to provide for complex flow dynamics modeling and other
analyses in support of MSFC programs.

Payload Operations and Support Equipment provides for developing and placing into operational status
the ground and flight systems necessary to support the Space Transportation System payloads during
pre-launch processing, on-orbit mission operations and, when appropriate, post-landing processing.
Included within this program area are the development and the initial operation of the Payload
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Operations Control Center, satellite servicing tools and techniques development, STS support services
for NASA payloads flight demonstrations and multi-mission payload support equipment.

The Advanced Programs effort identifies potential future space programs and provides technical as
well as programmatic data for their definition and evaluation. In support of this effort, advanced
development activites are conducted to provide a basis for obtaining significant performance and
reliability improvements and reducing future program risks and development costs through the effective
use of new technology.

The Tethered Satellite System (Tss), initiated in FY 1984, will provide a new capability for
conducting space experiments in regions remote from the Space Shuttle orbiter. The objectives of the
initial TSS mission planned for 1988, are twofold: (1) to verify the controlled deployment, operation,
and retrieval of the TSS, and (2) to quantify the interaction between the satellite/tether and space
plasma in the presence of a current drawn through the tether.

The development of the Orbital Maneuvering Vehicle will provide a capability for payload delivery,
retrieval, and servicing beyond that currently available in the Space Transportation System.

OBJECTIVES AND STATUS

The integration of experiments for Spacelab-3 and Spacelab-2 missions are continuing with both
flights scheduled iIn FY 1985. The last major piece of the Spacelab"s European-developed flight
hardware, the instrument pointing system (IPS) has been delivered by ESA and will be flown and
verified on the Spacelab-2 mission. The second IPS procured under the NASA-funded follow-on
procurement contract with ESA i1s to be delivered in May 1985. Development is underway on the igloo
pallet as a part of the Spacelab Pallet System to provide extensive support for users on mixed cargo
flights. The development of the Hitchhiker carrier system is also underway. It will provide low
cost, faster access to space for users with fewer support requirements.

Some Spacelab elements which will be flown on the D-1 mission, the First major reimbursable Spacelab
mission, are being staged into the proper configuration in West Germany and are being prepared for
delivery to KSC for integration into the complete Spacelab system in mid-FY 1985. Demonstrating their
versatility, Spacelab pallets were successfully used to carry two satellites back to Earth on the
First Space Shuttle retrieval mission.

In Upper Stages, a joint development program with the DOD was initiated in FY 1983 for the use of
the Centaur as an STS upper stage. The common vehicle, designated Centaur-G, accommodates a 40-foot
long, approximately 10,000-pound payload in the orbiter vehicle bay, and is capable of placing it into
geosynchronous orbit. A longer version of the Centaur-G, known as G Prime, is being developed for
launch of the Galileo and Ulysses spacecrafts iIn mid-1986. The G Prime is approximately 10 Tfeet
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longer than the G Vehicle and is capable of placing a 14,560-pound payload into geosynchronous orbit
from the orbiter. Two Centaur-G Prime vehicles are currently under procurement for the Galileo and
Ulysses missions. Procurement has been initiated for one Centaur-G vehicle to support the Venus Radar
Mapper mission in 1988.

The commercially developed Payload Assist Modules (PAM) provide low cost transportation, principally
for commercial spacecraft, from the Shuttle®s low Earth orbit. The Delta class PAM-D is capable of
injecting up to 2,750-pound payloads into geosynchronous transfer orbit. The PAM-DII will be capable
of placing a 4,100-pound payload into geosynchronous transfer orbit and will be available for launch
by mid 1985. The aAtlas-Centaur class PAM-A is capable of inserting 4,400-pound payloads into the same
orbit and was system-qualified in late 1984. Twenty-six PaM-D's have been successfully launched on
the Delta, Atlas, and Space Shuttle. Since the Westar VI and Palapa B-2 PAM-D failures on STS-11,
there have been eight successful PAM-D missions as of December 10, 1984.

The Inertial Upper Stage (IUS) has completed modification for operational use after experiencing a
failure during its Ffirst STS launch (TDRrs-1) on April 4, 1983. TDRS-2, which is the next NASA use of
an IUS, is scheduled for launch in February 1985.

The Transfer Orbital Stage (T0OS) is a three-axis stabilized perigee stage that is being commercially
developed by the Orbital Sciences Corporation for use in the Shuttle. It will have the capability of
placing 6,000 to 13,000 pounds into geosynchronous transfer orbit and thus bridges the gap between
PAM-DI1 and Centaur. The scheduled launch availability is early 1987.

In Payload Operations and Support Equipment, payload integration support and payload-related
hardware are developed and furnished for NASA payloads. Multi-mission payload equipment being
developed includes a payload bay bridge structure to carry small payloads, apparatus for providing
cooling of the heat generated iIn the orbiter bay by the radioisotope thermal generators (RTG's) used
for planetary missions, and a standard mixed cargo wire harness.

The Advanced Programs effort is focused on five major areas--satellite services, spacecraft system,
advanced transportation systems, crew systems, and generic space system capabilities. Satellite
servicing systems will continue definition and advanced development work iIn remote and proximity
operations. Continued efforts will be made in the areas of platform systems and servicing and
advanced tether applications. Advanced transportation concepts will be studied, including orbital
transfer vehicles (0oTv's), propellant management, advanced launch vehicles, and advanced STS
analytical tools. Systems supporting human presence in space as well as generic work in space
structures, orbital debris management and retrieval, and artifical intelligence applications will be
investigated.

The Tethered Satellite System (TSs) hardware development was initiated in FY 1984 following the

RD 2-4



completion of an advanced development phase initiated In FY 1983, The Italians started hardware
development in FY 1984 and a cooperative first flight is presently scheduled for 1988. After
completion of systems definition studies in FY 1985, effort will be initiated in FY 1986 for
comprehensive design and requirements validation and procurement of long lead time flight hardware
elements and tooling.
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BASIS OF FY 1986 FUNDING REQUIREMENT

SPACELAB
1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Daelget. L 91,600 31,200 19,200 16,000
(0'3< t=| 1710 o ST 19,400 38,100 39.100. 80,700
ToRl. 2111000 69,300 58,300 2.6.200.

OBJECTIVES AND STATUS

The Spacelab is a versatile, reusable facility carried in the cargo bay of the Space Shuttle orbiter
which affords scientists the opportunity to conduct scientific experiments in the unique environment
of space. Ten European nations, including nine members of the European Space Agency (ESA), are
participating in this joint development program with NASA. ESA designed, developed, produced, and
delivered the first Spacelab consisting of a pressurized module and unpressurized pallet segments,
command and data management, environmental control, power distribution systems, an instrument pointing
system and much of the ground support equipment and software for both flight and ground operations.

NASA 1is responsible for the remaining hardware including such major elements as the crew transfer
tunnel, verification flight instrumentation, certain ground support equipment, and a training
simulator. Support software and procedures development, testing, and training activities not provided
by ESA which are required to demonstrate the operational capability of Spacelab are also included in
NASA"s funding. NASA 1is completing the procurement of additional Spacelab hardware from ESA under
terms of the ESA/NASA Memorandum of Understanding and the Intergovernment Agreement. In addition,
NASA 1is developing a Spacelab Pallet System (sSps) for mixed cargo opportunities, two small payload
carriers called the Spacelab Hitchhikers, which will use existing hardware and accommodate payload
requirements between the current Spacelab and the NASA getaway special (GAS) capabilities, and a
second Spacelab Payload Operations Control Center.

Spacelab operations includes mission planning and flight and ground operations for all missions

other than the development flights (Si.-1 and SL-2). This includes integration of the flight hardware
and software, payload operations data management, and logistical support.
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The first Spacelab operational flight (s1-3) is currently scheduled for mid-FY 1985. The second
verification flight (8L-2) 1is scheduled for the second half of FY 1985. Current activities prior to
flight include physical integration, checkout of the Spacelab elements, and support of training
including the operations of the Spacelab simulator. After the Flight, SL-2 will require deintegration
of the Spacelab system components and post-flight data analysis. Also in FY 1985, processing of the
second flight of the Materials Science Laboratory (MsL) and preparation for the TFfirst Hitchhiker
flights will take place. The integration of the first life sciences mission (SLS-1) and astronomical
observations mission (ASTRO-1) will also be iIn process and analytical integration, configuration
management, and software development €or future flights will be conducted.

Procurement of spares for both NASA developed hardware and for hardware developed by U.S. companies
under contract with ESA will continue in FY 1985. Expansion of the Software Development Facility to
accommodate instrument pointing system software requirements necessary to support the planned flight
rate will be completed in FY 1985. Production of the second Spacelab flight unit, which is under
contract with ESA, will continue with all components scheduled to be delivered by the end of ry
1985. The 1initial lay-in and replenishment of spares for the ESA-~delivered hardware, and for the
establishment and operation of depot maintenance for U.S.-provided and European-supplied hardware will
continue in FY 1985.

CIANGES F :OM 1385 FODNE £ M I

The FY 1985 current estimate reflects a decrease of $11.0 million, primarily due to savings in the
procurement of spares and maintenance. The follow-on-procurement contract with ESA for the production
for the second Spacelab unit has also experienced savings. These savings are due to fewer hardware
modifications than expected, and a favorable exchange rate because of the strengthened value of the
U.S. dollar versus European currencies. Two new development programs were added since the FY 1985
Budget Estimate: the second Payload Operations Control Center to be located at MSFC, and provision
for the Spacelab Hitchhiker carriers for small payloads.

BASIS OF FY 1986 ESTIMATE

Funding in FY 1986 is required for Spacelab operational flights including SLS-1, ASTRO-1, Sunlab-1
and the combined EOM-1/EOM-2, all to be flown in that fiscal year. The reimbursable West German
Spacelab mission, Spacelab pD-1, will also be flown iIn FY 1986. Also, FY 198 funding is required to
support flights to be flown in subsequent years including the Material Science Laboratory missions
(MSL 3,4,5 and 6), ASTRO-2 and 3, EOM-2, OAST-2, SHEAL-1 and Sunlab-2. This support includes
analytical integration, configuration management, hardware integration and software development and
integration. The Hitchhiker system will be ready in FY 1986 to support up to four missions per year.

RD 2-7



Development funding is required in FY 1986 for: continued procurement of initial lay-in and
replenishment spares from both United States and European sources; establishment and operation of
depot maintenance for U.S, and European supplied hardware; and, sustaining engineering to support the
hardware and software. Additional payload operational control capability is being implemented for
Spacelab missions by modifying an existing MSFC facility. This additional capability will be
completed and operational in FY 1986 to support the ASTRO-1 mission and will provide the required
support to the Spacelab manifest. The Igloo Pallet version of the SPS mixed cargo capability will
also be completed and ready for the ASTRO-1 mission.
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BASIS OF FY 1986 FUNDING REQUIREMENT

UPPER STAGES

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dol lars)

Develgoment. oo 80,900 8,700 9,700 5,700
Procurement and operations............ 62,300 83,700 82,700 116,300
(o = [ 143,200 927400 92,400 122,000

OBJECTI1VES AND STATUS

The STS upper stages are required to deploy Shuttle-launched payloads to orbits not attainable by
the Shuttle alone. The Inertial Upper Stages (IUS), the Centaur/sTS, the Payload Assist Modules
(PAM-A, PAM-D and PAM-DII -- formerly the Spinning Solid Upper Stages (SsuUs)), and the Transfer Orbit
Stage (T0S) represent the four classes of upper stages that are or will be available for use with the
STS.

The 1US was developed under a DOD contract to provide the capability to place payloads of up to
5,000 pounds into geosynchronous orbit. The first IUS was successfully launched in October 1982 on a
Titan 34-D booster. The first 1Us/sTs launch in April 1983 carried the TDRS-1 spacecraft. The IUS
failed to operate nominally during the second stage boost. The IUS anomalies were resolved by joint
USAF/NASA action, and the pob/Nasa/Industry Anomaly Investigating Team has determined that the IUS is
ready for flight. Four IUS vehicles have been procured for launch of the initial four Tracking and
Data Relay Satellite System spacecraft; the first three were funded through the TDRSS contract while
the fourth is funded under this budget element.

NASA and DOD have entered into a joint development program for a wide-body derivative of the Centaur
stage as used in the Atlas-Centaur program. The common vehicle, designated Centaur-G, will
accommodate a 40-foot long, approximately 10,000-pound payload in the orbiter payload bay, and be
capable of placing it into geosynchronous orbit. It will be available in 1987. A longer and more
powerful version of the Centaur-G, known as G Prime, is being developed for launch of the Galileo and
Ulysses spacecraft in mid-1986. Two Centaur-G Prime vehicles are currently being procured for the
Galileo and Ulysses missions. Procurement was initiated in FY 1985 for one G vehicle to support the
Venus Radar Mapper mission. The Ailr Force and NASA equally share common design and development costs
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for the Centaur-G. The Air Force and NASA separately budget for hardware production and operations
costs associated with each agency"s missions. Both NASA and DOD plan additional procurement of
vehicles at a later date to meet future requirements. The planned activities for Centaur in 1986
include the work required on the RL-10 engine to provide added capability for NASA and DOD missions.

The objective of the PAM program is to provide low cost transportation, principally of commercial
spacecraft from the Shuttle®s low Earth orbit to geosynchronous transfer orbit. The Delta class PAM-D
is capable of injecting up to 2,750-pound payloads into geosynchronous transfer orbit. The atlas-
Centaur class (PAM-A) is capable of inserting 4,400-pound payloads into the same orbit. PaM's are
being developed commercially, but NASA monitors the development and production to assure that the PAM
is technically adequate and will be available when needed. Twenty-six PAM-D"s have been successfully
launched on the Delta, Atlas, and Space Shuttle. Eight of these have occurred since the two PAM-D"s
failed on sTs-11. The PAM-DII is being developed commercially and will be capable of injecting 4,100~
pound payloads into geosynchronous transfer orbit for missions beginning in mid-1985.

TOS is a three-axis stabilized perigee stage that is being commercially developed by the Orbital
Sciences Corporation for use in the Shuttle. It will have the capability to place 6,000 to 13,000
pounds into geosynchronous transfer orbit, and thus bridge the gap between PAM-DII and Centaur. The
scheduled launch availability is early 1987.

The Solid Rocket Motor Integrity program was initiated during FY 1984 to establish an urgently
needed engineering data base for use of composite materials iIn upper stage motor nozzles, to minimize
risk to planned missions and to restore user confidence in U.S. launch systems. Physical and
mechanical properties of selected components are currently being examined and means of instrumenting
manufacturing processes and their impact on material properties are being developed. Motor testing
will be conducted to verify analysis and create an engineering data base.

CHANGES FROM FY 1985 BUDGET E

The development total has increased by $1.0 million to cover a study of possible advanced
electronics/avionics Tor the Centaur/sTs. The current system is 20 years old and production
difficulties are occurring. Within the procurement and operations total, funds have been reallocated
to continue a solid rocket motor integrity program to gather a general engineering data base on the
composite materials used in solid rocket motors.

BASIS OF FY 1986 ESTIMATE

The ry 1986 development funds are required to continue the RL-10 engine improvement program in order
to provide increased capability for NASA and DOD missions. Also, technical monitoring of the TOS
upper stage will be continued.
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Production and Operations funds iIn FY 1986 are required to complete production, acceptance, and
flight of two Centaur-G Prime vehicles to support the Gailieo and Ulysses launches in May 1986 and
continue production of one Centaur-G vehicle to support the Venus Radar Mapper mission scheduled for
launch in 1988. Operational funds are also required for KsSC to process and qualify support hardware
and systems in preparation for the Galileo and Ulysses flight vehicle processing. Funds are required
to complete the procurement of NASA"s one remaining IUS vehicle and to support IUS checkout and the
stand-by launch capability for the ground spare spacecraft, TDRS-4. Monitoring of the PAM-D and paAM-
pIiri programs will continue. Funds are also required to support continuation of the solid rocket motor

integrity program.
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BASIS OF FY 1986 FUNDING REQUIREMENT

ENGINEERING AND TECHNICAL BASE

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Research and test syport..........._. 38,200 44 ,600 46,100 50,300
Data systems and flight support....... 13,200 17,000 16,500 17,000
Operations sport.ooooooooo... . 39,100 41,100 40,100 39,300
Launch systems syport................ 2,600 3,000 3,000 3,100

ToEk. e 93,100 105,200. 105,700 109,700

OBJECTIVES AND STATUS

The Engineering and Technical Base (ETB) provides the core capability required to sustain an
engineering and development base for various NASA programs at the manned space flight centers.
Additional center program support requirements above the core level are funded by the benefitting
programs, such as Shuttle Operations and Shuttle Production and Capability Development. The centers
involved are the Johnson Space Center (Jsc), the Kennedy Space Center (Xsc), the Marshall Space Flight
Center (MSFC), and the National Space Technology Laboratories (NSTL).

The core level of support varies from center to center due to programmatic and institutional
differences. At JSC, the core level requirement is that one shift of operations be maintained in the
engineering and development laboratories, the White Sands Test Facility, and reliability and quality
assurance areas. The core level for the Central Computer Complex is established as a two-shift
operation. The fTunding for center operations base support is split between the ETB and Shuttle
Operations budget elements in accordance with the principle that ETB will provide the core level and
the benefitting program is responsible for funding additional support requirements. At KSC, due to
its operational character, the core level provides for future studies and ground systems research and
development. ETB funds at MSFC provide for multi-program support activities, including computational
and communications services, and at NSTL for facilities operations, including security.
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CHANGES FROM FY 1985 BUDGET ESTIMATE

The total funding for ETB has not changed in FY 1985. There have been reallocations within the
total estimate to support the increased computational capabilities at MSFC. Reductions have been
possible by some deferrals of activity including ADP equipment acquisitions in data systems and flight
support and operations support.

BASIS OF FY 1986 ESTIMATE

The requested funding for the ETB in FY 1986 provides for a continuation of the FY 1985 level of
support for institutional research and development facilities and services at the centers. The
increase in FY 1986 budget authority requirements over FY 1985 reflects the funding for the augmented
computational capabilities at MSFC.

In research and test support, effort will be continued on the provision for increased computational
capabilities at MSFC for engineering and science project enabled by acquisition of a class VI
system. This capability is required for the solution of more complex SSME three-dimensional dynamics
modeling problems and for complex structural analyses. At JSC, the requested funding will provide for
a five-day, one-shift operation for the safety, reliability and quality assurance activities and for
the engineering and development laboratories, such as the Shuttle Avionics Integration Laboratory
(SAIL), the Electronic Systems Test Laboratory, and the Water Immersion Facility. Present supporting
activities at MSFC will be continued during FY 1986.

Data systems and flight support provide a minimal core level of support based on a five-day, two-
shift operation of the Central Computer Complex at JSC.

Operations support funding provides for the maintenance of technical facilities and equipment,
chemical cleaning, engineering design, technical documentation and analysis, telecommunications,
component fabrication, photographic support, and logistics support. Examples of specific services to
be provided in FY 1986 include: (1) operation and maintenance of specialized electrical and cryogenic
systems, and maintenance of test area cranes; (2) operation of shops to do metal refurbishing,
anodizing, plating, stripping, and etching of selected items of in-house hardware; (3) engineering,
installation, operation, and maintenance of closed circuit fixed and mobile television required for
the support and surveillance of tests; (4) photographic services, including still and motion picture
processing, and audio-visual mission support; (5) fabrication of models, breadboards, and selected
items of flight hardware; (6) technical documentation services, telecommunications, and graphics; (7)
technical services in support of center operations including receipt, storage, and issue of research
and development supplies and equipment and transportation services; and (8) management services in
support of center operations, including data management, microfilming, and preparation of technical
documentation. In addition, FY 1986 funds will provide the basic level of institutional support at
NSTL for continuing SSME testing activities.
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In launch systems support, Tfunds are required to continue work related to the research and
development technologies available to enhance launch site hardware, ground processing, and support
systems.
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sASIS OF FY 1986 FUNDING REQUIREMENT

PAYLOAD OPERATIONS AND SUPPORT EQUIPMENT

1985 1986
1984 Budget Current Budget
Actual Estimate Est imate Estimate

(Thousands of Dol lars)

Payload geratios. .. cocooeoaaaa 40,800 45,200 38,300 53,400
Payload support equiprent........... .. 18,800 16,100 18,000 10,500
JLL_ r= ! 59,600 61,300 56,300 63,900

OBJECTIVES AND STATUS

The Payload Operations and Support Equipment objectives are to centralize the provisioning of
payload services, both unique and common, which are required beyond the basic standard services for
NASA missions, and to provide multimission support equipment in support of payload operations.
Payload operations provides unique hardware, analyses, and launch site support services to support STS
missions. Payload support equipment funds the development and acquisition of multi-mission reusable
ground support equipment required for a wide range of payloads. This includes test equipment required
to checkout payload-to-orbiter interfaces at KSC, test equipment for checkout of NASA payloads at
VAFB, canisters for transportation of payloads to the orbiter, mixed cargo hardware such as standard
cable harnesses and displays and controls related to payload bay operations. In addition, this
program provides for the activation and operations through completion of Spacelab development flights
in 1985 of the Payload Operations Control Center (pPocC) located at JSC. This facility enables command
and control of shuttle/Spacelabp attached payloads and its funding requirements will be supported by
Spacelab Operations after completion of the development flights.

CHANGES FROM FY 1985 BUDGET ESTIMATE

As part of the general reduction identified in the FY 1985 R&D appropriation, payload operations and
support equipment has been reduced a net of $5.0 million. Payload operations funding requirements
have decreased by $6.9 million due to a reevaluation of payload support requirements and changes in
the launch dates of several NASA missions. Revisions include funding for an operational orbital
refueling system and other flight capability demonstrations, as well as funding €or unique camera
systems to document inflight operations of the orbiter, crew and payloads.
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Payload support equipment estimates have increased by $1.9 million reflecting the net effect of
deferrals of cargo integration test equipment spares from 1984 and the addition of fiber optic cabling
and associated equipment to improve data transfer capability and communications within the cargo
integration network.

BASIS OF ET 1986 ESTIMATE

Payload operations funding is required to furnish continued payload services for currently scheduled
NASA launches. Major payloads receiving support during this year include Galileo, Venus Radar Mapper,
Ulysses, Tracking and Data Relay Satellite, Hubble Space Telescope, Spartan Halley, astro-1, and
Spacelabs-2 and -3. Further, efforts will continue to provide the means to maintain and repair
satellites on-orbit by developing a series of tools, aids, and techniques, and to demonstrate
capabilities and methods of improving the efficiency of on-orbit operations. The demonstrations will
provide the experience necessary for realization of the Shuttle®s potential for satellite servicing
missions and on-orbit assembly functions.

FY 1986 funding for payload support equipment will be used for the development, test, and
installation of mixed cargo hardware and test equipment, long lead procurement of equipment for NASA
payloads at VAFB, procurement and installation of fiber optics, and continued procurement of cargo
integration hardware required to meet the mission manifest.
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ADVANCED PROGRAMS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Advanced progrars. ..o --ooooooooooooo. 21,500 14,500 20,500 21,000
OBJECTIVES AND STATTJS

Advanced Program®s principal objectives are to conduct mission requirements analyses, conceptual
system definition, detailed system definition, and advanced and supporting developments to acquire the
technical and programmatic data for the evaluation of new space flight initiatives. Future space
program and systems requirements, configurations, costs, and capabilities are identified to provide
the basis for development decisions on new space Flight systems. Past program efforts have provided
such information for new major agency programs and systems including apollo, Skylab, and the Space
Transportation System. Subsystem studies and advanced and supporting development efforts are
conducted to demonstrate the required performance and reliability. Improvements which reduce system
program costs and performance schedule risks will also be investigated.

In FY 1985, the Advanced Programs effort is focused iIn five major areas--satellite services,
spacecraft systems, advanced transportation systems, crew systems, and generic space system
capabilities. Defintion studies as well as advanced development efforts are being continued in the
areas of satellite servicing systems; manned extravehicular activity; spacecraft and platform
resupply, maintenance and repair; rendezvous and proximity operations; satellite maintenance and
repair in low and geostationary Earth orbit; and autonomous capabilities. In spacecraft systems,
definition activities continue for free flying and tethered space platforms in low and geostationary
orbits operating from the Shuttle. Advanced transportation studies are focused on study of potential
future reusable orbital transfer vehicles (0Tv), space-based operations of O0TV"s, Shuttle-derived
launch vehicle concepts, propellant scavenging, and aft cargo carrier concepts. Crew systems efforts
will focus on definition and advanced development related to future space flight systems. Generic
space system capabilities will include studies related to space debris. Preliminary definition and
ground simulation evaluations of assembly and construction operations for large space systems and
orbital structures will be pursued.

A major thrust in FY 1985 is completion of the detailed definition of alternative concept systems of
an Orbital Maneuvering Vehicle (oMv) and the preliminary systems concept studies for a reusable OTV.
The reusable OMV will extend the capability for conducting orbital operations with spacecraft and
payloads 800 to 1400 nautical miles beyond the practical operational accessability limits of the
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baseline STS. The OTV studies will lead into a joint 0SF/0AST sponsored Aeroassist demonstration for
competitive aerobrake techniques. OSF is responsible for the test vehicle and test specimens; OAST
will support instrumentation and data reduction. Aeroassist has the potential to double the payload
capability from a reusable OTV; no other development offers improvement of this magnitude.

CHANGES IN FY 1985 BUDGET ESTIMATE

In accordance with Congressional direction, advanced programs have been increased by $6.0 million
for advanced work on Shuttle-derived launch vehicle systems. Discussions are underway with the DOD
concerning joint studies.

BASIS OF FY 1986 ESTIMATE

In FY 1986, major emphasis will be placed on system concept definition and key advanced developments
in crew systems, geostationary unmanned platforms, reusable 0TV"s, new capability mission Kits for
orbital maneuvering vehicles, future tethered systems applications, satellite servicing systems near
and remote from the orbiter, and generic space systems capabilities. The overall goal continues to be
the definition of the space elements needed for space operations over the next twenty years.

Intensive study of unmanned launch vehicles will be continued in coordination with USAF. Depending
on present discussions, a major portion of the FY 1985 funds may go to a joint project office.
Alternatively, NASA may issue study contracts with senior level nNasa/DoD coordination.

OTV studies in the advanced transportation area will seek further insight into issues not resolved
at the conclusion of the present definition studies. The OTV studies will head into a joint OSF/OQAST
sponsored demonstration of competitive Aeroassist braking techniques to enhance the payload potential
of an OTV. Spacecraft systems will TfTocus on geostationary platforms capability definition and
delineation of critical mechanisms and designs which require advanced development efforts. Under
spacecraft systems efforts, detailed engineering systems analysis will be continued to determine the
efficiency of future tethered systems applications. In the crew systems and satellite servicing
systems areas, activity will continue an detailed definition, prototype development, and ground-based
developmental testing of high leverage manned servicing tools, equipment, interface hardware, and
operational techniques for iIn-the-bay and near-the-orbiter servicing of spacecraft and platforms.
Satellite servicing will explore remotely manned servicing to extend manned STS operational capability
for remote low and geosynchronous support of spacecraft and platforms. Generic space systems
capability efforts will continue to conduct definitions and simulations of construction and assembly
of large space systems and structural elements, establishing techniques and systems engineering
understanding. Analysis and potential in situ verification of space debris and its control will be
pursued. The application of artificial intelligence to space systems applications will also be
studied.
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BASIS OF FY 1986 FUNDING REQUIREMENT

TETHERED SATELLITE SYSTEM

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Tethered satellite system............. 3,300 18,200 18,200 21,000

OBJECTIVES AND STATUS

The development of a Tethered Satellite System (Tss) will provide a new facility for conducting
space experiments at distances up to 100 kilometers from the Space Shuttle orbiter while being held in
a Tixed position relative to the orbiter. A number of significant scientific and engineering
objectives can be uniquely undertaken with a TSS facility such as the observation of important
atmospheric processes occurring within the lower thermosphere, new observations of crustal geomagnetic
phenomena, and entirely new electrodynamic experiments interacting with the space plasma. This is
being undertaken as a cooperative development program with the Italian government. Formal signing by
representatives of both governments of a memorandum of understanding took place in March 1984

The United States TSS hardware development of the deployment mechanism began in FY 1984 following
the completion of an advanced development phase initiated in FY 1983. The United States is also
responsible for overall program management and orbiter integration. The Italians completed the
definition phase in FY 1983 and initiated the satellite hardware development in 1984, They are
responsible for the satellite development and instrument and experiment iIntegration. Some program
delays are being encountered on the development of the Italian satellite and the presently planned
1988 launch schedules are being reevaluated.

BASIS OF FY 1986 ESTIMATE

FY 1986 funding of $21.0 million will continue the hardware design and development leading to an
engineering verification flight. The planning estimate for the total development cost for the United
States activities remains at $50-60 million.
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BASIS OF FY 1986 FUNDING REQUIREMENT

ORBITAL MANEUVERING VEHICLE

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Orbital maneuvering whicle........... -—- -—- -— 25,000

OBJECTIVES AND STATUS

The Orbital Maneuvering Vehicle (oMv) will provide a new STS reusable extension capability for
conducting orbital operations with spacecraft and payloads beyond the practical operational
accessibility limits of the baseline STS. By means of direct man-in-the-loop control, the reusable
OMV, operating as far as 800-1400 nautical miles from the orbiter, will provide delivery, maneuvering,
and retrieval of satellite payloads to and from altitudes or inclinations beyond the existing STS
capability; reboost of satellite to original operational altitudes or higher; delivery of multiple
payloads to different orbital altitudes and inclinations in a single flight; and safe deorbit of
satellites which have completed their useful life. It will be designed to accommodate the add-on of
future "mission kits" as needed to support more advanced missions such as the servicing of satellites
and platforms and the retrieval of space debris which could represent an orbital hazard to all future
space missions.

BASIS FOR FY 1986 ESTIMATES

The funding in FY 1986 will provide for the timely initiation of OMV flight hardware development
following completion in 1985 of systems definition efforts initiated with FY 1984 Advanced Programs
funding. Initiation of hardware development in FY 1986 will lead to an initial operating capability
in 1990 at a total estimated cost of about $400 million. In FY 1986, Tunding will enable a
comprehensive design and requirements confirmation/validation effort to be pursued and procurements
for long lead time Flight hardware elements and tooling will be initiated.
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RESEARCH AND DEVELOPMENT BUDGET PI

NATIONAL AERONAUTICS AaND SPACE ADMINISTRATION

FISCAL YEAR 1986 ESTIMATES

Programs

Physics and astroOy...occcooeaacaaan.

Life sclaosS. e e

Planetary eploation...............

Solid earth oosenvations. .. cccceeeeeoo..

1984

Actual

567 ,600
58,000

. 217,400
76,400

162,000

25,600

41,100

8,900

1,157,000

FOR SPACE

E AND APPLICATIONS PROGRAMS

Budget Plan

<t

1986
Budget Current Budget
Estimate Estimate Estimate
(Thousands of Dollars)
677 ,200 677,200 630,400
63,300 62,300 72,000
286,900 290,900 359,000
63,600 57,600 74,900
220,700 212,700 317,500
23,000 27,000 34,000
20,600 60 ,600 106,200
16,200 16,200 19,200
1,371,500 1,404,500 1,613,200
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

SPACE SCIENCE AND APPLICATIONS

MAJOR FLIGHT ACTIVITY

FISCAL YEARS
1984 1985 1986 1987 1988 1989 1990 1991 1992

Ho»»1lp Space Telps<oge. A
Gamma By Obsprwatory A
=xglorsr LAUTNCH P Se veeeoassosssssnsessaonnnnenensd\ . ... A....A..AA .. A .... A

Shuttle/SqE<pla® DayloafSssesescesssessessocsessdd

oQi<atp® Lifp S<isn<es Sga<plaPs

Voyager-Uranus (U) anQ Neptump (N) = <ountpr..................C)...............C)

. A solar Tag=age

GalileOeeeesssoscesncssosnsoscsccssassncssssssscsssscsasassonsea

l >

Wlyssps (Imtprnational Solar Tolar—-=SA Sga<p<raft)
Venus Radar Mapper MiSSiONesceessssssscssscesssossssssssccssssonssnncses AN (:)

Mars OP»serwsr (MGCO) A (:)
Sparfm a Q Re=cup 2w<ztor System

On Weather Satpllites
(Su>jesct to NOAA Call-up!

=arth Radiation BuQgpt Experimenteccccsscececes
Woper Atmo;>ppri< RESEATTT] SAtm]litm ecoosocseooossssesocssssscsssscscsassscscasesssal)
Advanced Communi<ations Tpchnology Satpllite (ACTS)eecceceessccsacssscsssososnse A

S<atterometer (Nawy Remots O<pan Spn=ing Systm — N-@OSS] A
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

SUMMARY OF RESOURCES REQUIREMENTS

1984

Actual

Hubble space telescope development..... 195,600

Gamma ray observatory development...... 85,950
Shuttle/Spacelab payload development

and mission menegament............... 80,900

Explorer deelgpent................... 48,700

Mission operations and data analysis... 68,100

Research and amslysis................_. 35,873

Suborbital progran. ..o 52 ,477

To@al. ool S562,600.

Distribution of Program Amount by Installation

Johnson Space Gaer . ocoooooooos 7,253
Kennedy Space Catter....oooooooooo... 3,295
Marshall Space Flight Center........... 297,417
Goddard Space Flight Center............ 187,695
Jet Propulsion ladoatory. ... 17,826
Ames Research Gater.... ... 14,655
Langley Research Gatter....... e 877
Lewis Research CGater......o..o.o..... 150
(35200 U2'g (= - R 38,432

ToEl. .. 567,600

fr—vrr—r—rrrrory

Budget

Estimate

(Thousands of Dol lars)

195,000
120,200

105,400
51,900
109,100
36,900
58,700

677 ,200

EP T Ty

4,500
11,000
336,888
232,521
26,308
21,446
2,183

42 ,354

677,200

1985 1986
Current Budget
Estimate Estimate
195,000 127,800
117,200 87,300
105,400 135,500
51,900 55,200
109,100 119,900
39,900 42,300
58,700 62 2400A
30,4400
8,563 9,500
6,754 7,250
334,348 283,298
191,078 216,996
26 ,679 34,525
57 ,842 27,500
2,914 3,233
49,022 48,098
677,200 630 z400

Page

RD
RD

RD
RD
RD
RD
RD

Number
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS PHYSICS AND ASTRONOMY M

PROGRAM OBJECTIVES AND JUSTIFICATION

The major objective of the Physics and Astronomy program is to increase our knowledge of the origin,
evolution, structure, and composition of the universe, including the Sun, the stars, and other
celestial bodies. Space-based research is being conducted to investigate the structure and dynamics
of the Sun and its long-and short-term variations; cosmic ray, x-ray, ultraviolet, optical, infrared,
and radio emissions from stars, interstellar gas and dust, pulsars, neutron stars, quasars,
blackholes, and other celestial sources; and the laws governing the interactions and processes
occurring iIn the universe. Many of the phenomena being investigated are not detectable from
ground-based observatories because of the obscuring or distorting effects of the Earth"s atmosphere.

To achieve the objectives of the Physics and Astronomy program, NASA employs theoretic and
laboratory research; aircraft, balloon and sounding rocket flights; Shuttle/Spacelad Flights; and
free-flying spacecraft. Research teams involved in this program are located at universities,
industrial laboratories, NASA field centers, and other government laboratories.

The scientific information obtained and the technology developed in this program are made available
to the scientific communities for application to and the advancement of scientific knowledge,
education and technology.

The Physics and Astronomy missions undertaken to date have been extraordinarily successful, and a
number of missions continue to produce a rich harvest of scientific data; the International
Ultraviolet Explorer (IUE) and the Solar Maximum Mission (sMM) are still operating, and new scientific
results are continually emerging from the analysis of the High Energy Astrophysics Observatories
(HEAO) and Infrared Astronomical Satellite (IRAS) data sets.

Explorer satellites are relatively low cost but extremely effective missions which have been
developed and launched since the beginning of our country®s space program. Our most recent Explorer
mission, the Active Magnetospheric Particle Tracer Explorer (AMPTE) was launched in 1984. AMPTE, a
cooperative project with the Federal Republic of Germany and the United Kingdom, consists of two
spacecraft provided by the U. s. and Germany; the latter has a subsatellite attached which was
provided by the United Kingdom. This mission is studying the solar wind at the subsolar point and
identifying particle entry windows, energization processes and transport processes into the
magnetosphere. The Infrared Astronomical Satellite (IRAS), developed in collaboration with the
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Netherlands and the United Kingdom, and launched in January 1983, made exciting discoveries and
significant contributions to astronomical research as it observed the cool and obscured objects of the
universe. While the spacecraft has completed operations, the analysis of the IRAS data will continue
for several years.

In FY 1985, the integration and testing activities of the Hubble Space Telescope will be continued
in preparation for launch in 1986. The major activity during FY 1985 will be the assembly and
verification of the total Space Telescope system. The Hubble Space Telescope program will provide an
international spaceborne astronomical observatory capable of measuring objects appreciably fainter and
more distant than those accessible from the ground. This increased capability will allow us to
address such basic questions as the origin, evolution, and disposition of stars, galaxies, and
clusters, thus allowing us to significantly increase our understanding of the universe.

Two major Explorer missions are now under development: the Cosmic Background Explorer (COBE) and the
Extreme Ultraviolet Explorer (EWE). In addition, a US. X-ray high resolution imager is being
developed for launch in 1985 on the Roentgen Satellite (ROSAT), which is being developed by the
Federal Republic of Germany. A Cosmic Ray Isotope Experiment is also being developed for flight in
1986 on a Department of Defense satellite.

The shuttle/Spacelab program will continue, with flight of both Spacelabs-2 and -3 scheduled to
occur in 1985. The Spacelab-3 mission will emphasize Life Sciences and Materials Processing
experimentation, whille Spacelab-2 , the second of two verification flights of the European-built
Spacelab system, emphasizes solar physics, plasma physics, and astrophysics. Activity will also be
conducted on several future missions, including Astro-1 and -2, the Environmental Observation Missions
(EOM), the Materials Science Lab, and the first dedicated Life Sciences mission (Life Sciences-1). In
addition, sounding-rocket-type instrumentation will be developed to be flown on the Space
Transportation System to allow longer flight time of these relatively low-cost instruments.

Suborbital observations will continue to be conducted in FY 1986 from balloons, sounding rockets,
and high-flying aircraft that carry instruments above most of the atmosphere.
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BASIS OF FY 1986 FUNDING REQUIREMENT

HUBBLE SPACE TELESCOPE DEVELOPMENT

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Seceoaft. 167,000 174,800 174,100 113,900
Berimats. . o . 28,600 20,200 20,900 13,900

ToEN. e 195,600 195,000 195,000 127,800
Mission operations and data analysis.. (41,500) (74,700) (74,700) (88,000)
Space transportation system operations (16,500) (29,700) (30,100) (41,500)

VES AND STATUS

The Hubble Space Telescope will make a major contribution to understanding the stars and galaxies,
the nature and behavior of the gas and dust between them, and the broad question of the origin and
scale of the universe. Operating in space above the atmospheric veil surrounding the Earth, the
Hubble Space Telescope will increase, by more than a hundredfold, the volume of space accessible for
observations. With its significant improvements in resolution and precision in light sensitivity and
in wavelength coverage, the Hubble Space Telescope will permit scientists to conduct investigations
that could never be carried out with ground-based observatories limited by the obscuring and
distorting effects of the Earth"s atmosphere.

The Hubble Space Telescope will enhance the ability of astronomers to study radiation in the visible
and ultraviolet regions of the spectrum. It will be more sensitive than ground-based telescopes and
will allow the objects under study to be recorded in greater detail. It will make observations
possible of objects so remote that the light will have taken many billions of years to reach the
Earth. As a result, we will be able to look far into the distant past of our universe. The Hubble
Space Telescope will also contribute significantly to the study of the early state of stars and the
formation of solar systems, as well as the observation of such highly-evolved objects as supernova
remnants and white dwarf stars. With the Hubble Space Telescope we may be able to determine the
nature of quasars and the processes by which they emit such enormous amounts of energy; it may also be
possible to determine whether some nearby stars have planetary systems.

RD 3-4



The Hubble Space Telescope will be an automated observatory, delivered into orbit by the Space
Shuttle. Data from its scientific instruments will be transmitted to Earth via the Tracking and Data
Relay Satellite System. The Hubble Space Telescope design will permit in-orbit maintenance and
repair, and/or retrieval by the Space Shuttle for return to Earth for required refurbishment and then
relaunch by the Space Shuttle.

During FY 1984, significant progress was made on the Hubble Space Telescope with the completion of
the scientific instrument verification and acceptance program at the Goddard Space Flight Center,
delivery of the Optical Telescope Assembly, the Science Instrument Control and Data Handling Unit, the
Wide rield/Planetary Camera, the Faint Object Spectrograph and the High Speed Photometer to the
Lockheed Missiles and Space Company fTor assembly and verification into the spacecraft, and the
continued structural and electronic development activities at Lockheed.

In FY 1985, the program focus will be placed on the assembly and verification activities at
Lockheed. In addition, completion and delivery of the three flight Fine Guidance Sensors, the High
Resolution Spectrograph, and the Faint Object Camera is scheduled.

CHANGES FROM FY 1985 BUDGET ESTIMATE

In total, the FY 1985 current estimate remains the same as the budget estimate. However, within the
project, there has been minor shifting of funds between the spacecraft and experiments to accommodate
later than planned delivery of the instruments due to some required rework.

BASIS OF FY 1986 ESTIMATES

The FY 1986 funding is required to complete the integration and testing of the total Hubble Space
Telescope system prior to the shipment of the integrated system to the Kennedy Space Center in
preparation for the launch in the second half of 1986
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BASIS oF FY 1986 FUNDING REQUIREMENT

GAMMA RAY OBSERVATORY DEVELOPMENT

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Spacecraﬂ-- S EEEEEEEEEEEEEEREEEEEEENEEEES 85,950 101,700 98,700 59,700

Experiments and ground operations...... -—= 18,500 18,500 27,600
To@El. ..o 85,950 120,200 117,200 87,300

Space transportation system operations (300) (300) (100) (12,000)

OBJECTIVES AND STATUS

The objective of the Gamma Ray Observatory mission is to measure gamma radiation from the universe,
and to explore the fundamental physical processes powering it. Certain celestial phenomena are
accessible only at gamma ray energies. The observational objectives of the Gamma Ray Observatory are
to search for direct evidence of the synthesis of the chemical elements; to observe high energy
astrophysical processes occurring in supernovae, neutron stars and black holes; to locate gamma ray
burst sources; to measure the diffuse gamma ray radiation for cosmological evidence of its origin; and
to search for unique gamma ray emitting objects.

Cosmic gamma rays represent one of the last frontiers of the electromagnetic spectrum to be
explored. The low Flux levels of gamma rays, and the high background they produce through their
interaction with the Earth®"s atmosphere, coupled with the demand for better spectral, spatial, and
temporal resolution of source features, combine to require that very large gamma ray instruments be
flown in space for a prolonged period of time. Gamma rays provide unique information on the most
intriguing astronomical objects yet discovered, including quasars, neutron stars, and black holes

The Gamma Ray Observatory is scheduled for launch by the Space Shuttle in 1988. The spacecraft is
being designed to accommodate four scientific instruments, and will be designed to allow for refueling
and for .retrieval by the Space Shuttle. Because of the necessity for long exposures, the spacecraft
will be pointed in a fixed direction in space for periods of a few hours up to two weeks at a time.

RD 3-6



In FY 1984, critical design reviews were held for the iInstruments, as was the preliminary design
review for the spacecraft. In addition, fabrication of iInstrument hardware was initiated. In FY
1985, the spacecraft critical design review will be held. Al subsystem fabrication will be underway
in FY 1985 and the fabrication of the spacecraft flight structure will be initiated.

CHANGES FROM FY 1985 BUDGET ESTIMATE
The reduction of $3.0 million In the current estimate reflects the application of a portion of the
general reduction In the R&D appropriation; the decrease has been accommodated by the rephasing of

program activities.

BASIS OF FY 1986 ESTIMATE

The FY 1986 funding is required for calibration of the science instruments; for continuation of the
spacecraft fabrication and delivery of the Command and Data Handling system; and for continuation of
the ground operations preparations.
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BASIS OF FY 1986 FUNDING REQUIREMENT

SPACELAB PAYLOAD DEVELOPMENT AND MISSION MANAGEMENT

1985 1986
1934 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Payload development & mission
menegamEt. oo 80,900 105,400 105,400 135,500
(Solar Optical Telescope Development) (6,000) (8,800) (9,800) (30,000)

OBJECTIVES AND STATUS

The objectives of Spacelab payload development and mission management are to develop instruments in
order to conduct experiments and acquire new knowledge in the disciplines of physics and astronomy, to
develop experiment interface hardware for materials processing, to develop sounding rocket class
payloads for flight on the Space Shuttle, and to manage the mission planning and execution of all NASA
Spacelab payloads. This project supports the development of all physics and astronomy experiments;
system management and engineering development of Fflight equipment and software; payload specialist
training and support; physical integration of the payloads with the Spacelab system; operation of the
payloads in flight; dissemination of data to experimenters; and analysis of physics and astronomy
flight data. In addition, this project funds the mission management efforts for all NASA Spacelab
payloads.

Instruments are currently under development for several shuttle/Spacelab missions with primary
emphasis on physics and astronomy. These instruments are divided in two classes: multi-user
instruments and principal iInvestigator instruments. The multi-user instruments are those instruments
that have a broad capability, can accommodate a number of principal investigator-furnished
instruments, and have a larger user community. The principal investigator instruments are those
proposed for a specific scientific investigation by a single investigator who may not have
co-investigators. The Spacelab-2 mission, which is the second verification flight of the European-
built Spacelab, is scheduled for launch in mid-1985. The objectives of Spacelab-2 are to verify the
Spacelab pallet and igloo systems, and to obtain scientific data with emphasis on astrophysics and
solar physics. The Instrument Pointing System, developed by the European Space Agency, will be flown
for the first time on Spacelab-2.

Three ultraviolet telescopes are also currently in development leading to a launch in 1986
(Astro=-1). This mission 1is designed to conduct investigations in ultraviolet imaging,
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spectrophotometry, and polarimetry at very high resolution. The Astro~1 mission will also carry two
wide-field cameras, to conduct unique scientific observations of Halley's Comet iIn the near-earth
environment. Astro-1, as well as reflights of this instrumentation, are designed to allow scientific
investigations of a broad range of objects, from nearby comets and planets to the most distant
quasars.

The Solar Optical Telescope (SOT), which is a multi-user instrument facility, currently in the
definition and preliminary design phase. The development phase is planned to begin in FY 1985,
leading to a launch in the early 1990"s. The SOT will provide extremely high resolution images of the
Sun®s surface and atmosphere, permitting for the Ffirst time, measurement matched to the spatial scale
of fundamental solar phenomena.

Mission management activities are continuing on several space science and applications missions, for
example, the Environmental Observations Missions (EoM), several materials processing payloads, and the
First dedicated Life Sciences mission.

Spacelab-3, primarily a materials processing and life sciences mission, is scheduled for launch
later this year. One of the major experiments which will be flown on Spacelab-3 is the Fluid
Experiment system/Vapor Crystal Growth.

CHANGES FROM FY 1985 BUDGET ESTIMATE

In total, the FY 1985 current estimate remains the same as the budget estimate. However, the Solar
Optical Telescope funding has been increased by $1 million to allow for a slight enhancement in the
contractor efforts as SOT moves into the development phase in FY 1985.

BASIS OF FY 1986 ESTIMATE

In FY 1986, mission management of the ongoing Spacelab missions will be continued. Mission
management for the non-physics and astronomy missions includes all Spacelab efforts except instrument
development and data analysis. Development of the Solar Optical Telescope will be continued in FY
1986, and development of the Space Plasma Lab will be continued. Effort will also be continued on the
Shuttle High Energy Astrophysics Lab. FY 1986 funding is required for the development of low-cost
sounding rocket class payloads which will be flown on the Space Shuttle to provide more flight
opportunities to the science community.
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BASIS OF FY 1986 FUNDING REQUIREMENT

EXPLORER DEVELOPMENT

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Active magnetospheric particle tracer

eplorer............._. 7,800 -— - -——=
Cosmic background explorer.... sessssssss 8,300 32,600 30,600 25,400
Roentgen satellite eqeriments.......... 2,300 1,100 1,200 2,200
Extreme ultraviolet explorer...... e 4,600 15,000 15,600 24,100
Other eploers............... . 5,700 3,200 4,500 3,500
ToEl. ..o 48,700 51,900 51,900 55,200

Mission operations and data analysis (12,800) (20,400) (20,400 ) (19,700)

Transportation system operations (400) (6,000) (4,500) (17,700)

OBJECTIVES AND STATUS

The Explorer program provides the principal means of conducting investigations of stellar physics
and of the near-Earth interplanetary environment that have limited specific objectives and that do not
require major observatories. Included in the present program are studies of atmospheric and
magnetospheric physics; the several magnetospheric boundaries; interplanetary phenomena; cosmic ray
investigations; and x-ray, ultraviolet and infrared astronomy. Studies are conducted to define future
high priority science explorer missions. NASA engages iIn cooperative missions with other federal
agencies and other nations whenever such cooperation will assist in achieving the mission objectives.

Solar terrestrial and atmospheric explorers provide the means for conducting studies of the Earth®s
near-space environment. The program requires a wide variety of satellites in orbits extending from
the very lowest reaches of the upper atmosphere to the interplanetary medium beyond the Earth®s
magnetosphere. Efforts in FY 1984 included launch of the Active Magnetospheric Particle Tracer
Explorer (AMPTE). The AMPTE, a cooperative project with the Federal Republic of Germany and the
United Kingdom, consists of two spacecraft and one sub-satellite. The mission is studying the solar
wind at the subsolar point and will identify particle entry windows, energization processes and
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transport processes into the magnetosphere. The San Marco-D mission, a cooperative project with Italy
which is scheduled to be launched in FY 1985, will include a group of U. S. experiments to study the
relationship between solar activity and the Earth"s meterological phenomena.

Astrophysics explorers have been instrumental in conducting the first astronomical sky surveys in
the gamma ray, x-ray, ultraviolet, infrared, and low frequency radio regions of the electromagnetic
spectrum. A prime example is the Infrared Astronomical Satellite (IRAS) which has just completed a
highly successful survey mission.

In FY 1985, development will continue on the Cosmic Background Explorer (COBE), the Extreme
Ultraviolet Explorer (EWE), and on the x-ray imaging instrument to be flown on the German Roentgen
Satellite (ROSAT). COBE will carry out a definitive, all-sky exploration of the infrared background
radiation of the universe between the wavelengths of 1 micrometer and 9.6 millimeters. The detailed
information which the COBE will provide on the spectral and spatial distribution of low energy
background radiation is expected to yield significant insight into the basic cosmological questions of
the origin and evolution of the universe. Funding in FY 1985 will support cold testing of the two
COBE cryogenic instruments. Mission design work will continue in FY 1985 on EWE, which will carry
out the Ffirst detailed all-sky survey of extreme ultraviolet radiation between 100 and 900 angstroms--
a hitherto unexplored portion of the electromagnetic spectrum. ROSAT, a cooperative project between
the Federal Republic of Germany and the United States, will perform high resolution imaging studies of
the x-ray sky. The United States will provide a high resolution imaging instrument and launch
services, and Germany will provide the spacecraft and other instrumentation.

In response to an innovative suggestion from industry, NASA 1is considering a new approach to
providing a spacecraft platform for EWE and other future explorers. Under this approach, NASA would
obtain spacecraft services through a privately owned and developed platform, which could be shared
with commercial users. A Request for Proposal was released by NASA to industry in January 1985

Work is also continuing iIn FY 1985 on the Cosmic Ray Isotope Experiment (CRIE). The CRIE sensor,
which will be launched in 1986 on a Department of Defense spacecraft, will study galactic cosmic rays
and accelerated nuclei from solar flares. In addition, instrumentation development is being continued
for reflight oF the Long Duration Exposure Facility to gather data on the relative energies and
abundances of the rare heavy cosmic ray nuclei. This spacecraft is scheduled to be launched in 1986
by the Space Shuttle, with subsequent retrieval about two and a half years later.

FY 1985 funding will also support definition studies of potential future explorer missions,
including the X-ray Timing Explorer and the Far Ultraviolet Spectroscopy Explorer.
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CHANGES FROM FY 1985 BUDGET ESTIMATE

In total, the FY 1985 current estimate remains the same as the budget estimate. However, within the
Explorer Development line, there have been minor adjustments which principally reflects the rephasing
of individual explorer funding to reflect the scheduled development activities.

BASIS OF FY 1986 ESTIMATE

FY 1986 funding is required for the continuation of COBE development activities leading to a launch
in 1988. During FY 1986, the COBE science instrument fabrication will be completed. The COBE
cryogenic device and all other major system elements will be delivered beginning in late 1986. FY
1986 funding is also required for continuation of EUVE design and development activities and €or
continuation of development activities on experiments which will be flown on the German ROSAT mission
in 1987 and on a Department of Defense satellite in 1986
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BASIS OF FY 1986 FUNDING REQUIREMENT

MISSION OPERATIONS AND DATA ANALYSIS

1985 1986
1984 Budget Current Budget
Actual Estimate, Estimate Estimate

(Thousands of Doll ars)

High energy astronomy observatory

extended MISSION...oceceicmemnne.. 5,400 5,000 5,000 4,500
Solar maximum mission extended
(117 S0 I 1,800 1,500 1,500 4,300
Solar maximum mission retrieval/repair
115 5 2 6,600 7,500 7 ,500 3,400
Hubble Space Telescope operations..... 34,000 49,000 54,100 57,300
Hubblle Space Telescope maintenance and
refurbidment. ... ... 7,500 25,700 20,600 30,700
EXplOrerSassssssssssssssssnnnnnnnnnnnns 12,800 20,400 20,400 19,708
ToEl. .o 68,100 109,100 109,100 119,900

OBJECTIVES AND STATUS

The purpose of the mission operations and data analysis effort is to conduct operations and analyze
data received from the physics and astronomy spacecraft after launch. The program also supports the
continued operation of a number of spacecraft after their originally planned objectives have been
achieved, for purposes of conducting specific investigations that have continuing, high scientific
significance. The funding supports the data analysis activities of the many investigators at
universities and other research organizations associated with astrophysics and solar terrestrial
operational satellite projects. Actual satellite operations, including operation control centers and
related data reduction and engineering support activities, are typically carried out under a variety
of mission support or center support contracts.

In addition to the normal support required for mission operations, the Hubble Space Telescope
program encompasges several unique aspects which must be provided for in advance of the launch. The
Hubble Space Telescope 1is designed Tfor operation for more than a decade, using the Space
Shuttle/Orbital Maneuvering Vehicle combination and/or Space Station for on-orbit maintenance of the
spacecraft and in-orbit changeout or repair of the scientific instruments.
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The Hubble Space Telescope will be used primarily by observers selected on the basis of proposals
submitted in response to periodic solicitations. Science operations will be carried out through an
independent Hubble Space Telescope Science Institute. The Institute will operate under a long-term
contract with NASA. Whille NASA will retain operational responsibility for the observatory, the
Institute will implement NASA policies in the area of planning, management, and scheduling of the
scientific operations of the Hubble Space Telescope.

CHANGES FROM FY 1985 BUDGET ESTIMATE

In total, the FY 1985 current estimate remains the same as the budget estimate. However, an
adjustment has been made between the Hubble Space Telescope Operations and the Hubble Space Telescope
Maintenance and Refurbishment lines to ensure operational readiness of the software and ground system
in support of the second half 1986 launch.

BASIS OF FY 1986 ESTIMATE

FY 1986 funds will provide support for the continued mission operations and data analysis activities
for the International Ultraviolet Explorer, continued analysis of the extensive data obtained by the
Infrared Astronomical Satellite and the High Energy Astronomy Observatories. FY 1986 funding will
provide for the continued operation of and analysis of data collected from the repaired Solar Maximum
Mission and €or continued preparation for operation of the Hubble Space Telescope in late 1986. In FY
1986, the development of mission operations procedures as well as development of the science
operations ground system will be continued for the Hubble Space Telescope operations. The Hubble
Space Telescope Science Institute activities such as development of the Guide Star Selection System
and Science Data Analysis Software will be continued, leading to initial operational capability. In
1986, maintenance and refurbishment preparation activities such as the purchase of orbital replacement
units and space support equipment will be continued to allow for the capability to service the Hubble
Space Telescope after launch.
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BASIS OF FY 1986 FUNDING REQUIREMENT

RESEARCH AND ANALYSIS

1985 1986
1984 Budget Current Budget
Actual Estimate, Estimate Estimate

(Thousands of Dollars)

Supporting research and technology. ..... 22,550 23,400 25,900 27,900
Advanced technology development.....us..- 8,162 8,000 8,500 8,500
Data analySiS.ccssssssssssssnanssnnnnnss 5,161 5,500 5,500 5,900

Toal. ..o 35,873 36,900 39,900 42,300

OBJECTIVES AND STATUS

This program provides for the research and technology base necessary to define, plan and support

flight projects. Preliminary studies to define missions and/or payload requirements are carried out,
as are theoretical and ground-based supporting research and advanced technology development (ATD).
Activities included are supporting research and technology (srsT), ATD, and data analysis.

o

Supporting Research _and Technology (SR&T): The objectives of supporting research and technology
are to: (1) optimize the return expected from future missions by problem definition, development of
advanced instrumentation and concepts, and sound definition of proposed new missions; (2) enhance
the value of current space missions by carrying out complementary and supplementary ground-based
observations and laboratory experiments; (3) develop theories to explain observed phenomena and
predict new ones; and (4) strengthen the technological base for sensor and instrumentation
development and conduct the basic research necessary to support our understanding of astrophysics
and solar-terrestrial relationships.

Research 1is supported in the disciplines of astronomy, astrophysics, gravitational physics, and
solar and heliospheric physics. Research iIn astronomy and astrophysics involves the study of
stars, galaxies, interstellar and intergalactic matter, and cosmic rays. The work in solar and
heliospheric physics involves the study of the solar atmosphere and the influence of the Sun on
interplanetary phenomena. The theory activities are related to all the Physics and Astronomy
disciplines and is critical to the correlation of available information. The sR&T funding will
provide for continuation of definition work on the future Gravity Probe-B mission. The development
of new iInstruments, laboratory and theoretical studies of basic physical processes, and

RD 3-15



observations by ground-based and balloon-borne instruments will also be continued. Results
achieved in the srR&T program will have a direct bearing on future flight programs. For example,
the development of advanced X-ray, ultraviolet, and infrared astronomy imaging devices under this
program will most likely enable spacecraft to carry instruments for astronomical observations which
nave iIncreases of orders of magnitude in sensitivity and improved resolution over currently
available detectors.

The sRa&T program carries out 1its objectives through universities, non-profit and industrial
research institutions, NASA centers and other government agencies. Current emphasis is being
placed on studies of advanced instrumentation with iIncreased sensitivity and resolution.

Advanced Technological Development (ATD): The advanced technological development activities
support detailed planning and definition of new potential physics and astronomy missions. ATD
activities assure that future missions address the scientific questions most important to the
evolution of knowledge in the field, and that those missions use the appropriate technology and
techniques. Funding is applied to the definition and preliminary design for specific missions or
subsystems/elements critical to eventual mission development in order that technical readiness and
resources may be adequately defined before the missions are proposed for implementation.

Candidate missions for the 1980's and early 1990's that require ATD activities include the Advanced
X-Ray Astrophysics Facility (AXAF) and the Space Infrared Telesope Facility (SIRTF). The AXAF
mission, which is the Tfirst priority new mission recommendation iIn astronomy by the National
Academy of Sciences, will study stellar structure and evolution, active galaxies, clusters of
galaxies and cosmology. The AXAF's imaging X-ray telescope is planned to have a sensitivity
approximately 100 times that of HEAO-2 and a resolution increase of nearly a factor of twenty. The
SIRTF will observe faint, cool infrared sources iIn the universe and significantly build on the IRAS
science foundation. Major Spacelab payloads being considered for future missions and requiring
advanced technological development support include the Pinhole/Occulter Facility, a detector for
imaging hard X-rays. During FY 1985, major emphasis will continue on the AXAF definition as well
as continued technological preparation for SIRTF.

Data Analysis: The acquisition, analysis and evaluation of data represents the primary purpose of
the laboratory, balloon, rocket and spacecraft activities. While a considerable amount of analysis
is done during the prime project phase, experience has shown that considerably more time is
required to reap the full benefit from these programs. This will come about only when the data is
correlated with other projects, when detailed cause-and-effect studies are made with data sets from
other sources, when very long-term (e.g., one solar cycle) effects can be studied by using
complementary sets of data, and when new ideas that originate from the results of the initial
analysis can be tested. For example, astronomical image processing facilities have been developed
to take advantage of high technology developed under the Landsat and planetary programs. This
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technology allows astronomers to extract a maximum amount of information Trom the data they
obtained from standard photographic emulsions and more advanced imaging techniques such as the
charge-coupled devices now being ground tested for use on the Hubble Space Telescope.

CHANGES AROM FY 1985 BUDGE'" ESTIMATE

The increase of $3.0 million in the current estimate reflects Congressional action on the NASA FY
1985 budget request. These funds will be used primarily to enhance research efforts in astrophyics
theoretical studies and to enhance university instrumentation.

BASIS OF FY 1986 ESTIMATE

During FY 1986, the supporting research and technology program will support those tasks which
contribute to maintaining a firm base for a viable physics and astronomy program. Emphasis will
continue on infrared detector development and on expansion of technology activities related to large
X-ray mirrors, advanced x-ray detectors, gamma ray spectrometers and instrumentation. Emphasis will
also be placed on the development of a large array micro-channel plate, and on intensified
charge-coupled imagery devices. In the area of solar physics, activities will support the Solar
Maximum Mission, especially through theoretical studies of high energy phenomena. Development of
advanced generation instrument concepts will continue especially for the extreme ultraviolet and x-ray
wavelengths, and for analyzing the structure and dynamics of the solar interior. FY 1986 funding will
also support continued feasibility and definition studies on future potential candidate missions such
as the Advanced X-ray Astrophysics Facility, Gravity Probe-B mission, and the Space Infrared Telescope
Facility. In the data analysis activities to be carried out at university and government research
centers iIn FY 1986, emphasis will be placed on correlative studies involving data acquired from
several sources (spacecraft, balloons, sounding rockets, research aircraft and ground observatories).
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BASIS oF FY 1986 FUNDING REQUIREMENT

SUBORBITAL PROGRAMS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Airborne science and applications....... 18,900 22,000 22,000 23,400
Balloon program. .o coooooeoooiaaa e 5,755 7,200 7,200 7 ,600
Sounding rodets...oooo_.. 27,822 29,500 29,500 31,400

A e R o B L 22427 58,700 58,700 62,400

OBJECTIVES AND STATUS

The suborbital program uses balloons, aircraft, and sounding rockets to conduct versatile,
relatively low cost research of the Earth®"s ionosphere and magentosphere, space plasma physics,
stellar astronomy, solar astronomy, and high energy astronphysics. Activities are conducted on both a
domestic and an international cooperative basis.

O sSounding Rockets:

A major objective of the sounding rocket program is to support a coordinated research effort.
Sounding rockets are uniquely suited for performing low altitude measurements (between balloon and
spacecraft altitude) and for measuring vertical variations of many atmospheric parameters. Special
areas of study supported by the sounding rocket program include the nature, characteristics, and
composition of the magnetosphere and near space; the effects of iIncoming energetic particles and
solar radiation on the magnetosphere, including the production of aurorae and the coupling of
energy iInto the atmosphere; and the nature, characteristics, and spectra of radiation of the Sun,
stars and other celestial objects.

Additionally, the sounding rocket program provides the physics and astronomy program with the means
for Fflight testing instruments and experiments being developed for Ilater Tflight on the
Shuttle/Spacelab and space probes, and for calibrating and obtaining vertical profiles in concert
with current orbiting spacecraft.
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In FY 1984, 40 rockets were launched from five launch ranges located in the United States, Norway,
Canada, and Peru. These rockets supported the research activities of about 18 groups from over 13
universities, NASA field centers, other government agencies and foreign research groups.

An important element of the sounding rocket program is the Spartans. The Spartans are low-cost
Shuttle payloads flown as autonomous subsatellites deployed and retrieved by the Space Shuttle.
Three Spartan missions are currently under development and each with a different scientific
instrument. Spartans allow the accomplishment of single, specific scientific objectives with
efficiency and simplicity. The first Spartan mission is planned for 1985.

One highlight in 1984 in the plasma physics discipline was that rocket launches confirmed the
existence of large electric fields which have not been explained by theory. Correlative
instrumentation and flights showed cloud-like heavy particles at 60 kilometers with scattered light
from the Sun, with molecular weights of tens of thousands of atomic molecular units being measured,
resulting in the prognosis that the fields are real. In the astrophysics disciplines, a new high
resolution spectograph detector system was developed and flown successfully. The detector system
is expected to be utilized on the Hubble Space Telescope.

The FY 1985 program again will be a well balanced discipline effort. A significant event will be a
series of launches in Greenland to measure ionospheric and magnetospheric auroral zone turbulence,
cleft irregularities, and acceleration mechanisms.

Airborne Science and aApplications:

Research with instrumented jet aircraft has been an integral part of the overall NASA program in
physics and astronomy since 1965. For astronomy research, the airborne science and applications
program utilizes a C-141 instrumented with a 9l1-centimeter infrared telescope. The C-141 "Kuiper
Airborne Observatory', which began operational flights in 1974, is a full-scale, manned facility.
This aircraft provides a large payload capacity and facilities for extending observations over any
region of the Earth, and can operate at high altitudes (nearly 13 kilometers), in order to provide
a cloud-free site for astronomical observations and auroral geophysics experiments. The
possibility of conducting observations at this altitude, above most of the infrared-absorbing water
vapor of the Earth"s atmosphere, has been essential iIn expanding astronomical observations in the
infrared region of the electromagnetic spectrum from one micrometer to hundreds of micrometers.

In FY 1984, 64 flights were flown to make far-infrared observations, including an expedition to
Australia to observe the center of our own galaxy. In FY 1985, approximately 68 flights of the
C-141 will be made to continue exploration in the star-forming regions. Data gathered by the
Infrared astonomical Satellite will be used extensively to determine targets of observation.
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This program also provides Tflight support to other major segments of the Space Science and
Applications program, with an aircraft fleet currently consisting of two U-2C's, one ER-2, one
C-130, one CV-990, and a Learjet. These aircraft serve as test beds from newly developed
instrumentation and permit the demonstration of new sensor concepts prior to their flight on
satellites and the Spacelab. The data acquired during these flights are used to refine algorithms
and develop ground data handling techniques. An example of such activities is flights in the
ER-2/U-2C's to acquire simulated thematic mapper data. Another principal use of gr-2/U-2C's is to
acquire stratospheric air samples and conduct in situ measurements at altitude ranges above the
capability of more conventional aircraft and below those of orbiting satellites. This capability
is important in the study of stratospheric transport mechanisms.

O Balloon Program:

For the development of scientific experiments for space flight and for independent scientific
missions, It is desirable to test the iInstrumentation in the space radiation environment and to
make observations at altitudes which are above most of the obscuring effects of the atmosphere,
particularly for observations in infrared, gamma ray, and cosmic ray astronomy. In many instances
it is necessary, because of size and weight, as well as low cost, to fly these experiments on
balloons.

The balloon program funding is required for purchase of balloons, helium, launch services, tracking
and recovery, and maintenance and operations of the National Science Balloon Facility (NBSF) at
Palestine, Texas. This facility supports the launch of over 75 to 80 percent of NASA"s balloon
payloads, and it 1is the nation®"s primary means <€or carrying out Ularge scientific balloon
operations. NASA assumed total funding responsibility for the NSBF, including administrative
costs, from the National Science Foundation at the beginning of FY 1934. Funding for the
experiments which are flown on balloons is provided from supporting research and technology
programs.

In FY 1984, 44 balloons were flown from launch sites in the United States and Canada. [In FY 1985,
67 balloon flights are planned to continue scientific research iIn the areas of atmospheric
chemistry, high energy astrophysics, galactic astronomy and solar studies.

BASIS OF FY 1986 ESTIMATE

rY 1986 funds will provide for continuation of the sounding rocket program with continued
development of the Spartan missions.

The FY 1986 funding will provide for the continuation of the balloon program as well as management
and operation of the NSBF. This funding is also required to continue definition activities on
potential future long-duration balloon flights. RD 3-20



In FY 1985, the airborne science and applications funding will be used to continue operation of the
Kuiper Airborne Observatory, to fly the U-2C's, ER-2, Learjet, and CV-990 to continue infrared
astronomy exploration, acquire stratospheric air samples, test newly developed instrumentation, permit
the demonstration of new sensor concepts, etc.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1986 ESTIMATES
BUDGET SUMMARY

OFFICE OF SPACE SCIENCE AND APPLICATION¥ LIFE SCIENCES PROGRAM

SUMMARY OF RESOURCES REQUIREMENTS

1985 1986
1984 Budget Current Budget Page
Actual Estimate Estimate Estimate Number

(Thousands of Dollars)

Life sciences flight experiments....... 23,000 27,100 27,100 33,400 RD 4-4
Research and analysiS.. ciussssssnnnnnns 35,000 36,200 35,200 38,600 RD 4-6
Total 58,000 63,300 62,300 72,000

SlAimiaisimiass 0 lasarscareisnss. 002000 Asssisislecscgs. 000000 Isceislsieisiss.

Distribution of Program Amount By Installation

Johnson Space Gamer.......ooo.ooo... 20,752 23,736 22,035 26,550
Kennedy Space CGatter..... ... ... ...... 1,373 1,600 2,100 2,100
Goddard Space Flight Gater_............. 110 85 300 200
Jet Propulsion Laboratory............ saaa 2,618 1,700 500 1,500
Ames Research CGnter.._............_.._. 22,099 24,364 24,300 28,850
National Space Technology Laboratories... 23 -——= 50 100
Langley Research Gawer.................. 365 400 500 600
Lewis Research Gater ... ........_. - - 15 _—
Hedarters. ..o 10.66Q.. 11,415 12,500 12,100

To@El. . 58,000 63,300 62,300 72,000
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

OFFICE AND SPACE SCIENCE AND APPLICATIONS LIFE SCIENCES PROGRAM

PROGRAM OBJECTIVE AND JUSTIFICATION

The goals of the Life Sciences program are to provide a sound scientific, medical, and technical
basis €or safe and effective manned space Fflight, and to advance the understanding of the basic
mechanisms of biological processes by using the unique capabilities of the space program. Results
from the research program are applied to: the immediate needs in the maintenance and health of the
astronauts; understanding the response of biological systems to weightlessness; the design of the
advanced life support systems for use on future missions; and understanding the biosphere of the
planet Earth, its origin, evolution, and present state.

The Life Sciences program is the key to developing a capability to sustain a permanent manned
presence in space and to utilize the space environment to study living systems. These activities
include both ground-based and space research efforts which are mutually supportive and integrated, and
use a composite of disciplines and techniques in both biology and medicine to address space-related
medical problems and fundamental biological processes.

The Life Sciences research and analysis program includes five major elements: 1) space medicine,
which i1s focused on the health and well-being of space crews by understanding and preventing any
adverse physiological changes which occur in space flight; 2) advanced life support systems, which is
a program of research and technology development for life support systems necessary to maintain life
in space autonomously for long periods of time; 3) gravitational biology, which consists of flight and
ground-based experiments that focus on using microgravity as a biological research tool to understand
its effect on plants and animals; 4) exobiology research, which is directed toward understanding the
origin and distribution of life and life-related molecules on Earth and throughout the universe; and
5) biospheric research, which is directed toward understanding the interaction between life on Earth
and its physical and chemical environment.

The goals of the Space Medicine program are to assure astronaut and payload specialist health and
ability to function effectively iIn the space environment. In the future, experience gained from
medical operations in space flight will allow a broader segment of the population to participate in
all aspects of space missions. Particular emphasis is being placed on testing countermeasures
designed to prevent physiological problems associated with exposure to the space environment. It is
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essential that long-term monitoring of space flight crews be performed in a standardized and organized
fashion in order to develop risk factors and establish the long-term clinical significance associated
with repeated exposure to the space environment. In addition, biomedical research is designed to
understand the physiological basis for problems encountered in manned space flight. Areas of emphasis
include: vestibular dysfunction, cardiovascular deconditioning, immunology, bone and muscle loss, and
radiation damage. This research concentrates on trying to define potential flight protocols and
countermeasures, First as space flight experiments and ultimately on an operational basis.

The Advanced Life Support System program seeks ways to develop technologies for more efficient life
support systems for the space program and it also undertakes the scientific work in chemistry and
biology necessary to understand how life can be maintained in closed systems which receive only energy
from the external environment. All are aimed at potential future needs of long duration manned space
flight and lunar colonization.

The objective of the Gravitational Biology program is to further our understanding of basic
physiological mechanisms through the use of microgravity in the space environment. Plant and animal
experiments have been flown on Soviet Cosmos satellites and on STS missions. Experiments are also
under development for a nuwber of Shuttle flights including the First dedicated Life Sciences mission
(Space Life Sciences-1) to explore the physiological effects of space flight on inner ear €unction,
blood factors, bone formation, and plant growth and structure. This information should contribute to
a better understanding of and possible solution to biological and medical problems on Earth as well as
contribute to man"s effective TfTunctioning iIn space. The unique properties of space (e.g.,
microgravity) provide an opportunity to explore significant scientific questions iIn biology under
controlled conditions that cannot be duplicated in laboratories on Earth.

The Exobiology efforts are concentrated on studies of life"s origin, with particular emphasis on
developing sound hypotheses which could lead to discovering the relationships which may link the
formation of the solar system and the origin of life. Ground-based research on model systems and
analysis of extraterrestrial materials, coupled with the results of planetary flight experiments, are
clarifying the mechanisms and environments responsbile for the chemical evolution leading to life"s
origin. Studies of life"s origin and evolution will be extended to enhance our understanding of the
interaction of the biota with the Earth"s present environment, and thereby provide a more
comprehensive picture of life--its past, present, and future.
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BASIS OF FY 1986 FUNDING REQUIREMENT

LIFE SCIENCES FLIGHT EXPERIMENTS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Life sciences flight experiments. ss:as.x 23,000 27,100 27,100 33,400

OBJECTIVES AND STATUS

The objective of the Life Sciences Flight Experiments program is to assimilate information and
scientific questions from the various life sciences disciplines and translate them into payloads
designed to expand our understanding of the basic physiological mechanisms involved in adaptation to
weightlessness. The program includes selection, definition, inflight execution, data analysis, and
reporting on medical and biological investigations. Past experience indicates that humans clearly
undergo physiological changes in weightlessness. Thus far these changes appear to be reversible upon
return to Earth; however, many of the observed changes are physiologically significant and are not
well understood. With weightless exposure beyond several months, these changes may prove
irreversible. shuttle/Spacelab missions are suitable for gaining a greater understanding of the early
response to weightlessness, which will improve the management of several existing problems (e.g.,
space adaptation syndrome) and will enhance the confidence of estimating the physiological
consequences of more sustained weightless exposure.

Current activities include the development of life sciences flight experiments to be flown on
Spacelabs-2 and -3 and the Tirst dedicated Life Sciences Spacelab mission (Space Life Sciences-1).
Most of the experiments onboard the early Shuttle flights have served as pathfinding activities for
Spacelab Life Sciences-1. Activities on Spacelab-3 will involve evaluation of functional performance
and compatibility of hardware that iIs essential to human and animal investigations which will be
conducted on SLS-1 and follow-on missions. In addition, hardware development and mission planning
activiites are proceeding on schedule for the United States vestibular experiment which will be flown
on the German-DI mission; these are follow-up investigations to those conducted on Spacelab-1 in 1983.

Eighteen investigations have been tentatively selected for flight on Spacelab Life Sciences-1, with
six more investigations to be conducted on later flights. The definition phase activities have been
completed and the design and development of the flight hardware 1is well underway. These
investigations have been combined into a comprehensive, integrated exploration of the known problems
of manned space flight through the use of both human and animal subjects, and include key scientific
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investigations in gravitational biology. Teams of principal investigators will examine cardiovascular
adaptation, space adaptation syndrome, muscle atrophy, demineralization of bone, the early anemia of
weilghtlessness, and the effects of weightlessness on plant and animal development. The SLS-1 mission
will be unique in several respects: i1t will be the Ffirst Shuttle/Spacelab mission dedicated entirely
to life sciences, and will involve highly skilled scientists as payload specialists, permitting the
use of numerous experimental techniques and procedures never before utilized in space; and the
experiments will employ complementary human and animal investigations in order to validate models for
human physiology.

BASIS OF FY 1986 ESTIMATE

rY 1986 funding is required €or the continued definition and development of hardware which will be
flown on future Spacelab missions, i.e., Spacelab-3, German-D1, SLS-1 and the second dedicated life
sciences mission, yet to be designated. Flight hardware integration and experiment development
associated with Spacelab-2, 3, and p-1 will be completed in preparation for launches in 1985. The
Life Sciences-1 mission is scheduled for launch in early 1986. In addition, the selection process for
experiments for the follow-on dedicated Spacelab life sciences missions has been initiated through the
recent release of a new flight Announcement of Opportunity (A0) and experiment proposals are now being
evaluated.
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BASIS OF FY 1986 FUNDING REQUIREMENT

RESEARCH AND ANALYSIS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Life sciences research and analysis...... 35,000 36,200 35,200 38,600

OBJECTIVES AND STATUS

The research and analysis activity of the Life Sciences program is concerned with ground-based and
pre-flight research in basic biology and in those medical problem areas that affect manned
spaceflight. The program is comprised of five elements: (1) space medicine (2) advanced life support
systems research; (3) gravitational biology; (4) exobiology; and (5) biospheric research.

The Life Sciences Space Medicine program is responsible for bringing the technology and practice of
medicine to bear on solving the problems of sustaining, supporting, and protecting individuals working
in the space environment. The program provides the means for assuring the physical welfare,
performance, and adequate treatment of in-flight illnesses or injuries to spaceflight crews. Such
conditions as spatial disorientation and fluid and endocrine shifts which can decrease performance,
cardiovascular tolerance, and possibly aggravate latent diseases, will be carefully monitored to
determine preventive measures. To this end, careful medical selection, periodic evaluation of health
status, and in-flight monitoring of the time required for adaptation to the space environment will be
continually undertaken. The supporting applied science element of the space medicine program is
accomplished through a biomedical research program and seeks to develop the basic medical knowledge
needed to enable men and women to operate more effectively in space. The program is organized into
discrete elements, each designed to rectify a particular physiological problem known or expected to
affect the human organism in space. Such problems as motion sickness, bone loss, and electrolyte
imbalances are under intense scrutiny not only to provide a better understanding of their underlying
causes, but also to develop more effective preventive measures. The program makes extensive use of
ground-based simulation techniques which evoke, in both humans and animals, physiological changes
similar to those seen in space.

The Advanced Life Support Systems research program concentrates on enhancing our ability to support
a long-duration manned presence in space and optimizing the productivity of the STS crews.
Improvements are sought in spacecraft habitability and man-machine system engineering methods as well
as a means to provide air, water, and food to support life directly. The program has developed
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technology for building apparatus to regenerate spacecraft air and water supplies in flight and is
investigating the scientific basis for new systems such as food recycling for long-term missions.
Research is in progress on space suits for quick reaction situations and on innovative approaches to
designing space tools and work stations.

The Gravitational Biology program explores the role of gravity in life processes and uses gravity as
an environmental tool to investigate fundamental biological questions. Specific objectives are to:
(1) investigate and identify the role of gravity in plant and animal behavior, morphology and
physiology; (2) identify the mechanisms of gravity sensing and transmission of gravity perception
information within both plants and animals; (3) identify the interactive effects of gravity and other
stimuli (e.g., light) and stresses (e.g., Vvibration and disorientation) on the development and
metabolism of organisms; (4) use gravity to study the normal nature and properties of living
organisms; and (5) extend the limits of knowledge about plant and animal growth as well as long-term
survival and reproduction of life iIn space.

The Exobiology program is directed toward furthering our understanding of the origin and evolution
of life and life-related molecules on Earth and elsewhere in the universe. Research, in general,
builds on data acquired by missions in planetary exploration and astrophysics to uncover the
relationship between the origin and evolution of the solar system and life itself. Theoretical and
laboratory investigations are also included in this program to develop a better understanding of the
conditions on the primitive Earth as related to early chemical and biological evolution.

The Biospheric Research program explores the interaction between the biota and the contemporary
environment to develop an understanding of global bio-geochemical cycles. Laboratory and field
investigations are correlated with remote sensing data to characterize the influence of biological
processes in global dynamics. Biospheric modelling efforts are focused on integrating biology with
atmospheric, climate, oceanic, terrestrial, and bio-geochemical cycling data to reflect the state of
the biosphere as a function of both natural and anthropogenic perturbations.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The decrease of $1. OM million reflects the accommodation of a portion of the general reduction in
the appropriation; this reduction is being accommodated by the deferral of some previously planned
research and analysis activities.

BASIS OF FY 1986 ESTIMATE

In FY 1986, the Space Medicine program will collect information on occupational exposures in
zero-gravity on each Shuttle flight; conduct inflight clinical testing of countermeasures, especially
in the areas of cardiovascular deconditioning and vestibular problems, and develop health care
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procedures compatible with the space environment. Medical data will be evaluated in order to better
define responses of different population groups to space flight. The biomedical research element will
focus primarily on problems related to vestibular dysfunction because of the high incidence of space
adaptation syndrome in Shuttle operations. Psychology, human factors, and the enhancement of
performance and efficiency among flight crews are all receiving increased emphasis. Studies of bone
loss and of electrolyte imbalance will also be pursued so that potential countermeasures can be
devised. Increased exposure to, and awareness and understanding of the potential radiation hazard
from space flight has resulted in more emphasis being placed on the precise measurement of radiation
doses, the specific biological effects of cosmic rays, and the identification of possible radiation
shielding.

In FY 1986, the Advanced Life Support Systems program will continue to investigate basic biological
processes and physical methods to control the interior environments of manned spacecraft; and will
continue development of data acquistion systems and computer technologies to analyze and simulate
human physical activities. Laboratory plant growth methods developed in recent years will be scaled up
to obtain a capability to produce plant material at efficiency and productivity levels high enough for
space life support applications.

In FY 1986, the Gravitational Biology program will focus on continuation of research directed at
understanding animal and plant equilibrium, gravity perception, and biotransduction mechanisms, as
well as gravity"s effect on plant and animal development, structure, and behavior. Increased emphasis
will be placed on research that will lead to the development of hypotheses, and provide baseline data
for future shuttle/Spacelab Flight experiments.

In FY 1986, the Exobiology program emphasis will be placed on the continuation of such efforts as
expanding our knowledge of non-biological mechanisms for synthesis of biologically significant
molecules both iIn space and on the Earth. This research is crucial for gaining further insight into
the origin of life, assessing the possibility of these processes occurring elsewhere in the universe,
and preparing for future flight experiments.

In FY 1986, the Biospheric Research program will place emphasis on improving our estimating
techniques for determining the size and distribution of the terrestrial biomass by combining
ground-based measurements with remote sensing data. Additional emphasis will be placed on
characterizing biogenic gas fluxes of key atmospheric constituents. This information is required for
the development of a better understanding of global bio-geochemical cycles.

In FY 1986, emphasis will also be placed on the formulation of improved approaches to the
operational management of space adaptation syndrome. In-flight evaluation of these approaches will be

conducted to provide the basis for the development of more effective countermeasures. An
interdisciplinary approach to determining how to enhance the capabilities, performance and efficiency
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of spaceflight crews will be undertaken. The object of this effort will be to allow humans, to the
fullest extent possible, the opportunity to explore and work 1in space by improving the working
environment and by facilitation of the human interaction with the automated devices that can be placed
at their disposal.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE SCIENCE AND APPLICATIONS

PLANETARY EXPLORATION PROGRAM

SUMMARY OF RESOURCES REQUIREMENTS

1984

Actual

Galileo developmentessssssssssnnnsnnnnns 79,500
Venus radar mapper misSION.......cc..... 29,000
Ulysses (ISPM)......cococvviiiiininnnns 6,000
Mars Observer (MGCO)................... -—=
Mission operations and data analysis.... 43,400
Research and aalysis.........oooo...... 59,500
ToEl. ..o 217.,.40Q0..

Distribution of Program Amount by Installation

Johnson Space Gater....oooannno. 10,420
Marshall Space Flight Catter............ 95
Goddard Space Flight Gatter............. 3,703
Jet Propulsion Laboratory...oooooeeean .. 135,791
Ames Research Gater ... ............_. 16,687
Langley Research Gater................. 5
Hedoarters. ..o 506949,
ToEl. .o 217,400

1985 1986
Budget Current Budget
Estimate Estimate Estimate
(Thousands of Dol lars)
56,100 56,100 39,700
92,500 92,500 112,000
9,000 9,000 5,600
16 ,000 13,000 43 ,800
58,800 58,800 95,000
54.500 £1.,50Q0 £2.900.
286..900.. 290,200 359,000,
8,150 10,260 11,105
——- 100 100
3,357 5,079 3,620
234 ,283 215,795 284 ,755
12,074 16,774 10,159
29,036 42.,802. 49.261.
286 ,900 290}999 359,000
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS PLANETARY EXPLORATION PROGRAM

PROGRAM 1 AND JUSTIFICATION

The Planetary Exploration program encompasses the scientific exploration of the solar system
including the planets and their satellites, comets and asteroids, and the interplanetary medium. The
program objectives are: (1) to determine the nature of planets, comets, and asteroids as a means for
understanding the origin and evolution of the solar system; (2) to understand the Earth better through
comparative studies with the other planets; (3) to understand how the appearance of life in the solar
system is related to the chemical history of the solar system; and, (4) to provide a scientific basis
for the future use of resources available in near-Earth space. Projects undertaken in the past have
been highly successful. The strategy that has been adopted calls for a balanced emphasis on the
Earth-like inner planets, the giant gaseous outer planets, and the small bodies (comets and
asteroids). Missions to these bodies start at the level of reconnaissance to achieve a fundamental
characterization of the bodies, and then proceed to levels of more detailed study.

The reconnaissance phase of inner planet exploration, which began in the 1960's, is now virtually
completed, although we still know little about the nature of the planet Venus®™ surface. Mars has
provided program focus because of its potential as a site of biological activity. The Viking landings
in 1976 carried the exploration of Mars forward to a high level of scientific and technological
achievement, thereby setting the stage for the next step of detailed study. Analyses of meteorites
and the lunar rock samples returned by aApollo continue to be highly productive, producing new insights
into the early history of the inner solar system and thus leading to revision of our theoretical
concepts. The Pioneer Venus mission is continuing to carry the study of the Earth"s nearest planetary
neighbor and closest planetary analog beyond the reconnaissance stage to the point where we have now
obtained a basic characterization of Venus®" thick, massive atmosphere, as well as fundamental data
about the formation of the planet.

The exploration of the giant outer planets began relatively recently. The Pioneer-10 missions to
Jupiter in 1973 and 1974 were followed by the Voyager-1 and 2 spacecraft encounters iIn 1979.
Voyager-1 then encountered Saturn in November 1980, and Voyager-2 in August 1981. The Voyager data on
these planets, their satellites, and their rings have revolutionized our concepts about the formation
and evolution of the solar system. Voyager-2 is now headed for an encounter with Uranus in 1986 that
will provide our first look at this giant outer planet. Its trajectory will then carry it to the
planet Neptune in 1989. The Pioneer-10 and 11 and Voyager-1 spacecraft are on trajectories heading
out of the solar system, as they continue to return scientific data about the outer reaches of the

solar system. RD 5-2



The Galileo orbiter/probe mission to Jupiter will be launched in 1986 by the Space shuttle/Centaur
Upper Stage. The comprehensive science payload will extend our knowledge of Jupiter and its system of
satellites well beyond the profound discoveries of the Voyager and Pioneer missions. During twenty
months of operation in the Jovian system, Galileo will inject an instrumented probe into Jupiter”s
atmosphere to make direct analyses, while the orbiter will have the capability to make as many as
eleven close encounters with the Galilean satellites.

Ulysses, formerly the International Solar Polar Mission (ISPM), is a joint NASA and European Space
Agency activity. The mission will carry a package of experiments to investigate the Sun at high solar
latitudes that cannot be studied from the Earth®"s orbit. Ulysses will be launched in 1986 on the
Shuttle/Centaur Upper Stage.

The Venus Radar Mapper (VRM) mission, initiated in FY 1984, will provide global maps of the
cloud-shrouded surface of Venus, including its land forms and geological features. Using a synthetic
aperture radar to penetrate the planet"s opaque atmosphere, VRM will achieve a resolution sufficient
to identify small-scale features and to address fundamental questions about the origin and evolution
of the planet. VvRM will also obtain altimetry and gravity data to determine accurately the planet”s
gravity field as well as internal stresses and density variations. With these data, the evolutionary
history of Venus can be compared with that of the Earth. VRM is scheduled for launch in 1988 on the
Shuttle/Centaur Upper Stage.

A major new flight program element is the Mars Observer (MGCO), a FY 1985 new initiative in response
to the Solar System Exploration Committee®s recommendations. The Mars Observer Mission will follow up
on the earlier discoveries of Mariner 9 and Viking and will emphasize the geologic and climatic
evolution of this complex planet. The MGCO will be a relatively low-cost mission due to the use of a
modified Earth-orbiting spacecraft, thereby benefitting from aerospace industry®s earlier investment
in development.

We are now about to enter an exciting new phase of exploration by making our First close-up studies
of the solar system®"s mysterious small bodies -- comets and asteroids. These objects may represent
unaltered original solar system material, preserved from the geological and chemical changes that have
taken place in even small planetary bodies. By sampling and studying comets and asteroids, we can
begin to make vigorous inquiries into the origin of the solar system itself. These efforts will begin
with the encounter of Comet Giacobini-Zinner by the International Comet Explorer (ICE) spacecraft in
September 1985 and will continue through our involvement with the 1986 encounters of Comet Halley by
foreign spacecraft. In addition, we are studying a Comet Rendezvous/Asteroid Flyby (CRAF) mission in
which a Mariner Mark II spacecraft would make long-term observations of an active comet, together with
a close flyby of an asteroid.
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The Planetary Exploration program is also founded on a coordinated research and analysis effort.
Research and analysis activities will continue to maximize the scientific return from both ongoing and
future missions and from such Earth-based activities as lunar sample and meteorite analysis, telescope
observations, theoretical and laboratory studies, and instrument definition. This program strives for
interdisciplinary coordination among various research groups and for the wide dissemination of
scientific results. A close coupling is also-maintained between the research programs and planning
activities that are undertaken to define the scientific rationale and technology needed for future
missions.
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BASIS OF FY 1986 FUNDING REQUIREMENT

GALILEO DEVELOPMENT

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Spacecraft S EE NN NN NN R R R RN RN RN NN NN REEEEERERERER 50,578 26 ,300 22 ,400 13,800

E)mrin’m ---------- " @ N EEEENENEENEEEEERERERTGR 9,375 8,100 9,500 7 ’900

Ground QoerationS...cccececcaa-- N K W=V v N 21,700 24,200 18,000

TotEl. ... 79,500 56,100 56,100 39,700

Space transportation system operations.. (37,200) (35,900) (36,300) (44,200 )
T AND STATUS

The objective of the Galileo program is to conduct a comprehensive exploration of Jupiter, its
atmosphere, magnetosphere, and satellites through the use of both remote sensing by an orbiter and in
situ measurements by an atmospheric probe. The scientific objectives of the mission are based on
recommendations by the National Academy of Sciences to provide continuity, balance, and orderly
progression of the exploration of the solar system.

The Orbiter and Probe will be launched together iIn 1986 as a single combined payload using the
Shuttle/Centaur Upper Stage. Arrival at Jupiter will be in late 1988 when the Orbiter will provide
remote sensing of the probe entry site and provide the link for relaying the probe data back to
Earth. Twenty months of orbital operations will follow in which both Jupiter®s surface and the
dynamic magnetosphere will be comprehensively mapped. Eleven close flybys of Jupiter"s major
satellites are targeted; however, the number of tour orbits at Jupiter will be decreased by one orbit
if the decision is made after launch to incorporate a flyby of the asteroid Amphritrite. If the
asteroid flyby 1is incorporated, the plan is to extend the length of the Jupiter tour from twenty
months to twenty-two months to permit the achievement of all major objectives previously encompassed
by the eleven orbit tour.

The Galileo flight system will be powered by two general purpose heat-source Radioisotope
Themoelectric Generators (RTG's) being developed by the Department of Energy. The Orbiter will carry
approximately 100 kg ofF scientific instruments and the Probe will carry approximately 25 kg of
scientific instruments. RD 5-5



During FY 1985, major activities of the Galileo program will involve completion of the environmental
test cycle, retrofit of selected subsystems with more radiation resistant electronic components, and
completion of development of the flight software.

CHANGES FROM FY 1985 BUDGET ESTIMATE

In total, the FY 1985 current estimate remains unchanged from the budget estimate. However,
reallocation of funds within the project was made to meet the scheduled milestones in the most
efficient manner.

BASIS OF FY 1986 ESTIMATE

The FY 1986 funding will provide for completion of the integration and testing, the pre-launch
check-out at the Jet Propulsion Laboratory and for the pre-launch and launch activities at the Kennedy
Space Center in support of the May 1986 launch. Funding in FY 1986 will also be used for the final
development of the ground systems and the associated software to support mission operations. In
addition, funds will be required to reimburse the Department of Energy for completing development of
the Radioisotope Thermoelectric Power Generators required for the Orbiter.
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BASIS OF FY 1986 FUNDING REQUIREMENTS

VENUS RADAR MAPPER MISSION

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Secsoraft. - 15,955 65,800 64,100 75,800
Berimats. oo Ty 12,483 24,500 26,200 29,800
Ground Queyatias. . ocoooooeeaiio. —562, ~21200 -2:200 8400
ToEl. ... 29,000 92,500 92,500 112,000
Space Transportation system operations (=== (12,300) (10,000) (27,500)

OBJECTIVES AND STATUS

The objective of the Venus Radar Mapper (VRM) mission is to address fundamental questions regarding
the origin and evolution of Venus through global radar imagery of the planet. VRM will also obtain
altimetry and gravity data to determine accurately the planet"s gravity field as well as internal
stresses and density variations. The detailed surface morphology of Venus will be analyzed to compare
the evolutionary history of Venus with that of the Earth.

The vrM spacecraft will carry a single major scientific instrument, a synthetic aperture radar,
which will be used to obtain high resolution (120 to 200 meter) images of the planetary surface as
well as altimetric data. Gravity data will be obtained by processing radio signals from the
spacecraft. Spacecraft development is making extensive use of existing designs, technology, and
residual hardware; for example, the spacecraft will use a bus structure, large antenna, and propulsion
components from the Voyager program. Spare flight computers and other equipment will be obtained from
the Galileo program after the Galileo launch In 1986.

In April 1988, the VRM spacecraft will be launched by the Shuttle/Centaur Upper Stage on a direct
trajectory to Venus. Arriving at Venus in July 1988, the spacecraft will perform a retro-propulsive
maneuver and enter a near-polar elliptical orbit. After an initial check-out period, the spacecraft
will map the planet over a 243 day period (one Venus year).
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During FY 1985, major activities will include completion of final spacecraft and instrument systems
design, testing breadboard development models of the radar circuits, building the development model of
the radar, and preparing the detailed designs of the spacecraft subsystems.

CHANGES FROM FY 1985 BUDGET ESTIMATE

In total, the FY 1985 current estimate remains unchanged from the budget estimate; however,
reallocation of the funds within the project has been made based on the contractor®s development
schedule requirements.

BASIS OF FY 1986 ESTIMATE

FY 1986 funds will provide for completion of all design effort for the spacecraft, radar instrument,
and mission operations lead Voyager program. Spare flight computers and other equipment will be
obtained from the Galileo program after the Galileo launch in 1986

In April 1988, the VRM spacecraft will be launched by the shuttles/Centaur Upper Stage on a direct
trajectory to Venus. Arriving at Venus in July 1988, the spacecraft will perform a retro-propulsive
maneuver and enter a near-polar elliptical orbit. After an initial check-out period, the spacecraft
will map the planet over a 243 day period (one Venus year).
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BASIS OF FY 1986 FUNDING REQUIREMENT

ULYSSES (FORMERLY INTERNATIONAL SOLAR POLAR MISSION)

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dol lars)

Spacecraft S A EEEEEEEE NN EEEEENEEENNEEEERNET 2,200 4,000 4,000 700
Bperimemts. oo . 1,500 2,100 2,100 2,200
Ground OperationS........... erssssnanns 2,300 2,900 2,900 2,700
Toal. ... 6,000 9,000 9,000 5,600
Space transportation system operations (37,100) (37,400) (36,200) (44,300 )

OBJECTIVES AND STATUS

Ulysses is a joint mission of NASA and the European Space Agency (ESA). ESA is providing the
spacecraft and some scientific instrumentation. The US. 1s providing the remaining scientific
instrumentation, the launch, tracking support, and the Radioisotope Thermoelectric Power Generators
(RTG). The mission is designed to obtain the First view of the Sun above and below the plane in which
the planets orbit the Sun. The mission will study the relationship between the Sun and its magnetic
field and particle emissions (solar wind and cosmic rays) as a function of solar latitude, to provide
a better understanding of solar activity on the Earth"s weather and climate. Ulysses will be launched
in 1986 on the shuttle/Centaur Upper Stage.

Ulysses was restructured in FY 1981, from a two-spacecraft mission--one provided by the United
States and one provided by ESA--to a single ESA spacecraft mission; however, the United States
participation in the program remains substantial. NASA 1i1s developing five of the nine principal
investigator instruments, and three of the four European investigations have U.S. co-investigators.
During FY 1983, the US. flight instruments were delivered to the ESA spacecraft developer for
integration and system testing. All spacecraft testing has been completed and the spacecraft is being

partially disassembled for storage until launch.
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BASIS OF FY 1986 ESTIMATE

The FY 1986 funding is required to support U.S. principal investigators in their mission planning;
and for retrofitting of the U.s. instruments with the spacecraft prior to shipment to the Kennedy
Space Center. In addition, FY 1986 funds are required to complete the ground system development
activities and to reimburse DOE for the continued development of the Radioisotope Thermoelectric Power
Generators.
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BASIS OF FY 1986 FUNDING REQUIREMENT

MARS OBSERVER MISSION (FORMERLY MARS GEOSCIENCE/CLIMATOLOGY ORBITER)

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Spacecraft development........ crasaaaaas -—= 6,000 6,000 28,600
E)winmls ................. EEEEEEEEEEE®R === 5,000 5,000 4,300
Ground %ratiafs _____________ sEEEEEEEE® — 5,000 2,000 10,900

Totalk. .. T 16,000 13,000 43,800

OBJECTIVES AND STATUS

The Mars Observer mission is the first planetary mission utilizing a new approach to low-cost inner
solar system mission exploration. This approach, which was recommended by the Solar System
Exploration Committee, starts with a well defined and focused science objective and makes use of
high-inheritance, modified production line Earth-orbital spacecraft. The objective of the Mars
Observer mission is to extend and complement the data acquired by the Mariner and Viking missions by
mapping the global surface composition, atmospheric structure and circulation, topography, figure,
gravity and magnetic fields of Mars to determine the location of volatile reservoirs and characterize
their interaction with the Martian environment.

The Mars Observer mission will be launched in 1990 using the Space Shuttle, and will be inserted
into Martian orbit in 1921, where it will carry out geochemical, geophysical, and climatological
mapping of the planet over a period of two years.

CHANGES FROM ET 1985 ESTIMATE

The decrease of $3.0 million in the current estimate reflects the application of a portion of the
general reduction in the appropriations; the decrease has been accommodated by the rephasing of
activities within the project.
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BASIS OF EY 1986 ESTIMATE

The FY 1986 funds are required to fund the continued design and development activities leading to
the preliminary design review In late Fy 1986. This spacecraft design is a modified Earth-orbital
spacecraft design. FY 1986 funding is also required for initiation of design and development
activities for experiments selected in response to the Announcement of Opportunity. In addition,
development activities will be continued in FY 1986 on the X-band transponder to be flown on the Mars

Observer mission.
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BASIS OF FY 1986 NG !EQUIREMENT

MISSION OPERATIONS AND DATA ANALYSIS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Galilee Omr‘a!:ior]s ....... EEEEEEEEEEEES® - — = 20 ,OOO
Ulysses queratios. .o ccovmeoccanann-n - —_— L 2.000
Voyager extended mission.............. 19,100 29,400 29,400 26,400
Pioneer proyarB. ccuccecccccaacaaaan. 6 ,400 7,000 7,000 7,600
Voyager/Neptune Bwouter............. --- - o 9,000
Planetary flight syport.............. 17,900 22,400 22,400 30,000
Toal. .o 43,400, 58,800 58,800 95,000

OBJECTIVES AND STATUS

The objectives of the mission operations and data analysis activities are in-flight operation of
planetary spacecraft and the analysis of data from these missions. Currently, two major classes of
planetary spacecraft are operating--the Pioneer and the Voyager spacecraft. The planetary flight
support activities are those associated with the design and development of planetary flight operation
systems, and other activities that support the mission control, tracking, telemetry, and command
functions for all planetary spacecraft.

The two Voyager spacecraft are now traveling through the outer solar system on trajectories that
will take them iInto iInterstellar space. Voyager 1 continues to provide data on the interplanetary
medium in that distant part of the solar system. In January 1986, Voyager 2 will make a close flyby
of the planet Uranus, the first time this planet has ever been visited by a spacecraft. The
observatory phase of this encounter, beginning in November 1985, will include detailed observations of
the planet, its rings, and moons. After the Uranus encounter is completed, the spacecraft will
continue on to the planet Neptune, where, in 1989, it will provide us with our first close look at
this distant planet.

Pioneers 10 and 11 will continue to explore the outermost solar system. Pioneer 10 will soon enter
the unexplored region beyond Pluto where the Sun"s iInfluence is secondary to those of true
interstellar space. These spacecraft will continue the search for gravitationai evidence of a tenth
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planet. Pioneers 6-9 are still collecting information on the interplanetary magnetic field and solar
wind as they orbit the Sun. In 1986, these spacecraft will be used to observe Comet Halley as it
passes iIn their vicinity.

The Pioneer Venus orbiter continues to obtain data from Venus®" atmosphere and magnetosphere. In
early 1986, the spacecraft"s spin axis will be adjusted to allow ultraviolet observations of Comet
Halley. The Pioneer Venus will be the only spacecraft able to observe the Comet at its closest
approach to the Sun and will provide critical additions to data from foreign spacecraft making
observations at other points in the Comet"s orbit.

The planetary flight support activities include the procurement, operation and maintenance of
mission operations and general purpose scientific and engineering computing capabilities at the Jet
Propulsion Laboratory (JPL). In addition, the activity supports the development of the Space Flight
Operations Center at JPL. This facility will be a versatile, cost-effective means for carrying out
multi-mission data acquisition, telemetry and image processing, and commanding of planetary and
orbital missions.

BASIS OF FY 1986 ESTIMATE

FY 1986 funding is required for the continued operation and data analysis activities in support of
the Voyager and Pioneer operations. In addition, the Voyager Neptune encounter activities will be
initiated in April 1986. Planetary flight support funding is required in FY 1986 €or preparation of
the 1986 launches of Galileo and Ulysses as well as for the Voyager Uranus encounter. In addition,
the FY 1986 funding is required for the operation of the Galileo and Ulysses mission, both of which
will be launched in May 1986. Development activities will also be continued in FY 1986 on the Space
Flight Operations Center at the Jet Propulsion Laboratory.
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BASIS OF FY 1986 FUNDING REQUIREMENT

RESEARCH AND ANALYSIS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Supporting research and technology..... 43,500 37,900 45,100 46,000
Advanced progrars. ..o ooooooooiioioioo. 9,800 9,000 10,000 10,100
Mars data analySiS.. sssssssssssnsnsnnns 2,900 4,300 2,600 2,800
Halley"s comet co-investigations
and watth. ... 3,300 3,300 3,800 4,000
Toal. .l 59,500 54,500, 61,500 62 1900'

OBJECTIVES AND STATUS

The research and analysis program consists of four elements required to (1) assure that data and
samples returned from flight missions are fully exploited; (2) undertake complementary laboratory and
theoretical efforts; (3) define science rationale and develop required technology to undertake future
planetary missions; and (4) coordinate an International Halley"s Comet Watch and provide
co-investigator support to the European Space Agency"s Giotto mission to Halley"s Comet.

The supporting research and technology activity includes planetary astronomy, planetary atmospheres,
planetary geology/geophysics, planetary materials/geochemistry, and instrument definition.

The planetary astronomy activity includes all observations made by ground-based telescopes of solar
system bodies excluding the Sun. Emphasis is on the outermost planets, comets and asteroids.
Observations are made at a wide range of wavelengths from ultraviolet to radio. The rate of new
discoveries continues to be high, and the data acquired is used both for basic research in support of

planetary program objectives and €or direct support of specific flight missions. The planetary
astronomy funding also provides for the continued operation of the Infrared Telescope Facility in
Hawaii.

The planetary atmospheres activity includes data analysis, laboratory, and theoretical efforts. The
properties of other planetary atmospheres are amenable to measurement with planetary spacecraft and
can aid us in better understanding our own weather and climate. Observations of the atmospheres of
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Venus, Jupiter and Saturn, acquired by Pioneer Venus and Voyager, have laid the basic observational
groundwork for major advances in this field.

The planetary geology/geophysics activity is a broadly scoped program that includes the study of
surface processes, structure, and history of solid components (including rings) of the solar system
and investigation OF the interior properties and processes of all solar system bodies, both solid and
gaseous. This program emphasizes comparative studies to gain a fundamental understanding of the
physical processes and laws which control the development and evolution of all planetary bodies,
including the Earth. In this respect, data from the Venus Radar Mapper mission will be of crucial
importance.

The planetary materials/geochemistry activity supports an active scientific effort to determine the
chemistry, mineral composition, age, physical properties and other characteristics of solid material
in the solar system through the study of returned lunar samples and meteorites and through laboratory
and theoretical studies of appropriate geochemical problems. Extraterrestrial dust grains, collected
for analysis, continue to yield new and otherwise unobtainable information about the solar system, and
its early history. This program is coordinated with the lunar sample and meteorite research which is
supported by other agencies such as the National Science Foundation. The operation of the Lunar
Curatorial Facility is also supported by the planetary materials/geochemical funding.

The instrument definition activity is directed toward ensuring maximum scientific return from future
missions by the definition and development of state-of-the-art scientific instrumentation which is
optimized for such missions.

The objective of the advanced program activity is to provide planning and preparation for the
systematic exploration of the solar system on a scientifically and technically sound basis.
Prospective planetary missions are identified and defined through long-range studies; their
technological and fiscal feasibility is evaluated, and their scientific merit is determined through
interaction with the scientific community. The strategy for future solar system exploration has been
developed by the Solar System Exploration Committee (SSEC), an advisory group, which has recommended a
series of "low-cost" but scientifically important potential future missions.

The Mars Data Analysis activity continues to ensure that we capitalize on the wealth of data provided
by Viking and earlier missions and that we are scientifically prepared for the next phase of Mars

exploration, more specifically, the Mars Observer mission. While continuing to support a variety of
scientific investigations, the major emphasis of this program will address the origin and evolution of

Martian volatiles.

The International Halley"s Comet Co-Investigations and Watch will capitalize on the opportunity to
observe Comet Halley during its next apparition in 1985-1986 by supporting co-investigators on the
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European Space Agency"s (ESA) Giotto mission, and by conducting complementary remote sensing
investigations using both Earth-orbiting and ground-based facilities. The ESA Giotto mission will fly
by Halley"s Comet in 1986. Concurrently, an observation program called the International Halley
Watch, coordinated by the United States, will conduct world-wide scientific observations of the Comet
Halley. The objectives of the Watch are: (1) to coordinate scientific observations of Comet Halley
through its 1985-1986 apparition; (2) to promote the use of standardized instrumentation and observing
techniques; (3) to help insure that data is properly documented and archived; and (4) to receive and
distribute data to participating scientists.

CHANGES FROM FY 1985 ESTIMATE

The iIncrease In the FY 1985 current estimate reflects an augmentation of $7.0 million in Research
and Analysis consistent with the authorization and appropriation actions; this augmentation is being
used primarily to enhance the supporting research and technology activities and the university
laboratory equipment.

BASIS OF FY 1986 ESTIMATE

During FY 1986, research efforts will continue in the areas of planetary astronomy, planetary
atmospheres, planetary geology/geophysics, planetary materials/gesochemistry, iInstrument definition,
Mars data analysis, and in the development of required technology to undertake future missions.
Ground telescope observations will provide data complementary to that obtained from the flight
missions, with emphasis on the outermost planets, comets and asteroids. A variety of efforts will be
pursued to improve our understanding of planetary atmospheres, including laboratory studies of
reactions iIn deep planetary and tenuous cometary atmospheres. Geology/geophysics research will be
directed, in FY 1986, at specific problems in understanding the various processes that have shaped
planetary surfaces, as well as geological analyses and a cartography effort based on the Galilean and
Saturnian satellite imaging data acquired by Voyager. Analysis of lunar samples, meteorites, and
extraterrestrial dust particles will be continued in FY 1986 to determine their chemical and physical
properties and thereby derive their origin and evolutionary history. Instrument definition for
potential future missions will be also be continued in FY 1986

The FY 1986 Halley"s Comet Co-Investigations and Watch Tfunding is required to support U.sS.
co-investigators involved in the European Space Agency®s Giotto mission, and to provide support for a

Jet Propulsion Laboratory managment team and several scientists at other institutions, who are
establishing a worldwide network for the astronomical study of Halley"s Comet.

The FY 1986 funding is also required to continue operations of both the Infrared Telescope Facility
and the Lunar Curatorial Facility.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE SCIENCE AND APPLICATIONS

SUMMARY OF RESOURCE REQUIREMENTS

SOLID EARTH OBSERVATIONS PROGRAM

1985 -~
1984 Budget Current
Actual Estimate Estimate
Landsat—4...'.--......u...u-.....n--.- 16,800 === ——
Shuttle/spacelab myloajs ..... sssEEEEEEER 17,000 18,100 12,100
GeodyNamiCS. .. sssssssssssssnssnsnnnnnnnns 28,000 29,900 29,900
Research and analySiS. sssasssssnsnnnssnsnas 14,600 15,600 15,600
To@l. . 76,400 63,600 57,600
Distribution of Program Amount by Installation
Johnson Space Gamer..........occ...oee 3,300 3,300 1,000
Marshall Space Flight Catter.......... , 245 400 262
Goddard Space Flight Catter............ 47,361 40,600 33,657
Jet Propulsion Laboratory........ snnana 16,144 15,300 15,426
Ames Research Cater........oooooooo... 1,016 600 500
National Space Technology Laboratories. 2,093 1,400 2,281
I'bah.ja.rters ---------- " E B EEEEENEEENEENEEENEEREBEDS®R ﬂ-ﬁ-"24a14 2,000 4,474
Toal. ...l 76,400 63,600 57,600
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Budget
Estimate
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31,700
20,100
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2,875
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS SOLID EARTH OBSERVATIONS PROGRAM

PROGRAM OBJECTIVES aND JUSTIEICATION

The objectives of the Solid Earth Observations program are to develop space observations and
experimentation techniques to further the understanding of the global, physical, chemical, and
biological processes involving the land/solid areas of the Earth and interactions of these land areas
with the earth"s oceans and atmosphere; to iImprove our ability to evaluate systematically the
composition and geometry of the Earth®"s mineral and energy resources; and to iIncrease our
understanding of the Earth, its interior structure and composition, its rotational dynamics, the
processes related to the movement and deformation of i1ts crust, and mechanisms associated with the
occurrence of earthquakes.

Principal elements of the program include the development of spaceborne and supporting ground
systems; improved data processing and analysis techniques; sensor and technique development; as well
as basic and applied research for identifying, monitoring, analyzing and modeling the vegetated,
geological, and geophysical features of the Earth.

An important aspect of the program is the research associated with understanding the physical
relationship of electromagnetically sensed phenomena to the radiation emitted or reflected by various
types of surface features of the Earth; the development of models to increase our understanding of
global processes; and the evaluation of the use of space-derived data along with other data sources in
meeting the research needs of the scientific community.

Studies of the movement and deformation of the Earth"s crust, the rotational dynamics of the Earth,
and the Earth"s gravity and magnetic fields provide information which is needed to: understand the
processes leading to the release of crustal strain in the form of earthquakes; iImprove our
understanding of the formation of mineral deposits; contribute to long-term weather and climate
forecasting; and better understand the Earth as a planet. Space techniques such as laser ranging to
satellites and the Moon, and very long baseline interferometry using radio stars or satellites, are
the only methods which can provide the precise measurements needed for these studies.

Landsat-4, launched on July 16, 1982, has continued to provide Multispectral Scanner and Thematic
Mapper images for many applications in civil remote sensing. NOAA assumed operational responsibility

for the Landsat-4 spacecraft and the Multispectral Scanner in January 1983, and for Thematic Mapper
operations and data processing iIn August 1984. The Landsat-5 spacecraft was modified before its

launch in March 1984 to correct for anomalies developed in-orbit on Landsat-4.



The objective of the Shuttle/Spacelab payload development project is to develop, test and evaluate
Earth-viewing remote sensing instruments and systems to obtain data for solid earth observations
research. The Shuttle Imaging Radar, which was most recently flown on the Shuttle in October, 1984
has demonstrated the utility of spaceborne imaging radar for geologic exploration. The Large Format
Camera (LFC), required for high resolution mapping applications, was flown successfully on the Shuttle
in 1984 and an additional reflight of the LFC is planned for 1986. The next generation Shuttle
Imaging Radar, involving use of SIR-B components and a multi-polarized, dual frequency instrument is

under consideration.

Advanced spectrometer technology development activities include fundamental research in remote
sensing. This involves an imaging spectrometer development plus some continuing multispectral linear
array technology development activities. The imaging spectrometer and MLA solid-state sensor research
focuses on the development of such features as electronic scan, inherent geometric and spectral
registration and programmable high spatial and spectral resolution. The critical technology
development and supporting research on the Ulinear array focal plane and the Shuttle Imaging
Spectrometer will continue in FY 1986

Along with the Environmental Observations program, the Solid Earth Observations activities compose
an integral part of NASA"s total Earth sciences and applications effort with emphasis on understanding
the Earth as a planet, studying its dynamics, processes, habitability, and solar-terrestrial
environment.



BASIS OF FY 1986 FUNDING REQUIREMENT

SHUTTLE/SPACELAB PAYLOAD DEVELOPMENT

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Imaging Radar Program.................. 5,600 5,900 5,900 13,400
Large format ca®era . cooooooeaeaa.... 600 200 200 -

Multispectral linear array/advanced
Soectoreter . e pmmmmmmmmman 10,800 12,000 6,000 9,700
Toal. .o 17,000 18,100 12,100 23,100

OBJECTIVES AND STATUS

The objective of this program is to develop, test, and evaluate Earth-viewing remote sensing
instruments and systems to obtain data for land remote sensing research.

In FY 1985, preparations are continuing for a reflight of the Large Format Camera (LFC) and the
Shuttle Imaging Radar-B (SIR-B). The SIR-B will obtain a quantitative assessment of the effect of
various radar viewing geometries on the mapping of surface texture and topographic features. The
SIR-B instrumentation is based on an upgraded SIR-A instrument including the addition of a variable
look angle antenna, digital data handling, and increased bandwidth and resolution. Data will be
recorded on-board and transmitted via the Tracking and Data Relay Satellite System (TDRSS). Following
the reflight of SIR-B, use of the SIR-B components for use in building the next generation Shuttle
Imaging Radar instrument will be reviewed. The SIR-C instrument will utilize multi-polarized, dual
frequency sensor technology.

Advanced Spectrometer technology development activities include fundamental research in remote
sensing involving a Multispectral Linear Array (MLA) and Imaging Spectrometer. The Imaging
Spectrometer and MLA solid-state sensor research focuses on the development of such features as
electronic scan, inherent geometric and spectral registration, and programmable high spatial and
spectral resolution. The critical technology development and supporting research on the linear array
focal plane and the Shuttle Imaging Spectrometer will continue.



CHANGES FROM FY 1985 BUDGET ESTIMATE

The decrease in the FY 1985 current estimate from the budget estimate reflects a partial offset of
the increases in Space Communications to allow for initiation of the Advanced Communications
Technology Satellite flight program design and development, and the increase iIn Materials
Processing. The reduction was accommodated by the phaseout of NASA activities in the Multispectral
Linear Array (MLA) technology development, as this technology is being overtaken by the capabilities
of other remote sensing instruments, such as the solid state planar array technology of the Imaging
Spectrometer which NASA has also been pursuing.

BASIS OF FY 1986 ESTIMATE

FY 1986 funding is required for reflight of the Large Format Camera and the Shuttle Imaging Radar-B
(SIR-B) plus data analysis. FY 1986 funding is also required for continued development of SIR-C
technology, and for advanced spectrometer activities including the development of a Shuttle Imaging
Spectrometer Experiment.
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BASIS OF FY 1986 FUNDING

GEODYNAMICS
1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Crustal dynamics project. svossssasnnnnns 17,500 18,700 18,000 18,500
Laser network operations...... - 7,500 8,000 8,000 8,500
Research and technique development...... 3,000 3,200 3,900 4,700

Toal. .o 28,000 29,900 29,900 31,700

OBJECTIVES AND STATUS

The objective of the Geodynamics program is to understand the origin, evolution, and current state
of the solid Earth by measuring the movement and deformation of the tectonic plates and by measuring
its rotational dynamics and potential fields. Laser ranging, microwave interferometry and the global
positioning satellites are used to determine precise position locations. The global gravity and
magnetic fields are determined from satellite observations.

Measurements over the past five years have provided experimental verification of the velocities of
several of the major tectonic plates. Measurements of regional deformation across the San Andreas
Fault continue to indicate a relative movement of the Pacific and North American Plate of about 6 cm
per year. In addition, new measurements indicate that about 4 cm of this movement is occurring in
Southern California. Measurements of polar motion and changes in the length of day have been
correlated, to a high degree, with variations in the angular momentum and the inertial balance of the
Earth"s atmosphere due to high altitude winds. In 1982 the Earth"s rotation was found to have slowed
by five milliseconds due to the El Nino effect. The Earth"s rotational dynamics are also influenced
by motions of the Earth"s core and the oceans. Models of the Earth"s gravity field, derived from
Laser Geodynamics Satellite (LAGEOS-1) data have provided the first evidence of gravity field
variations. These variations are believed to be caused by continued relaxation of the crust following
the last ice age and have confirmed estimates of the viscosity of the Earth"s mantle layer. Analysis
of the magnetic field, using data from Magsat has confirmed (withina few percent) the diameter of the
Earth"s outer core (determined by seismological measurements) and has provided new data on secular

variations of the magnetic field.



CHANGES FROM FY 1985 BUDGET ESTIMATES

In total, the FY 1985 current estimate remains the same as the budget estimate; however, an
adjustment has beem made between the crustal dynamics project and research and technique development
activities to augment the Caribbean studies.

BASIS OF FY 1986 ESTIMATE

In FY 1986, measurements of plate motion between North America and Europe will be continued in
cooperation with NOAA and several European countries. Measurements of the motions of the Pacific
Plate will also be continued iIn cooperation with DoD and Japan and will be extended to include
China. In addition, regional crustal deformation measurements in the western North America will
continue iIn FY 1986 in cooperation with NOAA, Canada and Mexico. Similar measurements will be
initiated in Europe iIn cooperation with a consortium of 10 European, North African, and Mid-East
countries. The Caribbean studies will be continued In FY 1986 and are expected to involve some 14
countries by 1988.

LAGEOS-1 and other satellites will continue to be used in FY 1986 for studies of plate motion. NASA
systems in the U.S., Pacific, South America, and Australia will be operated in cooperation with laser
systems in 12 other countries. Activities on LAGEOS-2, initiated in FY 1985, will be continued in FY
1986. The mission is being developed by Italy and will be launched by the U. S. in 1987.

Theoretical studies of crustal motion, internal Earth structure and composition, and the modeling and
interpretation of geopotential fields will be continued in FY 1986. In addition, system studies of a
second magnetic field satellite for Ilong-term measurements of the Earth"s Tfield, studies of
geopotential research and laboratory development of room-temperature and cryogenic gravity gradiometer
instrumentationwill be continued in FY 1986.
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BASIS OF FY 1986 FUNDING REQUIREMENT

RESEARCH AND ANALYSIS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dol lars)

Biogeochemical processes........... 4,600 3,600 4,000 4,700
Geological processes. ... 5,100 5,500 5,100 6,300
Hydrologic processes............... 2,900 5,500 2,900 5,100
Remote sensing science............. 2,000 A.,000 3,600 4,000

To@Al. ... 14.600. 15,600. 15,600 20,100

DT R =y vy v pvporv )

OBJECTIVES AND STATUS

The major objectives of the Solid Earth Observations research and analysis program are to develop
remote sensing technology and to apply such technology to the study of the Earth"s land surface.

Sensor system technology currently under development is needed to obtain measurements of Earth
radiation in various portions of the electromagnetic spectrum. Typical questions encountered in this
type of research concern the precision that can be achieved with specific techniques and tradeoffs
involved when using specific sensor systems. Research is also conducted to develop procedures for
extracting information about the Earth"s surface from remotely sensed data. This type of research is
concerned with such topics as pattern recognition; image segmentation and classification; modeling of
scene components; atmospheric effects in remotely sensed imagery; and data base manipulation and
merging. This wide range of technique development activities is designed to provide a new set of
unique tools for Earth-related research of both a basic and applied nature.

The Research and Analysis program also involves the application of remote sensing methods to the
study of the Earth. Research is typically conducted within specific disciplinary fields to determine
the various types of ecological, geological, and hydrological information that can potentially be
inferred from remotely sensed data. Global Earth phenomena currently under study includes the
infFluence of vegetation upon the global carbon dioxide budget and other biogeochemical cycles, and
rock weathering in arid regions. A wide range of topical problems have tentatively been identified as
likely candidates for future research studies of an interdisciplinary nature.
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In ecology and hydrology, the focus is on understanding how land processes, most of which are
mediated by vegetation, interact with global processes relating to climate, the hydrological cycle,

and the various biogeochemical cycles. The principal satellite sensors employed are the Thematic
Mapper, the Landsat Multispectral Scanner, and the Advanced Very High Resolution Radiometer.
Significant inputs are also being provided by other sensors such as the Shuttle Imaging Radar. In

geology, research is underway to evaluate the utility of different remote sensing techniques for
geological mapping, and to apply techniques of proven utility to the study of the Earth"s crust.
These basic crustal studies are expected to lead to an improved understanding of the physical
processes responsible for the concentration of geological resources within the Earth®s crust.

In addition, feasibility and conceptual design studies of future sensors and missions are being
conducted to ensure future capabilities in remote sensing of Earth resources.

Select remote sensing projects are jointly conducted with outside cooperating organizations to apply
remote sensing technology in a problem oriented setting. Joint research projects will continue to be
carried out with public and private sector organizations involving predictive permafrost modeling in
the Alaskan Arctic biomass; wetlands stratification for biogeochemical cycle modeling; assessment of
vegetative stress from acid rain; crop condition assessment and monitoring; cropland conversion;
timber resource inventory; facility site selection and waste disposal impact assessment; and land

capability analysis. In addition, nine multi-disciplinary, university-based remote sensing centers
will be maintained for the purpose of research, test, and evaluation of emerging remote sensing
techniques.

CHANGES FROM FY 1985 ESTIMATE

In total, the FY 1985 current estimate remains the same as the budget estimate: however, an
adjustment has been made between the various Research and Analysis elements to more appropriately
respond to future Earth Observations objectives.

BASIS OF FY 1986 ESTIMATE

During FY 1986, the research and analysis disciplines will continue to make use of Landsat Thematic
Mapper data. Radar data from the SIR-B will also be used to conduct further research. The FY 1986
Research and Analysis program will focus on the analysis of this new data to improve our
understandings of long-term land processes, and develop some techniques for merging
nultisensor/multispectral data sets. Fundamental remote sensing science research on scene radiation
and atmospheric effects will be continued, as will pattern recognition and image analysis. Advanced
mission studies will be continued with emphasis on Shuttle-borne sensor feasibility studies and space
platform payloads.
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Investigations are being continued in FY 1986 to extend our basic understanding of sensor-target
relationships in the optical, thermal, and microwave portions of the spectrum. Results to date
indicate microwave measurements can be used to model vegetation canopies according to leaf, branch,
and trunk components. This research also supports generic technique development to extract the full
potential of information found in the image data. Results to date include a technique which can be
used to identify spatially-related spectral patterns in image data which improves discrimination, for
instance, between forested and agricultural fields, as well as between different densities of forest

canopy -
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE SCIENCE AND APPLICATIONS ENVIRONMENTAL OBSERVATIONS PROGRAM

SUMMARY OF RESOURCES REQUIREMENTS

1985 1986
1984 Budget Current Budget Page
Actual Estimate Estimate Estimate Number

(Thousands of Dollars)

Upper atmosphere research and analysis.. 28,435 31,000 31,000 33,000 RD 7-6
Atmospheric dynamics and radiation

research and amalysis........... srmaan 27 ,465 28,500 28,500 30,300 RD 7-8
Oceanic processes research and

analySIS.. sueesasssssnssnsnsnnnnnnnnns 18,200 19,400 19,400 20,600 RD 7-10
Space physics/research and analysis..... 16,800 16,700 16,700 17,800 RD 7-12
Shuttle/Spacelab payload development.... 7,600 7,800 7,800 5,600 RD 7-14
Operational satellite improvement

[0 0’ =11 600 - ——= - -
Earth radiation budget experiment....... 15,500 8,100 8,100 2,000 RD 7-16
Extended mission operations..... samaamaa 27 ,400 29,500 29,500 37,000 RD 7-18
Interdisciplinary research and

analysis........ —— 1,000 1,000 1,000 RD 7-21
Tethered satellite payloads...... . -— 3,000 3,000 4,500 RD 7-22
5011 (S (0](5] (= gR PP -t 15,000 12,000 31,700 RD 7-23
Upper atmosphere research satellite

(11755 o o 20,000 60,700 55,700 134,000 RD 7-25

TotEl. ... 162,000 220,700 212,700 317,500
RD 7-1




1985
1984 Budget Current
Actual Estimate Estimate

(Thousands of Dollars)

Distribution of Program Amount_hy lnstallation

Johnson Space Center.................... 159 800 466
Marshall Space Flight Center............ 5,630 9,046 8,485
Goddard Space Flight Center............. 95,615 133,136 126,220
Jet Propulsion Laboratory............... 23,541 38,973 36,661
Ames Research Center.................... 3,190 4,650 3,429
Langley Research Center................. 9,769 7,856 10,568
National Space Techonology Laboratories. 34 T 235
Headquarters. sssssssssssnnsssssnnnnnnnns 24,062 26,239 26,636

Total.....oo oo, 162,000 220,700 212,700

1986
Budget

Estimate

477
10,315
206 ,466
56,057
3,662
10,503

237

29,783

317,500
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS ENVIRONMENTAL OBSERVATIONS PROGRAM

r 11 AND JUSTIFICATION

The objectives of the Environmental Observations program are to improve our understanding of the
processes in the magnetosphere, atmosphere, and the oceans; to provide space observations of
parameters involved 1In these processes; and to extend the national capabilities to predict
environmental phenomena, both short and long term, and their interaction with human activities.
Because many of these phenomena are global or regional, they can be most effectively, and sometimes
solely, observed from space. NASA"s programs include scientific research efforts plus the development
of new technology for global and synoptic measurements. NASA"s research satellites provide a unique
view of the radiative, chemical, plasma acceleration, and dynamic processes occurring in the
magnetosphere, atmosphere, and oceans.

To achieve these goals, a number of significant objectives have been established for the next
decade. These include advancing the understanding of the upper atmosphere through the determination
of the spatial and temporal distribution of ozone and select nitrogen, hydrogen, and chlorine species
in the upper atmosphere and their sources In the lower atmosphere; optimizing the use of space-derived
measurements in understanding large scale weather patterns; advancing our knowledge of severe storms
and forecasting capabilities, ocean productivity, circulation, and air-sea interactions; improving the
knowledge of seasonal climate variability leading to a long-term strategy for climate observation and
prediction; and enabling a comprehensive understanding of solar terrestrial processes and a detailed
determination of the physics and coupling between the solar wind, magnetosphere, and ionosphere, and
atmosphere.

Effective utilization of remote sensing requires a balanced set of activities including: analytical
modeling and simulation; laboratory research of fundamental processes; development of instrumentation,
flight of the instruments on the Space Shuttle and dedicated spacecraft; collection of in situ
ancillary or validation data; and scientific analysis of data. The approach is to develop a
technological capability with a strong scientific base and then to collect appropriate data, through
remote and in situ means, which will address specific program objectives.

Studies of the upper atmosphere have led to a new assessment of the impact of chlorofluorocarbons on
stratospheric ozone. New insight has been gained on the dependence of ozone depletion on the amount
of chlorofluorocarbon release to the atmosphere. The importance of monitoring trace gases such as
methane and nitrous oxide, which are both natural and man-made in origin, has been emphasized.
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Three-dimensional models of the stratosphere are being developed to quantify our understanding of
the interrelation of chemistry with dynamics and radiation. The record of satellite ozone
measurements now extends for over a decade and is being used iIn studies to determine if there have
been long-term trends in the average amount of global ozone which shields the Earth®s surface from
harmful ultraviolet radiation.

The Upper Atmospheric Research Satellite (UARS)will place a set of instruments In Earth orbit which
will make a comprehensive measurement of the state of the stratosphere, providing data about the
Earth®"s upper atmosphere iIn spatial and temporal dimensions which are presently unattainable.
Detailed definition studies of the instruments have been completed, and the design and development
activities have begun. Development of the UARS observatory will be well underway in FY 1986.

The Earth Radiation Budget Satellite (ERBS)was successfully launched in 1984, and data continues to
be collected from the satellite. The ERBE instruments which will be fTlown on NOAA-G have been
completed. NOAA-F was Blaunched December 12, 1984, with a set of ERBE instrumentation; the NOAA-G
launch is scheduled for August 1985. NASA is also continuing to support the National Oceanic and
Atmospheric Administration (NOAA) by managing the implementation of the NOAA and Geostationary
Operational Environmental Satellites (GOES) series on a reimbursable basis.

Design and development activities were initiated in rY 1985 on the Scatterometer, which will be
Fflown on the Navy Remote Ocean Sensing System (N-ROSS) in mid-1989, to acquire global ocean data for
operational and research usage by both the military and civil sectors.

The ability to perform temperature and moisture soundings of the atmosphere from geostationary orbit
has been demonstrated by the flight of the NASA-developed visible/infrared spin-scan radiometer and
atmospheric sounder instrument TFflown on the GOES spacecraft. The opportunity afforded by
geostationary orbits to observe a localized region continuously will permit iIntensive study of the
evolving temperature and moisture environment of severe local storms. Low Earth orbit sounding
capabilities are now enabling the extension of forecast reliability from three to Ffive days. in
certain situations, reliable forecasts of eight to ten days duration have been achieved.

The Nimbus spacecraft continues to collect unique data which is being used in the study of long term
trends of the Earth"s atmosphere, oceans and polar ice, and provides near real time data. Collection
and analysis of the Solar Mesophere Explorer (SME) data continues. The Dynamics Explorer continues to
collect valuable data on magnetosphere-ionosphere coupling processes. In addition, the ISEE-3
spacecraft, renamed International Cometary Explorer, has completed an exploration of the Earth®s
geomagnetic tail and 1is being redirected toward a planned encounter in 1985 with the comet
Giacobini-Zinner.



Along with the Solid Earth Observations program,

an integral part of NASA’s total Earth sciences and
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BASIS OF FY 1986 FUNDING REQUIREMENT

UPPER ATMOSPHERE RESEARCH AND ANALYSIS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Upper atmosphere ressarch.............. 17,000 18,700 18,700 19,900
stratospheric air quality research..... 6,085 6,400 6,400 6,800
Tropospheric air qality............... 5,350 5,900 ~5,900. 6,300

Total 28 ,435 31,000 31,000 33,000

oo

OBJECTIVES AND STATUS

The upper atmosphere research program is a comprehensive research and technology effort designed to
investigate and monitor the phenomena of the upper atmosphere and related phenomena in the Ilower
atmosphere. It is aimed at improving our basic scientific understanding of the global atmosphere and
the methods needed to assess its susceptibility to significant chemical and physical change. The
program®s three major thrusts are iIn the areas of upper atmospheric research, stratospheric air
quality research, and tropospheric air quality research.

In particular, the goal of the upper atmosphere research program is to understand the physics,
chemistry and transport processes in the atmosphere on a global scale, and to assess as accurately as
possible the perturbations to the atmosphere caused by man"s activities. In order to accomplish this,
efforts are underway to: (1) improve upper atmosphere and global troposphere models, validate them,
and assess their uncertainties; (2) measure important trace chemical constituents, temperature, and
radiation fields throughout the atmosphere; (3) develop sensors capable of making chemical and
physical measurements of the upper atmosphere and the global troposphere both directly and remotely
from space; (4) assemble and maintain the existing long-term data base of stratospheric and
tropospheric ozone measurements to aid in the detection of long-timescale natural variations and
man-made ozone changes; (5) determine the effects of global tropospheric chemistry on the atmosphere;
(6) conduct theoretical and field studies of tropospheric/stratospheric exchange; and (7) carry out
laboratory kinetics and spectroscopy investigations to support these activities.

A variety of in situ and remote sensing techniques are needed to meet the objectives of determining
and understanding the distribution of ozone and other trace species In the atmosphere. Data sets from
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satellites are now generally available to the scientific community, including a record of the global
distribution of ozone extending back over a decade, and simultaneous observations of a number of trace
constituents for the winter of 1978-79. This data is being exploited to determine if trends in the
ozone amount has been detected and to understand those processes which are directly involved with
these trends.

BASIS OF FY 1986 ESTIMATE

Recent developments in our understanding of the ozone layer have revealed a possible non-linear
dependence of ozone depletion on the amount of Tfluorocarbon released to the atmosphere. These
Ffindings place increase urgency on the need to verify the completeness and accuracy of the theoretical
stratospheric models. In FY 1986, tests of the models will be conducted by means of field
measurements, model calculations, and interpretation of satellite data. The development of more
realistic two- and three-dimensional models will be continued. The global data sets from past and
present satellites will be further analyzed in FY 1986 to aid in the understanding of large-scale
atmospheric processes.

The intercomparison of balloon, aircraft, and ground-based measurements will be continued in FY 1986
to ensure the validity of the different techniques that have been developed and to observe chemical
species In the stratosphere and troposphere to determine the exchange of gases between the lower and
upper atmosphere. These balloon and aircraft measurement programs are the only way to measure many of
the localized phenomena of the atmosphere; they also help to validate satellite observations. Studies
of potential new iInstruments for use on future satellites and suborbital measurement platforms will
also be conducted in FY 1986 to ensure that new technologies are put to use 1in improving the
capability and cost efficiency of tropospheric composition and upper atmosphere measurements.
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BASIS OF FY 1986 FUNDING REQUIREMENT

ATMOSPHERIC DYNAMICS AND RADIATION RESEARCH AND ANALYSIS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Global-Scale Atmospheric Processes Research

and AalysSIS..oooeiaaol .. . 12,900 13,400 13,400 14,200

Mesoscale Atmospheric Processes Research
and AaelysiS. ..o snsaEanas 7,300 7 ,550 7,550 8,000
Climate Research and Analysis========+* 1,263 L2220 25230 8,100
Tl 272465 28,500, 28,500 30,300

OBJECTIVES AND STATUS

The research and analysis activities within the Atmospheric Dynamics and Radiation program comprise
a core effort which is fundamental to using space technology to solve problems in atmospheric
science. The program®s three main thrusts are in the areas of global-scale processes research,
mesoscale processes research and climate research.

The objectives of the global scale research program are to improve our understanding of large-scale
atmospheric behavior and to develop improved capability to observe the atmosphere from space; the
program involves the development of advanced remote sensing instrumentation to observe the atmosphere,
the development of advanced analysis techniques to utilize better existing meteorological satellite
data, and development of advanced numerical models which use satellite observations to describe the
state of the atmosphere both diagnostically and predictively. Recent accomplishments include the
development of techniques which utilized passive multispectral data from the NOAA operational
satellites to provide global maps of a number of key atmospheric and surface parameters. In addition,
special attention has been devoted to developing active lidar techniques to provide detailed profiles
of atmospheric temperature, pressure, and moisture data from future spaceborne platforms. Simulations
of these advanced techniques iIndicate a great potential in meteorological prediction capability.

The objectives of the mesoscale processes research program are to improve our understanding of the
behavior of the atmosphere on short (minutes to hours) time scales and over local to regional size
scales (severe weather, such as tornadoes and hurricanes). Since the characteristic parameters of
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these mesoscale processes cannot be measured directly, new techniques are under study to derive the
information from other observations which can be directly measured. Such an activity requires
advanced data handling and analysis techniques which rely upon man-computer interactive display and
manipulation. A joint NASA-NOAA project of this type was completed and is known as the Centralized
Storm Information System. In the area of remote sensor development, successful Tflights of
instrumentation on the ER-2 aircraft to observe cloud top dynamics have been completed, and a
feasibility study of a potential lightning mapper has been completed.

The Climate Research Program seeks to develop a space capability for global observations of climate
parameters which will contribute to our understanding of the processes that influence climate and its
predictability. Research is focused in accordance with the National Climate Program wherein NASA has
the role of lead agency for solar and Earth radiation research. Future study thrusts will be aligned
with programs of solar irradiance monitoring, Earth radiation budget monitoring and analysis, the
distribution and effect of cloud systems and stratospheric aerosols on the radiation budget, and
selected process studies which relate to monitoring of climate change. The past year®s activities
have iIncluded extensive flight surveys to monitor the effect of the ElI Chichon volcano and
observations by NASA research satellites and ailrcraft. The Ffirst results of the data phase of the
International Satellite Cloud Climatology Project (ISCCP) have been sucessfully archived and detailed
planning for the First ISCCP Regional Experiment (FIRE) has been initiated through a national project
office located within NASA. Data from ISCCP and FIRE will be analyzed in conjunction with the Earth
Radiation Budget Experiment (ERBE) data to improve our knowledge of cloud-radiation interactions which
affect our climate. In addition, measurements of the solar irradiance will continue through the
repaired Solar Maximum Mission (sSMM) spacecraft, Nimbus 7 and reflights of the Active Cavity
Radiometer flown on Spacelab-1.

BASIS OF FY 1986 ESTIMATE

FY 1986 fTunding is required to conduct aircraft TfTlights to study the detail of flows around
thunderstorms and fronts, continue comparison of models, study atmospheric scale interactions, and
develop techniques to display model outputs in 3-dimensions. In FY 1986 three major interagency field
experiments will significantly improve our understanding of the atmosphere for air/ocean interaction
which generate crippling New England snowstorms (GALE), the physics of small strong downdrafts called
microbursts which are on the scale of tornados (MIST), and the mechanism of regional precipitation
quantification (SPACE) through space, aircraft, radar balloon, and surface-based observations. Other
activities will involve continued retrieval and archiving of global International Satellite Cloud
Climatology Project data sets, analysis of data from the Earth Radiation Budget Experiment and the
Stratospheric Aerosol and Gas Experiment, and continued ground-based and rocket flight support €or
solar irradiance monitoring. Technology development of active temperature, pressure, and moisture
sounders as well as basic lidar technology development will also be continued in FY 1986.



ilS OF FY 6 FUNDING REQUIREMENT

OCEANIC PROCESSES RESEARCH AND ANALYSIS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dol lars)

Research and analysis... .cccassessns 18,200 19,400 19,400 20,600

OBJECTIVES | |

The Oceanic Processes Research and Analysis (R&A) program emphasizes the development and application
of spaceborne observing techniques to advance our understanding of the fundamental behavior of the
oceans, as well as to assist users with the implementation of operational systems. As such, the
program operates in concert with a variety of TfTederal agencies (e.gq., Navy, Noaa, NSF) and foreign
countries (e.g9., Canada, Europe, Japan).

The Oceanic Processes R&A program is organized into three discipline areas: (1) physical, (2)
biological, and (3) polar oceanography. The spaceborne observational technique of prime importance,
and 1its corresponding scientific use for each area are as follows. In physical oceanography,
satellite scatterometers and altimeters are used to observe surface roughness and topography, from
which surface winds and ocean current response can be estimated. In biological oceanography, color
scanners are used to observe chlorophyll concentration, from which primary productivity can be
estimated. In polar oceanography, microwave radiometers and synthetic apeture radars are used to
estimate the characteristics of sea-ice cover and the details of its motion.

The Oceanic Process R&A program is actively pursuing scientific research with other federal agencies
and foreign countries for the World Climate Research Program (WCRP). Component WCRP efforts include
the Tropical Ocean/Global Atmosphere (TOGA) and World Ocean Circulation Experiments (WOCE), a Global
Flux Experiment (GFE), and an Arctic Basin research effort (POLESTAR).

BASIS OF FY 1986 ESTIMATE

In FY 1986, the physical oceanography research activities will include concentration on the
experimental design for WOCE and TOGA, as well on the development of numerical models and associated

data assimilation techniques for use in determining the general circulation of the oceans. In
biological oceanography, the analysis of data from Nimbus-7 will be continued in order to help with
the conceptual design of the Global Flux Experiment. In addition, preliminary design of the Ocean
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Color Imager, including accommodation studies for the NOAA-K and SPOT-3 spacecraft, will be
performed. In polar oceanography, emphasis will be placed on experimental design for the Artic Basic
research effort (POLESTAR), as well as working with the World Data Center for Snow and Ice on
processing and archival of microwave radiometer data. Activities will also be pursued on determining
how to optimally process synthetic aperture radar data from the ERS-1 satellite. In addition, the
transition of the Pilot Ocean Data System from a technical demonstration to a scientific support
Ffacility will be completed in FY 1986. Interagency coordination with the Office of Naval Research,
NSF, and NOAA will be finalized for the utilization of spaceborne observing techniques in
oceanographic research, including the definition of interfaces between the Pilot Ocean Data System and
the computing facilities and/or data archives of other agencies.

Advanced technology development activities will also be continued on prospective future missions,
e.g., TOPEX, etc.
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BASIS OF FY 1986 FUNDING REQUIREMENT

SPACE PHYSICS RESEARCH AND ANALYSIS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Plasma physics SrR&T and data analysis.... 10,900 11,500 10,500 12,300
Advanced technology development..sessusss 2,800 1,900 2,900 2,000
Solar terrestrial theory.... cusescsesnnnns 3,100 3,300 3,300 3,500

To@El. .ol 16,800 16,700 16,700 17,800

OBJECTIVES AND STATUS

Space physics research and analysis is a broadly structured effort to enhance our understanding of
the characteristics and behavior of plasmas in the solar corona, the interplanetary medium and in the
vicinity of the Earth and other planets. These studies include: the complex coupling of the
atmosphere with the 1ionosphere and the magnetosphere; the solar wind and how It interacts with
planetary magnetospheres and i1onospheres; and how variations in the solar wind are coupled into the
near planetary environment and neutral atmosphere. This discipline also includes the conduct of
active experiments to extract information under controlled conditions, and the use of space as a
laboratory for the study of plasmas iIn parameter regimes that are unattainable on the Earth. The
understanding of the plasmas in the solar system, the only naturally occurring plasmas to which we
have direct access, will also enable us to refine theories regarding astrophysical plasma processes.

The major thrust of the space physics program is directed at studies of the near Earth environment,
from the flow of the solar wind past the magnetosphere, to manifestations of variations of the plasma
environment detectable near the surface of the Earth. Not only are these studies of great interest to
the Earth sciences community, but also there are other practical components concerned with these
aspects, such as ionospheric influences on communication, global circulation of the atmosphere driven
by magnetospheric input, the charging of spacecraft immersed in plasma, and the behavior of antennas

and their signals in the magnetosphere.

This field of research is one of relative maturity, with emphasis on multipoint, in situ
measurements and on active perturbation experiments rather than isolated exploratory observations.
For example, there are presently four spacecraft systems--the Interplanetary Monitoring Platform, the



~+~rnational Sun-Earth Explorer (ISek), Dynamics Explorer, and the Active Particle Tracer Explorers
(aMPTE) taking such measurements. AMPTE has begun a program of coordinated chemical releases and
plasma diagnostics to investigate solar wind plasma entry into the magnetosphere and energization as
the plasma flows towards the atmosphere. There is an active program of sounding rocket and balloon
investigations aimed principally at spatially or temporally isolated atmospheric, ionospheric or
magnetospheric phenomena. Active theoretical, modeling and supporting laboratory activities are also
being conducted.

The solar terrestrial theory activity continues to provide a strong basis for all of the programs in
both solar physics and space plasma physics. Theoretical groups are engaged in research on virtually
every aspect of the solar terrestrial problem by using both fundamental process calculations and
numerical models of the large scale phenomena.

CHANGES FROM FY 1985 ESTIMATE

In total, the FY 1985 current estimate remains the same as the budget estimate. However, within the
project, $1.0 million has been transferred from SRT to ATD activities to enhance the definition
activities on the International Solar Terrestrial Physics Mission (ISTP).

BASIS OF FY 1986 ESTIMATE

During FY 1986, the space physics research and analysis activities will be continued with particular
emphasis on the analysis of data from ISEE-3, which has spent most of 1983 in the Earth"s magnetotail,
and the International Cometary Explorer®™s (ICE) encounter of comet Giacobini-Zinner 1in 1985.
Definition studies will be continued during FY 1986 on such missions as the potential cooperative
Japanese and European International Solar-Tethered Satellite System and on the chemical release
investigations In support to the Combined Chemical Release and Radiation Effects Satellite (CRRES)
which is being developed by the Department of Defense.

The solar terrestrial theory program will be continued during FY 1986. In addition, a comprehensive
and quantitative aggregate model of the solar-terrestrial interaction will continue to be developed.
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BASIS OF FY 1986 FUNIDNG REQUIREMENT

SHUTTLE/SPACELAB PAYLOAD DEVELOPMENT (ENVIRONMENTAL OBSERVATIONS)

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Measurement of air pollution from

satellites (WS).oooooeaaao. 700 650 500 500
Atmosphere trace molecules observed

by spectroscopy (AMS)....ccccoo.-. 2,600 2,000 1,600 1,800
Active cavity radiometer (ACR,

ACRIM) cveoensosenvescssccssscnsccsscse 2,200 2,000 2,000 900
Light detection and ranging (LIDAR)... 1,200 2,000 3,000 1,600
Principal investigator instrument

development and reflight program.... 900 1,150 700 800

ToEl. ..l 7,600 7,800 7,800 5,600

|

OBJECTIVES AND STATUS

The Space Transportation System offers the unique opportunity for frequent short-duration flights of
instruments. The Environmental Observations program has 1incorporated this capability into the
Shuttle/Spacelab payload development activities in these iImportant aspects: early test, checkout and
design of remote sensing instruments for long duration free-flying missions; and short-term
atmospheric and environmental data gathering for basic research and analysis where long-term
observations are impractical.

The Measurement of Air Pollution from Satellites (MAPS) experiment is a gas-Filter correlation
radiometer designed to measure the levels of tropospheric carbon monoxide and the extent of
interhemispheric mass transport in the lower atmosphere. The iInstrument was flown successfully on two
Shuttle flights. It is approved for four Flights, one for each season of the year to provide the
First observations of the global seasonal variation of carbon monoxide in the Earth®"s atmosphere.
Reflight of MAPS is planned on both 0sTa-5 and -7 missions.

The objective of the Atmosphere Trace Molecules Observed by Spectroscopy (ATMOS) experiment is to
make detailed measurements of gaseous constituents (e.g., hydrogen chloride, water, ammonia, methane)
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in the Earth"s atmosphere by using the technique of infrared absorption spectroscopy. The data will
help determine the compositional structure of the upper atmosphere, including the ozone layer and its
spatial variability on a global scale. The instrument Is scheduled for launch in 1985 on Spacelab-3;
it will be reflown on the Earth Observation Mission (EOM) series in 1985/86.

In response to an Announcement of Opportunity, a number of principal investigator class instruments
were selected for development. Payloads currently under development include the Active Cavity
Radiometer-1 (acr-1) which is designed to aid in the study of the Earth"s climate and the physical
behavior of the Sun. Reflights of acrR-1 on future EOM missions are planned. Other experiments have
also been selected for reflight, including some instruments which were flown on the Shuttle orbital
Fflight tests and on Spacelab L

CHANGES TO FY 1985 BUDGET ESTIMATE

In total, the FY 1985 current estimate remains the same as the budget estimate; however, there has
been some transfer of funds with the shuttle/sSpacelab Payload Development elements to allow for an
increase in the range of LIDAR development activities.

BASIS OF FY 1986 ESTIMATE

FY 1986 funds will be used to support the Measurement of Ailr Pollution from Satellites (MAPS)
science team activities including data reduction, refurbishment for reflight and upgrading of the
ground service equipment and new data recorder.

The initial flight of the Atmospheric Trace Molecules Observed by Spectroscopy (ATMOS) instrument is
scheduled for 1985. The FY 1986 funding is required to support the continued science team activities,
data processing and analysis of the data, and refurbishment reflight In 1986.

FY 1986 funding is also required to continue the Active Cavity Radiometer (ACR) data processing,
science team activities, and refurbishment for reflight on a future Shuttle mission. Definition
studies of a potential free-flyer version of ACR will also be undertaken. The principal iInvestigator
instrument development and reflight program will be continued with research efforts concentrated on
atmospheric chemistry, solar intensity and variability, and upper atmospheric winds.

Development activities will continue on the Light Detection and Ranging (LIDAR) instrumentation

Ffollowing completion of preliminary definition, breadboard laboratory activites, and conceptual design
reviews.
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BASIS OF FY 1986 FUNDING REQUIREMENT

EARTH RADIATION BUDGET EXPERIMENT

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Spacecraft-. EEEEEEEEEEEEEEEEEEEEEEEENEES 4,900 m—— —— ——
55 5 0 ¢ 3,700 - —_— ——
Mission operations and data analysis... 6,900 8,100 8,100 2,000

ToEl. . 15,500 8,100 8,100 2,000

OBJECTIVES AND STATUS

The objective of the Earth Radiation Budget Experiment (ERBE) is to measure the temporal and spatial
variations in the Earth"s radiation budget to gain basic insight iInto the causes for climatic

fluctuations.

Experimental Earth radiation budget instruments have been flown on the Nimbus satellites. Sampling
studies based on those experiments have shown that adequate global coverage requires a multiple
satellite system. These studies also indicate the need for improved calibration of the sensors and
measurements covering at least one fTull cycle of seasons. In order to provide adequate and
meaningful coverage, identical Earth radiation budget instruments are being installed on the NOAA-F
and NOAA-G satellites and on one dedicated NASA observatory (ERBS). The scientific objectives and
measurement requirements were developed by a combined NOAA/NASA/university/industry team oF
scientists.

In addition to the ERBE instruments, the NASA observatory carries the Stratospheric Aerosol and Gas
Experiment (SAGE 1I) which provides aerosol measurement data.

The ERBS spacecraft was completed in 1983 with instrument integration completed in early 1984. The
ERBS was launched by the Space Shuttle to an altitude of 300 km and then propelled to the operational
altitude of 610 km by an auxiliary on-board propulsion system in October, 1984, The other ERBE
instruments are being flown on NOAA-F and NOAA-G; NOAA-F was launched in December 1984, and NOAA-G 1is

planned for launch In early 1986
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BASIS OF FY 1986 ESTIMATE

The FY 1986 funding is required to support the operation of ERBS and analysis of the data collected by
experiments on ERBS, NOAA-F and NOAA-G. This flight data will be used to update the existing climate

models.



B2 1{ OF FY 1) I U] (M N

EXTENDED MISSION OPERATIONS (ENVIRONMENTAL OBSERVATIONS)

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Operations for the extended mission of:

NEMDUS 7.vuieeiiiinneniiiiennineroonnns 7,300 7,700 7,200 6,600
Stratospheric aerosol and gas experiment

(526 TR 300 - - -——
Solar mesosphere explorer QE)........ 2,600 2,300 2,400 2,300
Solar backscatter ultraviolet

instrument/corrective measurement..... 2,200 1,650 2,300 1,400
Earth radiation budget experiment

extended gqeratios. . .cccccacacaaaan.. 200 900 1,300 7,100
Active magnetospheric particle tracer

explorer extended operations...... e -—- aoo 600 3,400
International Sun-Earth explorers...... 5,200 6,600 6,400 6,600
Interdisciplinary monitoring platform.. 600 650 600 600
Dynamics explorer extended operations.. 9,000 8,900 a, 700 a, 500
San Marco extended operations.......... T -—- -—— 100

TotEl. e 27,400 29,500 29,500 37,000

OBJECTIVES AND STATUS

The objectives of the extended mission operations is to provide for the operations, data processing,
validation and data analysis of missions which have completed basic operations.

Launched in 1978, the Nimbus-7 spacecraft continues to provide significant quantities of global data
on sea ice coverage, atmospheric dynamics and chemistry, the Earth®"s radiation budget, ocean
temperature and ocean color. Preliminary evaluation of data has demonstrated the utility of these
measurements, and the instrument techniques are being used on operational satellites. Reduction and
validation of this data is continuing, as is the operation of the satellites themselves. There is a
strong demand for both historical and current data on radiation budget, atmospheric dynamics, and
trace constitutent concentrations and distribution; all of this data is used for global weather trend
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studies, severe storm analysis and prediction, improved numerical forecast models, ozone concentration
trend analysis, and Earth climate studies.

The Solar Mesosphere Explorer (sSME), launched in October 1981, 1is providing major input to our
overall atmospheric parameter data base. SME 1#s producing simultaneous measurements needed to
understand the complex chemical processes taking place in the mesosphere, including data measurements
of ozone, atomic oxygen, nitric oxide and temperature. All instruments are functioning well. Early
data results indicate greater short-term variations and magnitude than was expected of many of the
mesospheric properties. A ground truth program to aid in the validation of the SvE data is also being
undertaken. SME is providing excellent data on the effect of volcanoes on the Earth®"s atmosphere and
long-term effects on the climate through the EI Chichon measurements.

Solar terrestrial research activities rely on data received from the International Sun-Earth
Explorers, the Interplanetary Monitoring Platform (IMP), and the Dynamics Explorers which are still
operational. Recent analysis of DE-1 data have shown coupling of plasma and mesospheric chemistry.
IMP continues to provide the only available source of solar wind input measurements to the Earth. The
combined measurements of ISEE-1 and -2 in the same eccentric orbit continue to provide important data
to study the structure and motions ofF the essential magnetospheric boundaries, bow shock,
magnetopause, plasma pause and sheet. ISEE-3 made important First time measurements of solar
wind-magnetosphere interraction in the Earth"s distant geotail. The ISEE-3 spacecraft, renamed the
International Cometary Explorer (ICE), 1is presently traveling towards an encounter with the
Gliacobini-Zinner Comet in 1985. ICE will also provide complementary solar wind measurements upstream
of Comet Halley in late 1985 and early 1986

CHANGES FROM 1985 BUDGET ESTIMATE

In total, the FY 1985 current estimate remains the same as the budget estimate; however, there has
been some adjustments within the extended operations program to better align the funding with the
actual operating spacecraft requirements.

BASIS OF FY 1986 ESTIMATE

FY 1986 funding is required to support continuing mission operations and data analysis activities
for the International Sun-Earth Explorers, the Interplanetary Monitoring Platform and the Dynamics
Explorers. Extended operations support of the Active Magnetospheric Particle Tracer Explorer, which
was launched .in 1984, will be continued in FY 1986. Operation of the Nimbus and SME satellites and
processing of the collected data will be continued as will activities to provide ground truth for a
NASA-developed ozone instrument to be flown on a NOAA weather satellite. The SME and Nimbus
satellites continue to produce extremely valuable data on ozone concentrations which will be used to
estimate the occurrence of natural variations, sea surface temperatures, aerosol measurements, and
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ocean productivity.

interpret them.

Correlative ground truth activities will also be continued in FY 1986
situ observations are needed to verify the quality of remote observations and improve our ability to

these in
In addition, FY 1986 funding is required for operation and data analysis activities
associated with the Earth Radiation Budget Satellite, which was launched in 1984
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14 OF | 1986 F REQUIREMENT

INTERDISCIPLINARY RESEARCH

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dol lars)

Interdisciplinary Research and Anmalysis.... - 1,000 1,000 1,000

OBJECTIVES AND STATUS

Interdisciplinary research activities need to be conducted to characterize quantitatively the
Earth"s chemical, physical, and biological processes on the land, along with the interactions between
the land, the oceans, and atmosphere, which are of particular importance in assessing the impact of
these phenomena on global, physical, and biogeochemical processes. Such research is essential to
investigating and assessing long-term physical, chemical, and biological trends and changes in the
Earth®s environment.

BASIS OF FY 1986 ESTIMATE

In FY 1986, interdisciplinary studies will be continued with emphasis on integrating
discipline-specific research activities of Oceanic Processes, Atmospheric Dynamics and Radiation,
Upper Atmosphere/Tropospheric Chemistry, and Land Processes into a unified program which will help
increase our understanding of critical global processes. Emphasis will be placed on initiating
specific pilot studies of land-atmosphere and ocean-atmosphere interactions in energy, water, and key
nutrient cycles.



} OF | 1986 I REQUIREMENT

TETHERED SATELLITE PAYLOADS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Tethered Satellite Payloeds............ --- 3,000 3,000 4,500
OBJECTIVES AND STATUS

The Tethered Satellite System (Tss) will provide a new Tacility for conducting experiments weighing
500 kg or less from distances of 100 km above or below the Space Shuttle. The Tss will allow unique
science to be undertaken such as observations of atmospheric processes occurring within the lower
thermosphere (below 180 km altitude), new observations of crustal geomagnetic phenomena, and direct
observation of magnetospheric-ionospheric-atmospheric coupling processes iIn the 125-180 kilometer
region. In addition, the satellite, coupled to the conducting tether, can generate large amplitude
hydromagnetic waves and electrodynamic waves in the local space plasma, thus enabling active space
plasma and magnetospheric physics experiments to be performed. The objective of the initial TSS
mission is to verify the controlled deployment, retrieval and on-station stabilization of the
satellite tethered from the orbiter, and to carry out scientific research using a conducting tether
extended 20 km above the orbiter. NASA is providing the scientific payloads €or the initial flight of
the TSS.

The TSS i1s an international cooperative project with the Italian government. The United States is
developing the tether deployment and retrieval system, is responsible for overall project management
and system integration, for development and integration of the instruments, and flight on the Shuttle.
Italy is developing the satellite and is responsible for development and integration of European
investigations. An Announcement ofF Opportunity for investigations was issued in April 1984
Selection of investigators is expected in early 1985 after which instrument design will be initiated.
Some program delays are currently being encountered by the Italians in the development of the
satellite, and the launch schedule is being reevaluated.

BASIS OF FY 1986 ESTIMATE

The FY 1986 funding is required to continue design and development activities on the scientific
instruments for flight on the Tethered Satellite System.



BASIS OF FY 1986 FUNDING REQUIREMENT

SCATTEROMETER
1985 1986
1934 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
ScatterOmeter . e --- 15,000 12,000 31,700

OBJECTIVES AND STATUS

The purpose of the Navy Remote Ocean Sensing System (N-ROSS) is to acquire global ocean data for
Sperational and research usage by both the military and civil sectors. A Scatterometer sensor is
required to meet the objectives of this mission. NASA will provide the Scatterometer sensor and the
Department of Defense will provide the N-ROSS spacecraft and launch services for a launch in mid-1989,

The Scatterometer will provide accurate, global measurements of ocean surface winds which will be
useful for both oceanography and meteorology. In addition to satisfying Navy operational requirements
for providing wind field data, Scatterometer data will permit the First global study of the influence
of winds on ocean circulation, provide data on the effects of the oceans on the atmosphere, and
provide improved marine forecasting (winds and waves). Flight of the N-ROSS in mid-1989 will provide
an overlap of data gathering with the World Ocean Circulation Experiment planned by the international
oceanographic community. The feasibility of using the Scatterometer technique from space to
accurately measure winds was demonstrated by Seasat in 1978.

Definition studies conducted by NASA during FY 1983 and early FY 1984 have resulted in the
determination that the performance requirements as stated jointly by the research community and the
Navy can be satisfied by utilizing system design concepts similar to those used on the Seasat
Scatterometer. The major improvements iInclude the addition of two antennas for improved wind
direction determination and the addition of digital Tfiltering to compensate for earth rotational
effects. In FY 1985, the design and development activities were initiated, not only on the
Scatterometer instrument, but also on the ground data processor which will utilize research quality
algorithms to process the scatterometer raw data into geophysical products for utilization by the
oceanographic and meteorological research communities. An Announcement of Opportunity (a0) Tor
specific research investigations using Scatterometer data will be released In FY 1985.
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CHANGES FROM 1985 BUDGET ESTIMATE

The $3.0 million decrease is the result of a slip in the launch of the Navy Remote Ocean Sensing
System (N-ROSS) from 1988 to 1989.

BASIS OF FY 1986 ESTIMATE

In Fy 1986, design and development of the Scatterometer will be continued leading to the scheduled

launch in mid-1989. In particular, design and development activities on the transmitters, antennas,
and Radio Frequency Subsystem (RFS) will be intensely pursued.
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BASIS OF FY 1986 FUNDING REQUIREMENT

UPPER ATMOSPHERE RESEARCH SATELLITE PROGRAM

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Est imate

(Thousands of Dollars)

Sxxea?ﬂt ............................. -—— 25,700 20,700 80,200
Exmrln’enm---- A EEEEEEEEEEEEEEEEEEEENEDR 20 :OOO 35,000 352000 53,800
Total. .. ee 20,000 60,700 55,700 4134000

OBJECTIVES AND STATUS

The Upper Atmosphere Research Satellite (UARS) program is the next logical step in conducting a
comprehensive program of research, technology development and monitoring of the upper atmosphere aimed
at improving basic scientific understanding. This mission is essential for understanding the key
radiative, chemical and dynamical processes which couple together to control the composition and
structure of the stratosphere. The UARS mission will provide the first integrated global measurements
of: ozone concentration; chemical species that affect ozone; energy inputs; temperature; and winds in
the stratosphere and mesosphere. These measurements will complement the measurements of ozone and of
atmospheric parameters affecting ozone that were made on Nimbus and SAGE. The UARS program is a
critical element in overall stratospheric research and monitoring efforts; it will provide the first
full data set on stratospheric composition and dynamics which will be required when very difficult
decisions must be made in the future regarding production of chlorofluorocarbons. The UARS mission
will also contribute to the assessment of the impact of stratospheric changes on our climate and will
provide the data needed €or a full understanding of the stratosphere. These understandings are
essential for subsequent design and implementation of a long-term stratospheric monitoring activity.

A Tinal selection of eleven experiments has been made, including infrared and microwave limb
sounders which require advances iIn cryogenics, solid-state devices and microwave antennas beyond
earlier capabilities. The instrument design and development activities are underway. In addition,
development of the central ground data handling facility, which will permit near-realtime interactive
utilization of data by the twenty-one design and theoretical investigator teams, is underway.
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CHAMG..o FROM FY 1985 BUDGET ESTIMATE

The $5.0 million decrease reflects a partial offset of the increase in Space Communications to allow
for initiation of the Advanced Communications Technology Satellite flight program design and
development, and in Materials Processing made in general consonance with authorization action. The
decrease, 1In consonance with authorization action, has been accommodated by the rephasing of
activities within the project.

BASIS OF FY 1986 ESTIMATE

The FY 1986 funds are required for continuation of the design and development activities on the UARS
instruments leading to the critical design review €or approximately one-half of the full instrument
complement. In addition, the spacecraft design and development activities will be continued in FY
1986, leading to the observatory preliminary design review in 1986 and the critical design review in
early 1987.

The ground data handling facility will enable a higher level of interaction among experimenters and
theoreticians than has existed with past programs. Implementation of this concept requires that it be
designed early in the UARS design and development activities so that individual experiment data
processing subsystems, including algorithms, and the interactive data base in the design and
development phase provide maximum interaction and effectiveness. Therefore, FY 1986 funding is also
required for the continued design of the ground data handling facility and algorithm development, and
to support the science team.
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1936 ESTIMATES
BUDGET SUMMARY

OFFICE OF SPACE SCIENCE AND APPLICATIONS MATERIALS PROCESSING IN SPACE PROGRAM

SUMMARY OF RESOURCES REQUIREMI NTS

1985 1986
1984 Budget Current Budget Page
Actual Estimate Estimate Estimate Number

(Thousands of Dollars)

Research and amlysis............_. 11,000 11,700 11,700 12,400 RD 8-3
Materials experiment operations.... 14,600 11,300 15300 21,600 RD 8-4
o r=! 25,600 23,000 27,000 34,000

Distribution of Program Amount by Installation

Johnson Space CGater............... 1,786 2,000 2,212 3,150
Marshall Space Flight Center....... 7,603 7,300 9,106 10,980
Lewis Research CGater.............. 5,207 4,550 5,754 6,700
Langley Research Gater............ 390 750 1,355 1,200
Jet Propulsion Laboratory.......... 6,362 5,900 5,485 8,075
Headquarters..... 4,252 2,500 3,088 3,895

Tol. 25,600 23,000 27,000 34,000
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1986 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS MATERIALS PROCESSING IN SPACE PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION

The Materials Processing in Space program emphasizes the science and technology of processing
materials to understand constraints imposed by gravitational forces and the unique capabilities made
possible by controlling these processes in the space environment. Ground-based research, technology
development, and payload definition activities in FY 1985 are beilng concentrated on six major
processing areas: metals and alloys, electronic materials, glass and ceramics, biotechnology,
combustion, and Fluid dynamics and transport phenomena. These activities will provide the scientific
basis for future space applications of materials processing technology as well as provide a better
understanding of how these processes occur on the ground. Definition studies will be performed for
Shuttle experiment candidates 1In areas such as containerless experiments, combustion science,
solidification and crystal growth, and blood storage. Also included are maintenance of capabilities
for experimentation in drop tubes, towers, and aircraft. An outreach program, consisting of technical
publications, workshops, experiment accommodation studies and support for Joint Endeavor and Technical
Exchange Agreements, are included in this program.

Materials Experiment Operations is a consolidation of ongoing activities which provide a range of
experimental capabilities for all scientific and commercial participants in the materials processing
program. These include Shuttle mid-deck experiments, the Materials Experiment Assembly and the
Materials Science Laboratory, which is carried in the orbiter bay. These capabilities will enable
users to develop different experiments in a cost-effective manner and allow a better understanding of
the technical risks associated with experiment concepts before attempting to develop more complex
hardware. In addition, reflight of investigations on Shuttle/Spacelab missions and the mid-deck 1is
provided for in Materials Experiment Operations.
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BASIS OF FY 98 FUNDING REQUIREMENT

RESEARCH AND ANALYSIS (MATERIALS PROCESSING)

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Ground-based investigations,
analysis and stdies............. 11,000 11,700 11,700 12,400

[B) AND STATUS

The research and analysis activity provides the scientific foundation for all current and future

projects iIn the microgravity science and applications program. Emphasis is placed on ground-based
research which is expected to evolve iInto space Investigations with potential for future
applications. This activity also supports technology development for Tfuture ground and space

capabilities, and commercialization activities leading toward privately-funded space enterprises.
Most research projects are initiated as a result of proposals from the scientific community which are
extensively peer reviewed prior to selection. The FY 1985 funding is being used to support ongoing
research in infrared detector materials, spherical shell technology, floating zone crystal growth,
separation and synthesis of biological materials, Tfluid flow effects in materials processing,
combustion science, and containerless processing techniques. Coordinated activities with the NASA
Commercialization Office will continue with studies of institutional arrangements associated with
joint wdAsA/industry Vventures, iInformation activities directed toward industry involvement 1in
microgravity science and applications projects, and early negotiations and continuing technical
support with companies interested in undertaking joint space endeavors with NASA.

BASIS OF FY 1986 ESTIMATE

Ground-based research and analysis will be continued in FY 1986 in the areas of metals and alloys,
electronic materials, glass and ceramics, biotechnology, combustion, and fluid dynamics and transport
phenomena. Research will be conducted to define the role of gravity-driven influences in generic
processing methods. Effort will continue at the centers for bioprocessing research located at the
University of Arizona and the University City Science Center in Philadelphia, PA as well as the
Microgravity Materials Science Lab at the Lewis Research Center.
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BASIS OF FY 1986 FUNDING REQUIREMENT

MATERIALS EXPERIMENT OPERATIONS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Materials experiment operations........ 14,600 11,300 15,300 21 ,600

C JE {i AND STATUS

The materials experiment operations program provides a wide range of opportunities for scientific
and commercial experiments in microgravity science and applications. Development of Shuttle mid-deck
and cargo bay experiments are supported under this activity. Preliminary data analysis on Shuttle
experiments already flown has shown promising results.

IR K FROM ! 1985 G./T i 1

The increase of $4.0M reflects a reallocation of funds from other areas of the Space Applications
program in consonance with Congressional action. The funding increase will be used to augment the
materials processing flight experiment activities, and to initiate the development of two new Physics
and Chemistry Experiments: the Lambda Point of Helium and Solid Surface Combustion.

BASIS OF FY 19386 ESTIMATE

FY 1986 funding is required to continue basic and applied research activities using mid-deck and
cargo bay experiments leading to several flights over the next few years. Investigations will be
conducted in electronic materials biotechnology and combustion. Development will begin on a number of

Physics and Chemistry Experiments (PACE).
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE SCIENCE AND APPLICATIONS COMMUNICATIONS PROGRAM
SUMMARY OF ES REQUIREMENTS
1985 1986
1984 Budget Current Budget Page
Actual Estimate Estimate Estimate Number

(Thousands of Dollars)

Advanced Communications Technology

Satellite (CI9)eeeememme. 25 ,000 5,000 45,000 90,000 RD 9-4
Research and aalysis................. 8,500 9,100 9,100 10,600 RD 9-6
Search and resOe. . .ceeemmmaeee. 3,800 2,400 2,400 1,300 RD 9-8
Technical consultation and

support stdies. oo 2,700 2,900 2,900 3,100 RD 9-10
Experiment coordination and operations

500 5 0 ¢ SN .1100 1,200 1,200 1,200 RD 9-11

Lo+ I 41,100 20,600 60,600 106,200

Distribution of Program Amount by Installation

Goddard Space Flight Cater............. 4,775 4,300 3,787 2,720
Jet Propulsion Laboratory........ - 4,342 3,350 4,400 6,000
Ames Research CGater.. .. ... 258 680 -—- -—-
National Space Technology Laboratories... 20 -—- -— -——
Langley Research Gater.................. 50 --- -—= T
Lewis Research CGatter.....oooooooao.... 30,422 11,050 49,750 94 ,200
Headquarterslllllllllllllllllllllllllllll 1,233 12220 2,663 3,280

To@El. e 41,100 20,60 60,600 106,200
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1986 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS COMMUN ICAT IONS PROGRAM

OBJECTIVES AND STATUS

The objective of the Advanced Communications Technology Satellite (ACTS) program is to prvve the
Tfeasibility of certain advanced communications satellite technologies through a flight test program.
These technologies, including a multibeam antenna, baseband processor, RF matrix switch, traveling
wave tube amplifier, and low noise receiver, will be applicable to a wide range of communications
systems in the 1990's. A contract was awarded to RCA in August 1984 for development of the ACTS
system.

The Communications Research and Analysis program continues to provide development of component and
device technology required by NASA, other government agencies, and U.S. iIndustry for advanced
communications satellite systems. Big payoff items leading to greater spectrum and bandwidth
efficiency are being pursued. In addition, in FY 1985, the Mobile Satellite activities will continue
to address the development of critical enabling technologies needed to insure growth of a commercial
mobile satellite service. This effort, 1In cooperation with U.S. industry, Canada, and other
government agencies, will help implement a first generation system with a launch in the late 1980's.

The Search and Rescue program is an international cooperative program that demonstrates the use of
satellite technology to detect and locate aircraft or vessels in distress. The United States, Canada,
France, and the Soviet Union developed the system, in which Norway, the United Kingdom, and Sweden
also participate. Three COSPAS satellites are currently in operation, and NOAA-F was successfully
launched on December 12, 1984. Over 350 lives have been saved in numerous incidents worldwide, and
the list continues to grow on a weekly basis. During FY 1984, the demonstration and evaluation phase
of the program was officially completed, and a new agreement was signed to continue operation of the
system.

The technical consultation and support program will continue to provide for studies of radio
interference, propagation and special systems required for the growth of existing satellite services
and the extension of new satellite applications. Support to the Department of State, the Federal
Communications Commission, the National Telecommunications and Information Administration, and the
Federal Emergency Management Agency in the development of frequency and orbit sharing techniques and
strategies for upcoming World Administrative Radio Conferences (WARC's) are continuing.
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The experiment coordination and operations support program assists other federal agencies and public
sector organizations in the development of experimental satellite communications for emergency,
disaster and public service applications. Operations of the Applications Technology Satellites (ATS)
1 and 3 are continuing through contracts with universities. ATs-5 was turned of€ in March 1984.
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BASIS OF FY 1986 FUNDING REQUIREMENT

ADVANCED COMMUNICATIONS TECHNOLOGY SATELLITE

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Advanced communications technology
stellite. ... ... 25,000 5,000 45,000 90,000

Space transportation system operations (-==) (=-=-1 (---) (2,300 )

OBJECTIVES AND STATUS

The objective of the Advanced Communications Technology Satellite (ACTS) program is to prove the
Tfeasibility of certain advanced communications satellite technologies through a flight test program.
The specific technologies to be validated include: (&) the use of multiple fixed and scanning spot
antenna beams; (b) Ffrequency reuse; (c¢) beam interconnectivity at both intermediate frequencies and at
baseband; (d) advanced system network concepts; and (e) dynamic rain-compensation techniques. These
technologies will be applicable to a wide range of communications systems in the 1990's. A contract
was signed in August 1984 with RCA to develop the flight and ground hardware leading to a 1989
launch. TRW, Comsat, Motorola, Electomagnetic Sciences, Hughes, and other manufacturers are major
subcontractors.

The ACTS spacecraft will be launched from the Shuttle into geostationary orbit. The spacecraft will
consist of a commercial communications bus and a multibeam communications package, including a
multibeam antenna, baseband processor, RF matrix switch, traveling wave tube amplifier, and low noise
receiver. The ground segment will consist of a NASA ground station and a master control station.
Following launch and checkout, a two-year program of user-funded experiments will be initiated, during
which time ACTS system technologies will be tested, evaluated, and validated. Over 40 organizations,
including DOD, have requested consideration for experiment opportunities on ACTS to date.

CHANGES FROM 1985 ESTIMATE

The 1increase iIn the FY 1985 current budget reflects the result of appropriation and authorization
action to provide for initiation of the Advanced Communications Technology Satellite flight program
design and development activities leading to a 1989 launch.
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BASIS OF FY 1986 ESTIMATE

FY 1986 fTunding is required for the continued design and development of the spacecraft bus, the
communications electronics package, the baseband processor, and the multibeam antenna leading to the

system preliminary design review in 7986. The development of the NASA ground station and the software
needed for the master control station will be initiated in FY 1986.
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BASIS OF FY 1986 FUNDING REQUIREMENT

RESEARCH AND ANALYSIS (COMMUNICATIONS)

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Interconnectivity and RrF

Tedrolagies. oo e 5,700 6,700 6,700 6,600
Mobile Communications Technologies. ... 2,800 2,400 2,400 4,000
Toal. .o 8,500 9,100 9,100 10,600

OBJECTIVES AND STATUS

The Communications Research and Analysis program emphasizes the development of high-risk technology
required to maintain U.S. preeminence in the international satellite communications market, and to
meet the communications needs of NASA and other government agencies. The technological thrust of this
activity is aimed at the "interconnectivity technologies" of on-board switching, intersatellite links,
and antennas, as well as the conventional RF technologies. Advanced studies are performed to
determine the future satellite communications needs of the country, and to define the technology
required to meet those needs. The technology is developed and tested through an advanced
proof-of-concept (poC) program. The POC devices and components are then integrated into a multiple
terminal, satellite communications network 1in a [laboratory where they undergo comprehensive

evaluation.

In FY 1985, phase two of the baseband processor large scale integrated circuit development which is
needed to reduce power and weight of a Fflight baseband processor is continuing. Advanced signal
design activities that will investigate modulation techniques to 1increase power and spectrum
efficiency have been initiated. The development of monolithic switch and receiver technology is
underway. Testing and evaluation of ACTS proof-of-concept hardware is continuing under simulated
space Tlight conditions. Efforts are also continuing on the design and development of laser
intersatellite link communications systems.

The mobile communications technologies activity is aimed at accelerating the introduction of a
commercial mobile satellite service in the U.S., and developing power, bandwidth and orbital-slot
efficient ground segment technology and networking techniques needed to insure its growth. The Mobile
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Satellite, which has been formally coordinated with Canada is expected to be implemented through a
Joint Endeavor Agreement (JEA) as follows: a U.sS. system operator, who would procure, own and operate
the satellite, would supply a small percentage of the satellite channel capacity to NASA for use in
terminal hardware validation and in carrying out other government experiments, and the operator would
utilize the additional channel capacity to develop commercial markets. In exchange, NASA would
provide standard launch services.

In FY 1985, development efforts on ground segment technology will continue. Definition of low cost,
high gain rooftop vehicle antennas that can at least double the number of orbital slots available has
been completed. Functional design is continuing on terminal and networking techniques that will
result In powsr/bandwidth efFicient voice transmissions (@pproximately six times greater than the new
cellular terrestrial technology) and information (voice plus data) throughput increases. NASA will
continue to work with other government agencies on experiment requirements and definition. Toward
this goal and to foster cooperation during the experimental phase, six Mememorandum of Understanding
(MOU's) have been signed to date.

BASIS OF FY 1986 ESTIMATE

During FY 1986, advanced studies to determine the functional and technical requirements necessary to
support the assembly, checkout, launch, and servicing of a large geostationary platform, and the
system interfaces with Space Station, will be initiated. The design and development of engineering
model laser power summing systems, lightweight optical antennas, and a high data rate laser
communications terminal for a laser intersatellite communications system will be continued. Market
and traffic studies, which focus on future high risk communications technology needs, will also be
continued in FY 1986, as will efforts to develop high efficiency traveling wave tube (TWT)
transmitters and high power solid state transmitters.

In FY 1986, all functional design and specficiation work necessary to define power, frequency, and
orbital-slot efficient mobile terminal designs and networking algorithms will be completed.
Development work on advanced speech compression techniques will be continued In FY 1986. Breadboard
development of the high gain rooftop antenna will be completed and test and evaluation will be
initiated. Additional mobile-terminal related breadboard development and design/development OF the
small ground station needed to control the experimental network will be initiated in FY 1986. NASA
will also continue to supply technical assistance to other government agencies on experiment
definition.
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BASIS OF FY 1986 FUNDING REQUIREMENT

SEARCH AND RESCUE

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Search and reae...ooooooo... 3,800 2,400 2,400 1,300

OBJECTIVES aND STATUS

The Search and Rescue program is demonstrating the feasibility of using satellites to significantly
improve the capability of search and rescue forces to detect and locate general aviation aircraft and
marine vessels during emergencies. This satellite system provides comprehensive coverage which
enables rescue forces to arrive at accident scenes quickly.

The first satellite, within the framework of the jJoint COSPAS/SARSAT project, was launched by the
Soviet Union on June 30, 1982. In March 1983, the second COSPAS satellite and the Tirst
SARSAT-equipped satellite, NOAA-E, were successfully launched. A third COSPAS satellite was launched
in June 1984, The Soviet satellites are operating quite well, as is NOAA-F, which was launched in
December 1984 (NOAA-E failed in June 1984). Ten ground stations and Tfive control centers are in
regular operation iIn the U.s., Canada, France, the USSR, Norway, and the United Kingdom. The
performance of the combined satellite/ground system has equaled or exceeded expectations in terms of
sensitivity, accuracy, and ground coverage.

In October 1984, NOAA (onbehalf of the U.s.) and foreign participants signed an agreement extending
the program from a successful demonstration and evaluation phase to an operational phase, ensuring
satellite coverage throughout the 1980's. This agreement provides for the continuous operation of
orbit under "normal operations'. Search and Rescue instruments are scheduled to be flown on NOAA
G-J. In FY 1985, the U.S. operational agencies--NoAa, USCG, USAF, and wnAsSa--will sign a hew
Memorandum of Understanding to continue the program. NOAA will assume the lead role for operation of
the system, and the Coast Guard and Air Force will operate the ground segment. NASA®"s role will be to
perform rs&D for operational system Improvements and provide continued technical support. During FY
1985, NASA will also study the feasibility of a low cost satellite, which would carry search and
rescue instruments, to Fill gaps that might develop in the operational constellation.
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BASIS OF FY 1986 ESTIMATE

In FY 1986, NASA will continue to improve system software to enable more efficient handling of data,
and will make corresponding modifications to the local user terminals and mission control centers.
The development of high power, low cost emergency locator transmitters, which will send coded messages
at 406 mHz, will be continued. NASA will also keep a special purpose ground station operating to
provide system engineering support to the operational agencies.
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BASIS OF FY 1986 FUNDING REQUIREMENT

TECHNICAL CONSULTATION AND SUPPORT STUDIES

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Technical consultation and
support stdies. ... 2,700 2,900 2,900 3,100

OBJECTIVES AND STATUS

Technical consultation and support studies provide the technical basis for regulatory and policy
development needed to assure the orderly growth of existing and new satellite services. Unique
analytical tools are developed and used to solve problems of inter- and intra-satellite/terrestrial
system interference. Emphasis is placed on on-orbit and spectrum utilization studies, which include
the development of frequency and orbit sharing techniques and strategies, design standards, and the
determination of the effect of propagation phenomena and man-made noise on performance, design, and
efficient use of the geostationary orbit and radio spectrum.

In early 1985, the Federal Communications Commission (FCC) is expected to issue a Notice of Proposed
Rulemaking to establish a commercial land mobile satellite service. This proceeding is the
culmination of almost ten years of technology development, economic analyses, user experiments,
propagation studies, and regulatory proceedings. NASA will respond, comment, and support the
rulemaking, which is a six to ten month process. The end product is expected to be a new multibillion
dollar industry with both domestic and foreign markets and a commercial service owned and operated by
the private sector by the late 1980's. In FY 1985, NASA will also participate in the 1985/88 World
Administrative Radio Conference (WARC) on geostationary orbit planning.

BASIS OF FY 1986 ESTIMATE

During FY 1986, policy and technical papers and propagation experiments will be completed for the
1987 WARC to be held in Geneva on mobile communications services. NASA will also intensify its
efforts in preparation for the 1988 WARC on geostationary orbit planning. Studies will continue on
techniques needed to alleviate the adverse affects of propagation phenomena and to create an
acceptable international propagation model for satellite systems over 12 GHz. The concepts of
multifrequency, multifunctional satellites, platforms and space station will be explored to determine
how different functions and frequencies can be accommodated on the same system.
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BASIS OF FY 1986 FUNDING REQUIREMENT

EXPERIMENT COORDINATION AND OPERATIONS SUPPORT

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Experiment coordination and operations
Support-- A EEEEEEEEEEEEEEEEEEEEEEEEEEDR 1,100 1,200 1,200 1,200

OBJECTIVES AND STATUS

The objective of this program is to appropriately document and archive a wide range of user
experiments and demonstrations in the application of satellite communications. Past experiments on
experimental satellites such as the Applications Technology Satellite (aTs) series and the
Communications Technology Satellite (CTs), have generated (great interest nationally and
internationally in satellite telecommunications. Nearly 400 communications experiments using the ATS
series and CTS have been successfully conducted during the extended lifetime of these satellites, thus
providing users with the experience necessary for making iInformed decisions regarding their
communications functions. NASA®"s stimullus in encouraging use of these unique facilities has led to
wider application of commercial satellites, which can better meet the need for flexibility and
continuity of services.

More than twenty organizations are currently using the ATS-1 and ATS-3 satellites for communication
experiments. ATS-3 is supporting emergency medical experiments conducted in conjunction with the
Southern Regional Medical Consortium (SRMC). The srRMC experiments determine the value and cost
effectiveness of mobile communications via satellite for emergency notification, vehicle dispatch, and
two-way voice and biomedical telemetry between paramedics and hospital physicians. Efforts toward
rural, wilderness, and offshore oil rig applications are emphasized. Similarly, in the Pacific basin,
ATS-1 connects 22 islands and provides disaster relief, medical, educational, and emergency service.
This satellite service has been a valuable asset to Pacific users who, prior to ATS-1, received their
news 24 hours after the fact.

BASIS OF FY 1986 ESTIMATE

Operational support for ATS-1 has been assumed by the University of Hawaii and for ATS-3 by the
University of Miami. NASA will continue to maintain approval and policy control of the ATS program.
NASA FY 1986 activities will include continued planning for educational and public service
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communications; the development of low cost ground terminals for the mobile satellite program;
continuing support for the management and operation of the Denver Satellite Access Facility; and
continuing support for ATS experimenters.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE SCIENCE AND APPLICATIONS

INFORMATION SYSTEMS PROGRAM

SUMMARY OF RESOURCES REQUIREMENTS

1984

Actual

Data sstens. .. 7,900
Information systens.. ..ol 1,000
Total. oo 8,900

Distribution of Program Amount by Installation

Johnson Space Gaer...ooooooooooaooaaa.. 25
Marshall Space Flight Gatter.............. 76
Goddard Space Flight Gatter............... 2,523
Jet Propulsion Laboratory............. seas 5,469
Ames Research Gaer... ... .......... 205
National Space Technology Laboratories.... 35
Hedharters. ool wBB8Z

Total. oo 8900

1985
Budget Current
Estimate Estimate

(Thousands of Dollars)

8,400
7,800

16,200

|

8,400
7,800

16,200

200
125
9,409
4,850
330
200

1,086

16,200

1986
Budget Page

Estimate Number

9,000 RD 10-2
10,200 RD 10-2

19,200

210
130
12,050
5,050
350
210
1,200

19,200
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1986 ESTIMATES
BUDGET SUMMARY

OFFICE OF SPACE SCIENCEANDAPPLICATIONS INFORMATION SYSTEMS GRAM

PROGRAM OBJECTIVES AND JUSTIFICATION

The objectives of the Information Systems program are to: develop and demonstrate advanced
capabilities of managing, distributing, and processing data and information; implement information
system standards and provide common software in order to lower data system costs; and develop the
basis for data services to provide Improved access to, and rapid delivery of, space data and advanced
data systems in support of the Nation®"s satellite programs and the space science and applications
projects.

This program provides for timely development of data system capabilities to meet the needs of flight
missions and major space science and applications programs. The early demonstration of capabilities
has a high potential for reducing ground data system development risks and the chance of late data
delivery.

BASIS OF FY 1986 ESTIMATE

The FY 1986 Information Systems funding is required to provide support for space science and
applications programs. Specifically, funds are required to continue development of the oceans,
climate, planetary, and land pilot projects which are engineered to support those disciplines at the
Jet Propulsion Laboratory, Goddard Space Flight Center, and universities; to complete implementation
of on-line catalogs and common software for climate, oceans, and land data which supports ongoing
research; and to continue development of data management and data archiving with Fflight projects,
discipline program offices, and other NASA program offices. Evaluation of the capability to process
image data using the Massively Parallel Processor will also be conducted in FY 1986. In addition, the
FY 1986 funding is required to support operation of the Science and Applications Computer Center and
the National Space Science Data Center at the Goddard Space Flight Center.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1986 ESTIMATES

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR COMMERCIAL PROGRAMS

1985 1986
Commercial Programs 1984 Budget Current Budget

Actual Estimate Estimate Estimates
(Thousands of Dol lars)

Technology uGlizabdon. ..o oo oo 9,000 9,500 9,500 11,100
Commercial use of gBE i T - (8,5CC) 30,000
Lo 7= T 2,000, 9,500 2,500  Ar00-




TECHNOLOGY
UTILIZATION




RESEARCH AND DEVELOPMENT
FISCAL YEAR 1986 BUDGET ESTIMATES

BUDGET SUMMARY

OFFICE OF COMMERCIAL PROGRAMS

SUMMARY OF RESOURCES REQUIREMENTS

TECHNOLOGY UTILIZATION PROGRAM

1985
1984 Budget
Actual Estimate

(Thousands of
Technology dissemination................ 5,500 5,800
Technology applications........... saaaas 3,500 3,700
ToEl. .o 9,000 9,500

e

Distribution of Program Amount by Installation

Johnson Space Gater..............._. 154 325
Kennedy Space Gamter......cccecoeaon... 240 260
Marshall Space Flight Gater............ 346 480
National Space Technology Laboratories.. 150 250
Goddard Space Flight Gater............. 951 840
Jet Propulsion Laboratory............... 357 435
Ames Research Gaer................. 48 160
Langley Research Gater..............__. 651 910
Lewis Research Catter................._. 450 360
(3520012 ¢ (= (S 5,653 5,480

TotEd. .t 9,000 9,500

|

1986
Current Budget Page
Estimate Estimate Number
Dollars)
5,800 6,300 RD 11-3
3,700 4,800 RD 11-4
9,500 11,100
217 250
265 210
280 390
185 100
1,057 1,050
120 510
70 2,010
537 530
365 310
6,404 5,740
9,500 11,100
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 BUDGET ESTIMATES

OFFICE OF COMMERCIAL PROGRAMS TECHNOLOGY UTILIZATION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION

The objective of the NASA Technology Utilization Program is to enhance the national economy and
industrial productivity through a series of interactive processes and mechanisms designed to transfer
aerospace technology evolving from NASA"s R&D programs to non-aerospace sectors of the U. s,
economy. Almost every part of the U. sS. industry is touched by the transfer process, especially such
areas as automation, electronics, materials, and productivity. In the public sector, medicine,
rehabilitation, transportation, and safety are but a few of the areas receiving benefits. The
specific objectives of the program are:

0 to accelerate and facilitate the application of new technology, thus shortening the time between
the generation of advanced aeronautics and space technologies and their infusion into the economy;

o to encourage the multiple secondary uses of NASA technology in industry, education, and government,
where a wide spectrum of technological problems and needs exist;

o to understand more fully the technology transfer process and its impact on the economy; and

0o to develop applications of NASA"s aerospace expertise, with its technology, technologists and
unique facilities to priority non-aerospace needs of the Nation.

OBJECTIVES AND STATUS

NASA Tech Briefs is the Agency"s principal technology announcement publication designed to promote
and encourage the effective secondary use of new aerospace advancements. Conversion of the NASA Tech
Briefs to a commercially viable, private sector publication is on schedule with the first commercial
issue to be released in February 1985. This commercialization effort will (@) allow the continued
free distribution of this quarterly journal to current subscribers (75,000 scientists, engineers and
business representatives in U. S. industry), and (b) provide for circulation growth to meet the demand
throughout industry which is estimated at two to three times the present readership.

Thousands of U. S. industrial firms are being provided computerized access to NASA information
through the NASA-sponsored dissemination center network. Technology transfer services growing out of
this information access have focused a wide array of technologies on technological problems specified
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by network industrial clients. These Firms, especially those in the industrial manufacturing and
research sectors, have found dissemination center information and technology transfer services to be
beneficial in the development of new or improved products or processes. COSMIC, the NASA-supported
center for computerized software dissemination, realized significant growth in the sale/lease OF
NASA-developed computer programs Tfor industrial use. Overall, the entire university-based
dissemination network received approximately $6 million from industry last year for information
products and technology transfer services, underscoring the continued interest and importance which
this activity has throughout industry.

Emphasis during the past year was placed on automation, electronics, materials, and bioengineering
and rehabilitation. Most of the projects had joint participation from user agencies or industry. In
electronics and automation two new engineering feasibility studies resulted In a project with the
Department of Transportation (Automobile Radar Collision Surveillance System) and a project with Texas
Instruments to develop a new robotic vision system for industrial automation. The National Space
Technology Laboratories aquaculture treatment techiques to purify drinking water are being transferred
to the State of Louisiana. The hydrocephalus shunt technology project has been transferred to the
Cordis Corporation, and the Firefighters®™ Training Simulator technology has been transferred to the
Essex Corporation.

BASIS FOR FY 1986 ESTIMATE

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Technology Dissemination............... 5,500 5,800 5,800 6,300

In FY 1986, NASA will continue development of NASA technology dissemination systems and capabilities
to provide technical information and technology transfer services to expanded user markets in U. S.
industry. Technology dissemination outreach efforts will be coordinated and integrated, where
possible, with state-supported economic and industrial development programs. Such activities will
serve broader industrial markets nation-wide, with particular emphasis on small and medium size
manufacturing and high technology business firms. Enhancements in the NASA dissemination systems will
include expanded use of remote interactive and high speed data base searching methods. Moreover,
selected computer interface iImprovements, such as artificial intelligence applications, will be
explored. |Increased use of the telecommunications will also be pursued to provide rapid and effective

RD 11-3




delivery of technologies to meet the critical needs of U. S. industrial firms engaged in a wide range
of scientific, engineering, manufacturing, and commercial pursuits. In addition, industrial profile
analyses will be conducted and market planning strategies will be pursued for emerging aerospace
technologies, thus enhancing NASA's ability to accelerate the flow of research and development results
to, and their effective use in the U. S. industrial marketplace.

Technology Applications.............. . 3,500 3,700 3,700 4,800

The Technology Applications Program is designed to respond to a national "pull" for technology that
is needed by U. S. industry, state or federal government in order to meet the specific objectives of
the user. Goals are defined in terms of enhancing the quality of life, increasing the marketability
of U. S. industry and utilization of a national resource. Emphasis will be to transfer new technology
and information resulting from NASA R&D efforts to the non-aerospace segment of the economy. The main
thrusts of the technology transfer effort will be in automation, electronics, materials,

bioengineering and rehabilitation.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

OFFICE OF COMMERCIAL PROGRAMS

SUMMARY OF RESOURCES REQUIREMENTS

1984
Actual

Distribution of Program Amount by Installation

Johnson Space Center..................... -
Kennedy Space Center..................... ~-=
Marshall Space Flight Center............. -
National Space Technology Laboratories... -
Goddard Space Flight Center.............. -
Jet Propulsion Laboratory.... sessssssnnns --
Ames Research Center..................... --
Langley Research Center.................. -

Lewis Research Center.................... -
Headquarters ....... A A EEEEEEEEEEEEEEEEENENESR

COMMERCIAL USE OF SPACE PROGRAM

Budget

Estimate

Current
Estimate
(Thousands of Dollars)
(8,500)

(8,500)

(1,000)
(300)
(1,200)
(200)
(200)
(300)
(300)
(1,000)
(700)

(2,600)

(8,500)

1986

Budget
Estimate

30,000

30,000

tacaceiaiecacan,

1,600
1,500
6,200

400
800
700
900
3,600
2,000
12,300

30,000

Page
Number
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1986 ESTIMATES

OFFICE OF COMMERCIAL PROGRAMS COMMERCIAL USE OF SPACE PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION

The objective of the Commercial Use of Space program is to increase private sector awareness of
space opportunities and encourage increased industry investment and participation in high technology,
space-based research and development. Expansion of the level of private sector investment in
commercial space activities will help the U. s. to retain its leadership in science and technology and
accrue associated benefits to our Nation. This program will be built on Shuttle and related
space-based operational capabilities. The program is responsive to the President®"s National Space
Strategy and National Policy on the Commercial Use of Space, both of which direct NASA to expand
private sector investment and involvement iIn space activities. The FY 1985 House and Senate
Authorization Conference Report directed that NASA propose a new line item for this activity in the FY
1986 Budget Request.

CHANGES FROM THE FY 1985 BUDGET ESTIMATE

Through realignments within the National Aeronautics and Space Administration™s appropriated levels,
the program is initiating several high priority efforts in FY 1985. These include the establishment
of Centers for the Commercial Development of Space, increasing the availability of NASA facilities and
equipment, and stimulating NASA and private sector research with commercial applications. Within the
Research and Development program, $.2 million was drawn from the Space Station program, $2.0 million
from the Physics and Astronomy program, and $.7 million from the Space Research and Technology
program. Within the Space Flight Control and Data Communications program, $4.5 million was drawn from
the Space Transportation Operations programs, and $1.1 million from the Space and Ground Network,
Communications and Data Systems program.

BASIS FOR FY 1986 ESTIMATE

FY 1985 activities include the preliminary implementation of the National Policy on the Commercial
Use of Space, establishment of an organizational focal point for commercial programs at NASA, and the
initiation of efforts specifically intended to foster commercial use of and access to space. These
specific efforts include the initiation of additional Centers for the Commercial Development of Space,
increased accessibility to NASA facilities and equipment particularly in space, small focused research

efforts on processes having commercial potential, and the incorporation of other functions designed to
facilitate private sector utilization of space for commercial ventures. FY 1986 activities will
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provide a continuation and some enhancement of the FY 1985 program initiatives. These efforts are
designed to encourage significant private investment in commercial enterprises that take advantage of
the unique characteristics of space, such as vacuum, microgravity and radiation.
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Aeronautical research and technology. .
Space research and technology

RESEARCH AND DEVELOPMENT PLAN FOR AERONAUTICS AND SPACE TECHNOLOGY
Budget Plan
1985 1986

1984 Budget Current Budget

Actual Estimate Estimate Estimate
(Thousands of Deollars)

315,300 342,400 342,400 354, 000

137, 000 150,000 150,000 168,000

492,400 492,400 522,000

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1986 ESTIMATES

452, 300
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY

AERONAUTICAL RESEARCH AND TECHNOLOGY PROGRAM

SMVIARY OF RESOURCES RGQUIREMENTS

1984
Actual

Research and technology base.......... 228,450
Systems technology programs........... 86,850
Total......ooooiii 315,300

Distribution of Program Amount by Installation

Johnson Space Center.................. 900
Marshall Space Flight Center.......... 400
Jet Propulsion Laboratory............. 600
Goddard Space Flight Center........... 400
Ames Research Center.................. 118,700
Langley Research Center............... 97 ,000
Lewis Research Center................. 90,100
Headquarters...... 7 ,200

Total..ooo 315,300

1985 1986

Budget Current Budget
Estimate Estimate Estimate

(Thousands of Dollars)

233,300 223,300 239,300
109,100 119,100 114,700
342 ,400 342 ,400 354,000
1,200 1,000 1,000
500 1,000 1,000
500 200 200
400 300 300
134,700 132,400 146,200
116,100 115,300 101,300
81,500 86,000 97,800
7,500 6,200 . 6,200
342,400 342,400 354,000

Page
Number
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RESEARCH AND DEVELOPMENT
FISCAL YEAR 1986 ESTIMATES

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY AERONAUTICAL RESEARCH AND TECHNOLOGY PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION

The objective of the aeronautical research and technology program is to conduct an effective and
productive program that contributes materially to the enduring preeminence of U.S. civil and military
aviation by: (1) conducting appropriate levels of disciplinary and systems research at the leading
edge of technology in those areas critical to the continued superiority of US. aircraft; (2)
maintaining the research centers in positions of excellence in facilities and technical staff; (3)
assuring timely transfer of research results to the U.sS. aeronautical industry; (4) assuring
appropriate involvement of universities and industry; and (5) providing on a reembursable basis
aeronautical development support to other government agencies and U.S. industry. Conducted well in
advance of and independent of specific applications, the aeronautical research and technology program
includes both fundamental research iIn the aeronautical disciplines and systems research directed at
interaction among disciplines, components, and subsystems applicable to general classes of advanced
aircraft. The program involves participation by aeronautical manufacturers from the industrial base
essential to both military and civil aviation to ensure that the technology is compatible with
practical design considerations and can be successfully transferred into application.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The FY 1985 program has been adjusted to accommodate Congressional actions with respect to
realignment of the aeronautics program. In an effort to initiate a full-scale flight test of the
advanced turboprop propulsion concept in 1987, the research and technology base has been decreased by
$10.0 million, and this amount has been applied to the advanced turboprop systems program in advanced
propulsion systems technology. In accordance with other Congressional recommendations, within the
research and technology base, $1.2 million has been redirected to support high speed advanced/short
takeoff and vertical landing (A/STovVL) research, and $1.0 million has been redirected to continue
development of technology to accommodate alternate fuels in general aviation aircraft. The systems
technology programs have been realigned to provide $2.5 million from the turbine engine hot section
technology program to support research in ceramics for turbine engines.
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BASIS OF FY 1986 ESTIMATE

The FY 1986 estimate reflects the need to continue efforts both in the basic aeronautical
disciplines and in areas of systems research; maintain specialized facilities essential to
aeronautical research; and undertake systems technology efforts of high potential payoff to the
nation.

The research and technology base program includes disciplinary research which is both broadly
applicable to all classes of aircraft (such as general aviation, transports, rotorcraft and hypersonic
and other high-performance aircraft), as well as the disciplinary research which is unique to any of
these classes of aircraft. The systems technology programs on the other hand are more focused in
applications and/or have the characteristics of specific projects (such as advanced turboprop systems
and oblique wing technology). Funding for the technical operation of wind tunnels, propulsion
facilities, computational facilities, simulators, and flight research operations is covered in the
most appropriate discipinary elements of the research and technology base. The increased research and
technology base funding will support, in addition to inflation, the operation of the national
transonic facility (NTF), which will be in the first year of operational status, as well as the
operating costs for the numerical aerodynamic simulator (NAS). A summary of some of the major thrusts
for both the research and technology base and systems technology programs follows.

Fluid and thermal physics research will increase emphasis on computational fluid mechanics for
internal turbomachinery flows and will initially focus on scaling and modeling three-dimensional end-
wall boundary layers. In applied aerodynamics, research on drag reduction techniques, such as laminar
flow control, large eddy break-up devices and riblets which hold the potential for significantly
reducing drag, will be carried through larger scale wind tunnel tests and flight evaluation.

Areas of emphasis in materials and structures will include advanced powder metallurgy aluminum
alloys and damage-tolerant polymeric composites. Increased emphasis will be directed to computational
structural mechanics to enable improved analysis of complex aircraft structures. Systems technology
efforts in ceramics and turbine engine hot section technology will continue toward achievement of
higher engine operating temperatures for significant increases iIn durability and efficiency.

In the controls and guidance and human factors areas, research emphasis will continue on flying
qualities for highly controls-augmented aircraft, working closely with the Federal Aviation
Administration (FAA) in integration of airborne capabilities that will support the national airspace
modernization, validation methodology for fault-tolerant systems, and human factors of advanced crew
station automation.
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Information sciences research and technology will emphasize research and evaluation of parallel
architecture machines for computational fluid dynamics and computational structural mechanics
applications through cooperative efforts with the evaluation of an experimental high-speed network to
provide remote user access.

Rotorcraft systems technology efforts will include the detailed design and fabrication of an x-wing
rotor system in preparation for flight testing on the rotor systems research aircraft.

Areas of continued emphasis in high-performance aircraft research will include high angle-of-attack
flight, vertical thrust and short takeoff/vertical landing, supersonic cruise/maneuverable ailrcraft,
integrated propulsion/flight control, mission adaptive wing and forward swept wing. The oblique wing
research aircraft program with the Navy will continue with the redesign and modification of NASA"s F-8
aircraft. Flight test is planned to begin in Fy 1988. Continuing research efforts will address
hypersonic propulsion, structures and configuration aerodynamics and integration. Additional emphasis
in this area will address the technology for an air turboramjet propulsion system for Tfuture
hypersonic aircraft.

In the advanced turboprop program, the large-scale single-rotation propellers will be integrated
into a flight-weight propulsion system for static propeller tests and Jlow-speed wind tunnel
integration tests in FY 1986 leading to a full-scale flight test in FY 1987 in order to make this

technology available for next-generation commercial transport/cargo aircraft. The large-scale
proof-of-concept testing of the unducted fan will also be completed. The general aviation/commuter
engine technology program will concentrate on multifueled rotary engines. The propulsion power

research and technology program has been restructured to focus on technologies for integrated systems
and specific vehicle applications.

In the numerical aerodynamic simulation program, the processing system network development will lead
to completion of the initial operating configuration in FY 1986. The acquisition of the second
high-speed processor for the extended operating configuration will be initiated for delivery in FY
1987.
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BASIS OF FY 1986 FUNDING REQUIREMENT

RESEARCH AND TECHNOLOGY EASE

Fluid and thermal physics research and
technology- A I EEEEEEEEEEEEEEEEEEEERENEDR
Applied aerodynamics research and
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Materials and structures research and
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Propulsion and power research and
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technologyllllllllllllllllllllllllll
Human factors research and
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Flight systems research and
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1985
1984 Budget
Actual Estimate
43,404 49,000
42,300 42,500
23,903 25,800
23,500 30,500
34,943 23,800
19,602 21,500
19,394 21,300
17,504 16,300
_3.900_ 2,800
228,450 233,300

L 1986
Current Budget
Estimate Estimate
44,000 48,500
42,000 43,700
27,800 28,000
28,700 31,000
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20,500 22,100
20,300 22,000
16,300 18,300
2,600 3,200
223,300 239,300
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Fluid and thermal physics research and
technology. . ...... e 43 ,404 49 ,000 44,000 48 ,500

OBJECTIVES AND STATUS

The Fluid and thermal physics research and technology program 1is a combined analytical and
experimental research effort directed at external and internal aerodynamics. One of its principal
objectives is the development of computational methods for the prediction and/or simulation of complex
fluid flows over aircraft and within inlets, flow passages, and exhaust ducts of turbomachinery. A
second objective is the maintenance of a coordinated experimental test program to provide insight into
the fundamentals of flow physics and to provide required detailed flow measurements for verification
and validation of prediction and simulation methods. The experimental program also includes the
development of advanced test methods and instrumentation to provide for increased accuracy and
productivity of NASA wind tunnels and developmental facilities. Rapid progress is being made in the
development of computational techniques for complex Fflow configurations that will lead to reduced
development time and costs for future aircraft and will provide the basis for achieving new and higher
levels of aircraft and missile performance.

A key goal of the computational fluid dynamics (CFD) research is to provide a means for calculation
of aerodynamic forces and moments acting on a complete aircraft under all conditions of attitude,
speed, and altitude. The second part of this goal is the development of algorithms and predictive
codes for gas flows over compressor and turbine blades and within the duct passages of gas turbine
engines. This program provides a better understanding of fluid physics phenomena in addition to
solving the fundamental fluids equations for various flows. Progress has been made in computing
turbulent flow parameters which cannot be measured with state-of-the-art instrumentation. These
calculated quantities are used in the development of turbulence models which are incorporated into
engineering analytical design tools. In FY 1985, many new analytical techniques and corresponding
computer codes are being developed for the key CFD goal of providing the means for calculation of
aerodynamic forces acting on complex aircraft configurations. These activities are leading toward
early utilization of the advanced computational capabilities to be provided in FY 1986 by the initial
operations of the numerical aerodynamic simulation (NAS) program.

Recent discoveries in the area of turbulent flow research have led to the development of
friction-reducing devices capable of significant reductions in drag. Independent experimentation has
confirmed the Langley Research Center"s results of ten percent net drag reduction, using surface
etchings (riblets).
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Another surface geometry modifier, which is showing favorable drag reduction in wind tunnel tests, is
the large eddy break-up device. This concept acts on a different portion of the drag-producing
turbulence and potentially could be used in concert with riblets to provide very high overall drag
reduction. Passive concepts such as these are very attractive in that no power is required for
operation, and their simplicity makes them essentially maintenance free.

The National Transonic Facility (NTr) at the Langley Research Center is a cryogenically cooled wind
tunnel which has the unique capability of providing full-scale flight conditions for aircraft
models. Additionally, the facility can perform independent testing of compressibility, viscous, and
aeroelastic effects. Calibration Phase 1 and tunnel cleanup are completed, and the Tfirst research
model, Pathfinder 1, is being installed. The tunnel will be fully operational in 1985 and will be
utilized by NAsA, the Department of Defense (DoD), industry, and universities. Test programs will
include aircraft component and configuration studies, preliminary design assessment, and TFfinal
aerodynamic design evaluation.

Internal computational fluid mechanics (ICFM) is emerging as a highly important tool for improved
understanding of flow physics in aeropropulsion systems. It provides the capability to simulate
conditions which are difficult, if not impossible, to physically measure and provides results which
can be readily visualized and manipulated to support detailed analyses and design trades. The Lewis
Research Center program has been restructured to emphasize development of computational techniques.
The reorganization will provide for coupling of internal fluid flow simulations and benchmark
experiments to create an iIntegrated computational-experimental methodology which will improve
fundamental understanding of propulsion system aerothermodynamics. Recent efforts have focused on
direct numerical simulation (DNS) techniques. These techniques provide numerical "data' in areas
where experimental data is difficult to obtain, i.e., coupled turbulence-chemical reactions using DNS
techniques and an advanced Cray computer as the high-speed vector processor. Preliminary results
indicate excellent comparison between experimental visualization and numerical representation of the
flowField.

The objective of the multidisciplinary research program is to conduct novel, long-term, innovative
research of a multidisciplinary nature related to aeronautics. This research is conducted principally
at universities through the following three programs: (1) graduate program in aeronautics, (2) joint
university institutes, and (3) the large-scale scientific computing training program. The graduate
program iIn aeronautics sponsors graduate training and research relevant and acceptable to both NAsA
and universities in the field of aeronautics; encourages a greater number of newly graduated U.S.
citizen engineers to pursue graduate training; and provides excellent interaction among students,
faculty, and NASA researchers in the conduct of research. The joint university institutes program
provides a core level of funding for the promotion of an active NASA/university interchange in certain
key areas in order to maintain cooperative, innovative, venturesome research at the leading edge of
the Ilatest technology. Current elements include the Joint Institute for Advancement of Flight
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Sciences (JIAFS), Joint Institutes for Aeronautical Propulsion and Power (JIAPP), and the Joint
Institute for Aeronautics and Acoustics (Jiaa) located at Langley Research Center, Lewis Research
Center, and ames Research Center, respectively. The large-scale scientific computing training
program, which provides for the development of interdepartmental university curricula and sponsors
graduate training, is a multidisciplinary follow-on to the successful computational fluid dynamics
training program. This program trains students in the use of supercomputers to solve a broad range of
aeronautics problems in response to the rapidly escalating need for specialists by NASA, the DOD, and
the aerospace industry.

Fundamental aeroacoustics research is being conducted both to enhance the competitivenes of
commercial U.s. aircraft and to increase the mission effectiveness of U.s. military aircraft. This
research is focused on identifying noise generation mechanisms; understanding the interaction of
acoustic waves with laminar and turbulent boundary layers; and predicting/reducing Far-Ffield

propagation of aircraft noise through the real atmosphere. Recent accomplishments include the
development and experimental verification of a computer code to predict jet plume noise and
aeroacoustic loads. This capability is particularly important to advanced aircraft (vertical and

short takeoff and landing (V/STOL) and hypersonic) requiring highly integrated engine/airframe
systems.

CHANGES FROM FY 1985 BUDGET ESTIMATE

This program has been decreased by a total of $.0 million, primarily in the areas of combustion,
fuels, and heat transfer as a portion of a general reduction to support the acceleration of the
advanced turboprop program. This action was part of the restructuring of the aeronautics program at
the Lewis Research Center.

BASIS OF FY 1986 ESTIMATE

In FY 1986, the CFD program will strive toward improved three-dimensional (3-D) configuration
analysis and design capability and a better understanding and prediction of wing flow separation and
wake TFflow phenomena. Advanced algorithm and adaptive grid research will be emphasized for improved
efficiency and accuracy of numerical methods. Sophisticated 3-D upwind Navier-Stokes solutions will
be sought for improved configuration analysis capability in the supersonic/hypersonic range. The use
of spectral methods and 3-D graphics/image processing will be exploited to enhance CFD efficiency.
Special efforts will be made to meet the need for CFD codes to analyze fighter aircraft
configurations.

The ICFM program will emphasize advanced algorithm development, computer architecture, and geometry

and grid generation techniques in FY 1986. In particular, improved solution accuracy and the
influence of computational grids which can introduce error through "false diffusion" will receive
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1985 1986

1934 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Propulsion and power research and
technology. seesnsssnnssnnnnnnnnnnnns 23,500 30,500 28,700 31,000

1 AND STATUS

The objective of the propulsion and power research and technology program is to conduct a wide range
of analytical and experimental research at the disciplinary, component and system levels. In FY 1985,
the program was restructured to focus primarily on the technologies for integrated systems and
specific vehicle applications. These technology advances will support and stimulate future
improvements in propulsion system efficiency, performance capability, fuel flexibility, reliability,
and durability. The potential benefits of advanced propulsion system concepts will also be evaluated
within these programs. Research is being performed on a wide variety of propulsion systems for flight
vehicles ranging from the general aviation class through the high-performance supersonic/hypersonic
flight regimes. Supporting research on new and improved power transfer mechanisms, iIntermittent
combustion engine technology, instrumentation, and aerothermodynamic concepts is being performed.
These efforts will lead to major propulsion system improvements for all types of aircraft including
advanced rotorcraft.

In high-speed (supersonic/hypersonic) technology, the design of a Mach 5 inlet model was completed
and fabrication initiated. Two approaches Tfor combustion enhancement of storable hydrocarbons
(instead of the more conventional but less combat-acceptable hydrogen scramjet fuel) were identified
and will be tested for effectiveness and practical acceptability. The design, construction, and
testing of a parametric model of a turboramjet exhaust nozzle were completed at Mach 5 internal
conditions, equaling or exceeding performance predictions. The temperature and species measurements
in a coaxial subsonic hydrogen flame were determined via the non-intrusive Coherent Antistokes Raman
Spectroscopy (CARS) approach showing good agreement with theory. Ignition and flameholding studies
using arc plasma and pyrophoric silane as ignitor were completed indicating practical ignition
enhancement potential. Shock tube studies of methane-silane ignition Kinetics revealed enhanced
ignition rates. The thermal analysis of a methane fuel turboramjet propulsion cooling system was
completed by the contractor verifying the cooling adequacy of methane fuel up to Mach 5. The variable
diameter inlet and the hypersonic inlet mechanical designs were completed, and their models are under
construction in preparation for tests in the LeRC 10-foot wind tunnel in 1986.

In powered-lift propulsion, the General Dynamics E-7 ejector test program for the 0.3-scale model
has been completed in both the Lewis 9x15-foot tunnel and the Langley V/STOL tunnel. Procurement of
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Applied aerodynamics research and
mmlwy ---------- " B B B BN EEEEEEEENEDR 42 ,300 42 ,500 42 ,000 43’700

OBJECTIVES AND STATUS

The objectives of the applied aerodynamics research and technology program are to provide the
necessary research and technology advances for an improved and validated base of new aerodynamics
technology for application to future generations of both flight vehicles. The program is organized
into various major categories which include advanced aircraft aerodynamics for both fixed-wing and
rotary-wing aircraft, powered-lift aircraft technology, flight dynamics and controls for aerospace
vehicles, aircraft configuration/propulsion/airframe integration, and development of laminar flow
concepts for viscous drag reduction.

The objective of the high-performance aircraft research and technology program is to generate
technology advancements needed to establish and maintain technological superiority in high-speed
aircraft and missiles, including powered-lift aircraft and V/STOL capabilities, supersonic cruise and
maneuver aircraft with conventional or short takeoff and landing characteristics, and hypersonic
cruise aircraft.

In powered-lift research and technology, emphasis continues to be concentrated on analytical
techniques and acquiring a data base essential for development of efficient and effective military
V/STOL aircraft. Aerodynamics performance characteristics are being obtained on two V/STOL models in
the supersonic speed range. The full span 0.3-scale of an ejector lift concept fighter model was
tested in the V/STOL tunnel for ground effect. A free-flight model of the ejector configured aircraft
is also being constructed and will be tested in FY 1985 in the 30x60-foot wind tunnel. A Harrier Yav-
8B ailrcraft was acquired in FY 1984 and will be modified for flight control and performance evaluation
in FY 1985.

In flight dynamics, an extensive analytical/experimental program continues in the high angle-of-
attack, stability, control, handling qualities, and stall/spin behavior of advanced aircraft concepts
to improve the low-speed combat maneuverability and safety of high-speed aircraft. Investigations
were initiated in novel and unconventional aerodynamic devices, such as thrust vectoring for enhanced
pitch and yaw control and vortex flaps. |In aerodynamics and propulsion integration, wind tunnel test
data of two advanced supersonic tactical aircraft models are being analyze?. Nonlinear wave drag
methods for supersonic airfoil design are being examined. Nonlinear full potential flow analytical
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methods are being developed and verified for fighter performance predictions and wing design at
supersonic maneuvering conditions. Currently, an aerodynamic technology data base for efficient
weapons integration, carriage, and separation at supersonic speeds is being established, and a
computational effort in this area is being initiated. Cooperative efforts continue to be pursued with
industry and DOD on high-performance military aircraft design, especially in the areas of wing design
and weapons carriage. Aerodynamically efficient hypersonic configurations are being reexamined with a
focus on viscous effects.

Work in the supersonic aircraft integration technology program is directed at the application of
emerging technologies in aerodynamics, propulsion, controls, and structures and materials to military
concepts. Several concepts that synergistically integrate advanced technologies for large potential
performance gains are being studied. Supersonic propulsion integration research emphasis focuses on
the design and fabrication of a variable-diameter centerbody inlet and on the design and analysis of
inlet concepts that will allow high angle-of-attack operation. Mach 5 turboramjet aircraft system
studies have 1identified a promising inlet concept, of which model design and fabrication are
underway . Tests of a Mach 5 Iliquid natural gas-fueled airplane model have been completed at
supersonic speeds. Dual-mode subsonic/supersonic combustion was achieved with high levels of net
thrust and without inlet-combustor interaction. Hypersonic air-breather missile concepts are under
study for potential future Navy and Air Force mission requirements. A Tocused hypersonic research
program plan that culminates in an '"X-airplane” was recently submitted to the House Committee on
Science and Technology.

The objectives of the rotorcraft research and technology program are to provide a sound analytical
capability; a high-quality experimental data base; and support for unique, national test facilities
for rotorcraft testing. Areas of emphasis are: (1) validation of theoretical aerodynamic analyses;
(2) acoustic theory for external noise; (3) a data base for complex interactional aerodynamics; (4)an
understanding of man-machine problems unique to helicopters; (5) analysis and test of selected
structural components; (6) reduction of dynamic loads; and (7) development of handling qualities
criteria for new or difficult operating conditions. In addition, this program provides the wind
tunnel, flight test, and simulation support for joint NASA/Army endeavors.

In FY 1985 a laminar flow control research, flight program was initiated. Acceptance testing for
two distinct test articles has been completed, and research experimentation is now underway with the
testing of the anti-insect liquid systems. In the variable sweep transition flight experiment portion
of the laminar flow program, design of the wing gloves for F-14 aircraft has been completed.

The objective of the subsonic configuration/propulsion/airframe integration program is to reduce
integration losses associated with integrating propulsion systems with the airframe. Emphasis has
continued to focus on enhanced aerodynamic performance of new configuration concepts for general
aviation, commuter, and large transport aircraft to minimize aerodynamic drag penalties. An advanced

RD 13-11




aviation, commuter, and large transport aircraft to minimize aerodynamic drag penalties. An advanced
technology base is being developed for subsonic aircraft to improve safety and productivity, reduce
cost, and reduce performance losses associated with propulsion/airframe Integration. Analytical and
experimental iInvestigations are being conducted which include computer analysis, simulation studies,
and wind tunnel and flight tests of model and full-scale aircraft. Significant design criteria for
natural laminar flow (NLF) and practical limits of NLF for subsonic aircraft are being determined,
which include the investigation of NLF engine nacelle and fuselage shapes. The effect of the
propeller slipstream on NLF is being examined, and various insect and icing protection systems for NLF
have been evaluated.

The objective of the flight dynamics program for general aviation is to develop a better
understanding of basic phenomena, improved analytical and experimental techniques, new control
concepts, and valid experimental data relating to flight dynamics and handling qualities of small- and
medium-sized subsonic aircraft. Emphasis is being directed toward cooperative activities with general
aviation aircraft manufacturers to incorporate aircraft spin-resistance concepts and advanced
aerodynamics into future aircraft designs. An outboard wing leading-edge modification that provides
increased aircraft spin resistance has been demonstrated.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The applied aerodynamics program was decreased by $0.5 million as a portion of a general reduction
to support the acceleration of the advanced turboprop program.

BASIS OF FY 1986 ESTIMATE

In powered lift, the critical technology areas that will be investigated are in ejector performance
and vectored thrust, both in and out of ground effect. The specific program is directed at achieving
an understanding of the factors that influence ejector system performance.

Flight dynamic activities will emphasize three areas of concern to future tactical military
aircraft: (1) analyses of nonlinear high-altitude, high angle-of-attack flight characteristics; (2)
stall departure/spin behavior; and (3) 1improved high angle-of-attack combat maneuverability.
Coordination of the high-alpha thrust utilization activity through an intercenter plan is underway
with the focus on the F-18 as a high-alpha research vehicle; the disciplines to be emphasized are
aerodynamics, agility, and flight dynamic theory. Piloted simulation studies to define control system
effectiveness and requirements for advanced configurations, utilizing thrust vectoring for pitch and
yaw control and for integration of vortex flaps into the control system, will be conducted. Also,
piloted simulation of thrust vectoring throughout the flight envelope will be applied to short takeoff
and landing (STOL) and short takeoff and vertical landing (STOVL) concepts.
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Aerodynamic and propulsion integration research will emphasize STOL and STOVL, sustained supersonic
operation, and long-range missile concepts. The vectored-thrust, two-dimensional nozzle program will
include analytical efforts addressing internal aerodynamics, heat transfer and materials, and improved
hot section testing capability. This activity will include tests on full-scale nozzles.

In the area of supersonic cruise, research will concentrate on configuration development and
technology integration tradeoff studies for competitive vehicle concepts. Specific areas of interest
include arrow and curved leading-edge wing configurations, transonic interference effects and high
angle-of-attack performance. Testing will continue on the variable-diameter centerbody inlet wind
tunnel model.

Hypersonic vehicle activities are focusing on two applications with concurrent technology
development. For the Mach 5 cruise vehicle with the dual engine propulsion system, research
activities include variable-geometry inlets, various geometry nozzles, and hot structures for nacelle
construction. Buildup of the hypersonic dual-mode scramjet test module will also be completed. The
space research and technology program includes an evaluation of a high lift/drag (L/D) entry research
vehicle which may provide additional aeronautical performance data in this flight regime.

FY 1986 activities in rotorcraft aerodynamics will include flight tests of the Boeing Model 360 and
UH-60 instrumented rotors. The rotor systems research aircraft (RSRA) will complete a high-speed
rotor loads survey. Theoretical rotorcraft aerodynamics will emphasize completing the various
transonic codes and holding workshops with industry to encourage their use. Correlation with wind
tunnel tests will continue to validate these codes. Unsteady evaluation of several quiet rotor types
will begin In FY 1986.

In the transport aircraft laminar flow control (LFC) research area, LFC technology will be
demonstrated on the NASA JetsStar aircraft which contains both the Douglas and Lockheed LFC concepts.
A simulated airline-type operation phase of flight testing will be performed where the aircraft will
operate out of '"home base" areas throughout the U.S. to provide operational experience. The LFC
systems will be operated in a "hands-off" mode to establish a maintenance and reliability data base.

In flight dynamics for subsonic vehicles, an extensive analytical/experimental program continues in
high angle-of-attack stability, control, handling qualities, and stall/spin behavior of advanced
aircraft concepts to improve the low-speed combat maneuverability and safety of high-speed aircraft.
Investigations will continue in novel and unconventional aerodynamic devices, such as thrust vectoring
for enhanced pitch and yaw control and vortex flaps. In aerodynamics and propulsion integration, wind
tunnel tests of two advanced supersonic tactical aircraft models will be analyzed. Separated
leading-edge vortex flows will continue to be studied. Nonlinear wave drag methods for supersonic
airfoil design will continue. Nonlinear full potential flow analytical methods will be developed and
verified for fighter performance predictions and wing design at supersonic maneuvering conditions.
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Currently, an aerodynamic technology data base for efficient weapons integration, carriage, and
separation at supersonic speeds is being established, and a computational effort to be initiated in FY
1985 in this area will be extended into FY 1986. Cooperative efforts continue to be pursued with
industry and DOD on high-performance military aircraft design, especially in the areas of wing design
and weapons carriage. Hypersonic aerodynamic configurations are being reexamined with a focus on
viscous effects and the results of this effort will guide the FY 1986 activities in this area.

In FY 1986, the general aviation flight dynamics program will continue NASA/FAA/industry cooperative
efforts iIn stall/spin resistance technology transfer for incorporation into new aircraft design. Both
single- and multi-engine aircraft configurations will be considered, with emphasis on the prevention
of twin-engine aircraft stall and the departure from controlled flight. Investigationswill continue
to determine appropriate wing leading-edge modifications on existing and advanced NLF airfoils for
improved stall/departure resistance.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Materials and structures
research and technology...... eaaas 23,903 25,800 27,800 28,000

OBJECTIVES AND STATUS

The objectives of the materials and structures research and technology program are to: (1)
investigate and characterize advanced metallic, ceramic, polymer, and composite materials; (2) develop
structural concepts and design methods to exploit the use of advanced materials in aircraft; (3)
advance analytical and experimental methods for determining the behavior of aircraft structures in
flight environments; and (4) generate research data to promote improvements in performance, safety,
durability, and economy in aircraft. Areas of emphasis include high-temperature engine and airframe
materials and structural concepts; composite materials application, life prediction, and thermal and
dynamic response, including aeroelasticity; and more accurate and efficient integrated design methods
for airframes and engines.

Significant improvements in the performance of turbine engines can be obtained by increasing engine
operating temperatures. A process has been developed to greatly increase the strength of some metals
for use at these elevated temperatures. During this process, powdered metals are produced by rapidly
solidifying the liquid material at cooling rates near one million degrees per second. Nickel-aluminum
alloys produced from such powder metals have demonstrated a substantial increase in ductility over
metals produced by conventional metallurgical methods.

An advanced structural tailoring system for turbine engine blades was completed. The system
accounts €or a full range of realistic constraints including stress, resonance, fatigue and flutter.
Analytical studies have demonstrated fan blade designs which are 30 percent lighter than baseline
designs. Also, a nonlinear composite structural analysis program was developed for metal matrix
turbine blades. Using this system, a turbine blade behavioral response can be structurally analyzed
from fabrication through an entire mission cycle.

In the aeroelasticity program, a new device has been demonstrated which passively suppresses fighter
aircraft wing-store flutter. Flutter is an instability that occurs in flight when structural and
aerodynamic parameters adversely couple. The new device, called a "‘decoupler pylon," replaces a
standard wing pylon and 1is designed to decouple the pitch motion of the store from the wing
aerodynamic response. During wind tunnel and flight tests, the decoupler pylon was shown to be
effective to speeds at least 35 percent greater than the flutter speed of the wing with a standard

pylon.
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Structurally efficient fuselage panels are designed to allow buckling to occur at applied loads

below the ultimate load-carrying capability of the structure. Analytical studies and experimental
tests have been completed that have examined the post-buckling behavior of graphite-epoxy structural
components. Results of these studies have shown that these components can exhibit substantial

post-buckling strength under combined compression and shear loading. Large rotation and transverse
deformation analysis methods developed accurately predicted post-buckling behavior of those components
subject to severe local bending gradients. This activity is part of the ongoing research to understand
and characterize the failure behavior of primary composite aircraft structures.

Research to understand the crashworthiness behavior of transport-type aircraft was a major emphasis
during the year. Analytical modeling of a transport aircraft and associated experiments were
conducted to understand the dynamic behavior and failure mechanisms for transport aircraft structures
subjected to iImpact loads. Full-scale instrumented fuselage sections were drop-tested at an
equivalent sink rate of 20 feet per second to measure and understand the behavior of aircraft
structures subjected to high dynamic impacts. This information was also required to support the
Boeing 720 controlled impact demonstration (CID) program. A major element in the CID program was to
obtain structural loads and response characteristics of a full-scale impact of a transport aircraft
under controlled flight conditions. A total of 350 data channels of airframe and wing structural
measurements were obtained from this experiment. Correlation of experimental results with analytical
predictions will result in understanding current capabilities to predict structural behavior of
aircraft structures under impact conditions, define load transmission and failure mechanisms in
aircraft structures, and provide insight to improve aircraft crashworthiness design concepts.

An important objective of the materials and structures research program is to develop ceramics for
hot section components in gas turbine engines. Ceramics provide higher temperature capability than
metals but are not as durable as current high temperature metals. During FY 1985, research was
focused on sintered silicon carbide and silicon nitride monolithic ceramics and on silicon carbide
reinforced silicon nitride composites. In support of this basic materials research, work continued to
develop three-dimensional modeling methodology and design techniques that can be used to reduce
internal stresses and contact stresses. Also, work continued to develop nondestructive evaluation
methodology to monitor the formation and growth of small cracks in ceramics and to evaluate the use of
conventional fracture mechanics techniques to predict life and toughness of ceramics.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The materials and structures research and technology program was increased by $.0 million. This is
the result of the transfer of the integrated program for aerospace vehicle design from the information
sciences research and technology program to materials and structures and the realignment of the effort
for the initiation of research in computational structural mechanics.
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BASIS OF FY 1936 ESTIMATE

Research on high-temperature engine materials will emphasize improved durability and reliability of
ceramics, thermal barrier coatings for metal turbine blades, and high-temperature lubricants. These
research efforts will focus on the development of a detailed understanding of the sintering, hot
isostatic pressing, and powder processes in order to limit the number of strength-reducing flaws in
high-temperature ceramic materials. New thermal barrier coatings with improved resistance to erosion
and foreign object damage will be identified. Improved fluorocarbon lubricants will be developed
which improve the oxidation stability and wear resistance at elevated temperatures.

Studies to understand the fundamental fatigue and fracture behavior of experimental and engineering
materials will continue in order to develop reliable life prediction methods. Research in composites
will focus on the development of micromechanical models and new testing techniques in order to
characterize the behavior of new 3-D reinforced materials. For metallic materials, the work will
concentrate on the determination of the fatigue behavior of powder-aluminum alloys and the development
of fracture theories for these ductile metals. Special attention will be given to developing
nonlinear analyses that predict the growth rates of very short cracks.

Research on composite materials will continue to place high emphasis on the toughness and durability
of highly loaded structures. New materials, including semicrystallines and hybrids, will be developed
to be more resistant to impact and fracture through a better understanding of the relationships
between material structural mechanics and the molecular structures. Research on advanced structural
concepts and configurations that exploit the advantages of composite materials will continue. The
primary effort will focus on the prediction and correlation of structural behavior of post-buckled
stiffened composite panels and development of failure theories for composite structures.

The dynamics and aeroelasticity program will continue to emphasize the development of improved
analytical tools for predicting unsteady aerodynamic pressures, particularly in the transonic speed
range, and the aeroelastic response of wings and engine turbine blades. Analysis methods will be
verified through systematic tests of both idealized and true-scale airfoils and will concentrate on
nonlinear 3-D flow effects. This effort will provide the basis for a significant advance in the
development of active control technology.

In the area of integrated analysis and optimization, efforts will concentrate on the development of
methods in computational structural mechanics for the analysis of complex aerospace vehicles.
Emphasis will be placed on methods for predicting nonlinear transient dynamics and on the development
of new solution techniques that take advantage of advanced computer hardware/software concepts e.g.,
parallel processing, and hybrid analysis techniques. In addition, work will continue iIn the
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development of methodology for multidisciplinary design of aircraft vehicles. The number of
parameters taken into account 1in the optimization procedure will be expanded to include vehicle
aerodynamic shape and active controls, as well as structural design constraints.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dol lars)

Propulsion and power research and
teChnoIOgy--- EEEEEEEEEEEEEEEEEEERNEESR 23,500 30,500 28,700 31,000

OBJECTIVES AND STATUS

The objective of the propulsion and power research and technology program is to develop focused
propulsion technology via a wide range of analytical and experimental research conducted at the
disciplinary, component and system levels. In FY 1985, the program was restructured to focus
primarily on the technologies for integrated systems and specific vehicle applications. These
technology advances will support and stimulate future improvements in propulsion system efficiency,
performance capability, fuel flexibility, reliability, and durability. The potential benefits of
advanced propulsion system concepts will also be evaluated within these programs. Research is being
performed on a wide variety of propulsion systems for flight vehicles ranging from the general
aviation class through the high-performance supersonic/hypersonic Flight regimes. Supporting research
on new and improved power transfer mechanisms, intermittent combustion engine technology,
instrumentation, and aerothermodynamic concepts is being performed. These efforts will lead to major
propulsion system improvements for all types of military and civil aircraft including advanced
rotorcraft.

In high-speed (supersonic/hypersonic) technology, the design of a Mach 5 inlet model was completed
and fabrication initiated. Two approaches for combustion enhancement of storable hydrocarbons
(instead of the more conventional but less combat-acceptable hydrogen scramjet fuel) were identified
and will be tested for effectiveness and practical acceptability. The design, construction, and
testing of a parametric model of a turboramjet exhaust nozzle were completed at Mach 5 internal
conditions, equaling or exceeding performance predictions. The temperature and species measurements
in a coaxial subsonic hydrogen flame were determined via the non-intrusive Coherent Antistokes Raman
Spectroscopy (CARS) approach showing good agreement with theory. Ignition and flameholding studies
using arc plasma and pyrophoric silane as ignitor were completed indicating practical ignition
enhancement potential. Shock tube studies of methane-silane ignition Kkinetics revealed enhanced
ignition rates. The thermal analysis of a methane fuel turboramjet propulsion cooling system was
completed by the contractor verifying the cooling adequacy of methane fuel up to Mach 5. The variable
diameter inlet and the hypersonic inlet mechanical designs were completed, and their models are under
construction in preparation for tests iIn the LeRC 10-foot wind tunnel in 1986
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long-lead materials for a lightweight, high-temperature carbon/carbon nozzle has been initiated.
Formulation of the terms and conditions required for Ffinalizing the joint U.S./Canadian
propulsion/ejector program is underway. Efforts to develop the diffuser separately from the overail
ejector configuration are proceeding with design and fabrication of a more packageable, 12-inch inlet,
short diffuser to follow the successful long diffuser tests.

Research 1is underway leading to a new, quieter, longer life, more reliable and efficient
transmission gearing for transmitting increased power (over current state-of-the-art transmissions)
and tolerating the rapid torque transients required for the new high-performance, more versatile
rotorcraft.

For rotorcraft, preliminary design of the 3600-horsepower split-torque transmission promising a
20-percent weight savings was completed. A new 500-horsepower transmission delivering a 42-percent
improvement iIn power-to-weight ratio was demonstrated, as was the validity of the life analysis code
for the turboprop transmission. An optimum way to lubricate and cool gear teeth for longer life was
determined, and material screening tests for serviceable, tapered roller bearings, capable of a period
of safe operation when oil is suddenly lost, were completed.

In intermittent combustion engine research, the two-dimensional rotary engine airflow modeling code
was completed. The ceramic apex seal specimens were obtained for wear tests in an engine rig. The
use of advanced materials (such as ceramics, and coatings), for rotary engine seals and structural
components has been initiated. The single-cylinder, two-stroke diesel testing was continued.

Instrumentation research continued to address advanced sensors, optical measurement systems,
high-temperature electronics, engine sensors, and fiber optic control system integration. The first
electronic device (a diode) using a silicon carbide crystal was made for high-temperature
applications. Development of a color rainbow Schlieren system for quantitative evaluation of flows

was completed.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The propulsion and power research and technology program was reduced by $1.8 million. The program
at the Lewis Research Center has been restructured to reduce disciplinary component research and to
emphasize technologies for integrated systems and specific vehicle applications. The net effect is a
$3 million reduction to support the acceleration of the advanced turboprop program, offset by an
increase of $1.2 million for advanced short takeoff and vertical landing (A/STOVL) activities. Within
this budget line item, $1.0 million has been redirected, in accordance with a Congressional
recommendation, to continue work on technology for general aviation propulsion systems which will
allow utilization of alternate fuels.
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BASIS OF FY 1986 ESTIMATE

In support of the hypersonic propulsion program, second-generation supersonic combustion concepts
will be evaluated over the Mach number range of 4 to 7. Mixed-mode (subsonic-supersonic) combustor
modeling techniques will be demonstrated. Plasma torch evaluation, as a practical flame holding tool,
will be completed along with a shock tunnel study of mixing and combustion in very high Mach number
scramjets. Characterization of the supersonic combustion Tflame via Coherent Antistokes Raman
Spectroscopy (CARS) data acquisition will be accomplished and comparisons made with computed
predictions. Dimethyl silane will be evaluated to determine its practicability as a piloting fuel.
In support of the proposed advanced STOVL program, tasks related to the U.S./Canadian
propulsion/ejector program will be carried out including completion of the design, fabrication, and
testing of the improved short diffuser portion of the ejector and completion of the joint Lewis and
Ames Research Center analytical evaluation of the contemplated a/sTovL configurations. In-house and
contracted studies will be performed to evaluate the supersonic military performance of the reduced
procurement cost turbine bypass engine and on a novel supersonic through-flow fan engine configuration
that promises improved performance with a dramatic reduction in engine weight.

In the area of iIntermittent combustion engines TfTor Qlight aircraft, baseline performance
characterization and evaluation of an improved fuel injection and ignition system on the
stratified-charge rotary test rig will be completed. The rotary engine materials and mechanical
components program will be continued. The Finite-element analysis of the advanced, rotary engine
rotor and housing and the initial test on a high- performance version of the rotary engine having
multifuel capability will be performed. The potential for early application to light aircraft will be
assessed. Quantification of the potential and establishment of the technology for minimum heat
rejection operation and advanced turbo-charged/turbo-compounded intermittent combustion engines will
be accomplished.

Testing of the 500-horsepower advanced technology helicopter transmission including the advanced
technology, bearingless planetary gear will be completed and the results compared with the
state-of-the-art OH-58 transmission performance. Advanced models for prediction of transmission
efficiency, sealing effects, life and performance will be completed. Vibration and efficiency results
will be obtained for the 3000-horsepower Blackhawk helicopter transmission, and a life analysis of
helicopter transmission systems will be completed.

In the area of advanced instrumentation research, emphasis will be placed on new flow visualization
systems based on holography and interferometry and the conceptual design of fiber optic integrated
controls. Improved capabilities will be demonstrated for measurement of heat flux via miniature
sensors and for measuring temperatures and velocities via nonintrusive instrumentation methods.
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Several activities will be carried out to explore the methods and grow high-temperature electronic
silicon carbide crystals. Development and testing of a prototype high-accuracy fuel mass flow meter
will be continued.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Information sciences
research and technology...cassssssnns 34,943 23,800 21,100 22,500

OBJECTIVES AND -STAFJS

The objectives of the information sciences program are to explore the Eundamental principles
underlying aerospace computing, to understand the relationship and tradeoffs between algorithms and
computing architectures, and to develop advanced computational concepts and system architectures. The
program supports research iIn concurrent processing, reliable computing, software engineering, and
information management, and provides large-scale scientific computational facilities €or aeronautics
research.

Concurrent processing research addresses system architectures and algorithms for computationally
intensive problems in aeronautics, such as computational fluid dynamics, computational chemistry, and
structural dynamics. In 1984, the massively parallel processor, which was developed by Goodyear
Aerospace fTor 1image processing applications at Goddard Space Flight Center, was analyzed by
researchers in the Research Institute for Advanced Computer Science (RIACS) to assess the suitability
of the processor architecture for solving problems in CFD. Beam-warming and Lax-Wendroff algorithms
were analyzed. The processor was analytically shown to be capable of supporting sustained speeds of
250 million floating point operations per second (MFLOPS) with expanded main memory. A special
purpose computer architecture developed at the Massachusetts Institute of Technology was also
evaluated to assess its ability to deliver very large amounts of computation to problems in fluid
dynamics, chemistry, and artificial intelligence. This architecture was shown to be both feasible and
effective. RIACS is halfway through its three-year startup phase and has already established itself
in the nation®"s computing research community. During its first 18 months of operation, RIACS*
scientists have produced 28 reports for outside publication and 7 additional internal reports. In
related work at Langley Research Center, scientists at the Institute for Computer Applications in
Science and Engineering (ICASE) have developed and implemented an Ada-based model for the distributed
storage and processing of large arrays. [ICASE researchers have also developed a model for determining
the execution time of parallel algorithms on arrays of processors.

Research in reliable computing is focusing on the analysis of software reliability models.
Empirical studies of software time-to-failure characteristics are being conducted, with early results
suggesting that conventional reliability models for software have serious deficiencies.
System-theoretic techniques are being applied to the analysis of fault-tolerant software, including
the investigation of voting algorithms for multidimensional variables.
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In software engineering, the integrated verification and testing system was completed and installed
at Langley Research Center. A translator writing system was developed under a grant to the College of
William and Mary and distributed to 35 user sites. A detailed analysis of Ada for distributed system
applications was completed, and an ada/vaX execution testbed for failure tests was developed.

Information management research is focusing on graphics tools and language extensions for
aeronautics applications. A subroutine library for raster display of 3-D shaded images has been
completed by Brigham Young University. Software for color graphic displays of airfoil pressure data
has been developed using North Carolina State University interpolation routines, and researchers at
George Washington University have completed the design and initiated the development of a graphics
programming language employing graphics data types and operators.

A major objective of the computer science and applications program IS to provide state-of-the-art
high-performance computational facilities for aeronautics research. Ames Research Center operates a
Cyber 205/Cray xMP-2200 central computer facility, and Lewis Research Center operates a Cray XMP
system. These systems provide vital computational support to researchers in Ffluid dynamics,
chemistry, and thermal and structural analysis.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The information sciences research and technology program was decreased by a total of $2.7 million,
which included the transfer of the integrated program for aerospace vehicle design to materials and
structures research and technology and a portion of a general reduction to support the acceleration of
the advanced turboprop program.

BASIS OF FY 1986 ESTIMATE

In concurrent processing, analytic performance analysis of the dataflow processor architecture for
aeronautics applications will be completed, and a prototype custom processor architecture design
tailored to these applications will be selected, including cost, schedule, and benefit
determination. Studies of existing CFD, structural dynamics, and computational chemistry algorithms,
as applied to parallel computing, will be completed and coordinated research into next-generation
algorithms and architectures will be conducted. RIACS will be expanding its program to include a

visiting scientists program, focusing its energies on technology to greatly improve the productivity
of aeronautics research scientists through computational systems employing artificial intelligence and

very high-performance computing architectures.
Reliable computing research will provide validated software reliability data derived from controlled
experiments conducted in the avionics integration research laboratory (AIRLAB) facility. This data
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will be used in the long term to provide credible models of software reliability. Studies of
Ffault-tolerant software for the software implemented fault-tolerant computer will be completed.

In software engineering, a source code managment system, designed in 1984, will be developed and
installed at Langley Research Center, and related fundamental research supporting the development of a
software life cycle development environment for aeronautics will be continued.

In information management, graphics research leading to the development of a general purpose,
interactive image processing system capable of supporting multidisciplinary research will continue.
The long-term objective is to make realistic 3-D raster graphics images a routine display capability
through the development of high-level software tools for the nonspecialist.

Support for the supercomputer facilities at Ames Research Center and Lewis Research Center will be
continued. Ames will be adding a central data storage capability. Marshall Space Flight Center will
be developing a program support communications network to link the agency supercomputer facilities.
The internal telecommunications systems at Lewis Research Center are being upgraded.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Controls and guidance
research and technology..... caasaaas 19,602 21,500 20,500 22,100

OBJECTIVES AND STATUS

The objectives of the controls and guidance research and technology program are to: (1) develop
handling qualities criteria and integrated control analysis methods for extending the performance
envelope and reliability of highly augmented future aircraft; (2) develop architectures for flight
crucial systems for future aircraft and to devise analytical methods and techniques for assessing the
reliability and performance of complex integrated fault-tolerant systems; (3) investigate emerging
control and guidance technologies which offer future alternative approaches for continued aviation
safety, effectiveness, and efficiency; (4) develop methods for more efficient and safe transport
aircraft operations in the national airspace system; and (5) explore new concepts for achieving
integration of multidisciplinary technologies. Major program elements are: control theory, guidance
concepts, Tlight crucial controls, rotorcraft guidance and control, advanced transport operating
systems, and multidisciplinary integration technology.

Control theory research is a major element iIn the controls and guidance program, and excellent
progress has been made in developing methods for analyzing and simulating
reconfigurable/restructurable control systems. This activity is being performed in close coordination
with the Air Force project to develop and demonstrate self-repairing Tflight control systems
technology. Four failure detection and identification techniques for a restructurable control system
were initially evaluated, and flight research was completed on an assessment of the accuracy of
parameter identification techniques for augmented flight control systems. Progress has also been made
on the development of a new time domain handling qualities criteria method for superaugmented
aircraft.

Guidance concepts research provides optimum trajectory algorithms to improve the performance of
aircraft operating iIn the air traffic control system and advanced display technology to improve
presentation of information in the cockpit. A  fuel-efficient climb/cruise/descent algorithm,
developed at Ames Research Center, was implemented in a number of commercial Flight management
systems. An advanced air traffic control flow-management concept was developed for the FAA, and
simulator studies were conducted to investigate its effectiveness. Research in the display area,
which is a joint activity with the DOD, developed new phosphors which will enable, for the first time,
color thin-film electroluminescent displays. In addition, a full-color light-emitting diode display
module was developed for use as a programmable legend switch in a multifunction keyboard.
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Flight crucial controls research has concentrated on Tfault-tolerant system architectures for

application to Tfuture aircraft. The AIRLAB facility at Langley Research Center, which became
operational in April 1983, has been the focus for a significant part of this research and, during the
past year, there have been six universities involved in AIRLAB research. A computer-aided

reliability estimation program, developed as an important analytical tool for assessing the
reliability of fault-tolerant systems, has been validated and released €or public dissemination.
Lightning effects on digital electronics continue to be a concern. A lightning channel/aircraft
interaction model has been iIntegrated with a nonlinear corona model, and a statistical analysis
technique has been developed and applied to direct strike data obtained in flight with the NASA F-106
aircraft.

Rotorcraft guidance and control research involves unique concepts to improve the overall
effectiveness and utilization of rotorcraft for military and civil missions. Progress has been made
on the development of a highly portable, low-cost beacon landing guidance system using airborne racar
technology which has accuracy and coverage comparable to a conventional instrument landing system.
Studies continued on techniques to utilize the DOD NAVSTAR satellites to provide helicopter onboard
navigation and precision approach capability to any remote site. The external data link concept has
been identified as the preferred differential satellite navigation configuration €or providing this
capability.

Advanced transport operating systems research has concentrated on the integration of airborne
systems capabilities with the evolving national airspace system, the reduction of aircraft costs
through technology to improve operations, and improved man-machine interfaces. Significant progress
has been made in upgrading the capabilities of the transport systems research vehicle with improved
onboard computers and cockpit displays. Extensive analyses and simulations have continued to indicate
the potential of the total energy control system concept and the possibilities of practical accurate
four-dimensional guidance.

Multidisciplinary integration technology is an evolving, newer element iIn the controls and guidance
program. Progress has been made in defining the most promising potential applications of this
technology and establishing the critical subelement areas. Advanced military tactical aircraft
designed with full reliance on thrust vectoring for trim and maneuvering control have continued to be
the most attractive focus for the development of this new technology.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The program was decreased by $1.0 million in the iIntegrated propulsion/controls research area, and
the funding has been redirected within the aeronautics program primarily to support A/sTovL and the
advanced turboprop program.
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BASIS OF FY 1986 ESTIMATE

In the control theory area, research will continue in developing handling qualities criteria for
superaugmented aircraft and in developing tools and design guidelines for full-authority flight
control systems. Also, research on reconfigurable/restructurable control systems will be expanded to
encompass systems involving both aerodynamic and thrust vectoring control. This research will provide
the initial conceptual approaches needed in the development of usable methods for the analysis of
highly integrated airframe/propulsion control systems.

Guidance concepts research will concentrate on new optimal approaches for long-range cruise flight
and for operations in the terminal area. Research will continue on advanced cockpit display hardware,
such as color thin-film electroluminescent and fixed optics displays, and on advanced concepts aimed
at achieving a true 3-D display.

In the flight crucial controls area, research will continue on advanced fault-tolerant architectures
applicable to future aircraft. These architectures have been derived from the assessment of
engineering models of fault-tolerant computers and from system studies such as the integerated flight
and propulsion control system architectural study for advanced high-performance aircraft. They will
be assessed and validated in AIRLAB, which also will be used to validate other advanced control
systems architectures. Research in the design of digital control system concepts protected from
computer upset caused by lightning strikes will continue, and efforts to define the lightning strike
environment will extend flight testing to lower altitudes.

Rotorcraft guidance and control research will concentrate on the further development of the beacon
landing guidance and differential satellite navigation concepts. Ground testing of parabolic antennas
for the beacon landing system has been conducted, and flight testing of a final antenna configuration
will take place to verify expected guidance accuracies. Analyses will be performed to establish the
full benefits derivable from satellite-based navigation systems for improved position fixing and
flight guidance.

In the advanced transport operating systems area, research will continue to develop and demonstrate
the capability to achieve near optimum performance of the crew/aircraft system over the full flight
profile. The four-dimensional guidance concepts currently under consideration or analysis will be
tested in ground-based simulators and in the transport systems research vehicle (TSRV). The upgraded
display system will receive its initial checkout in the TSRV prior to use iIn display and crew
interface integration research to reduce workload and improve flight path conformance. Support to the
FAA program to improve current operations and evolve an advanced airspace system will continue.
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Multidisciplinary integration research will concentrate on the development of the methodology for
analyzing and validating highly integrated airframe/propulsion control systems and for the
introduction of evolving concepts such as artificial intelligence to achieve significant improvements
in system operation, permitting performance gains in the airframe configuration. The initial focus
will be an advanced tactical military aircraft with a sustained supersonic cruise requirement.
Different system architectures will be formulated and assessed in the AIRLAB.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Human factors research and technology 19,394 21,300 20,300 22,000

OBJECTIVES AND STATUS

The objective of the human factors research and technology program is to provide a technology base
for the solution of human problems which impede the growth, efficiency and safety of aviation. This
is accomplished by developing a fundamental understanding of the capabilities, limitations and
tendencies of aircrew members iIn interacting with each other, with cockpit systems, and with the air
traffic control system. There are three areas of emphasis in the human factors research program:
flight management, human reliability, and human engineering methods.

The Flight management research program has continued to develop a basic understanding of information
transfer, decision making, and resource management in the cockpit in order to provide a data base for
improved cockpit systems and operational procedures. In this area, research on cockpit display of
traffic information (CDTI) continued iIn cooperation with the FAA. A FTull-mission simulation
evaluation of CDTI on airline crews during terminal-area operations showed crews to be capable of
performing in-trail self-spacing with an acceptable increase in workload. Other flight management
research is focused on developing cockpit allocation strategies which make maximum use of automation
technology in view of human capabilities and limitations. In this area, a prototype expert system for
aircraft engine fault diagnosis was developed as a first step toward studying the interactions of
crews and expert systems. A third area of flight management research is the development of technology
for improved use of electronic cockpit displays. A computational model of the human eye was developed
which will be the basis for formulating criteria for electronic displays which are optimally matched
to the human visual system. Also, in this area, development of an expert system was begun which will
aid in the selection of symbology and in the formatting of electronic displays.

Human reliability research is aimed at understanding the limitations of the crew in the flight
environment and at developing techniques to work around these limitations. A new memorandum ofF
agreement was signed with the FAA for NASA to continue managing the aviation safety reporting system
(ASRS) for the next five years. Research also continued in fatigue and jet lag effects on the
aircrew. The short-haul portion of the Tfatigue research program was completed and NASA is
coordinating with the Air Force on a study of the effects of fatigue on military airlift command (MAC)
aircrews. Army and Air Force research personnel are participating in the generic studies of fatigue
and jet lag which are underway at the Ames Research Center.
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The goal of human engineering methods research is to develop tools and techniques for the design and
evaluation of cockpit equipment and operations. A subjective rating scale for assessing operator
workload was developed, and a new method of characterizing flight crew communication and decision
making was completed. A new laboratory for research on physiological aspects of workload was
developed to complement research on subjective and performance measures of workload.

CHANGES FROM FY 1985 BUDGET ESTIMATE

This program was decreased by $1.0 million, primarily in the simulation science area, and thc major
portion of the funding was redirected to support the acceleration of the advanced turboprop program.

BASIS OF FY 1986 ESTIMATE

The flight management research program will phase down the CDTI work and increase emphasis on human
interaction with increased cockpit automation. An evaluation of human factors aspects of threat alert
and collision avoidance system (TCAS) will also be undertaken, building on the CDTI research base.
The visual model will be expanded to include 3-D motion and binocular effect. Cockpit automation
research will include the completion of the expert system for display formatting and the initiation of
research on crew interaction with expert systems iIn the cockpit. Human interaction with highly
automated cockpit systems will be modeled.

In the human reliability area, the study of long-haul crew fatigue and jet lag will continue and
include a major international study of sleep quality and flight duty characteristics. This latter
element includes the participation of Japan Air Lines, Pan American Airlines, Lufthansa, and Stanford
University.

The development of a general methodology for the recording and analysis of interactive flight crew
behavior capable of use in full-mission simulation and in flight will be initiated. The management of
the ASRS for the FAA will continue.

In the human engineering methods area, a battery of performance assessment techniques will be
developed for characterizing and predicting flight crew performance during both real and simulated
full-mission flights. A predictive workload model will also be developed to account for both physical
and mental workload over a range of operator performance conditions. Simulator studies of flight crew
performance under simulated full-mission conditions will be continued in the man-vehicle systems
research facility.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Flight systems research and
tedrolagy. oo e 17,504 16,300 16,300 18,300

OBJECTIVES AND STATUS

The objectives of the flight systems research and technology program are to provide the necessary
research and technology development for an improved and validated base of advanced technology for

application by industry to future generations of the entire spectrum of aircraft. In many cases,
joint funding is provided by NASA, DOD, and FAA. The program is organized into the following main
categories: (1) meteorology hazards to aviation, (2) convertible engine rotorcraft propulsion, and

(3) Flight support. The activities within this program encompass advanced engineering techniques and
the demonstration of the Tfeasibility of concepts to ensure rapid application of promising new
technology essential to meeting one or more of the following goals: (1) defining the hazards of the
atmospheric environment in which future aircraft and their systems will operate; (2) understanding the
interaction of aircraft and the characterized environment; (3) 1improving operations safety and
efficiency by developing advanced technology to design out hazard effects; (4) improving aircrew
awareness and performance through enhanced simulation of meteorology hazards; and (5) developing
convertible engine propulsion concepts that will enable military aircraft to retain the low-speed
advantages of helicopters while allowing highly maneuverable high-speed flight.

The objectives of the activities in meteorology hazards to aviation are to provide a better
understanding of aeronautical safety hazards and their consequences and to provide criteria for design
of aircraft systems and operating techniques. They involve aviation meteorology hazards and related
operations safety technology and support human factors research and technology. In FY 1985, the
interagency national aircraft icing plan was completed. Also, modern icing instrumentation devices
were successfully flown on a NASA Twin Otter research aircraft in a wide variety of icing conditions
to establish new calibrations as the basis for national standards. NASA and the Army completed
in—-Flight helicopter evaluations of an operational pneumatic deicing boot. The instrumented F-106
severe storms research aircraft continued characterization of direct lightning strikes to the aircraft
in convective weather. The resulting first-of-a-kind data is being used by DOD, FAA, and industry as
threat models <€or materials and avionics protection. The interagency-sponsored doppler radar
characterization of hazardous wind shear was completed, and the data was applied to NASA and industry
research, development, and training simulators to reduce the possibility of flight into known
hazardous weather. The dNAsa/Faa remotely piloted full-scale transport controlled impact demonstration
of antimisting kerosene safety fuel and characterization of fuselage and seat response at and
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following impact was successfully completed. The results are being used by FAA in decisions for rule
making and by NASA for correlation with structural impact dynamic prediction models. The NASA/FAA
Ffireworthy cabin interior materials program was completed, and the FAA initiated implementation of
advanced seats, windows, and panels. Flight research to characterize the hazards of clear air
turbulence based on remotely measured temperature profiles was completed. The B-57B continued flight
research in low-altitude turbulent conditions to determine the variation in turbulence from wingtip to
wingtip.

The objectives of the convertible engine rotorcraft propulsion technology program are to demonstrate
technology readiness in experimental propulsion systems for rotorcraft and V/STOL aircraft
incorporating advanced convertible engine concepts for both shaft and thrust power requirements. In
FY 1985, the basic concept of the convertible engine was demonstrated successfully on an engine test
stand at the Lewis Research Center. The convertible engine concept will provide designers of
rotorcraft and V/STOL aircraft a new dimension by providing a powerplant to provide tubroshaft power
and turbofan thrust power simultaneously or individually. Steady-state turbofan performance and power
shaft output performance testing for the original plan concept has been completed. The initial
operation of the digital electronic control system has been completed, and planning has been initiated
for future flight/propulsion controls integration research.

The objectives of the flight support program are to provide a variety of support services to flight
research projects using standard aircraft for chase, airspeed calibration, remotely piloted research
vehicle air drops, and flight crew readiness training. This is an ongoing level of effort.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The funding of this activity has not changed; however, $0.5 million was transferred to this program
for convertible engine research from rotorcraft systems technology, and $0.5 million was transferred
to the high-performance aircraft systems technology line to meet priority program requirements.

BASIS OF FY 1986 ESTIMATE

In FY 1986, the aviation safety program will expand ongoing fixed- and rotary-wing aircraft icing
research to implement the national aircraft icing plan developed by NASA, DOD, FAA, National Science
Foundation, and National Weather Service. A major element will be the nasa/army Flight testing of
advanced rotorcraft icing protection concepts developed by NASA and proven in the NASA icing research
tunnel. Flight research will continue with completion of the characterization of weather hazards
associated with severe storms, including lightning, turbulence, winds, wind shear, and heavy rain.
The resulting data will be used for development of advanced lightning protection concepts and
practices, aerodynamic performance degradation determinations, aircrew training, and design of
advanced remote detection devices for hazard avoidance and cockpit displays.
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In the convertible engine technology program, NASA will support the DOD by cooperating in joint
programs with the Defense Advanced Research Projects Agency (DaRrRpA) and the Navy. The NasSA/DARPA
program focuses on propulsion controls integration for the DARPA advanced convertible engine. Using
convertible engine hardware, the Nasa/dNavy program focuses on developing cross-shafted, shared-power
technology required for twin-engine V/STOL aircraft during emergency one-engine inoperative
situations. NASA convertible engine research will be expanded to include the development of a torque
converter to be used as a lightweight engine fan decoupler. The torque converter concept will make
such advanced configurations as the folding tilt rotor aircraft become a nearer term possibility.

Flight test support of flight research projects will continue using a variety of both fixed- and
rotary-wing aircraft. In the main, these standard aircraft will be flown as chase aircraft in support
of research helicopters and aircraft described under high-performance aircraft systems technology
(AFTI, x-29a, F-15, F-18, x-29a, YAV-8B). The test support activity also provides for flight crew
training, maintenance of flight data facilities, aircraft instrumentation, and flight data processing.
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1985 1986

1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Systems analySiSuissssssssssssnnsssnnns 3,900 2,600 2,600 3,200

OBJECTIVES AND STATUS

Activities in systems analysis provide long-term guidance and direction to the extensive array of
aeronautical research and technology programs performed by NASA and the aircraft and gas turbine
engine industries. Modern aircraft are highly integrated systems; they operate over a wide speed and
altitude range and are required to satisfy many external constraints (noise, pollution, safety,
weapons launch, etc.). Systems analysis identifies both potential gains and problem areas so that
concepts appear to be acceptable and economically reasonable for various aircraft applications.

NASA uses systems analysis to screen advanced concepts €or payoff potential, to determine technical
deficiencies amenable to research within the skill mix and facilities available. Systems analysis
activities currently underway address a variety of evolving vehicle and engine concepts and will form
the basis for research programs that will be accomplished over the next several decades.

Advanced turboprop research has been underway for several years. Although propulsion historically
has been the long lead-time technology, other technologies such as structural noise control, laminar
flow, composite structures, and advanced controls are also extremely powerful in both performance and
economics when integrated into an aircraft. Systems analysis efforts are addressing new and different
configuration concepts t» determine benefits and penalties associated with integration of these
technologies. A major activity addresses the problem of engine installation, location, and
venefits/penalties oOF single- and counter-rotating turboprop engines.

The area of aA/sSTOVL has been and continues to be studied extensively through several different
activities. One is directed at understanding installation benefits/penalties/problems for a variety
of propulsion concepts in advanced military aircraft. This work is used to direct programs in
propulsion, propulsion/airframe integration, advanced controls, and lightweight high-temperature
materials. Another part is directed at evaluating a trend toward high thrust-to-weight ratio engines
over the next decade which may allow, for the first time, the marriage of supersonic cruise and
STOVL. Aircraft configurations and concepts to capitalize on these divergent operational requirements
may look very different and include twin-boom configurations and tail sitters which appear to offer
significant improvements in the mission/performance area, but may include disadvantages in design
experience, technology voids, and operational and handling quality deficiencies. NASA studies of the
turbine bypass engine concept continue to show strong benefits and simplicity of installation,
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provided that the thermal/structural/materials technology is developed for design of the engine core.

BASIS OF FY 1986 ESTIMATE

Trends in the long-range planning and studies activities, directed by the Office of Science and
Technology Policy and Congress, suggest an increased interest in the review of technologies that would
need to be applied to future advanced concepts such as the transpacific range transport, hypersonic
cruise research aircraft, and transatmospheric vehicles.

As ongoing activities are completed, NASA will begin to direct its systems analysis activities
toward the integration of advanced propulsion systems concepts, high-strength, lightweight, long-life,
high-temperature structural materials, and advanced configurations for each systems concept. Most
technologies in this area have been supported at very low levels primarily because of research emphsis
and other high priority areas. In addition, the full impact of advanced electronic controls and
computational capabilities in fluid mechanics, structural dynamics, and propulsion/airframe
integration have not been incorporated in analysis of future vehicles.

Since propulsion is the pivotal and pacing technology in the majority of the vehicle concepts, the
area of propulsion systems will receive special emphasis. Because propulsion systems tend to be the
enabling technology, advanced propulsion concepts will be analyzed for application to these
vehicles. Propulsion concepts include variable-cycle engines and turbine bypass engine concepts for
transports, air turboramjets, and other composite engine concepts for hypersonic cruise, and the
application of supersonic combustion ramjet (SCrRaMJET) technology for some of the transatmospheric
vehicle concepts.
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BASIS OF FY 1986 FUNDING REQUIREMENTS

SYSTEMS TECHNOLOGY PROGRAMS

Rotorcraft systems technology..... e
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Subsonic aircraft systems technology..
Advanced propulsion systems technology
Numerical aerodynamic simulation......

1985 1986

1984 Budget Current Budget

Actual Estimate Estimate Estimate
(Thousands of Dollars)
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1985 1986

1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Rotorcraft systems technology

Guidance and navigation.. sssssssssss 1,600 -—- -— -—
Rotor systems research aircraft

(RSRA) Flight research/rotors..... 3,300 - --- ---
Advanced rotorcraft technology.s«sss 14,700 10, 200 9,700 2,700
Technology for next generation

rotororaft. .. 8,350 16,300 16,300 17,800
ToEh. s 27,950, 26.,.500 26,000, 20,500

OBJECTIVES AND STATUS

The rotorcraft systems technology program conducts research on two fronts. The First thrust
consists of efforts in broad systems technology areas that advance the state of the art in flight
dynamics and controls. The second thrust involves advanced concepts which are investigated in
conjunction with DOD and FAA. These currently include the X-wing rotor demonstration test on the
rotor systems research aircraft (RSRA) and Xv-15 tilt rotor flight testing. In both of these thrusts,
integrated system testing is required and involves large-scale wind tunnel testing, flight testing and
moving-base simulation.

In the noise program conducted in collaboration with the American Helicopter Society (AHS), an
initial, comprehensive noise prediction code was released to industry. Portions of the code were used
to reduce tail rotor noise on the Navy MH-53E helicopter in a new design. Also, the First indication
that blade-vortex interaction impulsive noise could be reduced by airfoil leading-edge shaping was
discovered using new analytical tools. A full-scale hovering test of a Hughes 500 helicopter, with
various noise sources muffled, was iInitiated to determine varying noise levels due to turbulence and
wind.

For improved analysis and assessment of vibration, the dynamic analysis of model vibration program
conducted structural dynamics correlation with both metal and composite fuselage construction. The
UH-60 and AH-64 underwent ground vibration tests to correlate against Tfinite-element model
predictions. The Bell advance composites aircraft program and Boeing 360 aircraft fuselages were
modelled to predict fuselage dynamic response to rotor vibration.
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in full-scale testing, preparations continue for the start-up of the 40x80-foot wind tunnel in early
1986. A tail rotor was thoroughly documented for loads and acoustics on the outdoor aerodynamics
research facility for an FY 1986 main rotor/tail rotor interference test in the 40x80-foot wind
tunnel. The main rotor rig for that test was shake tested and load cells were calibrated.

In rotorcraft controls, the ultrareliable, fault-tolerant control system underwent full pilot
simulation in preparation for flight testing. Superaugmented controls were studied in conjunction
with the Army single-pilot lightweight helicopter mission and various taxing civil tasks such as
all-weather search and rescue missions.

In flight dynamics, the Tfirst air-to-air combat simulation was conducted on the vertical motion
simulator (vMs). Also, the First full-fidelity autorotation was accomplished with excellent pilot
comments on motion representation. Energy management techniques for autorotation were investigated.
In a cooperative program between the Ames and Lewis Research Centers, a real-time pilot simulation
of digital flight/propulsion control integration was conducted.

Under the joint DARPA/NASA RSRA/x-wing program, the prime objective is to perform an x-wing rotor
conversion from rotary to stopped-rotor flight and return to rotary wing Tflight. It will also
investigate through flight research the dynamic stability, performance, and rotor control
characteristics of the x-wing rotor system. In 1985, the final modification to the rsra will be
completed. The fTabrication of the x-wing rotor system will also be completed and installed on the
aircraft. Preceding installation, the propulsion system will be extensively tested on the propulsion
system testbed, an "iron bird" ground-based facility, and the reliability of the flight control system
will be extensively tested in the vehicle management systems laboratory which was specifically built
to test the unique x-wing flight control system. Supporting research includes upgraded simulations
conducted in the Ames Research Center®s vertical motion simulator, concentrating on the conversion
flight mode in which the aircraft 'converts'" from rotary to stopped-rotor to rotary flight at speeds
greater than 200 knots, typically the maximum speed of conventional helicopters.

Supporting the Navy joint services advanced vertical lift (Jvx) program, XV-15 tilt rotor flight
testing continued. A side arm controller was evaluated. New steel hubs were installed, enabling high
gross weights and more demanding maneuvers to be evaluated. The advanced technology blades (ATB) were
installed on the aircraft, and a limited evaluation begun. In ground-based testing, reports on the
very successful hover tests of the XV-15, JvX, and ATB rotors were issued. Preparation began for a
40x80-foot wind tunnel test. On the WMS, a full Jvx simulation was conducted, the third in a
series. A study of the civil market and research, development, test, and evaluation recoupment issues
was conducted in conjunction with the Jvx program office.
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CHANGES FROM FY 1985 BUDGET ESTIMATE

unding amcunting t 5 milli was ransferred from advanced rotorcraft to the resea and
technology base for flight systems h and technology tO supp prior on tible gine
research regquirements

BASIS CLF F}§ 8€ ESTIMATE

The Nasa/aHs program will continue with the release of an updated, comprehensive noise prediction
code (called ROTONET) that incorporates the best available subroutines for rotor loads and rotor
wakes. Blade vortex interaction noise will be emphasized to determine the benefits of airfoil nose
shape using more powerful, three-dimensional predictions.

The XV-15 flight testing will continue in support of the JVX program. Using joint support by the
Navy, NASA, and the Army, it will be possible to complete flight evaluation of the ATB rotor and
perform military suitability tests. Wind tunnel and simulation tests will also be supported for Jvx.

The X-wing rotor program will be generating ground-based, piloted simulation, propulsion system
testbed data and vehicle management systems data in support of the flight investigation of the X-wing
rotor on the RSRA. This fast-paced, advanced technology program will require extensive, coordinated
testing in 1986 which is crucial to the success of the flight investigation, and will require special
NASA capabilities to support the contractor®s efforts. In particular, the flight testing will
culminate in the historic demonstration of conversion from rotary to stopped-rotor to rotary flight.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dol lars)

High-performance aircraft systems

technology
High-performance flight research.... 8,700 9,200 9,700 9,800
Turbine engine hot section

technology ... sesssssansssnssnnnnss 11,200 11,800 9,300 5,200
Ceramics for turbine engineS.sssusss -—= - 2,500 2,100
Oblique wing technology... cassssnsns - -—— - 4,700
Toal. .. 19,900 21,000 21,500 21,800

OBJECTIVES AND STATUS

The objective of the high-performance aircraft systems technology program is to generate validated
engineering methods and design data applicable to the development of advanced high-performance, high-
speed aircraft applications. The program objectives are accomplished by analysis, ground-based
simulations, wind tunnel experimental research, and flight research tests of aircraft.

In the joint NasA/air Force advanced fighter technology integration (AFTI) program, the AFTI/F-16
automated maneuvering attack system flight phase has been iInitiated. In the AFTI/F-111 mission
adaptive wing project, the aircraft is in final preparation for the start of the flight test program
in the second quarter of FY 1985. In the F-15 highly integrated digital electronic control (HIDEC)
program, which builds on the capability developed during the digital electronic engine control
program, Flight research testing has begun to validate performance improvements by use of an adaptive
engine control system. In the NASA/DARPA X-29A forward-swept wing flight demonstration program, the
aircraft has begun the baseline Flight program. The F-4C aircraft modifications with spanwise nozzles
for over-the-wing blowing have continued, and the flight validation of low-speed flying qualities
improvements predicted by analytical and wind tunnel tests will be completed during FY 1985. The
preliminary design of an oblique wing research aircraft is being initiated, in a joint program with
the Navy, to develop an experimental aircraft for an FY 1989 flight program which will extend oblique
wing technology to transonic and supersonic speeds. The F-16 decoupler pylon, which provides
isolation between the wing and stores structural modes, has completed flight test. An F-18 test
aircraft has been acquired and is being modified for a flight research program which is closely
integrated with analytical, wind tunnel, and ground simulation activities to enhance the U.S.
capability to predict and exploit the high angle-of-attack flight regime. Analytical tests and
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capability to predict and exploit the high angle-of-attack flight regime. Analytical tests and
studies have continued on the use of vortex flap technology to improve aircraft lift
characteristics. In the powered-lift program, a YAV-8B Harrier is being modified for an FY 1985
Fflight program for simulator and low-speed aerodynamic performance validation.

During FY 1985, the turbine engine hot section technology (HOST) program continues to address the
issues involved iIn engine durability. The objectives are to establish predictive methods for the
structural response and life of hot section components by developing analysis methods, instrumentation
and verification test methodology. During this year, a cyclic thermal-structural test apparatus was
developed for verification of combustion linear structural analysis methods. Data were obtained on
internal and external heat transfer rates in air-cooled turbine blades. These data are necessary to
verify aerothermal analysis codes and also to provide essential input to the nonlinear,
high-temperature, 3-D structural analysis methods being developed. This research permits prediction
of the structural behavior of turbine engine hot section components over an entire thermal cycle. A
method was also developed to accurately predict the life of isotropic single crystals for hot section
components. As part of the activity for increased turbine blade life, materials research continued to
focus on sintered silicon carbide and silicon nitride ceramics. This work includes development of
analysis techniques that apply advanced fracture mechanics methods to understanding and predicting the
response of ceramic materials subjected to aerothermal loads.

CHANGES FROM FY 1985 BUDGET ESTIMATE

Precursor oblique wing activities within the high-performance flight research program were augmented
by a transfer of $.5 million from the flight systems research and technology base program. In
addition, in response to Congressional recommendations, .5 million was internally realigned to
augment ceramics for turbine engines. This was accommodated through a reduction in the turbine engine
hot section technology program.

BASIS OF FY 1986 ESTIMATE

The Tflight research activity in FY 1986 will involve a variety of high-performance aircraft to
investigate advanced concepts. Several projects will continue their flight test phases during this
period. Under the joint NASA/Air Force AFTI projects, the F-16 aircraft will complete its flight
program, and the r-111 mission adaptive wing will continue the research program with evaluation of the
automatic mode for in-flight adjustment of wing camber. The F-15 HIDEC will continue flight research
to evaluate the potential of iImproving performance and mission effectiveness due to engine-airframe
control integration. The joint NASA/DARPA X-29A forward-swept wing aircraft will complete the
baseline flight program and begin the flight research phase to fully exploit the technologies designed
into the aircraft.
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The F-18 high angle-of-attack aircraft will start the Tflight research program with focus on
aerodynamics and control system design for aircraft operations at high angles of attack. Vortex flap
technology will be evaluated to determine if a flight research program using a NASA F-106 aircraft
should be initiated in FY 198. The YAV-8B flight research program will continue, and modifications
for advanced electronics, displays, flight, and propulsion and control systems will be initiated.

The FY 1986 funding level reflects the start of the final design and construction phase of the
oblique wing research aircraft. A single contractor will be selected from those participating in the
preliminary design contracts during FY 1985. The NASA F-8 digital fly-by-wire test aircraft will be
converted to the research testbed for the Tflight program. This aircraft provides for easy
installation of the oblique wing, a well defined readily modifiable, highly flexible, digital flight
control system.

During FY 1986, the HOST program will continue to concentrate on developing iImprovements in
high-temperature instrumentation, predictive methods for structural analysis, aerothermomechanical
environment and life. Research will be conducted using the newly developed high-temperature
structures laboratory at Lewis Research Center to study the behavior of turbine blade material and
actual burner Uliner hardware under realistic, complex aerothermomechanical loading conditions.
Paralleling the experimental work will be continued development of specialized structural analysis
codes designed to predict the detailed turbine engine component stress-strain response over an entire
mission. Life prediction methodology will be extended to anisotropic superalloys. Ceramics research
will focus on 1identifying critical processing variables affecting reliability, development of

methodology for measuring crack growth, and nondestructive evaluation techniques for monitoring small
flaws.
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1985 1986

1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Subsonic aircraft systems technology

Advanced composite structures technology 5,000 19,000 19,000 -—=
Toal. e 008 19,000 19,000 p—

The objective of the subsonic aircraft systems technology program is to provide a substantiated base
of key technologies, design data, and validated design procedures. Individual concepts are examined
in the systems context with other interacting components and technologies to define techniques and
procedures for obtaining maximum benefit from these applications.

The objective of the advanced composite structures technology program is to develop a composite
primary airframe structures technology base that achieves the full potential of weight, fuel, and cost

savings possible for the design of transport aircraft in the 1990's. The program®s purpose is to
establish a composite engineering data base which will permit government and industry management
decisions to commit composites to advanced, large aircraft with acceptable cost and risk. Full

airframe use of lighter weight composites in primary airframe structure can reduce overall aircraft
weight and acquisition costs by up to 15 percent, significantly lowering operational costs and
extending service usage.

The program is focused on the key technologies for wing and fuselage structures of composite
material including the development of a solid data base for the design and analysis of heavily loaded
thick laminate wing structures. Large multistringer composite wing-type structures have been
designed, fabricated and tested. It has been demonstrated that highly loaded composite panels can
satisfactorily meet damage tolerant criteria and continue to support design loads after impact
damage. Lightning strike tests have further demonstrated that stiffened panels with mechanical
fasteners can be designed so that no electrical spark arcing will occur endangering the aircraft by
fuel tank explosion. Additionally, special laminate treatments to prevent fuel leakage have also been
shown to be effective. Concepts for highly loaded critical wing-fuselage joint assemblies have
demonstrated in test their ability to carry loads and meet fatigue criteria.

RD 13-44



BASIS OF FY 1986 ESTIMATE

In FY 1986, the advanced composite structures technology program will be terminated in order to meet
other higher priority program requirements. Composite structures technology is further advanced than
other higher priority projects which were continued. On this basis, there is a greater possibility
that industry will continue its development.
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1985 1986
1934 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Advanced propulsion systems technology

Advanced turboprop sstEs.......... 15,000 14,000 24,000 42,000
General aviation/commuter engine

(S0 00] (0'0 Y 2 2,000 2,100 2,100 2,200
Toal. . 17,000 16,100 26,100 44,200

OBJECTIVES AND STATUS

The objective of the advanced propulsion systems technology program is to explore and exploit
advanced technology concepts €or future aircraft propulsion systems in high-payoff areas through the
focusing of fundamental research and technology efforts and integration of advanced propulsion
components.

Activities in the advanced turboprop systems program are focused on development of a broad research
and technology data base and systems integration activities in preparation for flight verification
which 1s necessary to establish large-scale advanced turboprop feasibility. The design of the
large-scale advanced propeller (LAP) was completed by Hamilton Standard, and the fabrication of the
9-foot-diameter unit is underway, along with the fabrication of a 2-foot-diameter aeroelastic model to
evaluate the aeroelastic scalability of the 9-foot LAP. Lockheed-Georgia has been selected as the
prime contractor for the propeller test assessment (PTA) and is now progressing toward the key flight
evaluation of the LAP in FY 1987. A contract has also been awarded to General Electric Company for a
ground test of a gearless counter-rotation propfan concept. Model tests in the 2-foot-diameter size
are verifying the counter-rotation propeller performance and acoustics predictions, and fabrication
for the ground test vehicle is well underway with test initiation planned for June 1985. Evaluation
of 2-foot-diameter geared counter-rotation models is also underway with good results at Hamilton
Standard, and contracts were signed with Pratt & whitney and Allison Gas Turbine to evaluate and
verify technology for large-scale gearboxes. Wind tunnel aerodynamic, acoustic, and stability and
control investigations were conducted for aft-mounted single- and counter-rotation turboprops. It was
determined that the source noise directivity patterns are different for single- and counter-rotation
propellers and that normal forces generated by the propellers at takeoff conditions are greater for
counter-rotation than single-rotation configurations.
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In the general aviation/commuter engine technology program, aimed at raising the performance level
of small turbine engines to more nearly match that of large engines, the detailed laser anemometry
measurements iIn low-aspect-ratio fans have been completed. The multistage compressor facility was
modified to include support equipment for stage-matching investigations. Combustor experiments aimed
at determining flowfields and temperature distribution in dilution twin sections of reverse flow
combustors were completed. A cruise missile combustor was designed and fabricated and installed for
testing. The aerodynamic and mechanical design of a small engine compatible, high-work radial turbine
was completed. Fabrication of the turbine blading for the fundamental loss measurement rig was
completed. Fabrication of the winglet rotor was completed. Check-out tests on the
10-pounds-per-second, 8:1 pressure ratio centrifugal compressor were completed, as part of a
three-part test to experimentally describe the causes of incremental small-engine losses over and
above those suffered by large turbine engines.

CHANGES FROM FY 1985 BUDGET ESTIMATE

This program was increased by realignment of $10.0 million to the advanced turboprop program from
the research and technology base program for efforts leading to an initial flight test in 1987, as
directed by Congress.

BASIS OF FY 1986 ESTIMATE

In FY 1986, advanced turboprop systems program activities will consist of continued development of
the broad-based supporting technology and preparation for the flight evaluation of the large-scale
advanced propeller. Analysis and testing of the low- and high-speed propeller/inlet/diffuser testing
will be completed. Three LAP rotors will be delivered to the propeller test assessment program and
evaluated at static conditions with a modified gearbox and engine, as well as tested at low-speed
conditions for performance, structural integrity, and cabin acoustics in the Ames Research Center"s
40x80-foot wind tunnel. Wind tunnel tests of a one-ninth scale model of the PTA aircraft will also be
accomplished to determine the flying qualities of the airframe/turboprop combination. Evaluation of
the gearless counter-rotation concept will be concluded. High-speed wind tunnel investigations will
be continued for wing- and aft-mounted single- and counter-rotation configurations for stability and
control evaluation, as well as code verification. Acoustics efforts will include counter-rotation
source noise prediction modeling, cabin acoustics Iinvestigations, and experimental evaluation of
counter-rotation propeller configurations. Contracted studies to evaluate the suitability of advanced
turboprop technology for application to multipurpose subsonic naval aircraft, general aviation
aircraft, and military tactical transports will be completed. Test and analysis of acoustics and
performance results will be completed on the unique, high-radius-ratio, counter-rotating, gearless
model propulsion system. The fTull size, first build of this system will be completed, and ground
testing will be initiated.
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The general aviation/commuter engine technology effort will continue to focus on the development of
a fundamental understanding and analytical data base €or flow phenomena and heat transfer in small gas
turbine engine components. The following activities will be completed: testing of the axial stage
group to be used as part of the axial/centrifugal configuration; design of the high hub-to-tip ratio
centrifugal stage suitable €or the axial/centrifugal comparison; heat transfer studies of a porous
wall, fTelt-back ceramic liner with conventional fuels; and development of the viscous flow scroll

computer code.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Numerical aerodynamic simulation...... 17,000 26,500 26,500 28,200

OBJECTIVES AND STATUS

The numerical aerodynamic simulation (NAS) program objective is to significantly augment the
nation"s capabilities iIn computational fluid dynamics and other areas of computational physics by
developing a preeminent capability for numerical simulation of aerodynamic flows. This program will
provide the computational capabilities required to obtain solutions to problems which are currently
intractable. Ongoing research and technology base efforts in computational aerodynamics will benefit
significantly from the advanced computational capabilities to be provided by the NAS program. The
combination of these programs will provide pathfinding aeronautical research for the future, allowing
solutions of the full Navier-Stokes equations, providing Ffirst-principle prediction of viscous flow
about simple aeronautical shapes, and enabling the prediction of performance of complete aircraft.
The NAS program will develop an extensive, user friendly system to assist engineers and scientists iIn
all aspects of problem solution, from problem formulation through graphical presentation of results.
The heart of this system is the high-speed processors, which will be the most advanced commercially
available supercomputers. These machines will provide the large-capacity/high-speed computational
capability required in advanced fluid dynamic research and applications.

The NAS program study and planning phase was initiated in the research and technology base in FY
1983, with system development having begun in FY 1984. The system design review was held in FY 1984
and formalized the design of the NAS system. The system software development contractor began
development of the network language and protocols during FY 1984. Major hardware procurements were
initiated In FY 1984, leading toward assembly of the initial operating configuration during FY 1985.
Full-scale development of the NAS network hardware begins with the delivery of the integrated support
processor complex (front-end computers and supporting equipment) in early FY 1985, The First
high-speed processor, a Cray 2 supercomputer, will be delivered late in FY 1985 and integrated into
the NAS network, initiating extensive hardware and software test and integration activities. During
FY 1985, construction will be initiated for the NAS facility.

BASIS OF FY 1986 ESTIMATE

The Tfirst part of FY 1986 will be an intense test and integration period leading to operational
status of the NAS initial operating configuration (I0C) during the third quarter of FY 1986. System
software development will continue for all components of the NAS network leading toward an operational
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readiness review for the NAS 10C in the third quarter FY 1986. During FY 1986, procurement of
hardware and software for the NAS extended operating configuration (EOC) will begin. The key
components in the EOC are the high-speed processor number two, the expanded graphics subsystem and the
expanded long-haul communications subsystem.

The successful operation of the initial NAS configuration in FY 1986 will not only provide the
world®s premier computational capability for NASA and the nation, but will also provide the critical
networking capabilities required to support the expanded NAS EOC which will reach operational status

in early FY 1989.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

OFFICE OF AERONAUTICS AND SPACE TECHNOLOGY

SPACE RESEARCH AND TECHNOLOGY PROGRAM

SUMMARY OF RESOURCES REQUTREMENTS

1985

1984 Budget Current

Actual Estimate Estimate

(Thousands of Dollars)

Research and technology bese.......... 124,885 136,000 136,350

Systems technology programs........... 7,515 9,100 8,750

Standards and practices............ R —4 600 — 4,900 2900

To@al. .o 137,000 150,000 150,000
DisStribution of Program Amount by Installation

Johnson Space Gater..............._.. 13,100 14,100 11,700

Kennedy Space Camter.................. 500 600 400

Marshall Space Flight Center.......... 13,600 16,500 14,000

Goddard Space Flight Certer........... 8,000 8,700 6,200

Jet Propulsion Laboratory.... sesasssss 24,700 22,700 22,700

Ames Research Center................_. 12,400 13,500 14,800

Langley Research Center............... 29,500 32,900 38,300

Lewis Research Catter............_.... 28,400 32,800 34,400

Headquarters.... ssssssssssssassssnnans 6,800 8,200 7,500

Total. e 137,000 150,000 150,000

1986
Budget Page

Estimate Number

140,000 RD 14-5
20,000 RD 14-32
8,000 RD 14-41

168,000

11,600
600
20,200
6,600
23,400
15,300
45,000
37,800
7,500

168,000
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1986 ESTIMATES

OFEICE OF AERONAUTICS AND SPACE TECHNOLOGY SPACE _RESEARCH ANRD TECHNOLOGY PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION

The overall goal of the space research and technology program is to advance the technology base in
support of NASA"s role as an effective, productive, and Ilong-term contributor to the continued
preeminence of the United States in space. The specific objectives of this program are to: (1)
support a broad-based advanced technology program designed to provide new concepts, materials,
components, devices, software, and subsystems for use iIn United States civil and military space
activities; (2) assure preeminent national capability through extensive and interrelated participation
in the program by the NASA centers, other government agencies, universities, and industrial research
and technology organizations; and (3) support a strong institutional base to maintain NASA centers in
positions of recognized excellence in critical space technologies. The space research and technology
program is comprised of two major elements: (1) the research and technology base to support advanced
disciplinary technologies that provide the necessary data base and understanding to create new
opportunities for future national, civil, military, and commercial space mission objectives; and (2)
systems technology programs which extend research and techriology base efforts by providing system-
level and in-space experiment capabilities which permit the generation of data not possible in ground
facilities and the in situ validation of advanced technology in support of its transfer into space
projects.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The space research and technology program total remains unchanged from the FY 1985 budget estimate;
however, within this program a number of realignments have been made to cover high priority
requirements. Automation activities have been increased by $.0 million 1in accordance with
Congressional direction, and other realignments have been made as described in the individual program
statements.

BASIS OF FY 1986 ESTIMATE

The FY 1986 program in space research and technology will continue to be directed toward providing
the broad base of innovative technology essential to the conduct of future space missions. As such,
it supports agency goals In space transportation, space station, science and applications, as well as
synergistic support to military and commercial space user needs.
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In aerothermodynamics, continued program emphasis will be directed toward analytical and predictive
techniques for the transition between continuum and rarefied flow regimes; additional emphasis will be
placed on investigating aerodynamic and aerothermodynamic performance of a recoverable orbital
transfer vehicle (0TV) and an asronautics/space transatmospheric vehicle. Materials and structures
activities will continue with research in large area space structures, emphasizing erectables and
deployables; generic mechanism technology; analysis of dynamic response; and controls interaction.
The work on improved thermal protection systems for OTV aerobraking and other advanced transportation
vehicle concepts will continue. The effects of the space environment on lightweight materials for
spacecraft and platforms will continue as a major thrust. The space energy conversion program will
continue its emphasis on high-capacity power and thermal systems for evolutionary space station needs
and on technology for high-specific power, low weight systems for low earth and geosynchronous orbits
and planetary missions. Propulsion technology will be directed toward understanding of performance and
life parameters for advanced cryogenic engines stressing component and iIntegrated diagnostic
instrumentation techniques; orbital transfer engine technology to enable development of space-based,
throttleable, reusable systems; and technology for gaseous oxygen-hydrogen propellant systems for
evolutionary growth station or OTV auxiliary propulsion needs. The electric propulsion effort will
address auxiliary propulsion applications with continuing attention on power processors and
thrusters. In space data and communications, emphasis will be placed on advanced information
processing, high-capacity, high-data-rate storage systems to increase the capabilities of onboard and
ground data systems, and advanced microwave and optical communications technology. The information
sciences program will emphasize software technology, space station data management, radiation tolerant
electronics, and automation research addressing teleoperations and robotics for potential space
station applications. Emphasis in the controls and guidance area will be placed on precise control of
large, flexible space structures, the precision pointing of large spacecraft, and adaptive guidance
concepts for future transportation systems. Human factors efforts are aimed at the enhancement of
astronaut productivity through improved information management techniques, extravehicular work
stations, and a telepresence capability. Efforts iIn space flight systems are directed toward orbiter
experiments which will continue to exploit the operational flights of shuttle to iInvestigate leeside
Fflowfield heating phenomena, upper atmosphere constituents and density, pressure measurements during
entry for validation of experimental and predictive techniques for future space transportation
systems, and a cryogenic Fluid management experiment which will provide the understanding for storage,
acquisition, and transfer of cryogenic fluids. The systems analysis area will be focused on the
identification of requirements and high-leverage technologies for the development of future space
missions, such as a space-based OTV and the evolutionary space station. The analysis efforts provide
scope and direction to the base research programs and identify system-level technology programs
required to assure transition of identified technologies into flight programs.

In systems technology, the advanced space shuttle main engine (SSME) technology program will focus
on providing system-level data for modeling performance and life and evaluating advanced technology

RD 14-3



components designed to improve life and reduce maintenance costs. The components will be installed on
a testbed engine and instrumented to provide the overall understanding and data base on performance in
the realistic hot-fired engine environment. This is a joint program in which the Office of Space
Flight will provide a non-flight SSME as the testbed engine. The space flight experiments program
will encompass the design, development and flight test of experiments and the development of special
purpose, reusable, flight research facilities for use in space. Current experiment efforts include:
(1) a superfluid helium on-orbit transfer experiment; (2) design of two of the thermal energy
management processes experiments; and (3) a solid-state laser light direction and ranging (LIDAR)
technology demonstration.

Two systems technology program enhancements are being proposed. The first, control of flexible
structures, addresses structural, dynamics, and controls issues which must be understood prior to the
deployment of large space structures having precision control requirements. The second, 0TV
technologies, is directed at critical capabilities for a reusable, space-based orbital transfer
vehicle. It includes the systems definition study for an aeroassist flight experiment and the
fabrication and test of advanced technology components which may be required for a full-scale 0TV
research engine.
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BASIS OF FY 1986 FUNDING REQUIREMENTS

RESEARCH AND TECHNOLOGY BASE

1985 1986
1984 Budget Current Budget Page
Actual Estimate Estimate Estimate Number

Aerothermodynamics research and

technology... seeeessnnnnssnnnnnnnnss 8,480 8,900 10, 100 10,600 RD 14-6
Materials and structures research and

technologY ceeeeennnnnnnsnsnnnnnnnnss 16,694 18,100 18,800 19,300 RD 14-9
Space energy conversion research and

(52400 2 V2 22,006 22,700 22,500 22,900 RD 14-12
Propulsion research and technology.... 19,497 20 ,500 20,500 20,900 RD 14-15
Space data and communications research

and tedhology- e e 17,802 17,800 16,500 16,900 RD 14-18
Information sciences research and

technology... ceeeeennsnnnnnnnnnnnnss 16,001 16,200 17,600 18,000 RD 14-20
Controls and guidance research and

techrology. oo . 7,402 8,500 8,600 8,900 RD 14-23
Human factors research and

technology.- .- -... T 3,003 3,500 3,700 4,000 RD 14-25
Space flight systems research and

technology. . ssssssssssnnnnnnnnnnnnns 6,800 11,700 11,450 11,900 RD 14-27
Systems analysSiS.... sessssssssnsnnnnns 7,200 8,100 —6.600 6,600 RD 14-29

To@El. .o 124,885 136,000 136,350 140,000
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1985 1986

1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousandsof‘Dollars)

Aerothermodynamics research and
.tecl’]mlwy ------ AN EEEEEEEEEEEEEEEREER 8,480 8,900 10,100 10,600

OBJECTIVES AND STATUS

The aerothermodynamics program has the following objectives: (1) to develop validated experimental
and computational techniques for predicting flowfields for a broad range of generic aerospace vehicle
configurations; (2) to improve techniques for predicting aerodynamic and aerothermodynamic
characteristics of vehicle concepts in the continuum to rarefied flow regimes; and (3) to provide the
experimental technology required for aerodynamic and aerothermodynamic testing. Improved techniques
for predicting the capability and response of future aerospace vehicles in the various flow regimes,
including ascent to orbit, low earth orbit, and earth and other planet entry, will provide the
increased confidence needed €or maximum use of the performance and payload potential of those systems.

Progress in the ability to predict Fflowfields about vehicles entering the Earth®s or other planetary
atmospheres has been accelerated by new computational techniques capable of analyzing shuttle-like
vehicles at high angles-of-incidence that produce Ilocally subsonic flows over the entire lower
surfaces. These predictive codes have been validated by the data returned from shuttle flights one
through five. Flow over the upper surfaces of such vehicles remains difficult to calculate because of
the formation of separated zones that roll up into large vortex systems. At present, empirically
derived methods provide limited capability for these upper surface predictions. Study of the very
high Mach number flows over entry bodies has provided new information on chemical reaction rates and
radiative properties of gases which will be useful in the future development of aeroassisted orbital
transfer vehicles and heat shields for spacecraft entering the atmospheres of Saturn, Jupiter, Titan,
and Mars. Exploratory studies of space-based aeroassisted orbital transfer systems have identified
nonequilibrium, radiative shock-layer flows as an unknown factor that will control important decisions
on heat shield geometry/material and vehicle aerodynamic design.

The theory of rarefied gases has been advanced by the use of a dedicated computer specially
programmed For the multibody collision processes involved. The methods developed are being used in
the study of contamination of spacecraft by control jets and, also, for estimation of forces and
torques acting on reentry vehicles in the initial high-altitude portion of the trajectories.

The orbiter experiments program has made use of the shuttle orbiter as a research aircraft
permitting the evaluation of aerodynamic prediction methods. The flight data have generally
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corroborated predictions over much of the flight regime; however, several situations were found iIn
which sizable differences occurred. OF particular interest for future aeroassist maneuvers is the
uncertainty in atmospheric density that was identified during the STS flight 5 as varying by as much
as 25 percent from the best estimates. Variations of this size could pose serious problems for the
guidance and control of space-based aeroassisted orbital transfer vehicles. Nonintrusive
photodiagnostic instrumentation will be developed to define the free-stream density variations and to
survey the orbiter flowfield.

Aerothermal loads research focuses on the interaction of high-temperature, high-Mach number flows
with specific surface structure. The goal is to establish an integrated flow thermal/structural
prediction and design capability that will eventually provide more accurate structural analysis and
more optimum structural concepts. During the past year, analytical studies were performed to predict
the heating of bowed quilt-like surfaces simulating advanced thermal protection systems, and a
parallel test program was conducted in the 8-foot high-temperature structures tunnel at the Langley
Research Center. The experimental results verified the analytical predictions, showing significant
pockets or hot spots generated by the distorted surface. During the past year, the program supported
the operation of high- temperature, high-Mach number Tfacilities at the Ames and Langley Research
Centers. These facilities provide a unique group of test jets and tunnels that were used extensively
in the shuttle development. Also, they will be needed for all future development of advanced vehicles
and for validation of the developing computational methods of vehicle design. In the aerothermal
loads disciplines, these methods are finite element analogs with aerothermal interface between fluid
and structure to account for the coupled response.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The aerothermodynamics research and technology program estimate was increased by $1.2 million in
support of the Tfollowing high-priority requirements: advanced orbital transfer vehicle effort,
photodiagnostic instrumentation, orbiter experiments data analysis, and advanced space transportation
system aerothermodynamic studies.

BASIS OF FY 1986 ESTIMATE

Computational methods will continue to be advanced to treat the problems of vortex generation over
upper surfaces of reentry vehicles of advanced design. The capability for computing rarefied gas
flows will continue to be developed and applied to estimating the forces and torques on very large
space structures, and flight test data from the shuttle will continue to be evaluated to obtain
comparisons with the theory. Ground-based tests iIn this flow regime, heretofore thought not yet
possible, will be considered.

Aerothermodynamic characteristics of a series of vehicle designs will be determined in a cooperative
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program with the Air Force, as expressed In a memorandum of understanding (MOU) between Langley
Research Center (LaRC) and the Air Force Wright Aeronautical Laboratories. Orbit-on-demand (00OD)
vehicles, boost glide vehicles, and maneuvering research reentry vehicles will be considered. These
vehicle shapes and flight corridors will be sufficiently different from the shuttle orbiter to require
their own aerothermodynamic data base, as well as to present unique challenges such as leading-edge
heating, shear layer/vortex impingement, and aerothermal loads problems. Aerothermodynamic discipline
personnel will support the systems analysis effort which seeks to define the advanced space
transportation technology needs for a priority personnel vehicle to complement potential heavy-lift
cargo vehicles in the space station area.

Blunt configured vehicles will be studied for use as aeroassisted orbital transfer vehicles (A0TV)
which require addressing new environmental conditions. The AOTV will have to be designed by
computational techniques because nonequilibrium radiation, which dominates the aerobrake (a0TV
forebody) flowfField, cannot be simulated in existing ground experimental facilities. The latest and
most promising algorithm for computing the AOTV flowfield is the conservative supra-characteristic
method. The development effort on this algorithm will be enhanced in the coming year, and an implicit
nonequilibrium chemistry scheme will be incorporated. Accurate finite-rate chemistry models will be
essential for input into the AOTV computational effort, and, in this regard, the computational
nonequilibrium chemistry modeling work at the Ames Research Center (ARC) will be intensified. In
general, the determination of the aerodynamic and aerothermodynamic consequences of vehicle flowFields
characterized by finite-rate reactions and nonequilibrium radiation will continue to be a major effort
in FY 1986.

The aerothermodynamic facilities at both the Ames and Langley Research Centers will be used to
provide data on forces, stability and control, and heating for the cooperative Air Force program to
establish a data base for use iIn design of orbital transfer vehicles ranging from bent conical bodies
to blunt and bulbous shapes simulating inflatable and deformable heat shields.

The aerothermal loads program will continue the development of Ffinite-element methods for solving
the Navier-Stokes equations applied to high-temperature and Mach number flows over advanced thermal
protection materials. The finite-element fluids methods will be matched to finite-element structural
codes to provide a complete method for determining the coupled response of the dynamic fluid and
loaded flexing structure with aerodynamic and conductive heat transfer.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estinmate
(Thousands of Dollars)

Materials and structures
research and tedvology............. 16,694 18,100 18,800 19,300

OBJECTIVES AND STATUS

The objectives of the materials and structures research and technology program are to provide the
performance, efficiency, durability, and economy required for large-area space structures, antennas
and space platforms, advanced space transportation systems, orbiting spacecraft, planetary probes, and
shuttle payloads. Major technical areas of emphasis iIn materials include: basic understanding of
advanced materials; development of computational chemistry methodology; characterization of long-
duration space environmental effects on materials; and the development of ceramic, metallic, and
advanced carbon-carbon thermal protection systems. Structures technology is directed toward
development of advanced truss structural concepts; reliable methods for deployment/erection OF space
structures; new structural and tankage concepts for advanced space transportation systems and orbital
transfer vehicles; and efficient analytical methods for design and evaluation of advanced space
structures, including integrated structures/thermal controls analysis and optimization techniques.

A key element for structural dynamics research during FY 1985 was the establishment of a focused
program for the dynamic response and passive/active control of flexible space structures. This
activity encompasses a variety of large space structures that includes joint-dominated deployable
beams, flexible platform structures, and antenna structures. The major program goal is to develop
validated structures/controls analysis methods which will then allow detailed design studies that can
assess technology merits between utilizing structural stiffness, passive damping techniques, and
active control methods to obtain specified system performance and accuracy requirements. As part of
the ongoing space construction research activities, an in-space shuttle bay, structural assembly
experiment will be conducted in mid-1985. This experiment involves the construction of a joint-
dominated beam from the cargo bay of the space shuttle by two astronauts. The data gained from this
experiment will be used to evaluate on-orbit assembly techniques and understand factors that affect
human productivity. During this past year, fabrication and ground testing was completed on a 15-meter
deployable hoop-column antenna; similar tests were conducted on segments of a large deployable 50-
meter antenna; and thermal-vacuum tests were conducted on various composite panel mirror segments.
The purpose of these tests was to develop a data base to guide future development of large space
structural concepts and to support the ongoing development of methods for the structural analysis of
space structures. As part of this analytical effort, a program was initiated to develop advanced
methods to accurately predict the nonlinear dynamic response of large multibodied space structures.

RD 14-9




Materials research focused on the effects of the space environment including atomic oxygen and
ultraviolet radiation. Special emphasis was placed on developing space-durable polymeric composite
materials and protective coatings, and the study of methods for nondestructive testing and
evaluation. Supporting research was conducted to understand the mechanisms controlling surface
properties of materials 1iIn a space environment. Part of this program includes methods in
computational chemistry to predict the behavior of materials under these conditions. Extensive
research for advanced thermal protection systems (Tps) will continue in FY 1985. The effort was
focused on advanced carbon-carbon panel concepts and ceramics in the form of tailorable advanced
blanket insulation (TABI). Three-dimensional weaving procedures were developed for ceramic TABI,
resulting in blankets of significantly greater durability.

Increased emphasis was placed on the requirements for an aeroassisted orbital transfer vehicle and
an asronautics/space transatmospheric vehicle. Part of the assessment process for advanced TPS
concepts included exposure to an arc jet to simulate accelerated space environment testing. Research
also continued for developing fully space-qualified composites for long-term space use.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The materials and structures research and technology program was increased by $700 thousand. This
increase supports a greater effort in thermal structures, with a focus placed on the requirements of
an advanced orbital transfer vehicle.

BASIS OF FPY 1986 ESTIMATE

The effect of the space environment on structural materials for spacecraft, space station, and

orbital transfer vehicle applications will be a major thrust. Included in this activity will be
research on the durability of polymeric materials, thermal control coatings, films, adhesives, and
seals. The radiation damage mechanism in epoxy matrix composites in a simulated environment at

geosynchronous earth orbit will be identified, and test data €or accelerated aging of these materials
in the combined radiation of electrons, protons, and ultraviolet will be obtained. Thermal control
coatings research to allow full benefit of composite structures for large-area space application and
the study of the dimensional stability of composite structures In the space-cyclic thermal environment
will continue. Basic research in the fundamentals of tribology of bearings for spaceborne mechanisms
will be carried out with particular emphasis on solid lubrication for traction-drive actuators.
Advanced carbon-carbon composite concepts will remain a major focus in the TPS program. Activities in
the ceramic thermal protection system area will continue to be directed toward the further development
of flexible ceramic blanket-type insulation for application to advanced orbital transfer vehicles and
for further upgrade of material currently used on the shuttle. Both rigid and flexible TPS will be
evaluated for use on a rapid-response transatmospheric vehicle. Research in advanced space structures
will establish structural concepts, deployment schemes, and packaging techniques that will permit
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structures on the order of 100 to 200 meters in size to be carried into orbit in one shuttle flight
and automatically deployed. Erectable concepts and assembly methods for structures between 100 and
1000 meters in size will be developed. Research will be performed to establish the technology base
for the control of flexible structures dynamic response with the goal to conduct in-space structural
dynamics flight experiments iIn order to validate technology. This activity will require both
analytical and experimental research to develop procedures to characterize structural configurations
during ground tests, as well as during space tests. Active and passive damping techniques to reduce
structural vibration will be developed in parallel with the development of methods for predicting and
reducing the dynamic response of structural configurations for large-area space platforms and antenna
structures. Advanced analytical methods that include deployment dynamics and mechanism simulation
will be initiated for analysis of large, flexible space structures and platforms.
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1985 1986

1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Space energy conversion research and
LS 0p00] (o'c Y A saaa 22,006 22,700 22,500 22,900

OBJECTIVES AND STATUS

The objectives of this program are to: (1) increase the performance, capacity, and cost effectiveness
of space electric power generation and energy storage subsystems; (2) provide the technology for
efficient, reliable, and low-cost management and distribution of electrical and thermal energy for space
systems; and (3) advance the technology of life support systems for large manned space platforms. In FY
1984, significant progress was made in developing efficient radiation-resistant solar cells, high-power
arrays for low earth orbit application, and ultra-lightweight arrays for geosynchronous and planetary

spacecraft. A corrugated, radiation-tolerant gallium arsenide cell design was demonstrated, and its
response to irradiation by high-energy protons investigated. A high-quality aluminum gallium arsenide
cell was fabricated for application to high-efficiency multi-bandgap cells. In the area of high-power

arrays, an advanced substrate structure was demonstrated for the miniature Cassegranian concentrator
configuration, and discussions were initiated with the Department of Defense to conduct a joint program on
concentrator configurations capable of operating in high-radiation environments. An ultra-lightweight
photovoltaic structure with stiffness nearly ten times as great as that previously available was
fabricated with approximately no change in structural weight. A milestone in photovoltaic technology was
reached with the successful deployment and retraction of the 105x13-foot lightweight solar array
experiment aboard the space shuttle Discovery in September 1984. This experiment increased confidence in
the use of Ilarge photovoltaic arrays In space systems. In space nuclear power (SP-100) research,
thermoelectric, thermionic, and dynamic energy conversion concepts are being studied. A critical
technology issues program was implemented and aimed at improvement of thermoelectric materials efficiency,
insulator development for thermionic diodes, and linear alternator development for the thermodynamic cycle
engine. In the electrochemistry area, a six-cell regenerative hydrogen/oxygen Tuel cell substack
successfully passed 15,000 hours of endurance testing. A flexible, high-energy-density cathode for a
rechargeable lithium battery was fabricated and was successfully cycled over 600 times. This represents a
potential solution to the key problem of cycling of high-energy-density batteries for geosynchronous orbit
applications.

Under the power management program, advances were made in materials, devices, and systems technology.
High-conductivity, high-stability bromine intercalated graphite fibers were successfully demonstrated, and

a thin flexible coating that successfully protects Kapton and other materials against degradation by
atomic oxygen in low earth orbit was developed. Switches capable of operating at very high currents and
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voltages and at very high speeds were demonstrated, and progress was made in development of solar-array
and energy-storage simulators for use in power subsystem automation investigations. To provide guidance
in the design of low earth orbit (LEO) and geosynchronous earth orbit (GEo) systems, work on the Volt-A
flight project was initiated; the "Spacecraft Charging Design Guidelines" document was completed; and
scaling laws were developed for the electromagnetic interference (EMI) generated by arcing from dielectric
materials. In the laser area, closed-cycle solar-pumped lasing was demonstrated, and it was determined
that solar pumping of dye lasers is possible. In the thermal management area, advances were made for the
liquid droplet radiator (LDR) concept through studies of the Tfluid dynamics and droplet formation
processes and by development of a fabrication capability for the liquid droplet generator. Coordination
with the Air Force on the LDR concept continued. In addition, a capillary pump energy-transport
capability, 100 times as great as that available In the existing state of the art, was demonstrated. In
the advanced Ilife support technology area, efforts continued on the verification of technology for
controlled closure of the water-air-waste cycle and on advancing the technologies of portable life support
and on-orbit servicing subsystems that would enable space-based extravehicular activity (EVA) systems.

CHANGES FROM FY 1985 BUDGET ESTIMATE

This program has been reduced by $200 thousand to accommodate the realignment of funding and management
responsibility of the extravehicular activity (EVA) suit work to the human factors program.

BASIS OF FY 1986 ESTIMATE

The FY 1986 technology program will be directed at substantial improvements iIn performance, capacity,
and cost of space energy conversion systems. In the photovoltaic area, development and evaluation will be
made of: (1) very thin gallium arsenide, other advanced-composition, concentrating, and cascade cells for
high-efficiency conversion; (2) Cassegranian and low-aperture concentrator arrays to enable reduced area,
reduced cost, and increased lifetime in low earth and high radiation orbits; and (3) lightweight arrays,
deployment mechanisms, and theilr response to radiation to enhance or enable future NASA geosynchronous and
planetary missions. In the thermal-to-electric program, research and technology will be performed in both
solar dynamic and nuclear systems. |In the solar system area, efforts will address energy concentrators,
receivers, and storage technology. In the space nuclear (SP-100) area, the critical issues program in the
thermoelectric, thermionic, and thermodynamic cycle engine conversion technologies will be continued and
aimed at providing a basis for selection of a single approach. Efforts under the tri-agency activity will
be conducted with the objectives of analyzing civil missions that benefit from use of nuclear power and of
defining candidate reactor systems for these missions. In the area of chemical energy conversion and
storage, emphasis will be placed on high-energy-density, long-life primary (nitrogen-hydrogen) and
secondary (lithium) batteries. Demonstration of a 200-watt hour/kilogram, 1000-cycle battery is planned.

In the power management and distribution program, technology will continue to be aimed at developing and
assessing materials, components, and subsystems for high-voltage, high-power space systems. Techniques
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for bulk intercalation of spools of graphite Ffibers will be identified and evaluated, and superlattice
electronic materials and insulated gate materials will be characterized. Efforts will proceed in control
circuit and component definition, system automation technology, and modeling and guideline development for
system environmental interactions. In the laser area, technology will be continued in both direct and
black body solar pumping of lasers and in identification of new applications of laser power
transmission. In the thermal management technology program, high-capacity, high-performance thermal
transport systems for the interior of the spacecraft, and low-weight high-performance radiators for heat
dissipation to space will be evaluated. Capillary and forced convection two-phase fluid systems will be
investigated. The crew and life support technology activities will be continued in the areas of water
recovery, air revitalization, and waste disposal, and in portable and on-board servicing subsystems needed

to support a space-based EVA system.
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1985 1986

1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Propulsion research and technology.... 19,497 20,500 20,500 20,900
OBJECTIVES AND STATUS

The objective of the propulsion program is to provide the technology base for improving the life,
performance, reliability, and maintainability of chemical and electrical propulsion systems for future
space transportation, manned and unmanned platforms, and spacecraft systems. The program includes efforts
directed at providing longer life, reusable propulsion systems for lower cost operations; high-
performance, variable-trust propulsion for increased mission flexibility and capability; efficient, long-
life, on-board auxiliary propulsion for precise attitude control and station-keeping functions; and
electric-thruster system technologies for potential future missions.

Technology for high-thrust (SSME class), high-pressure, reusable cryogenic propulsion systems is focused
primarily on technology to extend the life of engine components which are subjected to the severe internal
dynamic, mechanical, and thermal environments that are typical of high-pressure rocket engines of this
class. Both hydrogen- and hydrocarbon-fueled engines will benefit from these technologies. Turbine blade
life is being extended significantly by the development of damping mechanisms which control flexural
fatigue and by improved heat-resistant coatings. A cryogenic mass flow meter has been demonstrated that
is simple and yet promises to provide accurate measurements in severe cryogenic environments. A
Ffluorocarbon elastomeric material has been developed for use In 4000 pounds per-square-inch (psi) liquid
and gaseous oxygen, promising lower cost and more efficient gaskets and seals. A dependable three-
dimensional hot gas flow model has been developed, and when applied to the SSME, it indicates that one of
three transfer ducts from the high-pressure fuel pumps to the main injector carries little flow and could
be eliminated with significant, beneficial reduction In engine environments. Technologies specifically
directed toward hydrocarbon-fueled engines are being used to establish combustion performance, heat
transfer rates, and fuel cooling characteristics at very high pressures (3000 pounds psi) using subscale
combustor hardware.

Work on the orbital transfer vehicle propulsion system continues to emphasize very high-performance,
variable-thrust, long-life components and concepts, and ''state-of-health” monitoring systems. A number of
studies are in progress to define the characteristics of the 0TV stage. Four vehicle system contractors
are defining overall characteristics of candidate systems, and three propulsion contractors are evaluating
engine design alternatives and defining areas for significant technology improvement. These technology
areas will permit increasing performance from today"s 446 seconds to 485 seconds (equivalentto a twenty
percent savings in propellent required for delivery of GEO spacecraft); maintaining high efficiency while
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throttling; iImproving the heat transfer in the combustion chamber; developing high-expansion ratio
nozzles; and designing for in-orbit servicing and maintenance.

In the auxiliary propulsion area, trade studies identifying critical technologies for candidate oxygen-
hydrogen drag makeup and attitude control systems have been completed, and technology efforts have been
initiated. Small gaseous oxygen-gaseous hydrogen thruster testing has demonstrated the feasibility of
attaining desired performance without sacrificing thruster life. System definition studies have been
initiated to establish optimum component operating conditions. Efforts are in support of potential use of
hydrogen/oxygen systems on space stations, space platforms, and vehicle stages.

The electric propulsion program develops technology for future thermal and electrostatic thrusters and
the associated power processing systems. The thermal resistojets, or arc-jet systems, heat a wide range
of gases and develop small forces suitable for attitude control, station-keeping, or drag makeup.
Electrostatic, or ion, propulsion generates very high specific impulses at millipound force levels and is
particularly attractive for long-duration planetary missions. The thermal thruster program is actively
investigating hardware concepts and preparing to test small units In a large vacuum tank facility recently
renovated at Lewis Research Center (LerRC). lon propulsion efforts have simplified power supply designs,
modeled performance with various propellants, improved the efficiency of the ion thruster, and increased
its thrust density capability.

BASIS OF FY 1986 ESTIMATE

The technology effort for advanced, high-pressure, reusable propulsion systems will be directed toward
continued development of analytical models designed to define hot gas flow distributions and resulting
dynamic loads; the characterization of the structural response and material behavior of parts subjected to
these dynamic loads; and the development of accurate life prediction techniques. In addition, advanced
instrumentation will continue to be developed for use in the testbed engine to more accurately measure the
true dynamic environment, permitting a better understanding of actual engine operating conditions, and to
permit the validation of computer codes analytically simulating the engine environment.

The focus of research effort in hydrocarbon-fueled, high-performance, reusable propulsion systems will
continue to be on fundamental work in combustion, stability, heat transfer, and cooling. Experimental
testing with subscale hardware will be conducted for the purpose of validating computer codes that
analytically model combustion processes, carbon deposition, and heat transfer coefficients. Cold flow
testing with subscale hardware will be used when feasible to supplement hot firing test data.

The technology effort for variable-thrust orbital transfer engines will emphasize component research
directed toward generating analyses and design criteria for the engine components critical to the
achievement of the Ilife, performance, and maintainability goals for a space-based, man-rated vehicle.
Critical components include high-performance, long-life, high-heat transfer combustors; highly efficient
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variable flow rate turbopumps; and iIntegrated diagnostic instrumentation. Test rigs will be used to
validate analytical models and advanced component designs as they evolve.

Auxiliary propulsion technology efforts will focus on gaseous oxygen-gaseous hydrogen component
development guided by the system definition and evolution studies that have now been completed. Primary
emphasis will be on designs to increase thruster performance and life, propellant conditioning components,
and diagnostic instrumentation.

In the electric propulsion program, the effort will continue to address the technologies required to
provide improved thrust density, power efficiency, and long-life cathodes.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Space data and communications research
and technologY sssssssnnnnnsnnnnnnnns 17,802 17,800 16,500 16,900

OBJECTIVES AND STATUS

The space data and communications program consists of research and technology efforts to advance the
capability for processing, storing, managing, and communicating space-derived data.

The objectives of the data systems program are to provide the technology to enable more cost-effective
utilization of space-derived information, to increase substantially the capability of on-board and ground
processing for future missions, to provide the computational systems necessary for the management of data
anticipated on the evolutionary space station, and to provide the computational systems necessary for
modeling of global phenomena. In 1984, the massively parallel processor became fully operational at
Goddard Space Flight Center and available to researchers from NASA, National Science Foundation (NSF), and
National Security Agency (Nsa). The unit contains 16,384 processors, capable of executing six billion
operations per second, an3 provides a major technological advance in computational capability for
multidimensional modeling and image analysis. In addition, a ten terabit optical-disk juke-box data
storage system was installed and made available to the space physics community at Marshall Space Flight
Center. During 1984, three major joint efforts were initiated: (1) NASA initiated the first non-DOD very
high-speed integrated circuit insertion contract for a high-performance processor applicable to space
station; (2) a high-bandwidth terabit (1012 optical-disk buffer system development was started with five
other government agencies; and (3) NASA joined with the Air Force in the development of a 500 million bit-
per-second fiber optics common module for space applications.

The objective of the communications technology program is to provide the high-payoff research and
technology required to ensure U.s. preeminence in satellite communications. In 1984, the technology
necessary for the x-band downconverters for the Galileo and Venus radar mapper missions and the technology
and prototype for the traveling wave tube amplifier for the advanced communications technology satellite
were transferred to the Office of Space Science and Applications. The crucial role of oxygen in the
failure mechanisms and lifetime degradation of cathodes in microwave tubes was understood, leading to the
invention of a novel long-life cathode. A technique, which produces low secondary emission in cathodes,
was invented to further extend the lifetimes of MDCs. The electromagnetic analysis and modeling of large
reflector antennas with quasi-periodic rough surface perturbations, unlike those anticipated for large
mesh deployable antenna systems such as a mobile satellite mission, together with the antenna/feed design,
was accomplished. In optical communications, amplitude and phase modulation in optoelectronic modulator
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arrays and phase coherent semiconductor laser array emitters was successfully designed and demonstrated.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The scope of this program has been decreased by a total of $1.3 million ($800 thousand in space data
efforts and $500 thousand in communications research) to provide funding for other higher priority program
requirements within the research and technology base.

BASIS OF FY 1986 ESTIMATE

Based on FY 1985 studies, the development of a very high-speed integrated circuit (VHSIC) based on-board
an array processor for data processing and decision making, a symbolic processor for multispectral images,
synthetic aperture radar, and other advanced high-data-rate instruments will be initiated. This will
provide the capability for complex sets of space instruments to transmit partially processed data to the
ground through constrained communications resources and to iIncrease the science return through improved
data selection.

In FY 1986, efforts will continue on advanced microwave traveling wave tube design with the dynamic
velocity taper concept expected to be transferred to the military communications satellite, Milstar. The
Ka-band and the very high-efficiency x-band traveling wave tubes will be transferred to the Office of
Space Tracking and Data Systems for the deep space network, while the 29-GHz tunneladder traveling wave
tube circuit technology should be ready for application to the Office of Space Science and Applications”®
advanced communications technology satellite. In order to test the modeling of large antennas for a
mobile satellite mission, electromagnetic measurements on a 15-meter model antenna, together with a 16-
element feed network array, will be initiated. Technology for a space optical transceiver package for
satellite-to-satellite and deep space applications will be continued.
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o 1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Information sciences
research and techrology............. 16,001 16,200 17,600 18,000

OBJECTIVES AND STATUS

The objective of the information sciences program is to provide advanced concepts, techniques, system
architectures, hardware components, algorithms, and software for space information systems. The program
contains disciplinary activities in electronics, sensor systems, automation, and computer science.
Research in electronics is directed at iInvestigating and advancing new and existing scientific concepts
necessary for the development of solid-state devices to meet NASA"s unique requirements for sensors, data
and signal processors, and controllers. Sensor research is focused on extending the capabilities of
active and passive sensing systems in terms of NASA®"s unique requirements for spectral range, sensitivity,
and resolution. Automation research is developing the theoretical and technological base in artificial
intelligence and robotics to increase the productivity and effectiveness of future operations iIn space.
The computer science program is improving the state of knowledge of fundamental aerospace computing
principles and advancing the state of computing technology in space applications such as spacecraft
operations and information extraction from images.

In electronics, the Tirst strained layer indium arsenide/gallium arsenide (InAs/Gads) superlattice
device was made which should open up revolutionary possibilities in tailoring detector material to the
very special space requirements of narrow spectral sensitivity and tunability. The special custom test
chip, built for NASA to monitor radiation damage aboard the wNasa/pob/air Force chemical release and
radiation effects satellite (CRRES), has been developed with a special radiation-hardened version in the
planning stage. A major breakthrough has been achieved iIn understanding the nature of radiation damage
mechanisms at the silicon/silicon dioxide interface In certain semiconductor devices that are critical
components in electronic circuits.

In sensor technology, a charge-coupled detector imaging device achieved high sensitivity across a very
broad spectral band from the X-ray to the near infrared portion of the electromagnetic spectrum. In
addition, a unique charge-injection 1iImaging IiIntegrated array device was successfully tested In a
spectroscopic application on a ground-based telescope fTacility. A unique magnetic switch employing
metallic glass technology has been invented which will enable much greater lifetimes and efficiencies
necessary for spaceborne laser remote sensing. The prototype components that are prerequisites for a
possible geodynamic instrument for future earth observation systems have been successfully tested.
Finally, an experimental detector based on a superlattice concept, called modulation doped epitaxial
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layers, has been successfully tested to a wavelength of 200 microns, bridging the gap between conventional
germanium and indium phosphide detectors.

In automation, the performance of the automated mission planning program, DEVISER, was improved nearly a
hundredfold, demonstrating its capability to plan operational command sequences for the Voyager encounter

with Uranus. Planning software, complete with graphics aids, is being turned over to the Voyager
project. A diagnostic program was demonstrated for monitoring the Voyager telemetry stream to detect and
diagnose Voyager ground system and spacecraft errors and malfunctions. Work has begun to integrate

automated planning with monitoring and fault diagnosis software to demonstrate rudimentary levels of
system autonomy. Another expert system scheduler was demonstrated for the Kuilper Airborne Observatory
astrophysics program. This system is the forerunner of a lineage of schedulers to support astrophysics
missions such as the shuttle infrared telescope fTacility (sSirTr) and the large deployable reflector
(LDR) . In robotics research, a powerful pipelined vision processor was conceived, designed, and is
currently being built. This programmable image feature extractor (PIFEX) is designed primarily for low-
level image processing but has an extremely flexible and programmable architecture that allows it to be
adapted to solve some high-level image understanding and image analysis problems. PIFEX will permit real-
time processing of images at speeds up to ten billion operations per second, a speed not achievable by
conventional Von Neumann computers.

In computer science, the conceptual design of an expert system to provide integrated data management and
data analysis capabilities for imaging spectrometer data was completed, and iInteractive exploratory
analysis software for imaging spectrometry was developed. Data base research resulted in the development
of a solution to the common user interface problem based on the recently developed data base logic. This
work, which is being implemented as the distributed access and view integrated data base (DAVID) system,
provides the foundation that will eventually enable NASA space data users access to multiple data bases
independent of their physical distribution or specific organization. Software engineering research
resulted in the design of an integrated software management environment consisting of tools, measures, and
interfaces. A major emphasis in this work involves coordination and cooperation with the DOD software
technology for adaptable reliable systems (STARS) program. The University of I1l1linois developed a
portable simulator for the massively parallel processor (MPP) to allow off-site development and testing of
programs. This simulator will greatly enhance the utility and productivity of the MPP and the people

using it.

CHANGES FROM FY_ 1985 BUDGET ESTIMATE

The $1.4 million increase to this program is the net effect of several actions. Automation efforts have
been increased by $4.0 million in accordance with Congressional direction by reducing funding for
fundamental electronics work within this budget line by $3.0 million, and adding $1.0 million redirected
from other research and technology base programs. The sensors work has been increased by $400 thousand.
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BASIS OF FY 1986 ESTIMATE

The electronics research area will continue to focus on NASA unique solid-state device requirements such
as superlattices with material properties that are tunable over a wide portion of the electromagnetic
spectrum. The CRRES chip for assessing radiation damage effects in orbit will be completed and
transferred to the project manager. Sensors research and technology will focus on the development of
advanced space-qualified lasers employing semiconductor laser-array pumping schemes for use in the active
remote sensing programs. Detector arrays for sensing electromagnetic phenomena from the far infrared to
the X-ray portion of the spectrum will continue.

In automation, a joint enterprise including Ames Research Center, industry, and academia has been formed
to develop a spaceborne very high-speed integrated circuit symbolic processor. This machine will be the
forerunner of computers which will be required for spaceborne applications of artificial intelligence
software. Work will continue to develop generic software tools for the development of knowledge-based
systems for space applications. This includes domain-independent inference systems, languages, knowledge
representation schemes, and information extraction algorithms. A focus of activity in FY 1986 will be on
developing expert systems techniques which exploit concurrency in execution In order to substantially
speed up execution. This is required to perform real-time control of very large systems such as the space
station with knowledge-based systems. Automated control of a regenerative environmental control and life
support system (ECLSS) for an evolutionary space station will be demonstrated, culminating a three-and-
one-half year technology program at Honeywell addressing automated subsystem operation. The PIFEX
hardware development will be completed in 1986, and application testing to several real-time image
processing scenarios such as correlation tracking, three-dimensional mapping, and object tracking will
begin. Research and technology development focused on space station automation applications, particularly
on robotics applications in space, will be a principal programmatic thrust of the FY 1986 program.

In computer science, knowledge-based techniques applied to hyperspectral scene analysis for geologic
remote sensing data will be demonstrated, and prototype versions of DAVID will be installed for evaluation
in space science applications. An experimental software management environment will be implemented, and a
dynamic, simulation-based cost model for the software life cycle will be developed and validated. Studies
of parallel algorithms and principles of concurrency employing the California Institute of Technology®"s
hypercube machine will continue, with emphasis on time-dependent problems, optimization, mathematical
programming techniques, and nonlinear systems. The Center for Aeronautics and Space Information Sciences
at Stanford University will continue as a center of excellence In aerospace computing, conducting research
and educating students 1in concurrent processing, information management, and large-scale system
architecture.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Controls and guidance
research and technology........ reanas 7,402 8,500 8,600 8,900

OBJECTIVES AND STATUS

The space controls and guidance research and technology program goal is to develop the design methods
and techniques required to enable precise pointing and stabilization of future spacecraft and guidance of
space transportation system vehicles. Emphasis has been placed on advancing modern control theory and
analysis techniques and validating advanced controls and guidance concepts. Recent accomplishments
include the generation of new control algorithms and software programs to identify and simulate
vibrational frequencies, damping characteristics of large space systems having multiple vibration modes,
and the successful demonstration of a new real-time adaptive control technique. Dynamic behavior modeling
for the initial and the evolutionary space station has identified many areas where advanced control
techniques will greatly enhance the capability to design and stabilize complex space station
configurations consisting of a combination of rigid core habitation modules, flexible solar arrays,
deployable masts and radiators, rigid payload modules, and flexible payloads, all having rigid/nonrigid
coupled devices between them. The controls program is also developing models that will be used to test
and evaluate control technologies for large space systems such as large antennas used for communications,
astrophysics and earth observations, and segmented reflector telescopes.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The 1increase of $100 thousand in this program reflects a minor realignment of funding within the
research and technology base to support a general increase in controls and guidance research and
technology.

BASIS OF FY 1986 ESTIMATE

Specific FY 1986 controls technology activities will include further research into analytical techniques
for space system plant parameter identification and on-board model error estimation important to
interactive structure/control design methodologies. The fault-tolerance management of sensors, actuators,
and related control strategies for large space systems will be tested in laboratory experiments. The
analytical techniques and strategies which show the most promise will be validated on the control of
Fflexible structures (COFSs) Fflight experiment in a timely manner to support evolutionary space station
configurations, large antennas, and other advanced spacecraft and platforms. An experimental version of
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an advanced three-dimensional shape and motion sensing system, which can be used to determine
configuration and vibration motion of large space structures with dimensions on the order of 100 meters,

will be tested to characterize and determine multitarget tracking performance. A new hierarchical
structure of "levels of control” that provides greater system autonomy will be examined for the
evolutionary space station concept. In space transportation vehicle guidance, navigation and control

technology, research will be conducted to expand the shuttle controls envelope and to enable vibration-
free payload pointing and stabilization when using the shuttle reaction control system thrusters.
Adaptive guidance techniques will be researched for a new class of vehicle, designated the advanced
orbital transfer vehicle (A0TV), that utilizes the earth"s atmosphere for braking and maneuvering and for

atmospheric planetary entry vehicles.

RD 14-24




1985 1986

1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Human factors research and technology 3,003 3,500 3,700 4,000

OBJECTIVES AND STATUS

The goal of the human factors program is to develop techniques, data bases, and standards for the design
and evaluation of man-machine interfaces for use in orbit and in ground control. This program has three
thrusts: crew station design, teleoperation, and space suit technology.

From crew station designs developed in the aeronautics human factors program, a technology for
implementing three-dimensional perspective formats on electronic displays was adapted for potential use in
space station. A program plan was developed for determining selection and implementation criteria for
space station/crew station display and data input hardware, and the first task in this plan, cursor
control evaluation, was completed. A method for rapidly gathering anthropometric data on astronauts was
developed which permits simultaneous three-dimensional mapping multiple-body views. Such data is needed
to better understand human capabilities In the design of man/machine interfaces. Preliminary crew station
display techniques for the shuttle to enable docking with the space station were developed. The effects
of habitats analogous to space station on the confinement of small groups for long periods of time were
analyzed, and the implications for space station were developed. A mockup OfF a space station habitable
module was constructed incorporating innovative ideas for enhancing crew productivity and habitability.

In the teleoperation human factors area, a human arm zero-gravity simulator was built and used to test
the effects of zero gravity on astronauts®™ ability to precisely control a force-reflecting time-delayed
remote manipulator. A method for damping control was developed to improve the stability of human control
of a remote manipulator in the presence of force disturbances and trajectory discontinuities. A graphic
display method was developed that further aided stabilization. A beam-assembly teleoperator (BAT) was
built and tested and will be used as a testbed for improved teleoperation technology in neutral buoyancy
tanks. A workshop which attracted leading teleoperation scientists was held to prioritize research
elements. Highest priority elements include the development of: visually coupled head-up display (HUD)
and voice-recognition technologies to reduce manual workload; hand-controller techniques for remotely
manipulating multiple-dexterous intelligent end-effectors; and techniques for imbedding systems models in
teleoperator controls to reduce the performance decrement due to feedback time delays.

In space suit technology, the focus is on improved suit mobility and tool development to improve the
suited astronaut"s productivity. A state-of-the-art helmet-mounted head-up display was developed to a
brassboard state by a joint NASA/Air Force research team. This approach greatly iIncreases an astronaut®s
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access to information while performing extravehicular activity. Also, for new work station technology
concepts, generic technology and a powered-glove end-effector were researched.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The human factors program has been increased by $200 thousand for EVA suit research.

BASIS OF FY 1986 ESTIMATE

In rY 1986, crew station design research will focus on three-dimensional perspective display techniques
for potential use in space station and shuttle. Further work will be carried out to determine selection
and iImplementation criteria €or other space station/crew station hardware. Initial work will be
undertaken to add strength and movement capabilities to the anthropometric data collection and synthesis
system. The human visual system model, developed under the aeronautics human factors program, will be
applied to the development of guidelines for space station displays with minimum bandwidth and power

requirements.

In the teleoperation human factors program, optimal hand-controller designs will be researched, and work
will be undertaken on techniques for hybrid manual/computer control and stereo viewing with television.
Research will also begin on the use of multiple arms with dexterous intelligent end-effectors.

In the space suit technology program, the helmet-mounted head-up display will be evaluated, and the

generic EVA work station and the power glove end-effector will be fabricated and evaluated. Advanced
technology will be developed for 8-pound psi hard suits.
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1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Space flight sy tems re carch a d
ml@ ............... mEEEEEEEEER 6,800 11,700 11,450 11,900

OBJECTIVES AND_STATUS

The objective of this program is to provide research-quality flight data supportive of ground-based
research and technology efforts for the development of future space transportation systems. Data obtained
from this effort support the development and verification of analytical theories and the verification of
ground facility performance, test methods, and techniques. This objective is accomplished through the
utilization of the space shuttle as a research testbed.

Instrumentation for the determination of aerodynamic coefficients continued to be flown successfully on
all shuttle flights in FY 1984. Data from these instruments have been used to improve analytical models
for the prediction of aerodynamic performance and have permitted the first lift/drag calculations in the
transitional flow regime.

Key aerodynamic/aerothermodynamic experiments have completed integration into orbiter 0V-102 (Columbia)
during its modification period at Palmdale, California. These include low- and high-altitude research-
quality air data systems for the measurement of air density from the upper atmosphere (transitional flow)
to touchdown (continuum flow), and an infrared scanner in the vertical stabilizer to measure entry heating
on the shuttle upper wing and fuselage surfaces. Additionally, two flight control experiments have been
integrated into the orbiter. The Tfirst experiment will quantify orbiter handling qualities, and the
second will provide flight data on an advanced, adaptive autopilot. These data will permit the supporting
technology programs to be responsive to actual flight conditions. The Ffirst flight for these experiments
is expected to be in the late FY 1985 or early FY 1986 timeframe.

Several advanced thermal protection system test panels are in development for flight opportunities in FY
1986. These panels will provide actual flight data on durable, high-performance concepts which could
become candidates for future aerospace vehicles.

Additional orbiter experiments are in the initial phases of design development. These include the plume
survey experiment to measure the flowfield properties in the exhaust plume of a shuttle reaction control
engine and the orbital acceleration research experiment to provide measurements of aerodynamically induced
deceleration at orbital altitudes. In FY 1985, development of long lead-time cryogenic fluid management
facility (CFMF) hardware will be initiated. This experiment will provide the understanding for storage,
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acquisition, and transfer of cryogenic fluids.

CHANGES FROM FY 1985 BUDGET ESTIMATE

This program was decreased by $250 thousand, which is the net effect of a reduction of $600 thousand in
orbiter experiments research activities, offset by a $350 thousand realignment from space flight systems
technology to cover high-priority program requirements.

BASIS OF FY 1986 ESTIMATE

A major effort in FY 1986 will be to support the aerodynamic instrumentation and thermal protection
system experiments installed on Columbia and to reduce and analyze the resulting data. This
instrumentation will provide a wealth of benchmark flight data which is expected to enable significant
advances in the design of future space transportation systems.

Hardware development for the plume survey experiment and the orbital acceleration research experiment
will continue through FY 1986, leading to expected flights in 1987/1988. Also, long lead-time hardware
procurements and component fabrication for the CFMF experiments will be underway.

The dynamics, acoustics and thermal environment experiment program will continue to instrument selected
payloads to address observed differences between predicted and measured low-frequency (10 to 50 hertz)
loads environment. The goal will be to provide the payload designer simple, reliable tools for the design
of shuttle payloads and to serve as a data base €or development of prediction models for future
transportation vehicles.

Additional flight data requirements will be initiated, as required, and scheduled to support corollary
ground-based research.
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1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Systems aalysIS. .o oooeooiaiaaa 7,200 8,100 6,600 6,600

OBJECTIVES AND STATUS

The objectives of the systems analysis program are to: (1) conduct system trade analyses to identify
technology requirements for spacecraft systems, space transportation systems, and large space systems that
are anticipated by a national space program; (2) iIntegrate these requirements into a comprehensive plan of
supporting technology base programs; and (3) justify the development of these technologies in a timely
manner . Close coordination with NASA flight program offices and other users is maintained to ensure
proper prioritization of the enabling and high-leverage technologies.

The spacecraft systems analysis area is subdivided into planetary, communications, earth sciences, and
astrophysics. In FY 1985, the planetary systems analysis has focused on enabling technologies for sample
return missions, particularly the Mars surface sample return and the comet nucleus sample return
missions. Some of the critical technical issues that have been identified are the technologies relating
to the Mars rover and the autonomous rendeszvous/docking technologies in Mars orbit. In communications,
the emphasis has been on quantifying the benefits from reducing the mass of spacecraft power and
propulsion systems thereby permitting the weight of communication hardware to be increased. These studies
show that a concerted technology program could potentially double the payload fraction on future
spacecraft, thereby greatly enhancing both science and profitability. In the earth sciences area,
analysis has identified instrument pointing as a crucial technology. In many cases, current instrument
sensitivities are not achievable iIn practice because of pointing and jitter on the spacecraft. In the
astrophysics area, we have pursued a jointly funded prephase-A study with the OFfice of Space Science and
Applications to define the technologies for a large deployable reflector infrared telescope. In all of
the above applications, where large space structures issues are involved, the Office of Aeronautics and
Space Technology capability in integrated computer-aided design is being exploited to support the missions
and technology trade-off studies.

The space transportation systems analyses are focused on four topics: technology issues for aeroassist
orbital transfer vehicle (0Tv), orbit-on-demand vehicle (oop), heavy-lift cargo vehicle (HLCV), and
advanced space transportation systems and analysis methods. AOTV technology studies are being used to
prioritize the enabling and high-leverage technologies required to design a space-based, reusable OTV.
The application of aeroassist braking on return of the OTV from GEO to LEO will result in a 50-percent
reduction in propellant requirements and cost or a corresponding 1increase iIn payload delivery
capability. Because the AOTV will fly a significantly different trajectory than any previous entry
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vehicle, advancements in technology are required in order to reliably predict the environment and design
thermal protection systems that will survive the high temperatures encountered. O0OD systems studies are
being used to identify the enabling technologies required for the design of a quick response esarth-to-
orbit vehicle. This technology will be required primarily by DOD systems, such as the transatmospheric
vehicle (Tav) and the advanced military spaceflight capability (aMsc) vehicles. HLCV studies are required
to identify the technologies that enable the low-cost delivery of payloads in excess of 100,000 pounds to
low earth orbit required by NASA and DOD missions. And finally, systems analysis methods are needed to
conduct the required trade studies in a cost-effective manner. This involves the development of both
technology and cost data bases, as well as computer-aided engineering software.

In the area of large space systems, both manned and unmanned, the analysis program is undergoing a
transition in focus from the technological needs of the early space station to a broader category of large
space systems including unmanned platforms, antennas, and evolutionary space stations. Additionally, the
new focus will begin to identify appropriate technology development activities utilizing the operational
space station as a facility in space.

In FY 1985, there are several activity areas in the large space systems analysis program. The objective
of the systems analysis methods activity is to develop analytic simulation/emulation capabilities applied
to specific subsystems to determine operational characteristics, predict nominal and worst-case fTailure
modes, and to identify critical interface requirements. A simulation/emulation oOF an environmental
control and life support system will be completed in the current year. The objective of the early space
station system analysis activity has been to conduct subsystem trade studies addressing the technologies
which have been identified as having potential for high payoff. Activities in this area are in their last
year of funding and will culminate with the completion of the data management architectural studies
jJointly funded by the Office of Space Station, Office of Space Tracking and Data Systems, and Office of
Aeronautics and Space Technology. The systems analysis effort for evolutionary space stations will
begin in FY 1985. The primary objective is to analyze future missions and system requirements and
identify technology needs and trends which will be used to provide scope and direction for the Office of
Aeronautics and Space Technology®s multidisciplinary research and technology programs. Specifically, the
FY 1985 and 1986 effort will be devoted to developing generic models to permit the conduct of subsystem
sensitivity trades for various combinations of subsystem technology options and designs.

The $15 million decrease in this program represents a reduction in scope of the systems analysis
activities to support other higher priority requirements within the research and technology base.

BASIS OF FY 1986 ESTIMATE

In spacecraft systems, the analysis effort to identify the high leverage technologies for future NASA,
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military, and commercial users will focus on providing the next level tradeoff studies for the large
deployable reflector. A joint analysis of the technology requirements for the earth observing system will
be initiated In conjunction with the Office of Space Science and Applications®™ Earth Science Division.
Planetary systems analysis will address the technology issues associated with comet sample return
missions. Development of spacecraft computer analysis capability will also be continued.

In transportation systems, the analysis effort in FY 1986 will continue the definition of key areas for
technology growth in orbital transfer vehicles and advanced systems for delivery of payloads to low earth
orbit. Particular emphasis will be given to establishing the focused technology program required to
support the development of the advanced aeroassist orbital transfer vehicle. Analysis will be conducted
to determine the key OTV technologies and system trades performed to identify technology development
payoff and cost benefit. In support of the technology development program, vehicle configurations and
Flight experiment requirements will be evaluated for the aeroassist flight experiment (AFe). The AFE, a
joint 0AsST/0SF program, is required to obtain data on flight environments and vehicle performance not
obtainable through ground tests or mathematical analysis. The FY 1986 transportation analysis program
will continue to address the vehicles and technologies required for a wide range of space applications and
missions. The development of design and analysis tools and the technology data base for vehicles such as
a heavy lift cargo, orbit on demand, lunar transportation, and advanced shuttle type systems will enable
the development of economical space systems in the future.

in large space systems, with the planning and definition activities associated with the early space
station nearing a point in time when applicable technology will be baselined, the systems analysis program
will be refocused to address the needs and opportunities of a broader menu of space systems including
large antennas, unmanned platforms, and evolutionary space stations. The primary intent of the extended
perspective is to insure that the R&T base program is structured to support the needs of these missions as
they are being projected for the turn of the century. Additionally, the FY 1986 program will expand the
efforts started in FY 1985 to include system analysis to support planning for using the space station as a
Ffacility in space for technology development.
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BASIS OF FY 1986 FUNDING REQUIREMENTS

SYSTEME TECHNOLOGY EFROGRAMS

1985
1984 Budget Current
Actual Estimate Est imate

(Thousands of Dollars)

Chemical propulsion systems

tedhology. - === 2,100 2,100
Space flight systems technology.-.-.-.... 7,515 7,000 6,650
Control of flexible structures........ e ——e -

Orbital transfer vehicle technologies —o= -z o

1986
Budget
Estimate

5,d00
6,200
5,000

3,000

20,000

Page

Number
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Chemical propulsion systems technology
Advanced SSME technology.......... .. -—- 2,100 2,100 5,800

OBJECTIVES AND STATUS

The objective of the advanced SSME systems technology program is to develop technology for advanced
cryogenic engines by utilizing a testbed engine assembled from existing SSME hardware for the purpose
of providing data to assist in developing models and validating analytical methods and advanced
component concepts emanating from the propulsion research and technology base program. Initially,
extensive instrumentation will be installed on the engine iIn order to experimentally establish a data
base which characterizes the internal dynamic environment of the engine; much of this iInstrumentation
will be a direct result of the OAST technology program. This data base will then be used to validate
computer codes which were developed to analytically simulate these dynamic environments. Those
advanced components designed €or extended life and/or performance will be evaluated at the engine
system level iIn the true engine environment. This will be accomplished through the assembly of engine
components, such as turbopumps or combustors, which include advanced technology subcomponents (e.g.,
bearings, seals, turbine blade dampers/coatings, advanced materials, etc.) which will then be
installed in the testbed engine. The subcomponent technology advances will have been screened and
evaluated initially in test rigs.

The testbed engine will provide the lowest risk path €or transferring improvements from the research
and technology base program into a mainstream development program such as the SSME. Many promising
products are emerging from the research and technology base program; they could be ready for testbed
engine testing in the FYy 1987/1988 timeframe. In addition, the testbed engine program will provide
the experimental tool needed to evaluate longer term, higher risk technology items that will lay the
foundation for advanced SSME derivatives or for the more improved high-pressure, reusable engines
essential for future launch vehicles. The Office of Aeronautics and Space Technology (OAST) portion
of this program funds the analyses, design, and fabrication of advanced component features from the
technology program. Office of Space Flight (0sF) fTunds are used to procure component hardware,
install advanced subcomponent technology items in the component hardware, assemble the testbed, and
conduct test operations. Fabrication of advanced technology hardware will begin In FY 1986
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BASIS OF THE FY 1986 ESTIMATE

Subcomponent level advanced technology items will be procured for installation in advanced turbopump
configurations by the Office of Space Flight. These advances include longer life bearings, low-leak
seals, and improved turbine blade coatings. In addition, advanced instrumentationwill be fabricated
and delivered to the testbed engine for environmental mapping of engine dynamics in FY 1987. The
initial focus of the advanced instrumentation effort is on high-response pressure and temperature
sensors.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Space flight systems technology

Space Tlight experimentS.. sscaussnns 6,290 5,900 5,350 6,200
Long-duration exposure facility..... 700 800 700 -—-
lon auxiliary propulsion system..... 525 300 600 ———
To@El. .o 7,515 7,000 6,650 6,200

—— prreyperay——

OBJECTIVES AND STATUS

The objective of the space flight systems technology program is to conduct research in space,
capitalizing on the use of the space shuttle, spacelab, and free-flying vehicles where it 1is
impossible or too costly to simulate the space environment in ground Hlaboratories. The space
environment uniquely provides long-term, zero gravity and the combination of space-vacuum and space-
radiation environments necessary to the development and characterization of many technologies
important to future space systems. This program element encompasses the design, development, and
flight test of experiments and the development of special purpose, reusable, Tflight research
Ffacilities for use in space.

Current experiment efforts include: (1) a superfluid helium on-orbit transfer experiment; (2)
design of two of the thermal energy management processes experiments; and (3) design efforts for an
in-space solid-state laser light detection and ranging (LIDAR) technology experiment.

Development of a space technology experiments platform (STEP) will be initiated in FY 1985 to
provide a dedicated support system for easy integration with the orbiter, which will be used to
conduct Flight experiments on the control of flexible structures in space.

In addition, in FY 1985 launch of the following experiments will occur: drop dynamics facility,
feature 1identification and location experiment, and the superfluid helium characterization
experiment. The long-duration exposure facility, having orbited for approximately 12 months, will be
retrieved by the shuttle and the experimental data analyzed. Also, in FY 1985, a joint NASA/industry
program will be initiated which will culminate in an in-space test of leading deployable truss
structural concepts and advanced flexible body control techniques. Data from the solar array flight
experiment, flown in September 1984, is presently being analyzed.
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CHANGES FROM FY 1985 BUDGET ESTIMATE

This program was reduced by a total of $350 thousand. Space Tlight experiments and the long
duration exposure Tacility activities were reduced by $550 thousand and $100 thousand,
respectively. $300 thousand of this reduction was applied to the ion auxiliary propulsion system

effort, and $350 thousand was transferred to the research and technology base to cover high-priority
program needs.

BASIS OF FY 1986 ESTIMATE

In 1986, the ion auxiliary propulsion system will have completed integrated systems tests and will
be awaiting Flight on a DOD spacecraft.

LIDAR design will be completed and hardware development initiated. The superfluid helium on-orbit
transfer experiment hardware will be fabricated and component and subassembly testing performed.
Additional flight experiments and concept definition activities will be iInitiated based on evolving
requirements identified in the research and technology base program, technology urgency, and funding
availability.
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1985 1986

1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Control of flexible structures
Control of flexible structures flight
eXperiment. EEEEEEEEEEEEEEEEEEEEENER _—— —_—— ——— 5,000

OBJECTIVES AND _STATUS

The objective of the control of flexible structures (COFS) program is to develop and validate
analytical methods for predicting coupled structural dynamics and controls response for multibody
space structures with Tflexible components, interfaces and dissipative mechanisms. As the agency
initiates planning and implementation for large space systems (space station/platforms/antennas),
there are basic unknowns in the areas of structural dynamics, controls, structural interaction,
structural performance, and deployment dynamics which must be resolved in order to develop this new
class of spacecraft with the assurance of meeting safety, performance, and cost goals. The size and
Fflexibility of the systems In question require a ground research program and a space-based experiment
activity addressing the key unknowns through graduated testing of flexible elements of large space
structures. In order to meet these requirements in a timely manner, consistent with NaSA's overall
space objectives, a program has been established, beginning iIn 1985, to focus on COFS. The COFS
program includes both a ground research program and the space flight experiments.

The existence of an operational shuttle provides the opportunity to test and validate in space the
dynamics, controls, structural concepts, theories, and system components required by future large
structure missions. A test program will be conducted with a series of three or more flights, building
progressively from modeling and modal characterization of large space structures to more complex
Fflexible-body interactive controls issues. The approach provides for modal and functional complexity
in a baseline configuration, through the design of a phenomena model Tflight test article that
addresses many large space systems (LsSS) discipline 1issues. Therefore, the phenomena model
capabilities can be tailored to validate discipline research objectives addressing the major concerns
of LSS spacecraft, independent of any specific configurations ultimately chosen for new missions.

The first flight article is a large (60 meters), deployable/stowable '‘next generation®® truss-beam
structure (termed MAST) which will be flown in space cantilevered from the orbiter. Actuators and
instrumentation, necessary for excitation, measurement, and control of the low-frequency modes of the
MAST, are an integral part of the MAST flight experiment. The MAST test article will be transported
to space and mounted on the space technology experiments carrier which will be integrated with the
orbiter.
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Specific objectives of the flight experiment are to determine the degree to which theory and ground
testing can predict flight performance of next-generation, low-frequency structures; evaluate
mathematical modeling of large, lightweight, complex systems on which ground test results are
questionable; evaluate control/structure interactions; evaluate sensor/measurement techniques
applicable to Ilow-frequency systems with low-motion/deflection tolerances; evaluate deployment
kinematics in zero-g vs. one-g; evaluate damping effects iIn zero-g; and evaluate LSS control laws and
control mechanizations.

BASIS OF FY 1986 ESTIMATE

COFS will consider a variety of structures including joint-dominated, deployable beams of a generic
nature; multibodied flexible arrays; and supported mesh antenna structures. Initially, COFS will
concentrate on a joint-dominated, slender, flexible beam. Analytical methods development and ground-
based experiments initiated during FY 1985 will be continued during FY 1986 to accurately
characterize/synthesize the dynamic behavior of the structure and to develop control laws and methods
to control its configuration and motion. Additional analysis and ground-based experiments will focus
on expanding the newly developed technology for application to more complex multibody and three-
dimensional structures.

The preliminary design review and the critical design review of the MAST flight test article will be
completed iIn FY 1986. Flight test article delivery will occur at the end of FY 1986. The
characteristics of the MAST truss-beam flight test article will be defined through initiation of a
mathematical model to be later validated in the ground-based and space test programs.

RD 14-38



1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Orbital transfer vehicle technologies

Aeroassist tedrology.- ... ....... - -—- - 1,500
Propulsion tedyology.-.............. -== T —— 1,500
Total. e ——— —=—= -——— 3,000

OBJECTIVES AND STATUS

The objectives of the orbital transfer vehicle (0Tv) technologies program are to ensure that the
enabling and high-leverage technologies are in place to support the design and development of a cost-
effective, space-based OTV. The two basic technologies required are aeroassist technology and
propulsion technology.

When the 0TV returns from geosynchronous orbit to low earth orbit, it must decelerate from
approximately 33,800 feet per second to 25,000 feet per second. The advancement of aeroassist
technology will permit the use of an aerodynamic braking device instead of having to rely solely on
the propulsion system to decelerate. This would result in a propellant savings of up to 37 percent
per flight, or approximately $35 million. Conversely, for a given amount of propellant, use of
aeroassist braking will permit a 50-percent increase in payload weight. The primary emphasis in the
aeroassist technology program is the OAST and OSF joint sponsorship of an aeroassist flight experiment
in order to acquire data unobtainable in ground test facilities. These data are required to develop
and validate theoretical/empirical aerodynamic and aerothermodynamic prediction techniques and to
verify thermal protection system materials. Due to the high-velocity, high-altitude regime through
which the OTV will Ffly, it will encounter levels of nonequilibrium radiation not previously
experienced by any spacecraft/aircratt. Current estimates of the level range by a factor of three to
four. The aeroassist flight experiment will result in a significant Improvement in prediction
accuracy, thus permitting a significant reduction in the vehicle weight and risks.

The propulsion technology program is directed toward the development of an advanced research engine
(ARE) that would support the requirements of a fuel-efficient, space-based OTV propulsion system. The
ARE will provide space maintainability, reusability, automated Tfault detection, and higher
performance, higher specific impulse (1.0 which will result In a propellant savings of up to 26
percent, or approximately $20 million per “flight.
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BASIS OF FY 1986 ESTIMATE

In FY 1986, the aeroassist technology program will concentrate on concept trade studies for the
aeroassist flight experiment to determine the optimum configuration that will provide the maximum
amount of data applicable to the OTV design. Also, system studies will be conducted to provide data
for a reliable cost estimate for the AFE.

In FY 1986, the propulsion technology program will focus on component design and analysis efforts
for advanced engines designed to meet the requirements of a space-based, man-ratable, aeroassist

OTV. Under the research and technology base program, three contractors -- Aerojet, Pratt & Whitney,
and Rocketdyne -- have developed unique advanced engine design concepts and have identified technology
advances critical to achieving each of their engine"s performance and life goals. Subcomponent

laboratory scale experiments in the areas of heat transfer, combustion, high-speed bearings and seals,
nozzle aerodynamics, fluid and gas dynamics, and materials and structures are developing design
criteria and analytical methods to design and fabricate advanced components and subsystems. Emphasis
in Fy 1986 will be on the design of enhanced heat transfer combustor, high-efficiency turbomachinery
designed to operate over a wide flow range for throttling, and diagnostic instrumentation and
controls. This will allow an orderly progression into component fabrication in ry 1987 for later
assembly into research engine configurations at each of the contractors for iIntegrated component
evaluation and verification of advanced technologies in actual engine system operational
environments. These FY 1986 studies will provide the basis for meeting the aeroassist flight
experiment and the advanced research engine requirements.
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BASIS OF FY 1986 FUNDING REQUIREMENT

STANDARDS AND PRACTICES

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of dollars)
Standards and Practices............ 4,600 4,900 4,900 8,000

OBJECTIVES AND STATUS

The objective of the Standards and Practices program is to support the Agency"s goals through
activities in productivity; reliability and quality assurance; safety; software assurance; systems
engineering; and program practices which reduce program risk, improve product confidence, and
encourage good program procedures in the technical execution of NASA programs.

During FY 1984, the Office of the Chief Engineer continued its efforts to improve the Agency"s
software management, assurance, and productivity. Emphasis was directed toward developing validated
procedures to ensure the integrity of the systems to be put into service. Non-destructive evaluation
(NDE) testing techniques were extended to new materials such as composites. An evaluation of
materials and equipment returned from the Solar Maximum Mission Satellite was begun with particular
emphasis on failure analysis, materials and electronic parts degradation, and radiation effects. Work
continues on efforts with the NASA Centers and industry in the areas of Computer-Aided
Design/Computer-Aided Manufacturing; materials, treatments and processes; test methods; quality
technology; integrated circuit product assurance; microcircuit radiation effects evaluations;
aerospace and systems safety related matters; and other activities which support agency-wide
responsibilities for safety, reliability and quality assurance. In support of the Congressional
Committees on Appropriations, the National Academies of Science/Engineering completed a review of the
Numerical Aerodynamic Simulation program and also provided an "Assessment of Candidate Expendable
Launch Vehicles to Perform Alternative Missions.” A number of workshops were sponsored to improve
agency-wide productivity and cooperation, as well as to reduce overlap and take advantage of the
collective technical expertise of our staff to arrive at solutions for specific technical problems.

BASIS OF FY 1986 ESTIMATE

In support of the goals of the Agency, the FY 1986 Standards and Practices program will continue to

conduct activities related to productivity; systems engineering; reliability and quality assurance;
software assurance; and program practices. The iIncrease in funding from the FY 1985 level reflects a
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broadened and accelerated NDE program, and an expansion of the Agency"s Microelectronics Radiation
Effects Ground Test Program. Management responsibility for the agency®s radiation effects efforts
have been consolidated within the Office of the Chief Engineer.

The NDE Measurement Assurance Program will establish a long-range activity to augment the evolution
and transformation of promising new NDE science to practical measurement methodology by developing
inspection and quality control tools and techniques for both qualitative and quantitative
assessments. This program will focus on bridging the gap between laboratory science and program NDE
requirements with particular emphasis on measurement assurance needs for metals; composites; ceramics;
the STS Solid Rocket Motor Filament Wound Casing; and large space structures.

The efforts iIn the radiation effects area are critical to improving our ability to confidently
predict the reliability and performance of future microelectronic systems in space. NASA and military
spacecraft have experienced integrated circuit performance degradation and system failures caused by
cosmic rays and total radiation dose. In concert with the Air Force"s Chemical Release and Radiation
Effects Satellite (CRRES) program, NASA is conducting a ground test program to develop a better
understanding of the causes of the degradation and failures. The Air Force will provide NASA with
data from the environmental measurement instruments and integrated circuit devices on the CRRES
spacecraft to serve as the basis for conducting ground tests on duplicate devices from the same
production lot. The NASA program will use ground-based radiation sources to accurately duplicate the
device degradations and failures measured on the CRRES spacecraft. The results will be applied to
testing new devices for radiation hardness for use in future NASA, DOD, and commercial programs.

The FY 198 funds will also continue to provide for special Congressional or NASA directed efforts
focused on finding solutions to specific technical problems arising from programmatic activities. In
addition, overall support is required to continue to ensure that advances in technology, such as
microelectronics, robotics, computer automation, and composite Fibers can be confidently qualified for
use In NASA programs within a time frame that is consistent with project needs.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1985 ESTIMATES

BUIGET SUMMARY

OFFICE OF SPACE TRACKING AND DATA SYSTEMS TRACKING AND DATA ADVANCED SYSTEMS

SUMMARY QF RESOURCES REQUIREMENTS
e 1385 L 1986
1984 Budgat Curvrent Budget Page
Actual Estimate Estimate Number
[Thousands of Dollars)

Advanced Systems "R s EEEEEEEEEEEEN 14, 2"9“0) 15, 399 J..A,‘B0.0.. ]\6, 3Q9 RD 15_2
Total 14,200 15,300 14,800 16,200

Distribution of Program Amounts by Tnstallation
Distribation ol rrogram amoin:s, B2y, nREaltaklnl

Goddard Space Flight Centere.iveeeeasswss 4,585 4,300 4,800 5,100
Jet Propulsion LaAborabory.e sasssssssssnns 9,485 10,500 10,000 11,100
Amas Research CenteY.s sassssssssnnsssnnns 12 .- - _
HeadquarterS sussn s s s nn s s asnnasnnannnunnns 1S - - .

Te~tiloooo 14..200. 15,300 14,800 15,290
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BASIS OF FY 1986 FUNDING REQUIREMENTS

ADVANCED SYSTEMS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Advanced systems...................... 14,200 15,300 14,800 16,200

OBJECTIVES AND STATUS

The overall objective of the Advanced Systems Program is to perform studies and provide for the
development of tracking and data systems and techniques required to: (1) obtain new and improved
tracking and data handling capabilities that will meet the needs of approved new missions and near
term new starts; and (2) improve the cost effectiveness and reliability needed for overall support of
the total mix of spaceflight missions.

This program is a relatively small but vital portion of the Space Tracking and Data Systems
Program. Activity continues under this program to assess and make use of the dramatic changes taking
place in the state of the art in telecommunications, electronic micro-circuitry and computer
technology. Such effort is critical for proper planning and for the application of new technology to
future support capabilities that are cost effective and reliable. Efforts include the investigation
of upcoming missions and studies of ground systems and telecommunications links to determine design
approaches and overall tradeoffs for the lowest life cycle costs to support future space missions.

CHANGES PROM FY 1985 BUDGET ESTIMATE

The decrease of $.5 million in this program represents the application of a portion of the general
reduction in the FY 1985 appropriation.

BASIS OF FY 1986 ESTIMATE

The following are examples of activities planned for FY 1986. Technology aimed at obtaining ranging
accuracies to the one meter level for Earth-orbiting spacecraft will be investigated. Such precision
will make possible a new class of high precision Earth observatory missions on the Shuttle, Space
Station and on free flying spacecraft. The techniques to be studied include using the military's
Global Positioning System and Very Long Baseline Interferrometry. Work will also continue on
extremely precise radiometric techniques for determining angular direction of future planetary
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missions to an accuracy of five nano-radians. Such activity typically leads to improved spacecraft
navigation and the carrying out of science experiments not previously possible.

New methods of increasing NASA’s capability to communicate with spacecraft will continue iIn such
areas as signal coding techniques, large diameter antennas using millimeter wave frequencies, and the
development of efficient transmitters, high reliability para-magnetically coded telemetry receivers
and antenna feed systems capable of multiple frequency operation, i.e., K, X. and S-bands. Improving
space—-to—-ground link performance can benefit many future missions by reducing mission costs through
reduced spacecraft weight and power requirements or increasing the amount or quality of the data
returned. Optical telecommunications technology to meet telecommunications needs beyond the 1980's
will also be investigated for its cost-performance advantages over microwave options.

As the TDRSS era progresses, the data handled from Earth-orbital missions is expected to increase
from a peak of 15 megabits per second to the TDRSS design limit of 300 megabits per second in the
future. These future requirements result from high resolution sensors such as multispectral scanners
and synthetic aperture radars. New techniques and systems will be developed for the transfer and
processing of such high data rates. These developments include computer assisted operations, digital
processing of high volumes of data, improved man-machine interfaces, and wide band satellite
communications to distribute data to processing centers and users. High density tape and optical disk
storage with automated quality control of data will be iInvestigated to meet Tfuture iImage data
processing requirements.

Techniques will continue to be investigated to reduce future manpower needed to operate the mission
control facilities and to provide the necessary real time iInteraction between the spacecraft
experimenters and their experiments. Studies include the use of automated mission control techniques,
distributed command terminals and on-board spacecraft orbit and attitude computations.

Many of the activities being undertaken in this program also have the potential for reducing risk
and costs in the area of space commercialization, e.g., developments aimed at faster and more cost-
effective data processing systems; more commonality in spacecraft and ground hardware; greater
spacecraft autonomy; and, less vulnerability of micro-circuitry to radiation.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS
FISCAL YEAR 1986 ESTIMATES

GENERAL STATEMENT

The objective of the National Aeronautics and Space Administration program of space flight, control and
data communications is to provide for the operational activities of the Space Transportation System. This
objective is achieved through the following elements:

SHUTTLE PRODUCTION AND OPERATIONAL CAPABILITY: A program to provide a cost effective shuttle system with a
minimum Fflight rate capability of 24 per year by providing the national fleet of Space Shuttle orbiters,
main engines, launch site and mission operations control requirements, initial spares, production tooling,
and related supporting activities.

SPACE TRANSPORTATION OPERATIONS: A program to provide the standard operational support services for the
Space Shuttle and the expendable launch vehicles. Within Shuttle operations, external tank and solid rocket
booster flight hardware is produced; operational spare hardware is provisioned, overhauled and repaired; and
manpower, propellants, and other materials are furnished to conduct both flight and ground (launch and
landing) operations.

SPACE AND GROUND " WORK, COMMUNICATIONS AND DATA SYSTEMS: A program to provide vital tracking, telemetry,
command, and data acquisition support to meet the requirements of all NASA flight projects. This support is
currently provided by a worldwide network of NASA electronic ground stations interconnected by a
communications system using ground, undersea, and satellite circuits. In late 1985, the Tracking and Data
Relay Satellite Systems (TDRSS) will become the primary system for supporting upcoming Earth orbiting
missions.
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NATIONAL AERONAUTICS AND SPACE ADMININSTRATION

SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS
FY 1986 BUDGET ESTIMATES

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

SHUTTLE PRODUCTION AND OPERATIONAL
CAPABILITY 1,646,300 1,465 ,600 1,492,100 976,500

SPACE TRANSPORTATION OPERATIONS 1,452,000 1,339,000 1,314,000 1,725,100

SPACE AND GROUND NETWORK, COMMUNICATIONS

AND DATA SYSTEMS 674,000 -l 95,200, 795,700 —-~808.300.
TOTAL 3222,300.. 2.600.2300.. 3,601,800 3,509,900,
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

PROPOSED APPROPRIATION LANGUAGE

SPACE FLIGHT. CoNTROL AND DATA COMMUNICATIONS

For necessary expenses, not otherwise provided for; in support of
space flight, spacecraft control and communications activities of the
National Aeronautics and Space Administration, including oper-
ations, production, services, minor construction, maintenance, repair,
rehabilitation. and modification of real and personal property; track-
ing and data relay satellite services as authorized by law; purchase.
hire, maintenance and operation of other than administrative air-
craft; [and including not to exceed (1) $1,510,600,000 for space shuttle
production and operational capability; and (2) $1,339,000,000 for space
transportation operations; without the approval of the Committees on
Appropriations; $3,601,800,000) $3.509,900.000 to remairi available
until September 30, [1986] 1987. ({Department of Housing ond Urban
Development-Independent Agencies Appropriation Act, 1985.)
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NATIONAL AERONAVTICS AND SPACE ADMINISTRATION

SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS

PROGRAM AND FINANCING
(in thousands of dollars)

1984 1985 1986
Identification code 80-0105-0-1-250 actual estimate estimate
Frogram by activities:
Direct program :
Space transportation systems:
00.0101 Shuttle production and capability development.. .. 1,569,303 1,494,492 1,002,280
00.0201 OperationS sssssssssssssssssssnsssnnsnnnnnnnnnnnnnsn 1,397,638 1,302,662 1,704,545
00.1001 Supporting activity: Tracking and data acquisition. 590,631 839,284 807,670
00.9 101 Total direct program.............oooiiiiiinnnn. 3,557,572 3,636,438 3,514,495
01.0101 Reimbursable program.........ccoovvvviiiiiiiaaa... 537,800 902,490 825,204
10.0001 Total Obligations.... EEEEEEEEEEEEEEEEEEEEEEEEEERNER 4,095,372 4,538,928 4,339,699
Financing:
Offsetting collections from:
11.0001 Federal funds...........coooiii . -514,379 -588,587 -510,620
14.0001 Non-Federal sources..............covvviviiinnn... -235,621 -269,613 -233,900
21.4001 Unobligated balance available, start of year........ -—= -426,928 -348,000
24.4001 Unobligated balance available, end of year.......... 426,928 348,000 262,721
39000 1 Budget authority ........... EEEEEEEEEEEEEEEEEEENESE 3,772,300 3,601,800 3,509,900
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1984 1985 1986
Identification code 80-0103-0-1-999 actual estimate estimate
Budget authority:
400001 ApprOpriatiOﬂ A EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESR 3,791,600 3,601,800 3,509,900
41.0001 Transferred to other accounts..................... -19,300 -—= _—
43.000 1 Appropriation (adjusted)......... 3,772,300 3,601,800 3,509,900
Relation of obligations to outlays:
71.0001 Obligations incurred, net.......... 3,345,372 2,680,728 3,595,179
72.4001 Obligated balance, start of year.................. - 430,758 690,286
74.4001 Obligated balance, end of year.................... -430,758 -690,286 -714,965
90.0001 Outlays...ooeii 2,914,614 3,421,200 3,570,900
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Space Flight, Control and Data Communications

Reimbursable Summary
(In thousands of Dollars)

Space Flight, Control and Data Budget Plan
'~ Communications FY 84 FyY a5 FY 86

Shuttle Production and Capability

Development 283,974 201,800 212,000
Space Transportation Operations 202,000 517,500 418,820
Expendable Launch Vehicles 231,225 103,300 90,700
Tracking and Data Acquisition 32,801 35,600 23,000

Total 750,000 85’8,292 744,52
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
SPACE FLIGHT, CONTROL aND DATA COMMUNICATIONS
FISCAL YEAR 1986 ESTIMATES

SUMMARY OF BUDGET PLAN BY SUBFUNCTION
(In thousands of dollars) =

Code

Fy 1984 FY 1985 FY 1986

253 Space Flight

3,098,300 2,806,100 2,701,600
255 Supporting Space ActiviteSeeceevesesssssesoesossnsosnas 674,000 795,700 ano 2an
Total, General Science, Space and Technology.... 3,772,000 3.601.,80¢C 3.509,90(
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NATIONAL AERUNAUTICS AND s$PACE ADMINIS'PKATIUN

FISCAL YEAH 1986 ESTIMATES
DISTRIBUTION OF SPACE FLIGHT CONTROL AND DATA CUMUNICATIONS BUDGET PLAN BY

(Thousands of Dollars)

INSTALLATION AND FISCIAL YEAH

Johnson Kennedy Marshall National Goddard Jet Anes Lanyley Lewis
Space Space Space Flight Technology Space Flight Propulsion Research Hesearch Hesearch NASA
Program Total Center Center Center Laboratories Center Laboratory Center Center Center Headyuarters
Office of space
Transportation Systems 1984 3,098,300 1,302,600 439,900 1,259,700 800 48,500 1,300 3,200 200 2,000 4au, 1uuy
1985 2,806,100 1,124,300 371,900 1,107,000 6,300 900 2,300 2,600 100 === 89,700
1986 2,701,600 910,100 375,500 1,245,900 7,200 1,100 — 3,100 100 _— 158,600
Shuttle Production and
Operational Capability 1984 1,646,300 871,900 111,200 633,400 800 400 1,300 -— 100 2,000 25,200
1985 1,492,100 741,400 103,200 572,600 6,300 -— 2,300 -— — - 66,300
1986 976,500 371,400 56,700 449,800 7,200 - - -— -—- -—- 91,400
Space Transportation
operations 1984 1,452,000 430,700 328,700 626,300 — 48, lou - 3,200 100 _— 14,900
1985 1,314,000 382,900 269,700 634,400 _— 900 —_ 2,600 100 —_— 23,400
1946 1,725,100 538,700 318,800 796, 100 _— 1,100 J— 3,100 100 J— 67,200
Space and Ground Network
Comm and Lata System 1984 674,000 610 —_— 13,200 -— 357,410 95,889 6,600 _— . 200,285
1985 795,700 150 - 17,400 J— 427.130 107,200 8.600 — 20 235,200
1986 808,300 — -— 27,900 - 365,000 124,800 11,000 — e 279,600
Total Budget Plan
1984 3,772,300 1,303,210 439,900 1,272,900 800 405,916 97, 189 9.800 200 2,000 240,385
1985 3,601,800 1,124,450 372,900 1,224,400 6,300 428,030 109,500 11,200 100 10 324,900
1986 3,509,900 910,100 375,500 1,273,800 7,200 300, 100 114,800 14,100 100 — 438,100
SF SUM 3
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SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS

FISCAL YEAR 1986 ESTIMATES

BUDGET SUMMARY

OFFICE OF SPACE FLIGHT

SPACE TRANSPORTATION SYSTEM PROGRAM

SUMMARY OF RESOURCES REQUIREMENTS

1985 1986
1984 Budget Current Budget Page
Actual Estimate Estimate Estimate Number
(Thousands of Dol lars)
Shuttle production and operational
Capability- EEEEEEEEEEEEEEEEEEEEEEENESR 1,646,300 1,465 ,600 1,492,100 976 ,500 SF 1~1
Space transportation operations....... 1,452,000 1,339,000 1,314,000 1,725,100 SF 2-1
Shuttle operationSaesssssssssssssnss=s(1,402,000) (1,339,000) (1,314,000) (1,725,100)
Expendable launch wvehicles........_. {50,000) (=) ===\ N (o)
To@al. ... yomm e 3,098,300 2,804,600 2,806,100 2,701 ,60G
Distribution of Program Amounts By Installation
Johnson Space GaEr....,cccceceaan... 1,302,600 1,047,200 1,124,300 910,100
Kennedy Space Gater.........o..o..... 439 ,900 349,300 372,900 375,500
Marshall Space Flight Certer.......... 1,259,700 1,260,100 1,207,000 1,245,900
National Space Technology lab......... 800 —_— 6 ,300 7,200
Goddard Space Flight Catter........... 48 ,500 600 900 1,100
Jet Propulsion Laboratory............. 1,300 - 2,300 _—
Lewis Research CGawer................. 2,000 _— _— -
Langley Research Cater............... 200 S 100 100
Ames Research Gat&.....ccceeecnn.... 3,200 2,500 2,600 3,100
Heedhparters. ..o 40,100 144,900 89,700 158,600
ToEl. .. 3,098,300 2,804,600 2,806, 100 2,701,600
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SPACE FLIGHT, CONTROL AND DATA COMMUNICATIONS

FISCAL YEAR 1986 ESTIMATES

OFFICE OF SPACE FLIGHT SPACE_TRANSPORTATION SYSTEM PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION

The Space Shuttle is the key element of a versatile Space Transportation System (sSTs) that is
available to a wide variety of national and international users. The Space Shuttle is the first
reusable space vehicle and is configured to carry many different types of space applications,
scientific experiments, and national security payloads. The Space Shuttle offers unique capabilities
that cannot be achieved with today®"s expendable launch vehicles--to retrieve payloads from orbit for
reuse; to service and repair satellites in space; to transport to orbit, operate, and return space
laboratories; to transport materials and equipment to orbit; and to perform rescue missions.

Shuttle production and operational capability provides for the national fleet of Space Shuttle
orbiters, including main engines, and provides for the Ilaunch site Tfacilities, iInitial spares,
production tooling, and related supporting activities to meet the needs of NASA, the Department of
Defense (poD), and other domestic and international users of space. This line item contains orbiter
production for three flight orbiters; full modification of Columbia (0OV-102) to its operational
configuration; the procurement of major structural orbiter components to be used as spares for the
operational orbiter fleet; the residual development tasks for the orbiter, main engine (SSME),
external tank (ET), and solid rocket booster (SRB); Johnson Space Center (JSC) mission support
capability development; the equipment provisioning of the facilities for launch and landing at the
Kennedy Space Center (XsScC); the development of the Ffilament wound case (FwWC) solid rocket booster; the
initial lay-in of spares and ground support equipment; and the rate tooling for the ET and Srs.
Modification of two orbiters, two Mobile launch platforms (MLP) and both launch pads for the conduct
of the planetary missions (Galileo and Ulysses) in 1986, using the Centaur as an STS upper stage, are
also funded under this budget item.

Shuttle operations provides the standard operational support services for Space Shuttle, the primary
U.s. launch system. Within Shuttle operations, flight hardware is produced, refurbished and repaired;
and manpower, propellants, and other materials are furnished to conduct and support both flight and
ground operations. The Space Shuttle operations program provides €or the launch of NASA missions and
on a reimbursable basis DOD, other uU.s. Government, commercial, and international missions. The
launch schedule calls for ten to eleven flights in FY 1985 and thirteen to fourteen flights, including
the first launch from the west coast, in FY 1986, and a planned seventeen flights in FY 1987. The
flight rate is planned to reach twenty-four launches per year by 1989.
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The Space Shuttle provides launch services to non-NASA users on a reimbursable basis as determined
by the greater of each payload"s length or weight. For flights launched during the first pricing
phase (through FY 1985), standard commercial launches services are priced at $18.3M (75$) with a $4.3M
(RYS$) use charge. DOD launches in this phase are priced at $16.0M (75$). Launches occurring in the
second pricing phase (Fy 1986 through FY 1988) are priced at $71.0M (82¢$) for commercial launches and
$55.5M (823) for DOD launches. The Bureau of Labor Statistics® indices are used to convert base year
pricing (75$ and 82$) to real year dollars for billing purposes.

The expendable launch vehicle program consisting of the Scout, Delta, Atlas Centaur and the Atlas
E/F Vehicles provides for the procurement of expendable launch vehicles and launch support services
for NASA"s spacecraft missions and, on a reimbursable basis, for other agencies and organizations
utilizing these systems and services. Potential privatization of these systems is being actively
pursued as NASA no longer has a requirement and the programs are now being conducted on a totally
reimbursable basis.

STATUS

In the orbiter production: Discovery (0V-103) was delivered in November 1983 and brought to three
the number of orbiters available for flight, Columbia (0V-102) and Challenger (0V-099) having been
previously delivered; 0V-102 is being modified at Palmdale to place the vehicle in its fully
operational configuration; and Atlantis (0ov-104) 1is now in the Tfinal assembly phase at the
contractor®"s Palmdale facility.

Support of the flight program has also been a major activity of the orbiter program. Orbiter flight
anomalies are resolved under the sustaining engineering effort and support to the launch site
contractor 1is provided through the launch support services contract. The emphasis on the orbiter
logisitics program is ongoing with effort proceeding to support the provisioning of orbiter spares for
the initial lay-in at the launch site.

The procurement of structural spares is also progressing. This program will provide major
structural spares for the four orbiter fleet and includes elements such as wings, mid-fuselage, and
payload bay doors.

At KSC, the second line of vehicle processing stations is being phased in to support the parallel
launch processing of orbiters. Parallel processing can be done in the Orbiter Processing Facility
(oPrF) and Vehicle Assembly Building (vaB). Parallel processing at the launch pad will be possible
after Pad B completion in January 1986. This date is consistent with the requirements to support the
separate Centaur launches of both Galileo and Ulysses in May 1986. The third MLP is planned for a
September 1986 operational readiness date.
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At JSC, the training capacity is being expanded by modification of a Gulfstream II into a third
Shuttle training aircraft and continued modification to the simulators. Mission Control Center
systems monitoring and flight control capability will be expanded to twenty-four Fflights per year by
October 1985. Pacific area contingency abort sites will be brought to operational status during
FY 1986 in time to support Shuttle launches from the Vandenburg launch site (VLS).

The initial certification of the Space Shuttle Main Engine (SSME) in a full power level (FPL)
configuration was completed in FY 1983. During the course of that certification, it became apparent
that the SSME configuration required additional design modifications in order to achieve an acceptable
level of reliability and maintainability. The modifications focus on the high pressure pumps and the
hot gas manifold. Development of the pump modification was essentially completed in FY 1984 and the
new pumps will begin certification at the FPL thrust level early in the second quarter of FY 1985.
The re-design of the hot gas manifold is complete and the changes will be available for test in FY
1986. A major re-planning of the SSME program was completed last year. The primary result of the
replanning was initiation of engine improvement study activities which involve alternative rocket
engine contractors and of a technology engine effort at the Marshall Space Flight Center. During the
past year four flights of the Space Shuttle (up to and including Mission 41-D) were completed with no
SSME anomalies which impacted Flight performance.

The experience with the Solid Rocket Boosters (SRB's) during early flights indicated the need for
design improvements to reduce the amount of water impact damage to the sSrRB aft skirt and the hydraulic
power units mounted internal to the aft skirt. Design improvements implemented to date have proven to
be successful in reducing structural damage. Problems still exist with water intrusion damage to the
thrust vector control (TvC) servo actuators. Modifications are being implemented to the TvC system to
eliminate this problem. In order to reduce the water impact velocity which is the major contributor
to the damage at water impact, larger main parachutes were developed and successfully used on STS 41-F
and STS 51-A and will continue to be used on subsequent fFlights. A redesign of the recovery system to
separate the main parachutes at water impact is underway and will be incorporated on the first flight
from the Vandenberg launch site. This change is being implemented for diver safety during recovery
operations. Development tests on a redesigned drogue parachute for flights using the filament wound
case are also in progress.

The First high performance sSkRB motor was successfully flown on STS-8. The performance
characteristics of the motor were well within specifications and achieved design goals. Post-flight
inspection of the motor indicated more than desirable erosion, as a result some minor changes to the
manufacturing process for the carbon phenolic nozzle material may be necessary. Efforts are underway
to correct this design margin problem.

Continued emphasis is being focused on cost-reduction/producibility/production efforts to identify
improvements in processes required to satisfy production rate requirements. Recompetition of the
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booster assembly/refurbishment contract was completed, and the incumbent contractor, United Space
Boosters Inc. (UsBI) was selected. As a result, significant program cost savings are expected. A
second source study for the Solid Rocket Motor (srM) 1s also being done to determine if a second
source would reduce overall production costs.

Performance of the External Tank (ET) on all Shuttle flights to date has been excellent. The
Vandenberg Launch Site (VLs) received its first flight tank in October 1984. All ET flight hardware
has been delivered on or ahead of schedule. Weight savings on the lightweight tanks have been greater
than baselined and should continue to be realized as additional planned improvements are
implemented. Cost reduction and production readiness efforts continue to be a high priority, as
additional tooling and equipment is introduced to meet production requirements of twenty-four tanks
per year.

The development of the Filament Wound Case (FwC) for the Solid Rocket Motors (sSRM) achieved several
major program milestones during the past year. The Tull segment development hydrotests were
successfully concluded and design verification data on the composite and composite to metal joint
strength was obtained thus demonstrating the required margin of safety. Following a preliminary
design review the design and manufacturing process was adjusted and the processing of the segments for
the first flight set was initiated. By the end of the year, all segments for the first flight from

the VLS were wound and the first static test successfully completed. In addition, all four case
segments for the second static test were manufactured and delivered to Morton-Thiokol for propellant
loading. The Structural Test Articles (sTa) were also delivered to MSFC for testing of dynamic

loading under pressure. The weight savings were affirmed and an improved payload carrying capability
resulting from the FwC 1iIs estimated at 4600 lbs. Significant progress has been made in recovering
from technical problems and schedule difficulties and delivery of the initial flight set to the VLS
will support the need dates for the first flight.

The Shuttle operations budget provides funding in three principal areas: Tflight operations, flight
hardware, and launch and landing operations. Flight operations includes training, mission control,
flight operations planning, payload integration analysis, mission analysis, post-flight anomaly
resolution, sustaining engineering and launch support services. A consolidated operations contract
covering most of the flight operation functions performed at JSC is in preparation; award date is
anticipated to be early 1986

Flight hardware includes the procurement of orbiter flight spares, external tank disconnects, SRB
rate gyros, ET's, solid rocket motors, booster hardware, and propellants; and engineering and
logistics support for external tank/solid rocket booster/main engine hardware elements and maintenance
and operation of flight crew equipment. The funding requested for the ET, solid rocket motors and
boosters (including production of filament wound cases) includes long lead time raw materials,
subassemblies, and subsystems required to sustain production.
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At KSC, four operational flights were procressed and launched in FY 1984. The first two flights
included vehicles which were stacked, processed and launched during the Shuttle Processing Contract
(SpC) transition, a six month period when the incumbent contractors and the SPC (Lockheed) worked
together toward a March 1984 turnover. The full transition was completed on schedule after the
successful launch of STS 41-B. The remaining two Flights were processed by the SPC and included STS
41D, the maiden voyage of Discovery. KSC planning includes launch of an additional ten to eleven
flights in FY 1985, including the first flight of the fourth orbiter, Atlantis. In addition, during
FY 1985, KSC will be responsible for processing Discovery at KSC for preparation for the first flight

at the Vandenburg launch site.

NASA Expendable Launch Vehicles reached a milestone in 1984, exceeding 400 launches since 1960. The
most active NASA vehicle, the Delta, was used in four launch attempts during CY 1984 and reached a new
record of 43 launch successes in a row. It is planned that the current NASA Expendable Launch
Vehicles will be phased out or turned over to private operations before the end of this decade.
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BASIS OF FY 1986 FUNDING REQUIREMENT

SHUTTLE = U rn = OPERATIONAL CAPABILITY
1985 1986
1984 Budget Current Budget Page
Actual Estimate Estimate Estimate Number

(Thousands of Dollars)

Orbiter.......ooovviiiii, 724 ,900 606,800 655,300 333,600 SF 1-4

Launch and mission support.... .usecess 277,700 234,800 229,800 163,900 SF 1-6

Propulsion systems.................... 638,200 599,000 582,000 454,000 SF 1-9

Changes and system upgradiNngesssssssss 5,500 25,000 .25,000 25,000 SF 1-13
TOUAl . evsoeeoeeeeeoe e 1oteoee 1,465,600 1,492,100

Distribution of Program Amounts by Installation

Johnson Space Center.................. 871,900 697,300 741 ,400 371,400
Kennedy Space Center.................. 111, 200 86,800 103,200 56 ,700
Marshall Space Flight Center.......... 633,400 588,300 572,600 449,800
National Space Technology Laboratories 800 --- 6,300 7,200
Lewis Research Center................. 2,003 -—— -— -—=
Langley Research Center............... 100 -— -— -
Goddard Space Flight Center........... 400 - -—- -—
Jet Propulsion Laboratory.ssssssssnsss 1,300 T 2,300 -——
Headquarters...... 25,200 93,200 .66,300 91,400

Total....oooooii 1,646,300 1,465,600 1,492,100, 976,500
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OBJECTIVES AND STATUS

The objectives of this program are to provide for: the completion of the national fleet of Shuttle
orbiters: the production and capability development of the propulsion systems; the mission
preparation, mission control, and launch site capabilities; and, the potential changes and upgrading

of the Space Transportation System.

The planned four-orbiter fleet includes: Columbia (ov-102), the orbiter vehicle developed and flown
on the four test and evaluation flights: Challenger (0v-099), the second flight orbiter, which was
fabricated using elements of the structural test article: and, two orbiters - Discovery (ov-103) and
Atlantis (ov-104) of a lighter-weight configuration. OV-103 was delivered in November 1983. The
planned delivery date for 0OV-103 is April 1985. The final phase of operational modifications for
0OV-102 will be complete In FY 1985. Work was initiated in FY 1982 on modifications to orbiters and

the related systems integration analyses for the use of the Centaur and 1its payloads. The
provisioning of orbiter spares iIs an on-going activity to support the requirements for the initial
lay-in of line replaceable units of equipment at the launch site. In addition, the budget provides

for the extensive acquisition of orbiter structural spares to support the four-orbiter fleet.

Launch and Mission Support provides for the second set of processing stations at KSC to support
parallel orbiter processing; the additional astronaut training, mission preparation and mission
operation capabilities required for higher Tflight rates; the modifications to the launch site
capabilities to accommodate the new Centaur upper stage; and, studies and analyses of program level
improvements for the operations and management of the STS. The first line of KSC facilities (provided
as part of the DDTs&E program) supports the launch processing and checkout of one orbiter vehicle at a
time from Ulanding through launch. The second line of processing stations allows for parallel
processing of orbiters to meet the East Coast launch rate of up to twenty flights per year. A
Gulfstream II aircraft is being modified into a third Shuttle Training Aircraft (sTa) to support
increased training requirements and to permit the existing two aircraft to be overhauled when
structural fatigue considerations make this necessary. The upgrading of the Mission Control Center
(Mcc), the Shuttle Mission Simulator (sMs) complex, the flight planning and preparation facilities and
other data handling systems will provide a full rate capability for flight operations. Support for
the Vandenberg launch site, including provisioning of abort landing facilities, is proceeding.

Propulsion Systems provide for the production of the SSME and the development of the capability to
support operational requirements established for the SSME, SrRB, and ET. The SSME program includes:
production of the main engines necessary to outfit and provide spares for the orbiter fleet, ground
testing in support of engine development, and an anomaly resolution capability. The SrRB production
and capability development activities include: the development of the solid rocket motor"s filament
wound case, the redesign of hardware to meet reusability and cost savings requirements, and the
procurement of tooling and equipment to support a flight rate of twenty-four Fflights per year. In the
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ET program, the objectives are to provide manufacturing tooling and equipment to support the twenty-
four per year flight rate and to improve manufacturing techniques and management processes in order to
reduce the time and cost of producing tanks. Systems engineering support and main engine testing in
the main propulsion test article configuration are both provided in system support.

Changes and Systems Upgrading provides funding for potential changes and system modifications as

well as unanticipated new requirements not covered in the budget estimates for the above activities
and other program elements.
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BASIS OF FY 1986 FUNDING REQUIREMENT

ORB ITER
1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Orbiter production. ssssssssssnnnnsnnns 423,600 226,600 234,800 117,000
Systems integrationNesccassssssnnsansns 46,500 48,700 50,300 -
Orbiter spares..vovevieeieenans 254,800 331,500 370,200 216,600

Lo r= 724,900 606,800 655,300 333,600

OBJECTIVES AND STATUS

Successful continuation of the orbiter production activities remains the objective of this
program. This production program will provide the authorized four orbiter fleet plus a group of
selected major structural spare elements for that fleet.

With the delivery of 0vV-104 (Atlantis), the number of orbiters available for flight will be
increased to Tfour: Ov-102 (Columbia) from the ©DDT&E phase and 0V-103 (Discovery), OV-099
(Challenger), and 0Vv-104 (Atlantis) from the production phase. OVv-102 is in a final period of
modification to bring It to its fully operational configuration during 1985. Ov-104 1is in final
assembly and will be delivered in early 1985

The structural spares program initiated in FY 1983 maintains a continued production capability and
assures adequate structural repair capability iIn the event of damage to one of the four orbiters.
Fabrication of these major elements is underway and will continue throughout the year. Structural
assemblies include the wings, aft thrust structure engine compartment, crew module (including the nose
and cockpit), mid and aft fuselage sections, payload bay doors, vertical tail, and the orbital
maneuvering system pods. Incremental funding provided in FY 1985 allows further completion of the
major structural assemblies.

The procurement and fabrication of the orbiter spares inventory to support twenty-four flights per
year 1S ongoing. A concerted effort has been made to better define the spares requirements and
production capability at various vendors. A study is underway to determine logistics depot and
maintenance requirements. An interim depot system is being implemented utilizing the Air Force
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Logistics Command, NASA facilities, and contractor facilities while the study is being completed and a
long-term configuration identified.

CHANGES FROM EY 1985 BUDGET ESTIMATE

The increase of $48.5 million consists of an $3.2 million increase in production due primarily to
upgrading the General Purpose Computer (GpC) and partially to an increase in navigation equipment; an
increase iIn systems integration for work deferred from FY 1984; an augmentation of $40 million to the
structural spares program consistent with Congressional action on the FY 1985 budget; and re-pricing
of initial lay-in spares.

BASIS OF FY 1986 ESTIMATE

FY 1986 funding provides for continued procurement of major structural components as spares for the
orbiter fleet. These structural components include elements such as wings, vertical stabilizer, crew
module, payload bay doors, and aft thrust structure. These items are being assembled into varying
stages of completion. FY 1986 funding will also be utilized €or performance augmentation activities
primarily to conduct orbiter loads analysis in support of the filament wound case development and to
support the modifications of 0V-099 and 0OV-104 to accept, boost, and deploy the Centaur upper stage.
Ground support equipment and test hardware are also being provided to support KSC activities. In FY
1986, systems integration activities will have been completed on the engineering analysis and
integration support for vehicle capability changes; analysis of compliance of performed results to
system including the investigation/resolution of Flight. problems; and support of the Vandenberg launch
site activation.

Logistics support to the Space Shuttle program requires the lay-in of orbiter initial spares and
rate spares to meet the twenty-four per year flight rate and for support to ground processing
operations as the fleet size and flight rate increase. The funding €or orbiter spares covers not only
the cost of orbiter flight spares and ground support equipment spares, but also the logistics support
to analyze requirements and procure these spares. In addition, acquisition of maintenance test
equipment will be initiated to support establishment of depot maintenance capabilities.

FrYy 1986 funding will also be utilized for the continuation and improvement of flight software, the
acquisition of navigational aids for the trans-Atlantic abort sites, refurbishment of the Remote
Manipulation System (rMS) qualification hardware and the development of the upgraded General Purpose
Computer.
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BASIS OF FY 1986 FUNDING REQUIREMENE

LAUNCH AND MISSION SUPPORT

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Launch site equipment..... sessassEaas 109,800 86,800 103,200 56,700
Mission support capability............ 77,400 98,000 80,200 64,300
Mission operations capability......... 90,500 20,000 46,400 42,900

To@al. oL 277,700 234,800 229,800 163,900

OBJECTIVES AND STATUS

The First line of facilities at KSC activated during DDTE supports the launch processing an3
checkout of an orbiter vehicle from landing through launch. The second line of processing stations is
being phased in to support parallel launch processing of more than one orbiter through the various
work areas. The second high bay of the Orbital Processing Facility (OPF) and the second mobile launch
platform (MLP) were activated in late FY 1982 to support parallel processing of Ov-102 and OV-099.

The second set of high bays in the vAB, the software production facility, and the second control room
were activated in FY 1983 to enable parallel processing through orbiter - ET mate. A solid rocket
booster processing and storage facility was activated in FY 1984 to facilitate srRB handling including
off-loading of segments from rail cars, segment rotation capability, storage capability for two flight
sets (sixteen segments) and the assembly of SRB aft segments. When Pad B is activated in FY 1986,
parallel processing will be possible from the start of OPF flow through launch. A third MLP will be
activated in late FY 1986 to help meet the flight rate scheduled in 1987 and beyond. Facility
modifications supporting the FY 1986 Centaur launches are in process.

Also under Launch and Mission Support are the necessary investments at JSC to support twenty-four
flights per year. Among these capabilities are the ability to rapidly configure the ground data
handling system encompassing mission planning, simulations, and flight design. This is accomplished

through the acquisition of an electronic data network, additional hardware, and refined and expanded
software.

Other investments necessary to meet STS program objectives include the installation of inflight
refueling capability for the Shuttle Carrier Aircraft (sca), completion of the hardware inventory for
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the extravehicular mobility units (spacesuits), other government furnished crew-related equipment, the
completion of the upgrade/capability expansion of the Mission Control Center (McC), the service life
extension refurbishment of all T-38 aircraft, and the ongoing program to replace and refurbish aging
and obsolete equipment. The latter incorporates technology advances to solve maintenance and
operating problems stemming from outdated hardware and software subsystems that manufacturers can no
longer support with spares and viable operating systems. At the same time, the use of this advanced
technology will permit more rapid reconfiguration from flight to flight, with considerable improvement
in responsiveness to manifest and requirements changes.

as operational flights continue to increase at KSC, it is planned that logistics will become an
increasingly routine on-site function under the responsibility of the Shuttle Processing Contractor
(SPC). As such, a Launch Complex 39 Logistics Facility is with design stage and will be constructed
and ready by FY 1986. Funding is provided in this budget to provide special furnishings and equipment
such as an automated warehouse storage and retrieval system.

CHANGES FROM FY 1985 BUDGET ESTIMATE

Launch and Mission Support has decreased by $5.0 million since the FY 1985 budget. Launch site
equipment increased due, in part, to the requirement to provide support equipment to the new logistics
warehouse facility at Launch Complex 39, improving the processing and storage capability at KSC
Funding is required to purchase and install an automated storage and retrieval system as well as
general support equipment. Also, additional improvements to KsC's capability to function as an
efficient launch and landing complex include modernizing the meteorological capability €or more
accurate weather prediction for short term launch and landing decisions; an avionics test capability
to allow on-site checkout of shuttle avionics equipment and training of the ground crew; and, a Ffiber
optics cabling network to interface with the updated, digital intercommunication system.

The increase in launch site equipment was more than offset by a reduction in mission support
capability and in mission operations capability. This decrease was due to improved program definition
and an expectation of less change activity, both of which permitted a lower level of funding. For
example, the EVA cadre has been limited to twenty astronauts which will result in reductions to future
hardware procurements and provide greater stability to the program. Also, due to experience with the
current spacesuits gained from the two satellite retrieval missions conducted during 1984 (SMM and
PALAPA/WESTAR), the advanced EMU project has been deferred. The only funding remaining is to meet
contractural obligations. The decrease in mission operations capability is due principally to both a
reduction and rephasing of contingency landing site investments offset partially by an increase in
equipment replacement activities resulting from a deferral of planned work from FY 1984.
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BASIS OF FY_1986 ESTIMATE

In FY 1986, the major activity in the launch site equipment area will include activation of Launch
Pad B in preparation for an operational readiness date of January 1986, completion of the third mobile
launch platform by September 1986, and completion of the Ffinal modification to all of the Centaur-
related facilities. Both the Galileo and Ulysses missions are scheduled for launch in the last half
of FY 1986 and their Centaur stages require special handling during the processing stage. The
modification and preparation of these facilities continue on schedule. Another major activity in FY
1986 is continued upgrades to the operational intercommunications system connecting all major Shuttle
facilities at KSC. The current system, which was installed €or Apollo, falls short in capability to
support the planned flight rate and is becoming increasingly difficult to maintain. The new system
will use state-of-the-art digital equipment and will iInterconnect with updated switching systems using
Fiber optic cabling.

Mission support capability requirements reflect the beginning of the phase-down in crew equipment
(principally EMU) production and post-OFT testing. STS operations effectiveness work and other
support functions continue to support the Space Transportation System, as currently defined, including
the twenty-four per year flight rate capability.

Mission operations capability provides for completion of the inflight refueling modification to the
scA, Ffull flight rate capability in the MCC, and more rapid reconfiguration of the SMS and other
flight preparation systems as progress is made toward full flight rate capability. Effort will
continue on the replacement on outmoded and inefficient equipment and the T-38 service life extension
project.



BASIS OF FY 1986 FUNDING REQUIREMENT

PROPULSION SYSTEMS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Main egine................ e ssEEnans 418,100 432,600 419,000 357,600
Solid rocket booster....cceeeeeeennn.. 140,500 103,700 101,000 43,000
External @Ko 74,400 61,600 60,400 53,300
Systems Supportlllllllllllllllllllllll 5,200 1,100 1,600 100

Total. e 638,200 599,000 582,000 454,000

OBJECTIVES AND STATUS

Propulsion systems provides for the production of the Space Shuttle Main Engine®s (SSME) and the
implementation of the capability to support operational requirements established for the SSME, Solid
Rocket Booster (sSrB), and External Tank (ET). The SSME program includes the production of the main
engines required for the orbiter fleet, the procurement of spares, ground testing operations
development and certification activities to improve operating margins, reliability and durability, and
anomaly resolution capability. In the sSRB, the development of the filament wound case (rwC) solid
rocket motor and the redesign of the hardware to meet program requirements for reusability and
operational cost reduction are being pursued. Included within SRB requirements is the procurement of
manufacturing tooling and equipment to support fabrication and transportation for meeting the twenty-
four per year flight rate. 1In the ET program, the objective is the procurement of manufacturing
tooling and equipment to support the twenty-four/yvear Flight rate. Systems support primarily
provides for the testing of the SSME in the main propulsion test article configuration in addition to
providing systems integration engineering support.

The main engines continued their record of superb flight performance with the four flights of the
Space Shuttle completed last year. These flights were completed with no SSME anomalies that impacted
flight performance. The total SSME ground test experience now exceeds 1,170 tests, totaling
approximately 226,000 seconds of test time. This experience includes 420 tests, exceeding 50,000
seconds of operation, at the Full Panel Level (FPL).
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During the course of FPL testing over the past several years, it became apparent that design margins
are inadequate for routine full power level flight operation and that the current SSME configuration
requires an unacceptable amount of maintenance at that power level. Consequently, the SSME program
has been re-structured into three areas: (1) Fflight support, (2) product improvement and (3) advanced
development.

The Fflight support element involving both production and operations is charged with producing all
engine hardware, conducting the acceptance, certification extension and flight anomaly resolution
tests which are directly related to the flight program, providing all logistics support (including
engine/component overhauls), and conducting the flight readiness assessments.

The product improvement element continues the work begun in FY 1983 to reduce the SSME operating
costs and increase the SSME operating margins. Work to reduce to operating costs is concentrated in
the high pressure oxygen and hydrogen pumps. The testing of design modifications to the two pumps is
well underway and has shown good progress toward achieving better pump life. Modified design pumps
are expected to begin certification testing early iIn the second quarter of FY 85 and will be phased
into the fleet beginning In mid FY 8. A redesign of the hot gas manifold (HGM) is underway to
provide better flow conditions, and hence lower resistance and lower pump loads. These HGM changes
will be available for test in FY 1986 and for subsequent introduction into the fleet beginning in FY
1989 during routine engine overhauls.

The advanced development element has to assure viable alternative sources for SSME class rocket
engines, (i.e., high thrust, high performance, cryogenically fueled engines) and/or components, and
to provide an independent means to evaluate the technical advances arising from the the Space Research
and Technology program, from the current SSME contractor, and from alternative sources. The details
of the advanced development effort will be defined during FY 1985 following the completion of two
study contracts began in late FY 1984. The initial alternative engine study effort is expected to be
completed by mid FY 1985.

Additional sRe design improvements are required to reduce the damage being incurred during booster
water impact. Although the effort to strengthen the aft skirt structure has been effective in
minimizing structural damage, problems with damage and salt water intrusion into the thrust sector
control system components still require resolution. Larger main parachutes have been developed and
were implemented on flight sTs-41D to reduce the water impact velocity which is the major factor
affecting hardware damage. Hardware damage has been reduced as a result of the introduction of the
larger chutes. Modifications are also underway to prevent salt water intrustion into the thrust
vector control system. The new high performance motor was successfully flown on the STS-8 flight,
although post-flight inspection indicated that erosion on one of the nozzles was greater than
nominal. Modifications in manufacturing procedures and configuration are being evaluated as possible
solutions to this recent problem.
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The SRB program includes the development of a PAC motor case. This development effort will enable
the replacement of the heavier steel motor case segments for high performance launches. The
performance increase is achieved by a reduction in the Shuttle lift-off weight resulting in a payload
capability improvement of approximately 4600 pounds. The full scale development hydrotests were
completed, the first static test firing (bDM-6) was successfully conducted, structural test articles
have been delivered to MsFC €or dynamic load tests and all segments to support the first flight from
vLs have been wound.

Transition to the production mode in the ET program is well underway. Production readiness
activities continue to smooth this transition and favorably improve production capability. The
producibility program has already provided substantial cost savings. Rearrangement of existing tools
and new tools to eliminate manufacturing "choke points"™ and smooth the production flow for the buildup
to twenty-four tanks per year has been emphasized and is nearing completion.

In systems support, preparations are underway for the test of the engines at FPL in the main
propulsion test stand at NSTL in early 1985. This test will provide for a check of the main engines”
performance in conjunction with the main propulsion system test hardware mounted in the aft end of the

simulated orbiter.

CHANGES FRQM FY 1985 BUDGET ESTIMATE

Propulsion system requirements have decreased by $17.0 million from the Fr 1985 Budget Request. The
decrease in funding for the main engine is the result of restructuring the development/certification
program and reducing related test hardware requirements. One development/certification engine was
deleted as well as long lead materials previously designated for future critical components and new
engines. The program has been modified so that it includes not only improvements in component life
and increased reliability to the current configured engine but also an advanced development effort
that will evaluate and promote new technical advances for future engines. In addition, manufacturing
tooling improvements have been added to increase manufacturing capability to produce quality hardware

more efficiently.

The decrease in funding required for the SrRB is related to a rephasing of some PAC activity to later
years to maintain a continuous production rate, partially offset by the development of a parachute
separation system to disengage the parachutes from the boosters upon water impact. There has also
been some rephasing of tooling activity to the later years due to mission model changes.

ET funding requirements decreased as a result of rephasing rate tooling requirements in accordance
with revised flight hardware delivery need dates.
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The increase in systems support is attributable to the extension of the Main Propulsion Test (MPT)
for full power testing to FY 1985. Following completion of these tests, the MPT stand will be
converted to a single engine capability to support the SSME development/production program.

BRSIS OF FY 1986 ESTIMATE

In FY 1986, funding for the SSME provides for those activities necessary to support the orbiter
production, flight schedules, and ground testing. New mechanisms for increased production capability
will be in place and operating. Product improvement testing will continue as will certifcation of new
SSME component design modifications. Other on-going activities also provided for within the SSME
budget estimates include flight lay-in and rate spares, anomaly resolution testing, and continued
Block 11 Controller development.

In the srB, efforts will continue on the improvements to the thrust vector control system and other
program elements to minimize flight damage and improve turnaround times on reusable hardware.
Procurement of manufacturing tools, transportation support equipment, and related items will continue
in support of reaching a twenty-four per year flight rate capability. In the FWC development
activity, funding in FY 1986 provides for reusability/refurbishment studies, completion of development
testing, and fabrication of flight articles.

In the ET program, enhancement of manufacturing processes will continue through production readiness

efforts. The major thrust €or FY 1986 will be continuing procurement and installation of tools and
equipment to support the build-up to a production rate of twenty-four per year.
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BASIS OF FY 1986 FUNDING REQUIREMENT

CHANGES AND SYSTEMS UPGRADING

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Changes and systems upgrading.-.--.. - 5,500 25,000 25,000 25,000

OBJECTIVES AND STATUS

Management, technical Fflight experience, and cost reviews of the Space Shuttle program have stressed
the need for providing an adequate allowance for changes and modifications which inevitably are
required in a large, complex, and technically demanding space system.

The changes and systems upgrading budget represents the estimated requirement for potential changes
and systems modifications and unanticipated developments which are not included in the program element
budget estimates. Such funds are necessary to provide for programmatic and technical changes, such as
modifications to the orbiters to improve flight performance and system reliability, changes and
upgrading of ground systems to reduce turnaround time between missions, and replacement/modification
of hardware elements to achieve increased operating economies.

As the changes and upgrading requirements are identified and approved, funds are allocated to the
appropriate budget activity. The remaining FY 1984 funding will be transferred to Space Station in
response to Congressional direction included in the FY 1985 budget.
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BASIS OF FY 1986 ESTIMATE

The funding requested for ry 1986 will provide for those changes which are considered to have the
highest priority. The objectives are to improve reliability, increase operating efficiency, and
reduce costs. Changes and upgrading areas of interest include modifications to flight and ground
systems; design and development of hardware/software systems which meet requirements for improved
safety, reliability, performance and cost-effectiveness; and changes which will reduce operational
costs by extending operational life, by facilitating improved mission-to-mission turnaround time, and
by improving mission performance margins.
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BASIS OF FY 1986 M

SPACE TRANSPORTATION OPERATIONS

1985
1984 Budget Current
Actual Estimate Estimate
(Thousands of Dollars)
Shuttle operationNS.ssssssssssssssnnnss 1,402,000 1,339,000 1,314,000
Flight operations......... sessssssss (343,300) (316,000 ) (315,200 )
Flight reardare..................... (729,500) (758,000) (722,900)
Launch and landing operationS....... (329,200) (265,000) (275,900)
Expendable launch wehicles............ 50,000 o ==
To@l. ... 1,452,000 1,339,000 1,314,000
Distribution of Program Amounts by Installation
Johnson Space Cater..oooooooooaoo.. 430,700 349,900 382,900
Kennedy Space Gater.................. 328,700 262 ,500 269,700
Marshall Space Flight Cetter.......... 626,300 671,800 634,400
Goddard Space Flight Gater........... 48,100 600 900
Langley Research Ceter............... 100 -—— 100
Ames Research Cater....oococceeana... 3,200 2,500 2,600
HeadouaIrter's. - ..o oo eeeeee oo EREEREE 214,900 ~51.,200 ~23,400
To@al. .o 1,452 hoo, 1,339,000 1,314,000

1986
Budget

aas 2382 2aks

1,725,100
(425,200 )
(964,000)
(335,900 )

- .

def 25 , 00—

538,700
318,800
796,100
1,100
100
3,100
67,200
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OBJECTIVES AND STATUS

Shuttle operations direct appropriated funding is combined with the reimbursements received from
other U.S. Government, commercial, and international users to support the launch and flight operations
requirements of the Space Shuttle. Through FY 1984 eight Shuttle Operational missions were
successfully flown. These missions demonstrated many of the Shuttle®s capabilities, including
deployments of spacecraft and their upper stages, satellite repairs, satellite retrieval and
operations using the remote manipulator, a dedicated Spacelab, extravehicular activity operations, a
night landing, and a widening of the Shuttle"s performance envelope. In Fy 1985, another ten to
eleven missions are scheduled to be flown. Thirteen to fourteen flights are scheduled for FY 1986.

The Fflight operations activity is divided into three major elements: mission support, integration,
and support. Mission support includes a wide variety of planning activities ranging from operational
concepts and techniques to detailed systems operational procedures and checklists. Integration
includes launch support services and sustaining engineering for orbiter systems, cargo analytical
integration, and STS systems integration. The support element includes base operational support at
JSC and systems activity at JSC, Headquarters and Goddard Space Flight Center.

The flight hardware program element provides for the procurement of ET's, solid rocket motors,
booster hardware, and propellants; spare components for the SSME; orbiter spares; ET disconnect and
SRB rate qyros, sustaining engineering and logistics support for the external tank, solid rocket
booster, and main engine flight hardware elements; and maintenance and operations of flight crew
equipment. Included in the funding request for ET's, solid rocket motors, and boosters are the long
lead time raw materials, subassemblies, and subsystems necessary to sustain the production of elements
in a manner consistent with the increasing flight rate.

Launch and landing operations provides for the launch preparation and the Blaunch and landing
operations of the Space Shuttle and its cargo.

Expendable Launch Vehicle Missions will continue on a reimbursable basis. Since the Delta"s first
use in 1960, this vehicle has been utilized in 177 launches and has experienced a success record of
over 93 percent. The last 43 launches in a row were successful. It is presently operational with
two- and three-stage configurations. The first stage is an elongated Thor booster with three, six, or
nine strap-on solid motors for thrust augmentation. The second stage Delta, which provides a multiple
restart capability, uses an inertial guidance system for guiding the first stage booster and the
second stage Delta. With the use of a Payload Assist Module (paM/ssus-D) solid motor attached to the
spacecraft, this vehicle is capable of placing a 1,100 kilogram payload (2,400 pounds) or, in the 3920
configuration, a 1,270 kilogram (2,800 pounds) payload into a synchronous transfer orbit. This
vehicle in its three-stage configuration 1is approximately 35 meters in length (115 feet) and has a
diameter of 2.44 meters (8 feet). The Active Magnetospheric Particle Tracer Explorer (AMPTE), the
last NASA mission on Delta, was launched in August 1984. ELV programs are now being completed on a
fully reimbursable basis.
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BASIS OF FY 1986 FUNDING REQUIREMENT

FLIGHT OPERATIONS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dof]ars)

e [Pty

Mission syport. ... snaan 176,500 142,500 162,400 182,900
Integration. .. oo . 102,900 72,900 84,000 126,300
ST o ¢ 0 ¢ o 63,900 100,600 68,800 116,000

TotAd. ... eeaeae 343,300 316, 00Q 315,200 425,200

OBJECTIVES AND STATUS

Flight operations is divided into three major areas of activity: mission support, integration and
support. Mission support includes a wide variety of planning activities ranging from operational
concepts and techniques to detailed systems operational procedures and checklists. Tasks include
flight planning, preparation of development system and software handbooks, flight rules, detailed crew
activity plans and procedures of Mission Control Center (McC) and network systems requirements for
each flight, and operations input to the planning for the selection and operation of Shuttle
payloads. Specific Tflight planning activity encompasses the flight design, flight analysis, and
software activities. Flight design products include conceptual flight profiles and operational flight
profiles which are issued for each flight. The flight design task also includes supporting the crew
training simulations and development Tflight techniques. The software activities include the
development, formulation, and verification support of the guidance, targeting, and navigation systems
software requirements in the orbiter and MCC. In addition, the flight-dependent data located in the
erasable memory (mission-to-mission changes) is developed from the Fflight design process for
incorporation iInto the orbiter software, Shuttle mission simulator, and MCC systems. Integration
includes vehicle, payload and system integration and launch support services. Support includes base
operations support to Shuttle Operations at JSC and systems level support at JSC, Headquarters, and
Goddard.

CHANGES FROM FY 1985 BUDGET ESTIMATE

Direct funding requirements for flight operations have decreased by $800,000 from the budget
estimate. A major addition iIn integration was for launch support services to be provided to the

launch site by the development contractor. The adjustment in mission support and support reflect
increases in flight planning due to the number of manifest missions and software changes effort offset
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by the application of program reserves.

BASIS OF FY 1986 ESTIMATE

The TFflight operations portion of the Shuttle operations budget provides the maintenance and
operation of the onboard avionics software and the mission control systems; maintenance and operations
of the training and flight proficiency aircraft and simulators for crew training; and analysis and
generation of the mission planning necessary to conduct and control the mission and instruct the
flight crew. Planning includes conceptual level profile development and analysis, beginning about two
years before the flight; and operational profile development and analysis, accomplished in the period
immediately prior to the flight. Further, flight operations - mission support includes the flight
crew mission requirements and the safety certification at JSC; other activities are the updates to and
verifications of flight software, post-flight assessment, and ground turnaround evaluation. The
operations and maintenance of the SAIL are provided to test and verify the ongoing operations software
and hardware modifications. The SAIL is a core facility which is a key element in the capability of
the system to investigate and resolve anomalies experienced on the ground or in flight. The core
level of SAIL operations are funded through the Engineering and Technical Base budget element.

Integration includes the identification OF operational requirements For the design of improved
future spacecraft and STS component systems; the development of flight techniques for utilization of
these systems; the sustaining engineering required to integrate all flight elements and to assure
systems safety and integrity; the analytical integration of the payloads into the orbiter and the
planning to assure compatibility and verification of interfaces; the orbiter sustaining engineering
required to ensure vehicle maintainability, reliability, and anomaly resolution during operations.
Launch support services provides development contractor expertise on-site at the launch and during
pre-launch processing.

Funding for support elements provides for: JSC base operations activities related to Shuttle
operation, that are the additive (to the core engineering and technical base) operations and
maintenance support, printing, equipment rentals, and supplies and materials; the '"Getaway Special"
payload cannister effort performed by GSFC: Headquarters programs including assessments for
agency-wide activities, and efforts by the Space Shuttle Projects Office associated with system-wide
activities necessary to achieve the planned flight rate and schedule reliability required for mature
system operations.
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BASIS OF FY 1986 FUNDING REQUIREMENT

FLIGHT HARDWARE

1985 N 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

07137 (= 153,200 153,200 147,600 238,400
Solid rocket booster.................. 336,800 323,900 294,000 401,500
External tark.........o..ococoooooe. 239,500 280,900 281,300 324,100

Total. .o 729,500 758,000 722,900 964,000

[ty ety et svrrirrrtvery AR

OBJECTIVES AND STATUS

The Fflight hardware program element provides for the procurement of external tank (ET); solid rocket
motors, booster hardware, and propellants; spare components for the ssME's; orbiter spares; sustaining
engineering and logistics support for external tank/solid rocket booster (srB)/main engine TFTlight
hardware elements; and maintenance and operation of flight crew equipment. Included in the funding
request for ET's, solid rocket motors, and boosters are the Ilong lead time raw materials,
subassemblies, and subsystems necessary to sustain the production of these elements in a manner
consistent with the increasing flight rate. Production phasing of these elements is based on the
current flight traffic model and is structured to maintain as smooth and efficient a buildup of the
production capability as possible. In the ET, an efficient and nondisruptive production process
continues to be developed which enables manufacturing, assembly, and checkout operations to proceed on
a basis which allows for timely delivery of flight hardware to the launch site. The orbiter line
element includes: orbiter spares for replenishment of line and shop replaceable units, and the
manpower for supporting this logistics operation; SSME overhauls, retrofit hardware, and procurement
of replacement spare parts; and provision for the Ffixed level of annual support for the liquid
hydrogen plant; and, replaceable spares, field support, and maintenance of crew-related equipment.
Some examples of orbiter spare equipment are fuel cells, tiles for thermal protection, tape recorders,
leading edge support structures, wheels, brakes and pyrotechnics. The crew-related equipment
activities include support to the pre-flight training and Fflight usage of the extravehicular
maneuvering unit, emergency portable oxygen systems, radiation instrumentation, survival radios,
closed-circuit television cameras, medical support and food and other galley-related items.
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BASIS OF FY 1986 FUNDING REQUIREMENT

LAUNCH AND LANDING OPERATIONS

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Launch operationS.ussssssssssssssssnns 299,600 215,300 245,100 294,200
Payload and launch support............ 29 600 49,700 30,800 41,700
Total. ..o 329,200 265,000 275,900 335,900

OBJECTIVES AND STATUS

Launch and Landing Operations provides for the launch preparations and the launch and landing
operations of the Space Shuttle and its cargo. The orbiter, external tank (ET), solid rocket boosters
(SrRB), main engines(SsME), and payloads are checked out, integrated, and launched from KSC at Cape
Canaveral, Florida. The SRB's are retrieved from the Atlantic Ocean after separation from the
Shuttle. Space Shuttle landing support is Tfurnished at KSC and contingency landing sites as
required. The major facilities used for launch and landing operations include: the launch control
center, orbiter processing facility, vehicle assembly building, mobile launcher platforms, SRrB
processing and storage facility, payload processing facilities, launch pads, and the Shuttle landing
facility.

Funding for launch and landing operations provides the propellants (excluding SRB propellants),
manpower and support services required to accomplish the integration and processing of the Shuttle and
its payloads. Under launch operations, manpower is provided to process, integrate, and check out the
orbiter, ET, solid rocket motors/boosters and the SSME into the proper Blaunch configuration
preparatory to each flight. Support manpower is also included to conduct the SRB retrieval
operations, engineering support, logistics, central data system support, facility and equipment
modifications, spares procurement and the maintenance and operation of the ground systems, structures
and equipment. Funding for payload and launch support provides for the processing and integration of
the payloads, propellants for launch operations and base support (excluding SRB propellants), and
Shuttle operations at the Dryden Flight Research Facility.

Contractual arrangements at KSC which consolidate responsiblity and incentives based on performance
have successfully provided the framework for achieving a truly operational STS with improved
productivity and increased reliability. The KSC Base Operations Contractor (Boc), has successfully
completed its second full year of providing support to shuttle programs as well as institutional
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organizations at XscC. The Shuttle Processing Contract (spC) was awarded in September 1983, and,
following a successful six-month transition, has processed and launched two missions from KSC, one of
which returned from orbit to land at the launch site. The SPC contract is a target cost per flight,
incentive fee mission contract to process the Space Transportation Systems both at KSC and at the
Vandenberg Launch Site (VLs) in California. VLS activities are funded by the Department of Defense.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The Launch and Landing Operations direct budget requirement increase of $10.9 million is due to
reduced anticipated reimbursements associated with future flights. The total funding requirement,
direct budget and reimbursable payments decreased as the result of operational efficiencies for the
Shuttle Processing contractor and Payload processing contractors. The savings in total were offset by
the reduced reimbursements resulting In an increase to direct funding.

With implementation of the SPC contract there has been a rebalancing of work bwteen the Launch
Operations and the Payload and launch support activities to agree with the SPC internal organization
and the spc/BoC division of work. For example, in the FY 1985 Budget, the payload and launch support
category included procurement of ground support equipment spares. Since the Shuttle Processing
Contract covers the responsibility for this effort, spares are now accounted for in the launch
operations category.

BASIS OF FY 1986 ESTIMATE

Launch operations funding in FY 1986 provides for manpower and support services necessary for
processing the 11 to 12 launches from KSC. This includes manpower to process the build-up of the
SRB's, mate the boosters and tanks; process the orbiter; mate the orbiter to the integrated SRB"s and
tank; process and checkout integrated flight elements through Blaunch; retrieve the srRB's for
refurbishment; and support landing of the orbiter either at KSC or at a contingency landing site when
required. Funding also supports the manpower required for sustaining engineering, spares
provisioning, logistics, launch processing system operation and maintenance, and
maintenance/modifications OF all other shuttle related ground support equipment and facilities.

Payload and launch support funding provides: propellants for launch operations and base support,
and contractor support for the assembly of individual payloads into a total cargo. This element
includes providing launch site support managers to payload customers, verifying cargo-to-orbiter
interface, and providing operations maintenance and logistic support to cargo support equipment-- such
as cargo integration test equipment and multi-mission payload support equipment--and the payload
support areas--such as the Vertical Processing Facility, Operations and Checkout building, and cargo
hazardous servicing facilities. Support required for maintaining the Dryden Flight Research Facility
as a contingency landing site is also included. SF 2-7



CHANGES FROM FY 1985 BUDGET ESTIMATE

Direct funding requirements for Flight Hardware in the current estimate reflects a net decrease of
$35.1 million from the budget estimate. The reduction is in all areas of flight hardware is primarily
the result of reduced flights. Within the Orbiter Project, funding reductions stem from revised
methodology for determining spares requirements and anticipated cost savings in hardware procurements
resulting from increased investment in manufacturing capability improvements funded in the Production
budget. Reductions in the sSrB Project have been achieved through labor and subcontract savings
realized at the SrRB contractors. Reductions in total funding required from the ET were offset by
lower anticipated reimbursements associated with the reduced flights.

BASIS OF FY 1986 ESTIMATE

Requirements for orbiter flight spares, crew equipment spares, and logistics are based on
calculations involving flight rates, maintenance schedules, operational hours, turnaround times, and
lead times to procure spares. The budget provides replenishment line and shop replaceable units, as
well as the manpower to support the overhaul and repair activity required to support the project
flight rate. Main engine hardware provides for manufacturing and delivery of overhauled engines and
engine component spares. A revised engine overhaul plan is in place that includes inspection and
removal of engines based on the anticipated average mean time between replacement rate for powerheads
and main combustion chamber components. Flight hardware requirements activity for!the sSrs and ET
include the procurement of the materials and labor required for refurbishment and fabrication of units
which will be flown after FY 1986, as well as the support of the production of units which will be
flown in that year.
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BUDGET SUMMARY

OFFICE OF SPACE TRACKING AND DATA SYSTEMS  SPACE AND GROUND NETWORKS, COMMUNICATION AND DATA SYSTEMS

SUMMARY OF RESOURZES R LREMENTS

e 1282 il 1986
1984 Budget Curvrent Budget Page
Actual Estimate Estimate Estimate Number

{Thousands of Dollars)

SPaCe NEetWOTYKesessosoeooosonossssosssan 253,100 386,500 378, 300 400,300 SF 3-4
Ground networKeseeevoeeasnanaas 249,300 223,600 233,200 219,309 SF 3-9
Conninications 1nl data SsystemS.. sassas 165,600 185,530 184.200 188, 209 SF 3-19
TOEALeeseennerennnnnsensnvnnnsesss 574,000 795,700 795,700 803,300
Distribubion #F Proyran Andunts by Tastallation
Marshall Space Flight Center...sssnesse 13,200 17,400 17,400 27,900
Goddard Space Flight Center....c.eeee.s 357,416 434,300 427,130 365,000
Jet Propulsion Laboratoryesssssoesrseans 95,389 106,600 107,200 124,300
Amnes Research Center........ 5,500 5,700 8,600 11,000
HeadquartersS cosssssssssnssnnsnsnnnnnnns 200,285 228,200 235,200 279,600
Jonnson 3pace Zentereeecieesesnssionss 510 —— 150 e
Lewis Research Center.iiieiviorsneonnna e = .23 i
Total 674,000 795,700 795,700 808,300
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SPACE FLIGHT, CONTROL aND DATA COMMUNICATIONS
FISCAL YEAR 1986 ESTIMATES

OFFICE OF SPACE TRACKING AND DATA SYSTEMS SPACE AND GROUND NETWORKS, COMMUNICATIONS AND DATA SYSTEMS

PROGRAM OBJECTIVES AND JUSTIF ICATION

The purpose of this program is to provide vital tracking, telemetry, command, data acquisition,
communications and data processing support to meet the requirements of all NASA flight projects. In
addition to NASA flight projects, support is provided on a reimbursable basis for projects of the
Department of Defense (DoD), other Government agencies, commercial firms, and other countries and
international organizations engaged in space research.

Support is provided for Earth orbital and planetary missions, research aircraft, sounding rockets
and balloons. The program includes support of the Space Shuttle and Spacelab flight programs. The
various types of support provided include: (@) tracking to determine the position and trajectory of
vehicles iIn space; (b) acquisition of scientific and space applications data from on-board experiments
and sensors; (c¢) acquisition of engineering data on the performance of spacecraft and launch vehicle
systems; (4d) reception of television transmissions from space vehicles; (e) transmission of commands
from ground stations to the spacecraft; (f) communication with astronauts; (g) transfer of information
between the various ground facilities and control centers; and (h) processing of data acquired from
the launch vehicles and spacecraft. Such support is essential for achieving the scientific objectives
of all flight missions, for executing the critical decisions which must be made to assure the success
of these flight missions and, in the case of Shuttle missions, to insure safety of the crew.

Tracking and acquisition of data for the spaceflight projects is presently accomplished through the
use of a worldwide network of NASA ground stations, and by the first of a system of three tracking and
data relay satellites In geosynchronous orbit working with a single highly specialized ground
station. Ground facilities are interconnected by terrestrial and communications satellite circuits
which are leased from communications carriers, both domestic and Tforeign. This interconnection
provides the communications capability needed between spacecraft and the control centers from which
the flights are directed.

To meet the support requirements levied by the wide variety and large number of flight projects,
NASA has established three basic support capabilities to meet the needs of all classes of NASA flight
missions. These are the Spaceflight Tracking and Data Network (STDN), which supports Earth orbital
missions; the Deep Space Network (DsSN), which supports planetary and interplanetary flight nissions;
and the Tracking and Data Relay Satellite System (TDRSS), which will provide all low Earth orbital

mission support when it becomes fully operational. The STDN will continue to provide Earth orbital
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support until three TDRSS spacecraft are launched, properly positioned, and have completed pre-
operational testing to ensure reliable mission operations support.

When the TDRSS is fully operational, a phaseout of selected STDN ground stations will be
initiated. This is presently planned for the last half of 1985. Certain facilities of the STPN will
be retained to provide support to geosynchronous and highly elliptical missions which cannot be
supported via the TDRSS or to provide Shuttle launch and landing support. These remaining facilities,
except for the launch and Shuttle landing support facilities, are being consolidated with the DSN
stations under the management of the Jet Propulsion Laboratory (JPL). The consolidation, when
completed in February 1985, will provide a single network to support geosynchronous, highly
elliptical, and planetary missions, as well as supporting those spacecraft, now In low-Earth orbit,
which are not compatible with TDRSS.

Computation facilities are maintained to provide real-time information for mission control and to
process into meaningful form the large amounts of scientific, applications, and engineering data which
are collected from flight projects. In addition, instrumentation facilities are provided for support
of sounding rocket launchings and flight testing of aeronautical research aircraft.

The Space Flight, Control and Data Communications appropriation includes the Space Network, Ground
Network, and Data Processing and Communications elements of the program, and provides funds for: (a)
the cost of TDRSS service; (b) operations and maintenance of the tracking, data acquisition, mission
control, data processing and communications facilities; and (c) the engineering services and
procurement of equipment to sustain and modify the various systems to support continuing, new, and
changing flight project requirements.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The current estimate for FY 1985 is $795.7 million which is the same as the overall budget
estimate. Within the initial operating plan level of $795.7 million, adjustments were made to provide
for the operation of the STDN stations through the end of FY 1985. These adjustments are addressed in
more detail in subsequent sections of the program justification.
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SPACE_NETWORK

1985 ___ 1 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Tracking and data relay satellite

system (IDRSS).-ocomiiaicaiaaas 204,300 319,900 316,600 335,600
Space network operations....... e 31,300 40,800 35,900 37,100
Systems engineering and support. ...... 23,500 25,800 25,800 28,100

Total 259,100 386,500 378,300 400,800

s s N T RS

i

N

The Space Network consists of the Tracking and Data Relay Satellite System (TDRSS) and a number of
NASA ground elements to provide the necessary tracking, telemetry, command, and communication services
to low Earth orbital spacecraft. The TDRSS itself will consist of a three-satellite system in
geosynchronous orbit and a single ground terminal located at White Sands, New Mexico. The satellites
communicate with the user spacecraft in space and relay information to and from the ground terminal.
From the ground terminal, satellite and ground communication links interconnect the NASA elements of
the network and any remotely located user facilities.

The FY 1986 request includes funding for: repayment, including a $30M pre-payment, of the loans
extended by the Federal Financing Bank (FrB) for TDRSS development; payments to the TDRSS contractor
for continuing TDRS production, TDRSS services and for maintenance and operation of the White Sands
Complex; manpower and services necessary to operate and maintain the other NASA elements of the
network; and systems engineering, engineering analyses and other support services to the network
elements, such as mission planning, logistics, and documentation.
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1985 1986
1984 urrent Budget
Qg Estimate Estimate Estimate

(Thousands of Pollars)

Tracking and data relay
satellite system..................... 204,300 319,900 316,600 335,600

OBJECTIVES AND STATUS

The Tracking and Data Relay Satellite System (TDRSS) objective is to provide communication services
between the user spacecraft and ground facilities. The Tracking and Data Relay Satellites (TPRS)
provide space-to-space communications to and from the user satellites and relay these communications
to the ground via a single ground terminal which is interconnected with the other elements of the
Space Network. From their position in geosynchronous orbit, the TDRS can provide nearly a six-fold
increase in the orbital coverage provided by the existing complex of ground stations and can
accommodate extremely high user data rates ranging up to 300 megabits per second. These capabilities
will provide tracking, command, telemetry, and communication services to the flight missions of the
Shuttle era.

The TDRS-1 was launched in April 1983, and the Inertial Upper Stage (IUS) booster failed to deliver
the TDRS spacecraft into the correct orbit. In late June 1983, the mission was recovered through a
complex sequence of maneuvers and the spacecraft was placed into its nominal orbit. Since that time,
the spacecraft has supported subsequent Shuttle missions, including Spacelab-1 and Landsat 5, while
continuing the test and checkout of the TDRSS spacecraft and ground terminal. The TDPRS-1 spacecraft
experienced partial failure of the Ku-Band forward link that provides communication from TDRSS to the
user spacecraft. The cause of this failure has been isolated and a modification has been implemented
on subsequent spacecraft.

The launches of TDRS-2 and -3 have been delayed while modifications are being made to the IUS to

rectify the causes of the anomaly experienced during the first launch. Current plans anticipate
launch of the second TDRS in February 1985, with the third launch following in the second half of
1985. These launches will complete the operational constellation of two TDRS’s with TDRS-1 being used

as an on-orbit spare. The first ground spare spacecraft has completed environmental testing and is
now in storage. Current planning provides for launch of the initial four spacecraft using the I1JS and
the launch of subsequent spacecraft using a competitively procured upper stage.

SF 3-5




CHANGES FROM FY 1985 BUDGET ESTIMATE

The net decrease in FY 1985 of $3.3 million resulted from a delay in the launch of the second and
third spacecraft (TDRS-2 and -3) due to the anomaly experienced during the first launch. This delay
has resulted in the rescheduling of some testing and launch-related activities.

BASIS OF FY 1986 ESTIMATE

Under the terms of the TDRSS service contract, loans were extended by the Federal Financing Rank
(FFB) to the Space Communication Company (SCC), the owner-operator of the TDRSS, for program
development. Under the terms of the loan agreement and assignment, NASA repays these loans directly
to the FFB. In addition, NASA will make payments to SCC for TDRSS services, for continued spacecraft
production, for maintenance and operation of the White Sands Ground Terminal and other support to be
provided during the year. Current planning provides for launch of the initial four spacecraft using
the 1US and the launches of the two subsequent spacecraft using a competitively procured upper
stage. Activities associated with integrating the TDRS with an upper stage other than ITJS are planned
in FY 1986.

Of the amount requested in FY 1986, approximately $257 million is for loan repayments to the FFB.
The $257 million includes, as requested by the Appropriation Subcommittees, a pre-payment of $30
million on the loans in order to reduce the total interest cost and thereby reduce the total project
cost. Approximately $57 million of the request provides for TDRSS service payments, TPRSS integration
with an upper stage and other changes and support activities. Another $22 million is included in the
request for the maintenance and operation of the White Sands Ground Terminal. These estimates are
predicated upon the successful launch and checkout of TPRS-2 and TDRS-3 in February 1985 and the
second half of 1985, respectively.

1985 1986
1984 Budget Current Rudget
Actual Estimate Estimate Estimate
[Thousands of Bollars)
Space network operationsS... sessssssuss 31,300 40,800 35,900 37,100

OBJECTIVES AND STATUS

The objective of Space Network Operations is to provide for the operation and maintenance of the
associated NASA ground systems which, when combined with TDRSS, provide a full array of reliable
tracking, telemetry, command, and communication services to user spacecraft in low-Earth orbit. Each
of these NASA systems perform specific functions for the Space Network.
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The NASA Ground Terminal (NGT) monitors TDRSS performance and provides fault isolation monitoring
for the network. The Network Control Center (NCC) schedules TDRSS services for all user spacecraft,
and the Operations Support Computing Facility (OSCF) provides orbit determination, trajectory
analysis, and position location for flight missions supported either via the Space Network or by the
current Spaceflight Tracking and Data Network (STDN) . The Bilateration Ranging Transponder System
(RRTS) provides precision position location and orbit determination €or the TDRS. The Simulation
Operations Center (SOC) and the Compatibility Test Vans (CTV) provide necessary pre-—launch testing,
simulations, and interface verification for both user spacecraft and the various network elements to
assure the operational readiness of the network to support a given mission.

The individual elements are designed to function as an integrated operational system. Currently,
the overall system is in an integration and test phase and is providing service to the user community
on a limited basis. Effort is also continuing on achieving an operational configuration that 1is
capable of supporting an expanded workload in the late 1980's.

CHANGES FROM FY 1985 ESTIMATE

The decrease of $4.9 million is due to the launch delay and changes in operational support
requirements, primarily for the Operations Support Computing Facility and the Network Control Center
(NCC). The delay in the TDRSS program, along with schedule slips in user programs, has resulted in a
reassessment of support requirements and a stretchout in the projected support workload.-

BASIS OF FY 1986 ESTIMATE

The funding request provides for contractor personnel to operate the network systems 24 hours per
day, seven days per week, and to provide requisite hardware and software maintenance. A contract has
been competitively awarded to provide these operations and maintenance services. Ta addition, a
variety of support services is provided in the areas of logistics, mission planning and documentation.

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Tollars)

Systems engineering and support.. casas 23,500 25,800 25,800 28,100
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OBJECTIVES AND STATUS

The objective of Systems Engineering and Support is to provide the engineering services and
requisite hardware systems to implement and sustain the NASA elements of the Space Network.
Engineering services are supplied primarily through the operations contract and a number of small,
highly specialized engineering service contracts. Current emphasis is on the completion of systems
implementation for the ground network elements and integration testing in preparation for initial
operations of the Space Network. Major activities include implementation of reliability enhancements
at the White Sands Ground Terminal (WSGT), development of a high data rate switch for the NASA Ground
Terminal (NGT), implementation of a NGI' scheduling system, replacement of the Network Control Center
(NCC) Digital TV system, and the conduct of end-—to-end testing with all Space Network user facilities.

BASIS OF FY 1986 ESTIMATE

Requested funding will provide for engineering support in the areas of systems engineering,
performance and operations analyses, minor facility modifications, network integration testing and
interface verification, sustaining engineering support, test equipment, and vendor maintenance for
specialized equipment and subsystems within the Space Network. Design and analytical studies will be
conducted on a wide array of items ranging from subsystem modifications to meet new mission
requirements or to correct system deficiencies to the analysis of the radio frequency environment for
potential impact on TDRSS and other network systems. Funds are also requested for continued software
development for the NCC, replacement of the high data rate switching system for the NASA Ground
Terminal (NGT), replacement of the NCC Display System, and to continue WSGT system enhancements.
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BASIS OF FY 1986 FUNDING REQUIREMENT

L 1K
1985 - 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Spaceflight tracking and data

network systems implementation..sssss 8,500 6,300 6,600 2,700
Spaceflight tracking and data

network operationS... .sssssssssssnnnns 119,748 83,300 93,000 55,700
Deep space network systems

implementation..csssssssssnnsnsnnnnnss 39,800 37,100 37,100 44,400
Deep space network operations......... 65,500 76,800 76,800 88,900
Aeronautics, balloons, and sounding

rocket support systems implementation 8,600 a, 200 8,200 11,400
Aeronautics, balloons, and sounding

rocket support operationS.ssssssssnss 3,152 11,900 11,500 13,200

Toal. .. 249,300 223,600 233,200 219,300

=

OBJECTIVES AND STATUS

As of January 1, 1985, the Ground Network included the Spaceflight Tracking and Data Network (STDN),
consisting of 11 geographically dispersed ground stations which support Earth orbital missions; the
Deep Space Network (DSN) consisting of three stations approximately 120 degrees apart in longitude,
which support planetary and interplanetary flight missions; and support €or Aeronautics, Balloon and
Sounding Rocket (AB&SR) programs at the Wallops Flight Facility (WFF), the Dryden Flight Research
Facility (DFRF), the Moffett Field Flight Complex (MFFC), White Sands Missile Range (WSMR), and
instrumentation support at the National Balloon Facility at Palestine, Texas.

Funding for the ground network provides for operation and maintenance of the worldwide facilities,
as well as engineering and procurement of equipment to sustain and modify network systems. The
workload in FY 1986 includes ongoing support to Shuttle, Voyager, Dynamic Explorer, International
Ultraviolet Explorer (IUE), and the International Sun-Earth Explorers, as well as preparation for
support of such upcoming missions as Galileo, the Voyager-Uranus encounter, and the Venus Radar Mapper

(VRM).  Support will be provided to aircraft programs such as the F-16 and F-11l, av-38, the X-29A
forward swept wing, and the use of drones €or aerodynamic and structural testing.
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1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Spaceflight tracking and data
network systems implementation. .as.. 8,500 6,300 6,600 2,700

OBJECTIVES AND STATUS

The Spaceflight Tracking and Data Network (STDN) systems implementation program encompasses the
procurement and implementation of services to sustain network facilities and equipment to insure
reliable tracking, command, and data acquisition support to ongoing scientific and applications
satellite missions and the Space Shuttle, and to selectively replace obsolete equipment for reliable
support in the TDRSS era. Employing systems implemented in past years, the network is currently
supporting many missions with highly complex requirements for tracking, data acquisition, command and
control.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The increase of $0.3 million is for sustaining STDN systems and facilities for an extended period of
time due to the delay in the station closure dates.

BASIS OF FY 1986 ESTIMATE

The FY 1986 request includes funds for the replacement of obsolete and difficult-to-maintain

equipment at those facilities that remain after TDRSS is operational. These include facilities used
for launch and landing support at Bermuda and Merritt Island, Florida, and for orbital support from
Greenbelt, Maryland. The requirement for support from these sites will continue for the foreseeable

future. Equipment replacements and modifications are required in the network in FY 1986 to maintain a
level of proficiency to support the continuing workload and to assure the reliability of the major
systems. Accordingly, funds are required for equipment replacements and modifications to correct
current deficiencies, and for equipment to be used in operational control of the network. The funds
requested also provide for procurement of major subsystem spares, for the provision and modification
of test equipment, and for minor equipment modifications resulting from changes in support
requirements.
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1985 1986
1984 Rudget Current Rudget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Spaceflight tracking and data
network operations.................. 119,748 83,300 93,000 58,700

OBJECTIVES AND STATUS

The primary function of the Spaceflight Tracking and Data Network (STDN) system is to support NASA
Earth— orbital spaceflight missions, including the Space Shuttle. The majority of these missions have
near— Earth orbits. This network provides launch support to NASA automated planetary missions, and on
a reimbursable basis, spaceflight missions of other nations and other United States government
agencies (NOAA and DOD).

The STDN presently consists of 11 geographically dispersed ground stations. These global facilities
have the capability to electronically track the spacecraft, send commands for spacecraft and
experiment control purposes, receive and display engineering and scientific data from the spacecraft,
and in the case of manned flights, maintain voice communications €or crew operations and safety, and
other project-related purposes.

There are STDN land stations located at: Greenbelt, Maryland; Merritt Island, Florida; Fauai,
Hawaii; Guam; Ascension Island; Canberra, Australia; Dakar, Senegal; Bermuda; Santiago, Chile; and
Madrid, Spain. In addition to these 10 stations, there is an Ultra High Frequency (UHF) air-to-ground
station located at Yarragadee, Australia to provide voice coverage with the astronauts.

CHANGES FROM FY 1985 BUDGET.ESTIMATE

The net increase of $9.7 million results from the additional six—months of tracking operations in FY
1985 for Shuttle and other support brought about by the delay in the Tracking and nata Relay Satellite
System reaching operational status, thus requiring the STDN ground stations to provide Shuttle and
other support until the TDRSS is operational.

BASIS OF FY 1986 ESTIMATE

The FY 1986 funding requirements provide for the maintenance and operation of the residual STDN

stations. This represents a planning assumption which is contingent upon the successful launch and
checkout of the remaining two TDRS (-2 and =-3) in February and the second half of 1985,
respectively. Included in the funding request are the related logistics support, network planning,
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scheduling, engineering, documentation and software programming costs associated with the operation of
the network stations.

The initiation of full TDRSS service will permit closure of most SIDN stations in FY 1986--
Ascension, Guam, Hawaii, Santiago and Dakar--and the termination of the air-to-ground UHF voice
station at Yarragadee, Australia.

1985 1986
1984 Rudget Current Rudget
Actual Estimate Estimate Estimate

(Thousands of Dollars)

Deep space network (DSN)
systems implementatioNn ssssssssnnnnns 38,800 37,100 37,100 44,400

OBJECTIVES AND STATUS

The role of the Deep Space Network (DSN) is to provide the communication link between each of NASA’s
distant planetary and interplanetary spacecraft and the Earth. The DSN is responsible for receiving
science and engineering data, and providing the navigation, command and control capabilities from the
ground to a constellation of spacecraft ranging in distance to over 4.6 billion kilometers from
Earth. When the three Spaceflight Tracking and nata Network stations are consolidated with the DSN in
February 1985, the DSN will assume support responsibility for numerous spacecraft already in low-Earth
orbit and for any future spacecraft that are not supportable by the TPRSS. The new set of spacecraft
support requirements will include missions in highly-elliptical and synchronous Earth orbits which are
not supportable by the TDRSS.

The systems and facilities required to support spacecraft at the limits of the solar system are
highly specialized and include the use of large aperture antennas electronically configured in a

phased array for optimum reception of the extremely weak radio signals. The antennas use
ultrasensitive, cryogenically cooled receivers and powerful transmitters. Extremely stable hydrogen
maser time standards are required for precise navigation of distant spacecraft. Advanced data

handling systems are required at both the DSN complexes and the Network Operations Control Center
(NOCC) «

Since the Galileo spacecraft is the first to utilize a receiver in the X-band frequency spectrum,

the ground network must be implemented to transmit commands in the X-band frequency range. By mid
1987, one 34-meter antenna at each of the three DSN locations (Australia, California, and Spain) will
be implemented with the capability. Not only will Galileo utilize this new frequency for spacecraft

telecommunications, but it Will also use a new precision tracking capability to perform experiments
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designed to detect perturbations in the gravity field caused by collapsing quasars. As all new deep
space missions will utilize X-band, it is planned to implement this capability on the remaining
antennas in the DSN by 1992.

The four major objectives for the DSM in the 1980°s are as follows: (1) to provide communications
channels to scientific spacecraft at ever-increasing distances and to provide the capability to
receive images at these great distances; (2) to increase the frequency range and data rate capability
of the ground network to accommodate new spacecraft requirements; (3) to provide support for a new set
of spacecraft which will include highly elliptical Earth orbiters and synchronous Earth orhital
missions (both types will be in orbits at altitudes that are beyond the support area of TDRSS); and
(4) to provide the improved navigation capabilities required for precisé spacecraft targeting and
probe delivery.

These objectives represent a significant challenge to the DSM, as it will be supporting many more
spacecraft than in the past, and it will be working at extremely great distances (beyond the orbits of
the known planets) by the end of the decade.

The next major planetary encounter Will be of Uranus by Voyager—2 in 1986. This encounter will
occur some 2.9 billion kilometers from Earth. At that time, Voyager—-2 is expected to transmit the
first high resolution images ever received from a spacecraft at such a distance. The newly
consolidated network will receive its first major test of compound multiple antenna arraying (more
than two antennas) during this Uranus encounter. In Awustralia, this will include the use of the
64-meter antenna of the Australian Commonwealth Scientific and Industrial Research Organization
(CSIRO). Further, the follow—-on Neptune encounter by Voyager—-2 in 1989 will require even greater
antenna aperture. An expansion of the 64-meter antennas to 70-meters, along with compound multiple
antenna arraying and the use of various radiotelescopes, will provide the increased signal capturing
capability for our first look at Neptune.

Upcoming deep space missions which will be supported by the network in the 1980's include the
Jupiter orbiter and probe (Galileo), the Ulysses mission, and the Venus Radar Mapper (VRM). One or
more of the Halley's Comet rendezvous missions will also be supported for the international community.

BASIS OF FY 1986 BUDGET

Funding in the FY 1986 request provides for continuing the evolution of the DSN into a consolidated,
modern, and highly reliable network. Included are new capabilities needed to meet the more stringent
navigation and spacecraft—ground telecommunications requirements while reducing overall maintenance
and operations costs.
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Funds are included for implementing a central signal processing center at each NDSN complex in place

of independent support facilities for each antenna. This capability will make it possible to support
all antennas at each complex from a central operations center. This center will include the digital
electronics required for uplink command encoding, downlink demodulation, signal recording, and data
transmission for all the antennas in the complex. Centralized, shared maintenance and support
facilities will also be provided.

The overall design will allow antennas to operate either independently (with different individual

spacecraft) or in an arrayed fashion (more than one antenna targeted on a single spacecraft) to
achieve the increased aperture necessary to support the high data rates of missions such as Voyager-2
at Uranus and Neptune. As the distance to the spacecraft doubles, the antenna aperture needed to
provide an equivalent signal goes up by a factor of four, resulting in the need for extremely
sensitive receiving equipment as well as increased antenna aperture.

In conjunction with the evolution of the consolidated network, modifications are planned at the
Network Control Center to facilitate scheduling, spacecraft acquisition and tracking, monitor and
control, and overall coordination of the activities of the network. Funding also provides for
continued development and improvement of in-flight navigation accuracy.

Concurrent with these important engineering changes, FY 1986 funds will be required to maintain the
high level of reliability for support of time-critical spacecraft maneuvers as well as routine ongoing
support. This will be accomplished through a continuing program of equipment and facility

refurbishment and modifications to assure compatibility of existing equipment with the new systems
being implemented in the network.

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Deep space network operatioNnS asasssuns 65,500 76,800 76,800 88,900

OBJECTIVES AND STATUS

The three Deep Space Network (DSN) complex locations— - Goldstone, California; Canberra, Australia;
and Madrid, Spain—-are approximately 120 degrees apart in longitude and permit continuous viewing of

planetary spacecraft. Each complex currently consists of one 64—meter and one 34-meter diameter
antenna; an additional 34-meter antenna is being constructed both at Goldstone and Canberra. A
centralized control center for the network is located at the Jet Propulsion Laboratory (JPL) in
Pasadena, California. The DSN will also operate the GSTDN 26-meter antennas in Australia and Madrid

after network consolidation.
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The expected workload in 1986 on the DSN consists of the two Voyager spacecraft, the six ongoing
Pioneer spacecraft (Pioneer 6, 7, 8, 10, 11, and Pioneer Venus), Active Magnetosphere Particle Tracer
Explorer, International Sun Earth Explorer-1 and -2, Helios-1, Nimbus-7, Dynamics Explorer,
Geosyncronous Operational Environmental Satellite, and the International Sun Earth Explorer-3 (how
renamed International Comet Explorer (ICE)) encounter with the Comet Giacobini-Zinner in September
1985. Provision is also being made in the DSN to provide Space Shuttle backup and TDRSS emergency
support.

The Voyager-2 spacecraft is on a trajectory for an encounter with Uranus in early 1986, and should
provide the first detailed information on that distant planet. Voyager-1 is now about 3.3 billion
kilometers from Earth on a trajectory that will take it out of the solar system. Of the older Pioneer
spacecraft, Pioneer—-10 is now beyond the orbit of Neptune, currently the most distant planet from the
Sun. Thus, Pioneer-10 is the first man-made object to leave the solar system. It now takes over nine
hours for a radio signal, traveling at the speed of light, to make the round trip between Earth and
Pioneer-10. The Pioneer-11 spacecraft, some 2.7 billion kilometers from Earth, continues to he
tracked. The Pioneer-6 through 8 spacecraft are provided support during solar conjunctions and
gravity wave experiments. The Helios-=1 mission is continuing its orbit about the Sun.

The DSN facilities are also used on a noninterference basis for ground based measurements in support
of experiments in planetary radar mapping and in the field of radio astronomy. The ultrasensitive
network antennas are being used in an attempt to learn more about the mysterious pulsar high energy
sources, quasars, and other interstellar and intergalactic phenomena.

In addition to the activities associated with network modifications and the support cited above, the
DSN operations workload includes preparation for the Galileo spacecraft (the mission to Jupiter),
Ulysses (the former International Solar Polar Mission) and on a reimbursable basis, the European Space
Agency (ESA) mission to Halley’s Comet). This support preparation requires thorough and complex
testing, training, and engineering involving both hardware and software. These activities must he
carried out simultaneously with the extensive ongoing DSN workload, and must be done in such a way as
to cause minimum disruption to ongoing flight project support. Launch support is also being provided
to several foreign projects.

In preparation for the Voyager-2 encounter with Uranus, an additional 34-meter antenna has been
constructed at both Goldstone and Canberra. These antennas will be electronically combined with the
other facilities at their respective complexes so as to further increase the receiver gain available
at these two stations which are both key to capturing imaging and remote science data from Uranus.

The DSN complex at Canberra, because of its southern hemisphere location, will have the best view of

Voyager-2 at Uranus. At that location, an additional facility will be used at the time of encounter;

that facility is the Australian 64-meter Radio Observatory at Parkes, which will be electronically
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observations by ground-based and balloon-borne instruments will also be continued. Results
achieved iIn the sr&T program will have a direct bearing on future flight programs. For example,
the development of advanced X-ray, ultraviolet, and infrared astronomy imaging devices under this
program will most likely enable spacecraft to carry instruments for astronomical observations which
have 1increases of orders of magnitude iIn sensitivity and improved resolution over currently
available detectors.

The SRaT program carries out its objectives through universities, non-profit and industrial
research institutions, NASA centers and other government agencies. Current emphasis is being
placed on studies of advanced instrumentation with increased sensitivity and resolution.

Advanced Technological Development (ATD): The advanced technological development activities
support detailed planning and definition of new potential physics and astronomy missions. ATD
activities assure that future missions address the scientific questions most important to the
evolution of knowledge in the field, and that those missions use the appropriate technology and
techniques. Funding is applied to the definition and preliminary design for specific missions or
subsystems/elements critical to eventual mission development in order that technical readiness and
resources may be adequately defined before the missions are proposed for implementation.

Candidate missions for the 1980's and early 1990's that require ATD activities include the Advanced
X-Ray Astrophysics Facility (AXAF) and the Space Infrared Telesope Facility (SIRTF). The AXAF
mission, which is the Tfirst priority new mission recommendation in astronomy by the National
Academy of Sciences, will study stellar structure and evolution, active galaxies, clusters of
galaxies and cosmology. The AXAF's 1imaging X-ray telescope is planned to have a sensitivity
approximately 100 times that of HEAO-2 and a resolution increase of nearly a factor of twenty. The
SIRTF will observe faint, cool infrared sources in the universe and significantly build on the IRAS
science foundation. Major Spacelab payloads being considered for future missions and requiring
advanced technological development support include the Pinhole/Occulter Facility, a detector for
imaging hard X-rays. During FY 1985, major emphasis will continue on the AXAF definition as well
as continued technological preparation for SIRTF.

Data Analysis: The acquisition, analysis and evaluation of data represents the primary purpose of
the laboratory, balloon, rocket and spacecraft activities. While a considerable amount of analysis
is done during the prime project phase, experience has shown that considerably more time is
required to reap the full benefit from these programs. This will come about only when the data is
correlated with other projects, when detailed cause-and-effect studies are made with data sets from
other sources, when very long-term (e.g.,, one solar cycle) effects can be studied by using
complementary sets of data, and when new ideas that originate from the results of the initial
analysis can be tested. For example, astronomical image processing facilities have been developed
to take advantage of high technology developed under the Landsat and planetary programs. This
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BASIS OF FY 1986 ESTIMATE

The aeronautical research efforts and scientific experiments using sounding rockets and balloons are
programs of a continuing nature which generally require about the same level of support from year to
year. To support these programs, WH provides fixed and mobile instrumentation systems; namely,
radar, telemetry, optical, communications, command, data handling and processing systems. To maintain
these facilities, replacement parts must be acquired, and test and calibration equipment routinely
replaced.

Due to the age of some of the radar, telemetry, and impact prediction equipment, a phased
replacement and refurbishment program is underway to insure reliable real-time data collection and
handling support to meet current and future requirements.

The increase in funding from FY 1985 to FY 1986 is due primarily to the acquisition of a radar
tracking system at the DFRF as a part of the overall effort to develop a capability to support two
missions simultaneously in order to accommodate the increase in flight research activity of that
facility, replacement of a main processor for the telemetry data processing system at DFRF,
rehabilitation of the FPS-16 (Runway) radar at WH which supports the aeronautics programs as well as
some rocket launches, and a wind data system along with updated display systems at WFF.

1985 1986
1984 Budget Current Budget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Aeronautics, balloons and sounding
rocket support operationS. sesssssnss 8,152 11,900 11,500 13,200

OBJECTIVES AND STATUS

Fixed and mobile instrumentation systems are maintained and operated to support sounding rocket,
balloon, spacecraft, and aeronautical programs conducted by the Wallops Flight Facility (WFF), the
Ames Research Center (ARC) at its Dryden Flight Research Facility (DFRF), and Moffett Field Flight
Complex (MFFC). These instrumentation systems include radar, telemetry, data processing, data
handling, and communications systems, as well as special purpose optical equipment.

The Sounding Rocket program continues to be an active program with approximately 150 launches in FY
1984, the majority of which were conducted at WFF. In addition, there were 44 large scientific
balloon flights, along with approximately 115 smaller special purpose balloon flights during the same
period. At WFF, the aeronautical programs are primarily related to investigation of aircraft handling
characteristics, advanced control and display concepts, spin and stall tests, terminal area guidance
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and traffic control systems, and storm dynamics studies. During 1984, approximately 260 research
missions were conducted. In addition to support of sounding rocket, balloons, and aeronautical
programs, instrumentation at WFF will continue to be utilized to support the Shuttle orbital flights
with C-Band radar support.

ARC operates aeronautical test ranges at DFRF and MAC which provide radar, telemetry, optical, and
communications support for the performance of aircraft research and development programs. A variety
of programs are conducted at these facilities involving high performance aircraft such as the F-111,
F-18A, F-16, F-104, F-8, X-29A, and unique research vehicles such as the tilt-rotor research aircraft,
composite rotorcraft, X-wing aircraft, the B-720 controlled impact demonstration and drones for
aerodynamic and structural testing. Nearly 400 aeronautical research missions were supported at DFRF
and approximately 275 at MFFC during FY 1984. DFRF continues to serve as an end of mission and
contingency landing site for the Space Shuttle.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The decrease of $400K is due to minor adjustments in operational activities related to hardware
support, communications and off-range programs.

BASIS OF FY 1986 ESTIMATE

The Fy 1985 funding requirements provide engineering and technical services for maintenance and
operation of fixed and mobile radar, telemetry, optical, communications, and data handling and
processing equipment and facilities to support the ongoing sounding rocket, balloon, and aeronautical
research activities. The effort funded represents a continuation of the baseline support provided to
the aeronautics, balloons and sounding rocket program. The increased funding level from FY 1985 to FY
1986 is largely due to additional costs at WH in the operations and maintenance area for off-site
range operations and engineering support. Other increases are due to initial spare parts stockage for
the Multifrequency Telemetry System procured in FY 1985 and increased costs of engineering support for
the Western Aeronautical Test Range at the Dryden Flight Research Facility.
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BASIS OF FY 1386 FUNDING REQUIREMENT

COMMUNICATIONS AND DATA SYSTEMS

s s s

SRR 4 - SR 1986
1934 Biidgaic Carrent Budget
Ackaal Estimate Estimake Estimate

{™ousands of Dollars)

Commanicationg systems implanzntation 5,912 6,500 5,579 5,500
communications operAbtionSeecses s 54,500 53,200 73,000 75,730
Mission facilitiZ®Sessesevnorroirsanasns 13,545 R,499 12,400 13,300
Mission operabionsS..c.ceiasseisssessrcces 18,260 21,900 21,9300 27,100
Data processing systems implementation 23,683 26,600 24,400 24,100
Data processing operations.iececessiiss, 39,500 30,000 46,000 41,500

Totaleeeessessessssscesssssaassos 165,600 185 600, 184,200 188 299,

OBJECTIVES AND STATUS

Funds requested for tha Zommunications aad Data Systems progcan provide For th2 laplaeneatation and
operation of facilities and systems which are required For data transmission, mission ocoakrol and daka

processing supporkt.

Tnformation is crucial to determining the condikion of the spacecrafi anl payloads for Ehe
generation of cownands for spacecraft and payload control. Data received froam the vaciouas spacecraft
aust be processed into a usable form before teansfor £o sontrol centers and experimentars. Such
support is wmandatory Ffor achieviag mission objeckives. Missions suapported inceluds Shattls, NASA

scientific and apnlications missions and international coopaeraiivae =28foctis.

e A8 1985
1984 Bidyget Cacrent Budget
Actual Estimate Estimate Estimate

{Thousands of Dollars)

Communications systens
implementation.eeceverssvrsosssnasas 5.912 6 500 5 500 o 500
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OBJECTIVES AND STATUS

The objective of the Communications Systems Implementation Program is to provide the necessary
capability in NASA's Global Communications Network (NASCOM) to meet new program support requirements,
to increase the efficiency of the network, and to keep NASCOM at a high level of reliability for the
transmission of data. NASCOM interconnects the tracking and data acquisition facilities which support
all flight projects; it also links such facilities as launch areas, test sites, and mission control
centers.

The major effort underway in NASCOM is the procurement and implementation of a replacement digital
voice and data message switching system at the Goddard Space Flight Center (GSFC).

BASIS OF FY 1986 ESTIMATE

The FY 1986 funding requirements will provide the sustaining equipment and modifications to support
the NASCOM network and continue implementation of the replacement digital voice and data message
switching system at GSFC. Effort will also continue on the use of advanced digital techniques for
Time-Division-Illultiple- Access (TDMA) via satellite. Implementation is underway to provide a 15 MBS
rate capability at all NASA Centers to meet operational requirements and in FY 1986 the provision of
a 60 MBS TDMA capability will be initiated at selected NASA Centers with more extensive operational
requirements.

1985 1986
1984 Budget Current Rudget
Actual Estimate Estimate Estimate

(Thousands of Dollars)
Communications operations............. 64,600 68,200 73,000 75,700

OBJECTIVES AND STATUS

NASA's Global Communications Network (NASCOM) interconnects, by means of leased voice, data, and
wideband circuits, the tracking and data acquisition facilities which support all flight projects.
NASCOM also links such facilities as launch areas, test sites, and mission control centers. Goddard

Space Flight Center (GSFC) operates the NASOOM and serves as its major switching control point. In
the interest of economy, reliability, and full utilization of trunk circuitry, subswitching centers
have been established at key domestic and overseas locations. The NASA flight projects require the
transfer of data between the mission control centers and the tracking sites because of the need for
real time control of spacecraft and on-board experiments. In addition, there are requirements to

provide experiment data expeditiously to users for analysis.
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NASA’s Program Support Communications Network (PSCN) interconnects by means of leased voice, data,
and wideband circuits the NASA Centers, Headquarters, and major contractor locations for the transfer
of programmatic and administrative information. Marshall Space Flight Center (MSFC) operates the PSCN
and serves as its major switching control point.

In order to meet high data transfer rate requirements, NASA has implemented and will continue to use
digital and othér newly developed technology in providing communications support. The continuing
availability of new technology provides for the transmission of increasing amounts of data in a cost
effective and highly reliable manner.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The increase of $4.8 million is directly attributable to the need to provide communications with the
overseas tracking sites for Shuttle support longer than planned due to the delay in the Tracking and
Data Relay System reaching operational status.

BASIS OF FY 1986 ESTIMATE

The FY 1986 funding requirements for Communications Operations will provide the circuits and service
required to operate and maintain the NASA Global Communications Network. International communications
satellites and cables will continue to be used to provide digital wideband services to all the
overseas tracking stations. The domestic satellite systems and terrestrial networks will continue to
service the continental United States stations. These services will provide for real-time transfer of
data for all ongoing flight programs.

In addition, funds are included for Program Support Communications Network (PSCN) which provide for
the circuits and facilities for programmatic and day-to-day operations such as facsimile,
teleconferencing, data transmission, and computer—to-computer data sharing for NASA Centers and

Headquarters. In FY 1986, funds are required to complete implementation of the PSC Network gateway
equipment which will provide direct connection to the network from all NASA Centers and
Headquarters. Funding increases in FY 1986 are due to programmatic requirements for additional

dedicated data circuits for Spacelab Payloads, Space Telescope, Space Transportation System, and the
Space Station management information systems.
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1985 1986

1984 Rudget Turrent Budget
Actual Estimate Estimate Estimate
(Thousands of Tollars)
Mission facilities.................... 13,545 12,400 12,400 13,300

OBJECTIVES AND STATUS

The Mission Facilities implementation program provides the systems capability for the command and
control of NASA's unmanned scientific and applications satellite programs. Command and control of the
spacecraft and on-board experiments is carried out via the Payload Operations Control Centers (POCC's)
and related Mission Support Systems (MSS).

The POCC's are responsible for the receipt, processing, and display of spacecraft engineering data
and the transmission of commands. Four POCC's currently monitor and control numerous spacecraft. In
addition, a new dedicated control center is being implemented to control the operations of the Space
Telescope to be launched in FY 1986. Related Mission Support Systems include a Johnson Space
Center/Goddard Space Flight Center Shuttle POCC Interface Facility and a closed-circuit television and
data communications system.

BASIS OF FY 1986 ESTIMATE

The FY 1986 funding requirements will provide for the continuing development to bring the Space
Telescope Operations Control Center to operational status. The control center hardware installation
will have been completed and integration testing with the spacecraft on the ground will be
conducted. The off-1line software which provides the high precision telescope pointing, manipulation
of the cameras and spectrographs, pointing of the spacecraft antenna toward the TDRSS, and energy and
momentum management of the vehicle itself, will comprise the major remaining developments in

preparation for the late FY 1986 launch date.
In addition, FyY 1986 funds will provide for modifications to the existing Multisatellite Operations

Control Center (MSOCC) for control of the upcoming Gamma Ray Observatory (GRO), Cosmic Background
Explorer (CORE), Upper Atmosphere Research Satellite (UARS), plus various Shuttle attached payloads.
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1985 1986

1984 Turrent Budget
Actual Estimate Estimate Estimate
(Thousands of Bollars) - h
Mission operations sasssssssssssssnnnns 18,260 21,900 21,900 27,100

OBJECTIVES AND STATUS

The Mission Operations Program provides for the operation of four Payload Operations Control Centers
(POCC*s), a Mission Operations Center, and the related software and support services necessary for the
monitoring and control of nine in-orbit spacecraft.

The POCC's, which are the control facilities for spacecraft/payload operations, contain all of the
necessary equipment, software, and personnel needed to monitor, evaluate, and control the performance
of spacecraft and experiments. Each POCC is operated 24 hours per day, seven days per week. For
Shuttle launches with control center payloads, the POCC will issue commands and receive telemetry
through the GSFC Shuttle Payload Interface Facility (SPIF). The SPIF will also process a variety of
Shuttle—unique data and display these data to the POCC via closed circuit television.

BASIS OF FY 1986 ESTIMATE

The FY 1986 budget request includes funds to operate the POCC’s and supporting facilities for the

control of on-orbit missions. In FY 1986, the Space Telescope POCC will come on-line. Also in FY
1986, POCC and Command Management software development activities will continue to increase for both
the Cosmic Background Explorer (COBE) and Gamma Ray Observatory (GRO) missions. Software to enable
the POCC to control the Upper Atmosphere Research Satellite (UARS) will begin and efforts will

continue on SPIF software development.

Also included in the FY 1986 budget request are funds for software and related support services
which include maintenance of a software |library, coordination and display of launch data,
computer—generated command sequences, equipment maintenance, logistics, documentation, engineering
services and operation of a closed circuit television/data communications system.
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1985 1986
1984 Budget Current Budget
Actual Estimate Fstimate Estimate
(Thousands of ﬁmarg.)‘ T

Data processing systems
implementation. sasssssssssssssnnnnns 23,683 26,600 24,400 24,100

OBJECTIVES AND STATUS

The Data Processing Systems Implementation program provides for the procurement of equipment and
related services for the large data processing and computation systems at the Goddard Space Flight
Center (GSFC) which support both the operational and payload requirements of space missions. To meet
operational requirements, these systems determine spacecraft attitude and orbit, and generate on-bnard
commands to the spacecraft subsystems. In support of spacecraft payloads, the systems process the
data from science and applications experiments for subsequent transfer to the experimenters for

analysis.

Significant activities in this program continue at the Goddard Space Flight Center to keep the large
systems viable and responsive to project support requirements. The Telemetry On-Tine Processing
System (TELOPS) is routinely supporting a number of Earth-orbiting spacecraft. The Image Processing
Facility (IPF) is generating products for Landsat and Nimbus 7. The Spacelab nata Processing Facility
(SLDPF) supported the Spacelab—1 missions and the Shuttle Tmaging Radar—-R experiment. This facility
will have mission wunique changes made that are required to support Spacelabs-3, 2, and 4.
Implementation continues on a new system to process data from numerous and varied experiments which
comprise the payloads of early Spacelab missions and new payloads associated with later missions, The
early Spacelab missions may be described generally as multi~discipline missions consisting of a
mixture of disciplines such as life science, microgravity, space plasma, etc., whereas the later
Spacelab missions place emphasis on a single discipline and are called Dedicated Discipline Tabhoratory
(DDL) missions.

In addition to the operational requirements €or orbit, attitude and control of space missions, a new
task is underway to increase mission support productivity. The objective of this task is to develop a
prototype/test bed facility to test and evaluate maturing technologies resulting from the Advanced
Systems Program. Promising technologies for application to future support will he investigated in the
areas of remote operation of POCC's, expert systems, high speed data processing, high level languages,
and advanced data base management systems.
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CHANGES FROM FY 1985 ESTIMATE

The decrease of $2.2M results from a rephasing of the hardware required to support the Dedicated
Discipline Laboratory (DDL) missions and of the procurement and installation of a wass storage
subsystem.

BASIS OF FY 1986 ESTIMATE

The FY 1986 budget request will provide continued funding for phased replacement of the existing
computation systems at the Goddard Space Flight Center which provide real-time support to NASA
spacecraft. Included in the support are such critical activities as real-time attitude and orbit

determination, memory management for on-board computers, and flight maneuver control.

The FY 1986 funding request provides for continuing the phased replacement program for the Command
Management System (CMS) and the Orbit Computation System (0OCS) at GSFC. The initial phase of
replacing the OWS system is underway and the requested funding provides For continuing the replacement
program in Fy 1986. Also in FY 1986, funding is included €or replacing terminals, custom displays,
and large application software programs for the OCS. In addition, the request provides for the
improvement /fupgrade of the Flight Dynamics System (FDS) and systems studies in autonomous navigation
and support as part of the prototype/test bed activity.

Funds are required in FY 1986 to complete the implementation of a stand-alone Space Telescope Data
Capture Facility which will capture, error check, and ship scientific data to the Space Telescope
Science Institute. The system is necessary to handle the 'Packet" telemetry concept and to assure
support over the long mission lifetime of the Space Telescope. The "Packet' telemetry concept allows
the scientific data of an experiment to be handled with minimum involvement by the ground system, thus
minimizing ground data processing time as well as ensuring faster delivery of data to the
experimenters. FY 1986 funds are also requested to continue the development of a general purpose,
multimission system to handle packet telemetry with the Gamma Ray Observatory (GRO) as its first user.

Funds are also required in FY 1986 to complete the augmentation of the SLDPF to support missions
such as ASTRO-1, -2, -3; Earth Observation missions; and Sunlab. These Dedicated Discipline
Laboratory (DDL) missions will be flown more frequently than the earlier Spacelab missions, have a
higher average data rate, and require quicker release of experiment data to the scientific community.

There is a continuing requirement to procure and maintain an adequate supply of spare parts to
replace failure—prone and high-maintenance electronic nodules, to provide test equipment, and to
undertake minor modifications and hardware fabrication associated with new equipment installation and
reconfiguration. Funds are included in the request for these activities.
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1985 1986
1984 Rudget Current Rudget
Actual Estimate Estimate Estimate
(Thousands of Dollars)

Data processing operations............ 39,600 50,000 46 ,000 41,500

OBJECTIVES AND STATUS

Information received in the form of tracking and telemetry data from the various spacecraft must be
processed into a wusable form before transfer to control centers and experimenters. This
transformation and computation process is performed as part of the data processing function and
applies to a wide variety of programs, ranging from the small explorer satellites to complex imaging
type satellites such as Landsat.

Tracking data is processed to provide orbital information which is used to compute spacecraft
position. This is essential for the real time control of spacecraft, for determining when the
spacecraft will be passing over the stations so data can be acquired, and for providing precise
information that can be used by the scientific experimenters to determine where in the trajectory of
the spacecraft the scientific measurements were made. Telemetry data must be processed to separate
the information obtained from wvarious scientific experiments aboard the spacecraft, consolidate
information for each experimenter, determine spacecraft attitude, and correlate these measurements
with the position data. Processed data is the primary product of the spacecraft missions, and it is
through reduction and analysis of this data by the experimenters that the planned objectives are
achieved.

In addition to the actual processing of the data, upcoming projects require extensive prelaunch
orbit analysis including spacecraft position and attitude predictions. Analyses are also required to
develop operational sequences and procedures to be used during the actual operation of these complex
spacecraft.

As part of the data processing activities, three facilities, the Image Processing Facility (IPF),
the Telemetry On-Line Processing System (TELOPS), and the Spacelab Data Processing Facility (SLDPF),
have been established at the Goddard Space Flight Center to process different types of raw
experimental data.

The IPF, initially established to handle image data from the Landsat-1, has supported Landsat-2 and
Landsat-3 and presently is processing residual data from these spacecraft as well as current data from
the Nimbus missions. These spacecraft are being supported with an all-digital system using high
density recorders and computer compatible tapes. This equipment has reduced the time required to
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provide data to users and is being used currently to process the ten-year Landsat data archive
required for climatic and meteorological studies. This data was processed initially into film and
picture products; however, the scientific community requires the data to be reprocessed with the
output in the form of digital tapes. The digital data can be manipulated in the scientists's computer
with specific algorithms to enhance the interpretation of the data and related phenomena.

The Telemetry On-Line Processing System (TELOPS) handles the non-image data. TELOPS receives
satellite data in a digital form from the tracking stations via the NASA global communications network
lines and is able to electronically store large volumes of telemetry data, thus eliminating most of
the tape and tape handling operations. Facility management, maintenance and operations, and software
development support for the image and non-image data processing facilities are also provided. The
operation of the Spacelab Data Processing Facility (SLDPF) is included along with software development
and maintenance required for attitude determination, flight maneuvers, and mission simulations.

CHANGES FROM FY 1985 BUDGET ESTIMATE

The decrease of $4.0 million is due primarily to a reduction in the number of Nimbus and Landsat
data products which will have to be processed.

BASIS OF FY 1986 ESTIMATE

The FY 1986 budget request includes funds to operate the Image Processing Facility (IPF) and the
Telemetry On-Line Processing System (TELOPS).. Also, funds will be required for operation of the SLDPF
which requires maintenance of unique hardware and software for Spacelab and Dedicated Discipline
Laboratory (DDL) missions.

Software development and system testing activities are continuing or will be initiated in support of
upcoming space science and applications missions such as Space Telescope, Cosmic Background Explorer,
Gamma Ray Observatory, Leasecraft, Shuttle Attached Payloads, and the Upper Atmosphere Research
Satellite which will operate with the Tracking and nata Relay Satellite System. Complex software is
required for spacecraft on-orbit and attitude control maneuvers and for the related data processing
activities.

SF 3-27



DATE DUE |

T

LOANED BORROWEK S NA
K mMe RETURNED

NASA HEADQUARTERS LIBRARY
Washington, DC 20546



	VOLUME
	Shuttle production and operational capability SF



