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I. INTRODUCTION

As the Nation's research and deveiopment organization for aeronautics and
space, NASA must look continuously to the future. Long before a goal 1s
reached, new goals must be defined. Each advance toward a program objective
serves as a buildirg block for future pronrams. That continual evolution of
NASA's research and development is reflected in this report gn the NASA
program plan for FY 1985 and later years.

The plan outlines the direction of NASA's future activities. It is
consistent with national policy for bown space and aeronautics and with the
Ft 1985 budget the President submitted to Congress in January 1984. That
budget proposes the Nation's first new major manned space flight initiative in
recent years: the development of a space station to establish a permanent
.S. manned presence 1in space. That initiative, to be undertaken at the
President's direction on an international, cooperative basis, if at all
possible, is an important step toward ensuring NASA's and the Nation's
continued primacy in the exploration and use of space.

Fur the years beyond FY 1985, the plan consists of activities that are
technologically possible and considered to be in the national interest. Its
implementation will ensure logical and continued progress 1in reaching the
Nation's goals in aeronautics and space, consistent with the responsibilities
assigned NASA by the National Aeronautics and Space Act of 1958, as amended.,

Seciion II of this regort summarizes the major features of the programs
described in greater detail in Sections I1I through IX. Section X lists the
abbreviations and acronyms that appear in this report; and Section XI contains
the report's index. Unless otherwise indicated, dates throughout are fiscail
year dates, October 1 through September 30.

This report is a working document. It summarizes the status of NASA's
plans at the time of its preparation, approximately the end of February 1984.
Comments and suggestions are welcome and will receive careful consideration.

For detaiied information on a planned program, contact che responsible
program office. The plans continually evolve. Conseguentl;, f you are
working in areas related to NASA's programs and knowledge of the latest status
of NASA's plans is important to your work, up-to-date information from the
appropriate program offices is essential.

To obtain copies of this report or general information abaut NASA's
program planning, contact Thomas W. Chappelle, Code LB, M *‘onal Aeronautics
and Space Administration, Washington, DC 20546.

In January 1984, NASA's Office of Aeronautics and Space Technology updated
the NASA Space Systems Technology Model. A copy of the executive summary of
that report can be obtained from Stanley R. Sadin, Code RS, National
Aeronautics and Space Administration, Washington, DC 20546. The more detailed
report volumes and the full data base constitute an extensive set of documents
available only to those who can demonstrate a need for them.
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IT. SUMMARY AND PERSPECTIVE

A. Mission, Goals, and Objectives

The Reagan Administration assumed office in January 1981 committed to
maintaining U.S. leadership in aeronautics and space. Toward that objective,
it gave top priority to completing development of NASA's Space Shuttle and,
with the Shuttle as the core element, to achieving full operational status for
the Space Transportation System as an economically profitable and productive
national resource. Advancement of those and other NASA space programs has
benefited the economy and, at the same time, confirmed NASA's status as a
world leader in science and technology. Space exploration has been and
continues to be a catalyst for national progress and achievemer.t.

The direction of NASA's mission and activities in space continues to
reflect pnational policy and purpose as stated in the National Aeronautics and
Space Act of 1958, as amended. A landmark achievement of the U,S. political
system, that act directs NASA to explore space for peaceful purposes for the
benefit of all mankind and to cooperate with other nations or groups of
nations in pursuit of the Act's objectives. That commitment was reaffirmed by
the Presfdent in his State of the Union address to Congress on January 25,
1984, He presented "four great goals to keep America free and secure in the
eighties": "to ensure steady economic growth," "to build on America‘'s pioneer
spirit and develop our next frontier--space," "strengthening our community of
shared values," and "a lasting and meaningful peace." The last of those goals
is, the President said, "our greatest aspiration."

Accomplishment of the second goal, development of the space frontier, will
affect, and contribute to achievement of, the other three., Toward its accom-
plishmant, the President directed NASA "to develop a permanent manned space
station--and to do it within a decade." The permanent U.S. presence in space
it will provide will enable the Nation, he said, "to follow our dreams to
distant stars, 1iving and working in space for peaceful, economic and
scientific gain."

As currently perceived by NASA engineers and scientists, the space station
will be evolutionary in concept and design to accommodate addition, modifica-
tion, and, in future decades, replication. It is to be a multipurpose
favility in Earth orbit, permanently occupied by humans. A national research
laboratory for both government and industry, it will serve, as well, as a
repair and assembly station for satellites and payloads for space, As it
evolves, it ultimately will serve as a base for new operations and initiatives
in space and, most important, it will be valuable for the creation of new
technologies and industries. Such a facility in full operation, the President
pointed out, has "enormous potential for commercc."” Research in space is
expected to yield new products leading to new businesses. In addition, devel-
opment and production of the space station will be a boost to the eccnomy; and
the new skills, advanced knowledge, and technology that resuit will be used in
other areas of industry, Each new step in achieving aerospace goals has added
new dimensions of excellence to industrial capabilities; and if past is
prologue, this great enhancement of space capabilities certainly will contrib-
ute to economic growth.



Pioneering in space by building a permanent settiement in that vast
frontier also has meaning with respect to the President's third and fourth
goals: ‘“strengthening our community of shared values" and "a lasting and
meaningful peace." A community in space, with U,S. personnel werking and
functioning there, will reflect the shared values of a democracy in acticn for
freedom and peace., The President intends the U.S. space station to be an
instrument for peace, Other nations, he stated, will be invited to join the
United States on the station "so we can strengthen peace, build prosperity and
expand freedom for all who share our goals."

Estimates are that the space station can be in orbit by 1992, the 500th
anniversary year of America's discovery by Columbus. Now, as then, the dis-
covery of a new frontier is prelude to its development. A new world emerged
then; and mankind now may be on the threshold of building another new world
or, at least, of extending Earth's 1imits into near space and beyond.

In extending Earth's 1imits, NASA has set for itself the following goals,
each of which 1s in keeping with the mandates of the Hational Aeronautics and
Space Act of 1958, as amended!

¢ Provide NASA personnel a creative environment with the best facilities,
support services, and management support so that the conduct of their
research, development, mission, and operational responsibilities will
be of the highest excellence

o Develcp a fully operational and cost effective Space Transportation
System to provide routine access to space for domestic and foreign
commercial and governmental users

o Establish a permanent manned presence in space to expand exploration
and use of space for activities which enhance the security and welfare
of humanity

0 Conduct an aeronautics research and development program which contrib-
utes substantially to advanced technology and to the maintenance of
U.S. leadership in civil and military aviation

0 Conduct research and development in the space sciences to expand
knowledge of Earth, 1ts environment, the solar system, and the universe

o Maintain space applications and technology programs to advance U.S.
leadership and security

0 Expand opportunities for investment and participation in civil space
and space-related activities by the U.S. private sector

0o Establish NASA as a leader in the development and application of
advanced technology and management to improve and increase Agency and
national productivity.

The Administration's proposed budget for NASA for FY 1985 supports those
goals, including sufficient funding for some new initiatives. It reflects the
President's commitment to establisuing a permanently manned space station and
recognizes the importance of research and development for the well-being of
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the national economy. Flight activity will continue to increcase to accommo-
date not only NASA payloads, but also those of paying customers, with plans
calling for seven to eight Shuttle missions in FY 1984, 11 in FY 1985, 16 in
FY 1986, and continued increases through the end of the 1980s.

The principal activities provided for are as follows:

o Space Transportation--While moving forward on the Space Station pro-
gram, top priority attention to achieving for the Space Transportation
Sygtgm thg ability to fill space transportation needs through the 1980¢
and beyon

0 Space Science and Applications--Continued progress on approved
projects, initiation of such programs as Upper Atmosphere Research
Satellite and Mars Geoscience and Climatology Observer and further
technology development and a ground test program for the Advanced
Communications Technology Satellite

o Space Research and Technology-~Continued efforts in generic disciplin-
ary base technology programs with modest expansion of system oriented
efforts 1in platforms and space station technology, transportation
systems, anif spacecraft

o Aeronautical Research and Technology-~-Additional work in aertnautical
disciplines such as aerodynamics, structures, materials, propulsion,
and controls to provide technology for totally new aircraft systems,
including rotorcraft, high performance and subsonic aircraft, and
advanced propulston systems

0 The Institution~--Maintenance and improvement of NASA's professional
work force of scientists, engineers, and technicians to ensure
efficient, effective, and innovative progress in fulfilling program
objectives.

B. Space Program Highlights to Year 2000 (Wlew Starts for Next 10 Years;

Program Activities to Year 2000)

The subsections of this chapter that follow present the highlights of the
programs NASA plans for FY 1985 and beyond, including the programs' goals,
objectives, and major new initiatives. Each pzrogram is described in greater
detail 1n the remaining chapters of this report, Chapters III through IX.

1. Space Science and Applications

The Space Science and Applications program is responsibie for most of the
Nation's scientific research in space and for exploring ways in which space
can be used in practical applications by industry, in the life sciences, and
in maintaining Earth's natural resources. It includes observations and
studies of the distant universe, exploration of the near universe, and efforts
to understand more about Earth's planetary features and environment. Its
applications programs include research in the life sciences to enable humans
to function and work in space, experiments in materials processing in the
microgravity of space, and expansion and “mprovement of such services as
satellite communications.



Summaries of the six malor areas of endeavor {n space science and
applications follow. Each area {s described in greater detail in Chapter [IT.

a, Study of the Distant Universe

As a result of NASA's program in space astronomy and astrophysics
during the past two decades, a niw view of the universe {s emerging; and
new discoveries are being made at an astonishing rate. Rocket and
satellite observations at ultraviolet waveiengths reveal the ejection by
many types of stars of enormous amounts of material at high velocities. A
revolution is occurring in knowledge of the chemical composition and
physical state of interstellar gas and dust., Entirely new types of
celestial objects are belng disccrared. Explosive events of unimaginable
violence that occur routinely in the universe are being observed, Studies
of the sun, fundamental tc interpreting the distant universe, may provide
the first look into that star's interior. For assurance that this revolu-
tion 1n understanding of the universe will continue at the same rapid
pace, new observing capabilities are planned.

In the current Astrophysics program, several research missions are
providing diverse information and measurements on the nature of the
universe. While each mission has a particular objective, the data it
acquires often may be augrented substantially by data from one or more
other missions. For example, the objective of the Solar Maximum Mission
is to observe solar flares, but data from several other missions add to
understanding of flares on the sun and other stars.

The International Uliraviolet Explorer supplements the Solar Maximum
Mission and 1s an important precursor to the Space Telescope. The Space
Telescope, scheduled for launch in 1986 as a cooperative project with the
European Space Agency, will serve for the next two decades as a major
astronomy facility covering a range of ultraviolet and visible wave-
lengths. The Infrared Astronomy Satellite was Taunched in 1983 in
cooperaton with the Netherlands and the Urited Kingdom. Under development
and to be launched within this decade are the Roentgen Satellite, a
cooperative program with the Federal Republic of Germany to fnvestigate
many phenomena discovered by the second High Energy Astronomy Observatory;
the Gamma Ray Observatory, to investigate the highest energy reaches of
the electromagnetic spectrum; the Cosmic Background Explorer, to measure
precisely the spectral and directional distribution of cosmic microwave
background radiatfon; and the Heavy Nuclei Collector, to detect charged
particles such as the rare, heavy nuclel of uranium. The program also
includes extensive theoretical and laboratory research and investigations
to be flown on Spacelab.

The major initiative to be begun through FY 1989 is the Advanced X-ray
Astrophysics Facility, which will advance x~ray astronomy into the mature
observatory stage. It will be as siqnificant an advance in x=-ray
astronomy as the Space Telescope will oe 1in optical astronomy. Other
initiatives planned for the FY 1985 through FY 1989 period are principally
investigations of the structure of space and time and the structure of the
sun, collapsed stars, and interstellar space. They include Gravity
Probe-B, Shuttle Infrared Telescope Facility, Solar Seismology Mission,
Fxtreme Untraviolet Explorer, X-Ray Timing Explorer, Far Ultraviolet
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Spectroscopy Explorer, Solar Corona Diagnostics Mission, wnd several
Spacelab investigations.

In the period between FY 1990 and FY 1994, two mature observatories
will enter development., The Advanced Solar Observatory will make coeral-
nated observations of all aspects of the surface of the sun to study the
¢volution of solar features and observe events that ara especially
revealing,  The Large Deployable Reflector will investigate the processes
of birth of celestial bodies. Other planned initiatives are the High
Throughput Mission, Very Long Baseline Radio Interferometry, and
Starprobe.

h. Exploration of the Near Universe

The near universe includes &l1 bodies in the solar system except the
sun and Eartk. Exploration of the near universe 1s vital to a full
understanding of th2 relationship of Earth to the sun and other members of
the solar system. Specific guals of the program are to understand the
origin, evolution, and present state of the solar system; Earth through
compesrative planetary studies; and tke relationship between the chemical
and physical evolution of t»a solar system and the appearance of 1ife.

In the years since tha ri,st Flyby of Venus, planetary exploration has
experienced a goider. a¢~. It has brought new knowledge and established
U.S. leadership ia tiis »ua of space science. U.S. spacecraft were the
first to visit vwrrv -, venus, and Mars; and only U.S. spacecraft have
crossed the astecc:id 'rit finto the outer solar system. A1l told, over two
dozen bodies--pianzts and thelr satellites--have been explored at close
range; and the interplanetary medium has been partially characterized.

The current solar system exploration program consists of three parts:
planetary research and anaiysis, development flight projects, and mission
operations and data analysis. Research and analysis and mission opera-
tions and data analysis ensure program continuity toward exploration
goals. Flight projects currently progressing are the Voyager 2 extended
mission, which is headed for encounters with Uranus in 1986 and Neptune in
1989, and continued operation of Pioneer Venus, Pioneers 6 through 11,
Voyager 1, and the retargeted International Sun Earth Explorer-3 space-
craft, which is on 1ts way to an encounter with the comet Giacobini-
Zinner. Approved flight projects in the pre-launch development stage
include reflight of the 0SS-~3 Spacelab to observe Halley's Comet during
its 1985 and 1986 flight through the solar system; Galileo (Jupiter
orbiter and probe), which 1s a cooperative project with Germany;
International Solar Polar Mission, which is a cooperative project witn the
European Space Agency; and Venus Radar Mapper, the first of the moderate-
cost missions recommended by the NASA Advisory Council's Solar System
Exploration Committee.

The Solar System Exploration Committee has recommended a core program
containing 13 exploration missions to be undertaken by the year 2000. In
support of that program, four new initiatives are planned for the next
five years. They will establish firmly the exploratory phase of
exploration in all regions of the solar system. The first is the Mars
Geoscience and Climatology Observel , which is to be launched in 1990 to
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investigate that planet's atmosphere, surface geochemistry, interior, and
climate on a global sc'le, The second is the Comet Rendezvous and
nsteroid Flyby, which also is scheduled for launch in 1990, Its purpose
will be to investigate the physical and chemical state of comets. The
third 15 the Lunar Geosclience Ubserver scheduled for launch in 1991 to
assess lunar resnurces and to extend the Apollo progrem's science
investigations to a global scale. The fourth 15 the Titan Probe ond Radar
Mapper, to be launched 1n 1993 to investigate the largest of Saturn's
satellites, aespecially 1ts unique, dense atmosphere.

The Committee also has racommended addition of onc or more intensive
study missions during the 1990s as resources then available permit, The
core program was formulated under tha constraint that no new enabling
technologies be required for implementation. In contrast, the augmen-
tation initiatives will roquire significant new enabling or strongly
enhancing technnlogies.

¢. Earth and 1ts Environment

The view of Earth fran space has engendered a growing realization that
a full understanding of tacth and its environment requires a strong global
research program spanning the screruiiic disciplines associated with study
of the whtle Earth, including at:ospheric physics and chemistry, cceano-
graphy, guology, gecphysics, and the emerging sclence of the biosphere,
global biology. NASA's program to study Earth is global, interdiscipli-
nary, and integrater, with eémphasis on understanding procesgses that affect
Earth's habitability, particularly 1ts biological productivity snd air and
water quality. The program involves coordinated observational, theoreti-
cal, and experimental investigations and development of future observing
technologies. Those activities are complementary and together form a
balanced program of system and process studies. The program consists of
elements that range from the most fundamental Earth sciences studies from
space to experiments demonstrating how data from space concerning Earth
and its resources and environment can be used to benefit society.

The Earth resources part of the program uses multispectral (visible
and near-infrared), thermal-infrared, and active-microwave remcve sensing
systems to collect data for research and tu demonstrate the utility of
remote sensing in agriculture, land-use analysis and planning, hydrology,
and geology. Landsat spacecraft have been the principal vehicles for
Earth resources observation. Landsat 4, launched in July 1982, carried
the Thematic Mapper sensor into orbit for the first time. That sensnr has
about twice the spectral resolution, three times the spatial resolution,
and four times the sensitivity of the Multispectral Scanner sensor carried
by earlier Landsat vpacecraft. Landsat 4 technical problems curtailed the
sensor's operation; but Landsat D', Taunched in 1984, carries another
Thematic Mapper. The Shuttie Imaging Radar-A and other experiments on the
Shuttle also huve provided much valuable and useful information. The
current program includes flight of an improved imaging radar system on the
Shuttle in 1984 and later years.

The objective of the atmospheric science program is to increase

understanding of atmospheric processes and their effects on weather,
climate, and the global environment. The current program of observations
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to further that uvnderstanding use sounding rockets; balioons: aircraft;
free-flying satellites, such as the Earth Radiation Budget Experiment to
be flown in 1984; and Shuttle=borne instruments. Programs are in process
to study global biology, Earth's plasma envelope and its interaction with
the sun, and oceanography.

Atmospheric science programs planned for initiation by FY 1989 include
the following: Upper Atmosphere Research Satellite~-to extend upderstand-
ing of the chemical and physical processes occurring in Earth's strato-
sphere, mesosphere, and lower thermosphere; Shuttle-Spacelab Payloads-~to
study the basic processes by which electromagnetic energy and particle
beams interact with plasmas in the universe and to acquire information on
the behavior with time of the sols: constant, the solar spectrum, and the
upper atmosphere; Ocean Color Imager--to provide synoptic global measure-
ments of chlorophyll concentration as a primary data hase to which comple-
mentary ship, airplane, and buoy data can be added to yield primary
productivity estimates of high accuracy for key oceanic repions; Tethered
Satellite System--to develop with Italy a system to conduct Earth scieace
and applicatiuns experimerts in reglone remote from the Shuttie:
Topography Experiment for Ocean Circulation--to improve significantly
capabilities for observing the oceans on a global basis; Scatterometer--to
measure upper=-ocean currents, surface waves, and small-scale roughness of
sea surfaces to advance understanding of the momentum coupling of the
atmosphere and oceans; Magnetle Field Satellite--to test results derived
from Magsat-1 data and provide an updated survey fo» the 1990 reference
field; Geopotential Research Mission--to provide the most accurate models
yet available of the global gravity field, geoid, and crustal magnetic
anomulies; and International Solar Terrestrial Physics Program--to
attempt, for the first time, a quantitative study of the ccmplete solar~
geospace system.

Studies of Earth in the 19905 wiil focus on long-term physical,
chemical, and blological trends and changes in the environment. They will
assess the effects of natural and human activities and provide improved
models for estimating the future effects of humans and other species on
Earth's biological productivity and habitability. They will be finter-
disciplinary and require sophisticated supporting technologies, part .cu-
larly for long-term data management.

d. Life Sciences

The Life Sciences program is responsibie for ensuring the health and
well-being of spaceflight crews and for advancing knowledge of fundamental
biological processes at the cosmic, global, and organismic levels. It is
multidisciplinary and concentrater on two interrelated disciplines, medi-
cal science and biological science. The former is concerned with problems
aexperienced by human spaceflight passengers that must be addressed
immedfately, using whatever instruments, technology, and facilitiass are
available. The latter ielates to problems anticipated in future missions
that can be approached in a more fundamental and ordered manner. Ground-
baszd resear.!: and technology development corstitute the program's primary
apgroagh, but use of flights to verify hypotheses and results is
extensive.
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Among the medical science problems that need immediate attention are
the space adaptation syndrome (space sickness), cardiovascular changes,
and dysbarism (bends). Problems related to future missions include the
effects of radiation, loss in flight of bone and muscle, differences
between the physiclogical systems of men and women and the response of
those systems to spacef'ight, spacecraft habitability and 1ife support
3{stemsf and the interaction between humans and the machines at their

sposal.

In the biological sciences, rcsearch objectives are met ....ough three
disciplinary elements: exobiology, biouspheric research, and gravitational
biology. The exobioluny program studies the origin, evolution, and
distribution of life and life-related molecules on Earth and throughout
the universe. The biospheric research (global bioclogy) program seeks to
determine the effect of biological processes on global dynamics. Gravita-
tional biology, formerly called space biology, studies physiological
response to variations in gravitational forces ranging from microgravity
to more than unit gravity in order to understand more completely how
gravity affects 1i1fe on Earth.

The need for new initiatives in the Life Sciences arises from plans to
fly unprecedented numbers of astronauts, scientists, and, ultimately,
citizen passengers on Shuttle missions; to develop the space station; and
to exploit fully NASA's ability - - increase fundament-: understanding of
major scientific questions about Tiving systems. Init.a. ives are planned
to find solutions for the space adaptation syndrome, in: -ve medical care
and health maintenance of humans in space, advance controlled ecological
11fe support and extravehicular activity systems, and enhance human
performance and productivity in space hy improving the habitability of
space vehicles and by 1investigating crew compatability and various social
and motivational factors relevant to human productivity. A phased program
in biospheric research constitutes another planned initiative, It is
expected to result in a comprehensive model to describe ana predict
biogeochemical processes on a global scale and to provide a data base that
will be a Key element in understanding Earth as a system. Other initia-
tives in the 1980s include gravitational biology payloads, exobiology
payloads, and the search for extraterrestrial iife,

Looking ahead to the first half of the 1990s, research is expected to
expand in all those areas, particularly as laboratory facilities are
developed and attached to the space station. Development also is planned
of a flight-qualified vestibular and variable gravity research facility to
determine the response of 1iving systems to linear and angular accelera-
tions in space.

e. Satellite Communications

NASA's role in developing technology for communications satellites has
been and continues to be one of leadership beneficial to the U.S.
communications industry and to the consumer worldwide. Government has
moved ahead of industry in this important field because the cost and
economic risk have been too high for private investment. NASA's current
program plan, developed with industry's help, consists of the following
major components:



0 Basic research and technology development to provide a technology
base for all of NASA's communications programs, performed coopera-
tively by NASA, universities, and Y.S5. industry

0o Advanced technology development to provide new and expanded
satellite services

o Technical consultation and support seryices to ensure growth of
existing satellite services and incorporation into them of new
satellite applications

o0 Satellite aided search and rescue, an international system to
detect and locate automatic signals from aircraft, ships, and
individuals in distress

o Experiment coordination and mission support, a program to identify
ard aid development of new types of communications services,
primarily in the public sector

0 Advanced Communications Technology Satellite to investigate multi-
beam communications, spectrum conservatfon, and Ka-band circuits.

In the FY 1985 through 1989 period, initiation {is planned of a mobile
satellite commercialization program to be accomplished jointly by NASA and
U.S5. industry. in cooperation with Canada, to provide commercial land
mobile communications services to remote areas and to sc've problems such
as poor quality caused by channel crowding. Possible initiatives for the
early 1990s are large geostationary communications platforms to help
alleviate the growing saturation of the electromagnetic spectrum and the
accessible orbit arc and direct satellite sound broadcasting to improve
the Government's international sound broadcasts.

f. Microgravity Science and Applications

The strong multidisciplinary base NASA has established in space
materials science will be developed further through a vigorous flight
program conducted with the cooperation of industry. The goals sought are
to investigate the behavior of fluids and the effects on that behavior of
carrying out processes in the microgravity environment of space, to
provide a better understanding of the effects and limitations imposed hy
gravity on processes carried out on Earth, and to evolve processes that
exploit the unique character of the microgravity environment of space to
produce results that cannot be obtained in unit gravity.

The current program consists of ground-based investigations,
experiments in space on the Shuttle's mid-deck, and experiments in the
Materials Experiment Assembly. Some of the yround-based investigations
that promise valuable results are studies of the effects of convection 1in
the growth of crystals, phase separation mechanisms other than gravity,
containerless processing, and bioseparation processes. The two principal
Shuttle mid-deck experimeits that have yielded interesting results and are
expected to be developed further are the Monodisperse Latex Reacter and
Continuous Flow Electrophoresis. The Materials Experiment Assembly is a
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2.

carrier for materials processing experiments that fi1ls the experiments'
support needs independent of the Shuttle's systems. Experiments that have
been conducted in it include isothermal and gradient processing in general
purpose furnaces, processing of monotectic alloys, growth of crystals from
vapors, and processing in an acoustic levitator furnace.

The emphasis of the program during the next several years will be on
crystal growth of electronic materials, solidification of alloys and
composites, containerless melting and solidification, containeriess
formation of glass, separation processes, fluid and transport phenomena,
cloud microphysics and aerosol science, and combustion processes in
microgravity. Another important activity 1is development of materials
research facilities and apparatus. Present emphasis is on Shuttle mid-
deck facilities and apparatus that potentially can be upgraded to fly in
the cargo bay or Spacelab and, later, on the space station.

Two functions of the Microgravity Science and Applications program
will have a substantial effect on the possibilities for the program's
commercialization: the use of space to obtain knowledge that can be
applied to improve terrestrial processes and the processing of materials
in space to take advantage of the weightless conditions there. For the
near future, materials processing in space will be prestricted to small
quantities of high=value, low-volume materials such as pharmaceutical
products, electronic materials, optical fibers, highly specialized alioys,
and possibly precision latex microspheres. NASA will continue to conduct,
with industry participation, a vigorous flight program to foster future
ventures by industry that will be of optimum benefit with rerard to both
the materials produced and the economics of production. N .A sponsors,
and encourages others to sponsor, materials processing research, but
}eav?s to industry the task of deciding whether commercial production is

easible,

Space Flight

The Space Flight program supports NASA's goals for space transportation

and a permanent presence in space. [ts early goals are to develop the Space
Transportation System further and achieve routine, economical operations with

it.

Planned programs emphasize development of follow-on systems for space

transportation and other large space systems, including the space station,
orbital platforms and facilities, and the test, transportation, and servicing
systems required to support them.

The program's objectives for the FY 1985 through 1989 period are to:

o Complete development, acquisition, and upgrading to full capability of
the Space Transportation System (Shuttle, Spacelab, Inertial and
Spinning Solid Upper Stages, Shuttle-compatible Centaur, and ground
facilities)

o Establish routine operation of the Space Transportation System

o Conduct a total of 27 Shutile missions in FY 1985 and FY 1986

0 Use expendable launch vehicles for schedule assurance and special needs
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o Develop a Centaur upper stage compatible with the Shuttle to provide
transportation to higher energy orbits

o Establish a business organization to increase the number of Shuttle
customers

n Develop and install a tether system for applications such as the
deployment, stabilization, and retrieval of satellites

o Demonstrate the ability of the Shuttle to service satellites in orbit
so that Shuttle customers can adopt suitable systems dusigns and
operational procedures,

The progrem's objectives beyond 1989 are to:

o Maintain a Shuttle 1aunch schedule with reserve capacity

0 Reduce the operational costs of the Space Transportation System
o Shorten Shuttle turn-around tine

0o Develop an orbital transfer vehicle

o Develop technolugy and techniques to construct, deploy, test, and
seryice systems in space.

The objectives associated with bringing the Space Transportation System to
full operation will be achieved through completion of the current base-line
program. Most Earth-to-orbit and all return-to-Earth transportation needs
will be met by the Shuttle, supported by the discrete Shuttie Production and
Capability Development program. That program is responsible for Shuttle and
propulsion system production and residual development, launch and mission
support, and system improvements. Current activities are focused on the
Inertial Upper Stage and the Centaur modified for Shuttie use; achieving full
flight status for Spacelab; increasing opportunities for Spacelab-based
science and applications work; operational support services for the Shuttle
and expendable launch vehicles; and procurement of expendable items for both
launch systems.,

Proposed new initiatives support both the nearer-term objectives of space
transportation operations and the longer-term objective to establish a
permanent presence in space. During the period of this plan, capabilities for
providing orbital services will be demonstrated. System hardware development
will follow the demenstrations. The results of those demonstrations and the
Tethered Satellite System program will help determine the 1limits of orbital
activities of both the Shuttle and the space station.

NASA's in-house institutional base and system of industrial and other

contractors required to achieve the goals of the Space Flight program will be
maintained and strengthened.
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3. Space Station

Establishment of a "permanent manned presence in space" is one of NASA's
current eight goals and is a priority goal of the Administration as a means of
maintaining U.S. leadership in space and of exploiting the economic and
scientific benefits in that new frontier. Toward that goal, the President has
committed to development of a space station by the early 1990s.

The program's near objectives have centered on identifying and synthesiz-
ing mission requirements for a civilian space station and reviewing a set of
functional capabiiities--the station's architecture. In addition, technology
and advanced development programs are being initiated. To meet the goal of
initial operation in the early 1990s, current plans finciude a three-year
definition phase beginning in FY 1985 and initiation of a design and develop~
ment phase in FY 1987.

Because many aspects of the program will make it unique as compared with
past space progirams, the following planning guidelines have been established:

o A1l major potential users of the station, U.S. and foreign, will be
involved from the beainning of planning activities to ensure that their
needs are taken into consideration.

o Thorough project definition will be conducted before system development
is undertaken.

o Involvement in the program will be agency wide and substantive.

0 The station will be designed to accommodate evolutionary growth through
incremental addition, modification, and replication.

o The station's elements will be maintainable and restorable in space.

o The station will be designed to operate as autonomously as possible,
except for resupply of materiel and personnel.

o international participation in the program will be sought,
0 The Department of Defense will be kept informed.
o New approaches will be taken toward reducing rasts.

o The station's mix of humans and machines will ensure proper distribu-
tion of tasks so that the humans and machines will enhance each other's
capabilities.

Mission requirements for the space station have beeu virtually the
exclusive focus of the Space Station Task Force since its establishment in
1982, Eight studies to define those requirements were contracted to major
aerospace corporations, which were encouraged to explore imaginatively all
aspects of potential uses for a space station. Their principal recommenda-
tions were for an initial station consistgng of a manned base, an unmanned
platform at an orbital inclination of 28.5°, an Orbital Manuevering Vehicle,
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and an unmanned platform derived from the space station design and operating
at a polar or near-polar inclination.

A Space Station Mission Synthesis Workshop held in May 1983 defined a
preliminary set of 107 types of phased space station missions for the period
1991 to 2000, _ The initial requirements it established included a manned
element at 28.5° orbital inclination, a platform at low inclination, and a
platform in polar orbit. A Concept Development Group formed as part of the
Space Station Task Force integrated the mission requirements in May 1983 into
a set of functional capabilities. The set has been revised twice since then
and will be revised yet another time just before system definition. Although
an approved configuration for the space station does not exist, the concept
currently under consideration includes a 1iving quarters module, berthing and
assembly module, logistics module, resources module, laboratory module,
unmanned platform at orbital inclination of 28.5%, unmanned platform at
orbital inclination of 90°, Orbital Manuevering Vehicle, and servicing system.

A space station advanced development program has been planned to provide
advanced technologies needed for an evolutionary station. It will be
integrated with system definition activities, with a major milestone and
decision point occurring at the end of the definition phase. Both
ground~based and space-based tests beds are planned and are expected to have a
vital role in subsequent definition of evolutionary elements. They are
expected to reduce the program's costs and risks. The goal for having the
first structure in space remains 1992.

4, Space Tracking and Data Systems

The Space Tracking and Data Systems program supports the Nation's missions
in aeronautics and space by planning for, developing, and operating the space
and ground network of tracking and data systems for missions ¢f automated and
manned orbital spacecraft, deep space vehicles, sounding rockets, balloons,
and research aircraft. The program has four basic elements: space network,
ground networks, communications and data systems, and development of advanced
sys%ems. Plans for those elements and for supporting mission activities
follow.

a. Space Network

By early 1985, tracking and data acquisition faciiities for spacecraft
in near Earth orbit will evolve from a network of ground tracking stations
around the world into a network of two Tracking and Data Relay Satellite
System (TDRSS) satellites in geostationary orbit, an in-orbit spare, and a
single ground terminal at White Sands, New Mexico, all owned and operated
by a contractor. A network control center at Goddard Space Flight Center
will control the system and manage network resources. The system will
increase coverage of near Earth orbits to 85 percent from 15 percent.

b, Ground Networks

NASA will close nine more ground stations while phasing TDRSS inte
operation, leaving only six locations fully operational and consciidated
under Jet Propulsion Laboratory management. The consolidatd ground
network will support deep-space missions and missions in high Earth and
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geostationary orbits. Early improvements planned for the network include
providing to 64-meter antenna sites the ability to receive L=band signals;
arraying antennas to boost the signal received from the Voyager 2 space-
craft when it is close to the planet Uranus and nearly three billion
kilometers from Earth in 1986; adding an X-band uplink command system to
the ground network about 1987 to reduce the biackout effects of the solar
corona on signals from Galileo and later planetary missions, to improve
signal stability by a factor of five, and to improve abjlity to search for
gravity waves; developing a capability at Dryden F1ight Research Facility
for supporting multiple missions; providing tracking and data acquisition
support to the National Scientific Balloon Facility at Palestine, Texas;
and improving the impact prediction system and fixed radar capabiiities at
Wallops Flight Facility.

c. Communications and Data Systems

To handle the substantial increase in data transfer and processing
that TDRSS services will generate, greater use will be made of electronic
data transfer and other automated features to reduce the need for human
intervention and tape handling. Aged and obsolete computing systems for
mission support will be replaced to increase reliability and reduce
maintenance costs; and more use will be made of microprocessors to contro)
dish-antenna operations. By 1986 a program-support communications network
will be in operation to provide NASA and its contractors with supplemental
communications service for conducting day-to-day business.

d. Research and Development for Advanced Systems

Though relatively small, fthe Advanced Systems program is a vital pari
of the total program, providing a base for future planning and for
development of cost-effective support capabilities. Its objectives are to
increase abilities for communicating with spacecraft, improve navigation
capabilities, increase the operational capabilities of ground stations and
data handling and processing networks, and develop technology to
faciiitate TDRSS use.

e. Advanced Studies

TDRSS is expected to meet needs through the 1980s, but increases in
data volume for missions planned for the 1990s will require new relay
capabilities., More links and greater capacity will be needed., Studies
already have examined some support needs and new technology that may
satisfy them. Other studies are 1in process on technological problems
related to a follow-on system for the TDRSS.

Rapid advances being made in telecommunications technology will have a
profound effect on tracking and data acquisition support of deep space
missions in the coming decades by making possible, for example, a deep
space relay station. The program will continue to look ahead and make
plans to meet such challenges.
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5, Space Research and Technology

This program is responsible for conducting space research and technology
to support the Nation's economic growth, defense, and space exploration., It
is concerned with technology with broad applicabiiity rather than that related
directly to specific projects; and it concentrates on long-term, high-risk
research and technology development to satisfy national space objectives.
With commercial and military investments in the use of space growing rapidiy,
the program is focusing increasingly on national objectives and missions and
addressing the technology needs of those other sectors more directly. Much of
the work constituting the program is planned in consultation with the other
NASA program offices, the Department of Defense, and industry. Much also is
gond?cteg Jointly with them to facilitate transfer to them of the technology

eveloped,

The following objectives form the basis for the program and related
institutional plans:

o0 To excel in critical space technology areas, facilities, technical
staff, and computational capability

o To provide concepts and advanced technology for U,S. civil and military
space activities

o To involve wuniversities and dindustry in the Space Research and
Technology program

o To transition research results to the U.S. aerospace industry

o To support the spaceflight projects and other space activities of NASA,
other qovernment agencies, and U.S. industry.

Those objectives will be realized, as the objectives of the Aeronautics
Research and Technology program are, through a program of disciplinary re-
search combined with a program of systems research and technology development;
enhancement of the staff, facilities, and computational capabilities of the
NASA centers; increased and more productive involvement of the universities;
and greater emphasis on favorable transfer of technology. Also, NASA will use
and make avajlable for use by others its unique resource of space facilities
to conduct research and technology development 1in the actual space
environment.,

The discipiinary research program concentrates on the following areas:
fluid and thermal physics, materials and structures, computer science and
electronics, space energy conversion, controls and human factors, space data
and communications, and chemical propulsion. The systems research and
technology development program focuses on space transportation systems,
spacecraft systems, and space station systems. The two programs have common
tachnical objectives that provide a basis for decisions on funding, personnel,
and facilities. Those objectives are for materials and concepts for thermal
protection; longer-life, reusable engines; propulsion and aerobraking for the
Orbital Transfer Vehicle; high-capacity electrical power generation, storage,
and distribution systems; satellite communications; large antenna systems;
space teleoperation, robotics, and autonomous systems; space information
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management systems; computer science for acrospace applications; computational
aerothermodynamic techniques for entry bodies and rocket engines; human
capabilities in space; concepts fur advanced sensors; and distributed,
adaptive controis for large space systems.

Newly initiated programs include the Spaceflight Experiments program, the
Space Shuttle Main Engine Test-Bed Engine program, a program to develop
technology for the space station, and a program to strengthen the Agency in
computer science and to infuse state-of-the-art computer science and technolo-
gy into aerospace applications. Planned initiatives will develop technology
for the Orbital Transfer Vehicle, vehicles with high 1ift to drag, space
nuclear power, power and propulsion for the Spacecraft Bus, system response of
large structures, additional flight experiments in space, autonomous systems,
Tiquid oxygen-hydrocarbon propulsion, scientific payloads, large deployable
refiectors, and the Free~Flying Experiments Carrier,

C. A Vision of the Space Era Bayond the Year 2000

Most of the programs described in this report of NASA planning will reach
fruition by the end of the 20th century., With the beginning of the next
century only 16 years away, it 1s none too soon to begin preliminary planning
of possible systems, programs, and activities for the early years of the 21st
century, Detailed planning would be premature, but a range of studies of
possible alternative programs must be conducted to help set goals and objec-
tives for that period, to identify programs providing the greatest potential,
and to identify technologies that need to be pursued. The results of many
such preliminary studies conducted in the past 20 years and others now under
way have contributed to the material sketched below.

1. Space Infrastructure by the Year 2000

With the Administration's recent commitment to development of a permanent-
1y manned space station to be in orbit as early as 1992, a significant orbital
infrastructure should be in place by the year 2000 to support programs in
science and exploration, development of technologies and their application to
improve 1ife on Earth, and a wide range of commercial and industrial activi-
ties. By the end of the present century, one or more parmanently manned space
stations will have had some years of operation in low Earth orbit conducting
many of those activities. Other supporting systems will have been developed,
or will be within NASA's capability to provide. They will have the ability to
support large, permanent facilities for science, research and development,
commerce, and other activities in low Earth orbit and geosynchronous Earth
orbit; to provide routine, economical, flexible access to all orbits by manned
and robotic systems; to institute routine check~out, refueling, repairing, and
upgrading of space facilities, as well as debris removal at geosynchronous
Earth orbit; and to devise and implement innovative Space Transportation
System uses and missions such as large tethered systems for power generation,
nonpropulsive transportation, and satellite constellations.

A cryogenic version of the Orbital Transfer Vehicle evolutionary family,
currently in early stages of preliminary design, 1s expected to provide by the
year 2000 reusability for manned sortie flights to at least geosynchronous
Earth orbit. It also should be able to provide the basis for transportation
for longer flights to establish a lunar base and for planetary missions such
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as a Mars sample return mission. Supplemented at times by a remotely
controlled Orbital Maneuvering Vehicle with special kits for remote servicing,
fueling, and decbris capture, 1t probably should be able to fly with or without
crews with minimum change. Because it appears that servicing, maintaining,
and refueling those reusable vehicles will be more advantageously accomplished
in orbit than on the ground, the space station must be equipped with suitable
hangar, servicing, and refueling facilities.

A potential nced exists for routine flights of unmanned, cargo carrying,
Earth to low orbit vehicles that, compared with the Space Shuttle, will have
the ability to accept payloads with larger diameters and to 11ft greater
wetghts, Those Shuttle-derived launch vebicles would be available, of course,
for the payloads of other users.

Varions advanced systems, tools, and techniques wi11 have to be available
by the year 2000 for routine servicing operations in the space regimes
occupied by satellites and other spacecraft. Also, substantial augmentations
to crew and 1ife support systems will have to be developed. Those augmenta-
tions must provide closed-cycle, regenerative water and air loops for onboard
environment control and 1ife support systems; regenerable, space-maintained,
1ife support backpack systems for extravehicular activity; high-productivity
mobil1ity systems; Earth-norm food, hygiene, and habitability; and onboard
automation that 1s able to handle tasks that do not necessarily require
continuous manned attendance and that is flexible enough to allow easy
upgrading as technologies advance rapidly,

2. Space Programs of the Early 21st Century

For the United States to exercise space leadership and pursue the long-
term purpose of improving the well-being of humankind in the Earth and space
environments beyond the year 2000, long-range goals will be required for
advancing scientific knowledge, space exploration, Earth applications, and
commercial uses. Sustained space research and development also will be
necessary to conceive and develop even more advanced Innovative systems and
techniques than those that have been developed and will be developed by the
end of this century. Concepts exist for major manned and automated space
missions for achieving those goals and for providing unprecedented scientific
and techpical benefits. Those missions will use all regimes of space
accessible in the early 21st century: Tlow Earth orbit; higher energy Earth
orbits, including geostationary orbit; lunar orbit; the Tunar surface; and the
environs of the inner planets.

Achievements 1n the early 21st century 1in science, exploration, Earth
applications, and commercial uses will aepend on two trends: first, the
increasing capabilities of space systems with regard to accessibility.
payloads, stay times, and variety and sophistication of operations and,
second, the increasing capabilities of instruments with regard to detection,
resolution, pointing accuracy, and data collection and management made
possible partly by improvement of their power supplies and cooling mechanisms.
Those trends and the space infrastructure they produce will support
scientific, technical, and commercial activities and systems not now
possibie, including:
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0 Large facflity-class observatory instruments in both low Earth orbit
and geosynchronous Earth orbit

o Orbital platforms, both equatorial and polar and both automated and
human~tended, carrying instrument payloads that are modular, variable,
and interchangeable

o Large facilities such as telescope mirrors and radio antennas assembled
in space by humans for both scientific and communications purposes

o Llarge-payload, high-performance planetary exploration missions made
possible by clustering launch stages or by using Orbital Transfer
Vehicle derivatives

0 Planetary science networks and other long-term activities on other
celastial bodies such as the moon, Mars, and asteroids

o Routine use of the lunar surface for planetary geoscience studies,
solar monitoring, astronomical surveys, and possibly extraction of
resources

o Routine materials processing in microgravity, at bench-test through
pilot-plant levels, probably with extensive commercial involvement and
continual increases in the variety and quantities of materials produced
profitably on a commercial basis.

a., Earth Observations and the Near-Space Environment

NASA's activities 1in the 21st century will emphasize synoptic,
continuous, and long-term observations of Earth and its d{mmediate
surroundings from platforms in both polar and eyuatorial low Earth orbits.
A wide variety of multispectral, microwave, and other furms of sensors
will provide critical global information about Earth's land surfaces,
atmosphere, and ocean systems. A complementary system of sensors will
collect data on the neuar-Earth space environmert and its dynamic behavior
by monitoring the sun, sampling and analyzing the solar wind, detecting
solar flare particles, and studying Earth's magnetosphere and fts
interactions with solar activity.

As space transportation capabilities increase, similar platforms in
genstationary orbit will provide continuous monitoring of larger areas of
Earth. Also, automated or human-tended instruments located on the lunar
surface will begin complementary observations. That Jocation will permit
observation of Earth's entire face, with simultaneous investigation of
Earth's space environment and magnetotail.

The complexity of the scientific problems involved in studying Earth
and its space environment, the variety of observations possible, and the
potentially high rates of data collection will require major advances in
ground-based data collection, management, and analysis and in modelling
and prediction techniques. Also, mechanisms will have been developed for
the creation and management of large, integratad, interdisciplinary
projects Tike the current Global Habitability study.
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b. Snlar System Exploration

Exploration of the solar system will be cu fed out in several ways,
using a variety of space capabiliti s. Even by the beginning of the 21st
century many relatively small, cost=cffective missions contained in the
Solar System Exploration Committee's recommended core program will remain
to be conducted. They con be carried out with the Shuttle~Centaur
combination or an equivalent transportation system as a strajghtforward
continuation of NASA's 1980s and 1990s program, Soma more demanding
missions, such as the return to Earth of samples from Mars or a comet, can
ba carried out in a similar fashion,

Instruments, chiefly telescopes, for planetary studies will be mounted
on and supportad by the space station and its associated platforms, Even
more significant, perhaps, the space station's fueling and launching
capabilities and the availability of launch stages with higier performance
will permit automated missions to planetary systems that now are not
easily accessible. Examples of thuse missions are a Mercury orbiter, a
Neptune orditer and probe, intensive study of the Jupiter and Saturn
systems, and sample return mizsions of greater sophistication.

Routine access to the lucar surface will make possible the first
intensive, systemalic study of another major celestial body. Extensive
sample collection and scientific traverses conducted by humans and
long-term instrument networks installed and managed by humans will help
determine the details of the meoon's structure, composition, and history.
They also will make accessible the record of solar and cosmic ray particle
fluxes preserved 1n the lTunar soil. Similar scientific activities can be
carrfed out on Mars, either by large, automated spacecraft or by a manned
mission., Other sclentific achievements will include orbita) remote
sensing of that planet and a rendezvous mission to 1ts moons Phobos and
Deimos to emplace instruments on and return sampies from them.

c. Astrophysics and Solar Studies

Studies of the universe beyond the solar system will continue to
depend on the Shuttle or {ts equivalent to place into low Earth orbit a
mixture of srall specialized missions and large observatory-class
facilities similar to those studied for tne 1990s by the National Research
Council's Astronomy Survey Committee. Those missions and facilities will
be 1structured to attack specific problems that remain as the new century
begins.

Automated and human-tended platforms in the space station system will
use a variety of astronomical instruments to conduct a wide assortment of
complementary activities. The ability of humans to assemble large struce
tures in space will make possible space-based astronomical {instruments not
lTimited by the size and weight constraints of a Shuttle payload; for
example, large optical and infrared mirrors and large antennas for radio
astronomy. The space station also will make possible an exciting program
of studies combining observations and spacecraft missions to investigate
the sun as a star. The space station will support the larger and more
sophisticated instruments needed for observing and monitoring the sun, and
high=-performance Tlaunch stages such as clustered Centaurs or Orbital

I1-19



Transfer Vehicle derivatives will make possible solar probes, grazers, and
orbiters,

The lunar surface will become available as a platform for astronomical
observations, Initial studies will be made with small, prototype, human-
tended 1nstruments and will emphasize sky surveys anu the detection of
unpredictable events like supernovas and gamma-ray bursts,

d. Life Scicences

A major goal of the Life Sclences progrem will continue to be to carry
out studies and experiments to support permanent human activity in space.
Essential ingredients will be continuing ground-based research, as well as
space facilities in the form of dedicated research and laboratory modules
attached to human habitats in low Earth orbit, in geosynchronous Earth
orbit, and on the moon., Those modules will permit studies of several
critical matters related to long-term human occupancy of space: long-term
physical and psychological effects of the space environment on humans;
techniques for low-gravity surgery and related medical care; environmental
support systems 1increasingly independent of outside sources and using
animals and plants, as appropriate, to increase that 1independence; and
quarantine and materials handling techniques that possibly will allow
space habitats to be used for potentially hazardous studies or for
preliminary examination of samples returned from other planets.

Another lLife Sciences goal, to study the origin of 1i1fe in the
universe, will continue to be pursued throuyh an active and diverse
ground-based research program. In addition, large radio telescopes
installed in space will provide the means for a major effort in the Search
for Extraterrestrial Intelligince program by providing improved 1istening
capabilities.,

g, Materials Processing (Use of Microgravity)

Even before the end of this century, materials production in the
microgravity of space should have become routine, probably with extensive
commercial 1{nvolvement, for such diverse 1items as pharmaceuticals,
crystals, alloys, and special glasses. Evolution of the space station
will allow that activity to exnand, possibly to the pilot plant level or
beyond, into separate laboratory modules and human~tended laboratories in
low Earth orbit.

A varfety of space~based power systems, including solar photovoltaic,
nuciear, and solar thermal systems, will be essential., They will supply
power to the growing industrial complex associated with the space statton
and, perhaps, to facilities in geosynchronous orbit. The program for
developing and testing solar power systems also can explore the feasibili-
ty of transmitting power to, for example, Earth's surface or the moon.

Access to the Tunar surface will make possible the first routine use
of extraterrestrial resources. Techniques will be developed to enable a
lunar base, even before its permanent occupancy, to mine, extract, and
fabricate products from lunar materials. The goals will be to make the
Tunar base able to support itself as much as possible from lunar feed-

[1-20



stocks and tn foster the economic use of 1lunar resources clsewhere in
space (for example, the use of lunar oxygen by space systems in low Earth
orbit). Extraterrestrial resources also will be investigated by means of
missions, manned or unmanned, to near=-Earth asteroids to obtain informa=-
tion on and assess the availability of resources, especially the essential
volatile elements carbon, hydrogen, and nitrogen, that are lacking on the
moon.,

f. Communications

Drastically expanded communications capuabilities will b¢ needed in the
early 21st century to support both scientific and ccmmercial activities in
space., That need will be satisfied mainly by large (10- to 100-meter
diameter) antennas--assembled and tended in space by humans and located at
geosynchronous orbit. Initiation of long-term human activities on the
moon will generate a high demand for communications that will require
lunar communications systems consisting both of networks based on the
moon's surface and of lunar satellites acting as relays. Satisfying those
comnunications needs will require not only extensive research, but also
development of new systems--such as large, space-based antenna arrays--and
of space-based storage and assembly techniques. New techniques also will
be needed for handling the voluminous communications traffic generated by
both scientific and commercial activities.

The space capabilities available after the turn of the century will create
a revolution in space research, exploration, and exploitation. Large pay-
loads, 1long instrument 1lifetimes, human-supported space operations, and
routine access to Tow and geosynchronous Earth orbits, the lunar surface,
possibly the Martlan surface, and, for unmanned missions, the entire solar
system will create a researcn and operations environment whose potential now
can be imagined only dimly. The dinevitability of human exploration--and
eventually habitation--of the sviar system will begin to be apparent, and
possibilities for tapping the resources of the moon and the asteroids will
become evident. Means developed before the turn of the century for effective-
1y monitoring Earth's environment will help humankind manage that environment
wisely for the benefit of all. Use of space for industrial and other commer-
cial purposes should be commonplace. Consequently, the early 21lst century
should be an era of unparalleled achievement for humanity.

D. Aeronautics Program Highlights to Year 2000

Upon completion of the Aeronautics Study last year by the Office of
Science and Techrology Policy, the Administration declared as a national
policy objective the "provision of a proven technology base to support the
future development of superior U.S. ajrcraft,” That policy is sustained and,
indeed, reinforced by NASA's goal for its Aeronautics program for FY 1985 and
beyond: to conduct research and technology development that ensures the
enduring preeminence of U.S, aviation. That goal is supported by the
folliowing program objectives:

o Maintain the excellence of the NASA research centers in facilities,

computational capability, and technical and professional staff., This
objective requires repairing and replacing aging faciiities as well as
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developing additions and improvements, advancing scientific and engi-
neering computational instruments and programs, and enhancing staff
competence by selecting personnel with highest abilities and providing
them with career incentives,

Conduct disciplinary and systems research critical to the continued
superiority of U.,S. aircraft, Systems integration requires tuat
technical disciplines, usually treated in isolation at the basic level,
be interrelated through systems research,

Ensure the timely transition of research results to the U.S. aerospace
community. For efficient, timely transfer of technologies to industry,
Tncreased attantion must be given to active participation of industry
in NASA's research and technology development through contractual and
Joint programs; timely dissemination of results through workshops,
conferences, and reports; and dissemination to industry of {information
on technology advances made outside the United States.

Ensure the i{nvolvement of wuniversities and dndustry 1in NASA's
Aeronautics program. NASA grants and contracts are an incentive to
academic expertise in the university community and encourage technology
development by industry for incorporation in new vehicle designs.

Provide development support to the aeronautics activities of other
government agencies and U.S. industry, While furnishing that service,
NASA gains data and experience of benefit to its primary mission of
aeronautical research and technology development.

Decisions on funding, personnel, and facilities for the prcgram must be
consistent with the program's long-term technology development objectives,

namely:

0

Advance computational fluid dynamics to a level of practical applica-
tion for aircraft and engine design

Reduce aircraft viscous drag and timprove understanding of Reynolds
number effects al transonic speeds

Develop advanced materials to minimize structural weight of aircraft
engines and airframes

Provide advanced control, guidance, and flight management syster~ to
improve performance and operation of future aircraft

Double rotorcraft productivity

Ensure avaijlability of technology for superior military aircraft and
missile systems

Enhance flight crew effectiveness through development of advanced
automation, display, and control techniques

Exploit computer systems to solve aeronautical problems
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0 Reduce the drag of highiy integrated propulsion-airframe systems

o Advance the technology for small gas turbine engines to a level
comparable with that for large turbine engines

o Establish the technical feasibility of high-speed turboprop propulsion

o Provide turbofan components to improve the fuel efticiency of subsonic
transport engines

o Increase aviation safety by improving ¢rash and fire worthiness,
protection from weather hazards, and aircraft systems.

The program will continue efforts both in basic aeronautical disciplines
and in systems research and technology development. The principal areas of
technology currently being pursued include: fluid and thermal physics=<high
Reynolds number cryogenic tesiing, turbulent drag reduction, vortex flows, and
computation of the aerodynamics of complex aircraft configurations; materials
and structures--light alloy metals, new composite materials, and the crash
dynamics of composite structures; controls, guidance, and human factors--
aircraft with highly augmented controls, fault-tolerant systems, advanced
automation of crew stations, and improved simulation; computer science--
concurrent processing architectures, algorithms, and techniques for computa-
tional physics research; propulsion--general aviation and commuter aircraft
engine technology, engine dynamics, and stall recovery; rotorcraft--noise and
vibration reduction and unsteady rotor aerodynamics; high performance
aircraft-~high angle-of-attack flight, vectored-thrust and short-takeoff-and-
vertical-landing aircraft, maneuverable supersonic cruise aircraft,
propulsion-airframe integration, increased engine performance and durability
through the turbine engine hot section technology program, and hypersonic
propulsion, structures, and configuration aerodynamics; and subsonic
aircraft--advanced composite structures technology, 1icing and 1ightning
research, natural and controlled laminar flow, and, in coordination with the
Federal Aviattion Administration, air safety and operations problems.

In FY 1984 three new initiatives focused on the Tong-term technology
development objectives listed previously got under way. Those programs are
Numerical Aerodynamic Simulation, which will help svive some heretofore
intractable problems in computational fluid dynamics; Advanced Composite
Structures, which will extend the technology of composite structures to allow
their use in segments of the wings and fuselages of large transport aircraft;
and Next Generation Potorcraft, which will demonstrate technology for the
X-wing rotor.

Initiatives planned for FY 1985 and later years to respond to technical
opportunities and needs and to satisfy the long-term technology development
ohjectives listed previously include development of technology for:

o Advanced turboprop systems integration, which will evaluate large-scale
advanced propfan systems through fiight tests on a modified test-bed
aircraft at cruise flight conditions, and proof-of-concept testing of
unique counter-rotation concepts
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o 0Oblique wings, to make posssible their use at transonic and supersonic
speads

o A comprehensive data base for demonstrating the feacibility of
integrating changes in rotorcraft to decrease the noise they generate

o Fault-tolerant active controls for civil and military aircraft

o Cepramic components for gas turbine engines which will provide
technology for ceramic components with consistent properties and
reliability for use in gas turbine hot sections

0 All-weather capability for helicopters able to satisfy the civil sector
need for operating at remote sites and providing emergency medical
services and the military need for a single-pilot Tight helicopter

o Laminar flow systems for transport aircraft

o Small-engine components, which will improve the performance of small
turbine engines for use in rotorcraft, commuter and general aviation
aircraft, cruise missiles, and auxiliary power units

o Electric secondary power systems and fault-tolerant flight controls,
with emphasis on samariwi-cobalt motors, induction wmotors, and
electromechanical actuators

o Advanced supersonic short takeoff and vertical landing fighters

o Improved controllability, handling qualities, and safety of high-
performance 4aircraft operating at the extremes of their flight
envelopes

0 A data base covering the full range of flight conditions and speeds for
an integrated, dual-mode, supersonic combustion ramjet engine

o Techniques for predicting the vibration that coupled airframes and
rotors will experience and advanced technology for reducing rotcrcraft
vibration

o Dynamic three~dimensional finite-element computations to optimize
aircraft designs.

E. Aercnautics Beyond the Year 2000

At the end of the I9th century, aeronautics will still offer a substantial
potential for major advances in each of the aeronautical disciplines=--
aerodynamics, structures and materials, propulsion, and controls~--and, perhaps
of even more significance, in abilities to combine individual advances into
integrated technology for totally new aircraft systems. In addition,
continued progress in related areas such as electronics, computer science,
artificial intelligence, fiber optics, laser technology, and quite probshly
some fields not yet identifiable, will increase further the potential for
progress in aeronautics over the next century.
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Technologies for conventional subsonic transports, general aviation, and
helicopters, all of which are major integral components of today's aviation,
will continue to be important for many years into the next century. NASA will
continue to develop technology for necessary improvements 1n the safety,
productivity, and operational effectiveness of subsonic transports and in the
efficiency, safety, and automation of the tasks performed by general aviation
pilots. Increases in the ali-weather capability and productivity of conven~
tional helicopters and reduction of their noise and vibration will greatly
expand their use in civil transportation, as well as in the special-purpose,
utility, and military missions they perform today.

But prnbably of even more significance will be new opportunities and
challenges coiinected with supersonic cruise, high~speed rotorcraft, short-haui
subsonic transportation, and hypersonic flight.

1. Supersonic Cruise

Advances fn supersonic cruise technoiogy will provide important options
for both civil transportation and military aircraft. The next century will be
characterized by several trends that are almost certain to alter the outlook
for long-range transportation. World population will continue to grow, and
the largest component of that growth--over 75 percent--will be in the
developing pations. The growth of population and industry in the Pacific
Bagin, South America, Asia, and Africa--and the resulting increase in trade
and multinational business--will create a market for over~-ocean transportation
with stage lengths considerably greater than those over the North Atlantic.
Those long stages and the large fraction of travel that will be business
oriented, rather than tourist oriented, will increase the value of reducing
trip time and increasing productivity, and will precipitate renewed interest
in supersonic transportation.

The Concorde already has proven the technical feasibility of supersonic
atr transportation, but also has proven that a system based on technology of
the 1960s cannot be economically viable. Research conducted since termination
of the U.S. supersonic transport program has resulted in considerable optimism
that a supersonic transport can be economically viable and environmentally
acceptable, Design studies conducted by the major aircraft manufacturers
indicate that an advanced technology supersonic transport could carry 300 to
400 passengers over intercontinental ranges at more than three times the speed
and productivity of today's subsonic transports. Operating cost estimates
suggest that 1ittle if any surcharges over tourist fares would be required,
and some configuration approaches appear to promise sonic boom overpressures
that would be sufficiently low that flight over land would be practical,

Supersonic-cruise technology also is important for development of combat
aircraft. Recent studies and combat experience indicate that sustained
supersonic cruise, coupled with high maneuver capability, would provide a
considerable increase in combat effectiveness and survivability. In addition,
the higher thrust-to-weight ratios associated with supersonic cruise
capabilities increase the feasibility of short takeoff and vertical landing
capabilities for future fighters.
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2. High-Speed Rotorcraft

Although an order of magnitude slower than sup: . sonic aircraft, new
rotary-wing vehicles will be much faster than prrsem 4y helicopters and,
therefore, able to assume a much broader role in both c¢ivil and military
operations. Tilt-rotor technology developed jointiy by NASA and the U,., Army
makes 1t possible for an aircraft to retain the vertical flight and hover
advantages of a helicopter while being capable of efficient, smooth, quiet,
forward flight at speeds approaching those of current propeller-driven
airplanes, That capability 1s a first, but important, step toward entirely
new generations of high-speed rotary wing aircraft for a variety of military
applications and for civil missions including res e, emergency medical
seryice, and police work.

The tilt-rotor air-raft's increased speed, range, economy, payload, and
comfort will provide the basis for large-scale intercity and inter-region
civil transportation. Also, its capability for combined vertical and forward
flight will be important in satisfying worldwide needs created by conditions
as disparate as urban congestion in highly developed areas and primitive
terrain in developing areas. Problems encountered in construction activities
at remote sites may focus future attention on another feature of rotary-wing
technology-~the heavy 11ft capability of very large helicopters, particularly
in the higher-efficiency, reduced-weight versions that current rotorcraft
research will make possible.

3. Short-Haul Transports

Although supersonic transports will provide much of future long-range air
travel, a large fraction of air transporation in the United States and, even
more, in Europe and elsewhere will consist of trips with stage lengths of 160
to 800 kilomeiors, In the next century, as population grows and shifts away
from the older metropolitan areas and as new urban areas and industrial
centers develop, the need for efficient, comfortable, short-haul air trans-
portation will increase rapidly. Small commuter aircraft mostly will be
replaced by aircraft that have capacities of 50 to 100 passengers or more,
that are designed to large-transport standards of air worthiness, operation,
safety, and dependability, and that also are designed for maximum efficiency
during climb, descent, and short-stage-length flight. The new aircraft also
will be able to operate safely and quietly at relatively small airports and on
short runways at hub terminals.

Advanced turboprop technology now under development will be an important
contributor to that future generation of commuter aircraft by providing
important improvements in fuel economy. The new short-haul transports also
will benefit from research now under way for long-haul transports in areas
such as drag reduction, lightweight structures, active controls, and safety.
They also may empioy propulsive 1ift for takeoffs from short runways.

4. Hypersonic Flight

The X-15 research airpiane allowed some exploration of the hypersonic
regime in the early 1960s and, in fact, helped set the stage for the Shuttle
and other space vehicles that must pass through the hypersonic regime on the
way to and from orbit. Development of capabilities for sustained hypersonic
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flight entails technical problems in propulsion and aerodynamic heating that
will be more difficult to solve, However, research has indicated that they
can be solved, making hypersonic flight operations in the next century
practical and perhaps even routine. Long-range cruise missiles with
supersonic-combustion ramjet (scramjet) propulsion systems burning high-
density hydrocarbon fuels may be the first generation of operational
hypersonic vehicles, followed by strategic reconnaissance .ircraft able to
cruise at Mach 5 to Mach 7 at very high altitudes. There also is renewed
interest in a hypersonic maneuvering airplane capable of sustained operation
both 1in the atmosphere and in low orbit. Equipped with a combination of
scramjet and rocket propulsion to match the transatmospheric envelope, it
probably would be able to take off, as well as land, horizontally. Technology
development involving highly coordinated systems research in the propulsion,
aerodynamic, structures, and controls discipiines will be required and will
have to be conducted on the basis of pcstulated future vehicle requirements
until actual military spaceflight needs can be defined.

5. Research Opportunities

The Aeronautics Research and Technology Base effort, the primary source of
the seeds for long-range future growth, well may lead to additional and
perhaps even more important next-century developments that now cannot be
identified. Two areas of extreme importance to developments in all the types
of aeronautical vehicles are the growing dependence of aircraft and engine
deslgn1on numerical simulation and the use of microelectronics in aircraft
controls.

An ability to compute fluid dynamics is essential for enhancing under-
standing of aeronautical phenomena and for facilitating the aeronautical
design process. By the year 2000, solutions to the full Navier-Stokes
equations should be possible, providing exact solutjons for the real flow of
gases, allowing accurate modeling of turbulence and separated flow, and
opening the way to a broad range of control mechanisms for improving
aerodynamic flows,

Technology advances that should be incorporated into aircraft of the next
century will require that systems integration capabilities he developed to a
degree even more advanced than those reflected in the Space Shuttle, the best
current example of a highly integrated aerospace vehicle. Highly reliable
flight controls, electric power systems, and electromechanical actuators will
allow replacement of mechanical, hydraulic, and pneumatic systems with
all-electric systems having higher reliability and lower weight. Fiber optics
will make possible fly-by-light systems providing still areater flexibility,
weight reduction, and protection from lightning effects. Technology will be
available for active controls to alleviate structural loads and suppress
flutter, thereby significantly improving ride qualities and reducing pilot
workloads and structural fatigue.

Many of the tools and facilities that will be required to support research
and technology and vehicle development into the 2lst century either already
exist or are under development. NASA's impressive capability in Tow-speed and
high-speed wind tunnels recently has been augmented with the WNational
Transonic Facility and will be enhanced further when the 40X80X120-foot wind
tunnel at Ames Research Center becomes operational. However, additional
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capabilities will be needed for large-scale, real-gas, hypersonic engine
testing, for dcing research, and for large-scale, integrated airframe-
propulsion systems research in which altitude, temperature, and speed effects
can be studied concurrently.

In addition to those types of ground-based facilities, technology
development wiil continue to require i1ight research as an essential element.
Thus, new experimental vehicles probably will be required in the areas of
hypersonics, supersonic chort-takeoff and vertical 1landing, advanced
supersonic cruise aircraft, and very high speed rotorcraft,

The future of aeronautics in the next century is replete with technology
opportunities for growth and advancement even more impressive and exciting
than those witnessed in the present century, but successful realization will
require continued effort and commitment. NASA's research is providing, and
will continue to provide, a solid foundation from which NASA will proceed
effectively in directions it selects on the bhasis of national needs and
priorities.

F. Institution

Two of the eight NASA goals listed in Section A of this chapter, the first
and the last, are fundamental to institutional management. As an important
step toward meeting the first, creation of a work environment that will enable
the Agency to achieve and maintain a work force c¢f highest excellence, NASA
has undertaken as a priority activity recruitment of recent graduates of
distinction in science and engineering. During the past year, the science and
engineering complement increased by nearly 350, to 11,094, and is expected to
grow to approximately 11,500 by the end of FY 1989, Of particular signifi-
cance is that the buildup is occurring within a stable ceiling of about 21,000
for NASA's total permanent work force.

The last of the eight gycals calls for developing and applying advanced
technology and management techniques and procedures to obtain optimum produc-
tivity. Two major activit™  are being conducted toward meeting that goal.
The first is preservation, enhancement, and construction of aeronautical and
space facilities, especially facilities essential to support the growing
number of Space Shuttle flights and the payloads they carry. The second,
computer systems management, has the objectives of ensuring that the best
computer tools are available at the right time and at the lowest cost,
fostering the use of computer systems to increase management productivity, and
advancing computer and computer~related technology for the benefit of NASA and
the Nation.
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ITT. SPACE SCIENCE AND APPLICATIONS

The Space Science and Applications program is respon=ible for scientific
research into the nature and origin of the universe and for applying space
systems and techniques to solve everyday probiems on Earth, Tne research
includes observation of the distant universe, exploration of the near uni-
verse, and characterization of Earth and its environment. The applications
work advances the 1ife sciences, improves satellite communications, investi-
gates the behavior of materials during processing in microgravity, and expands
knowledge of Earth and its environment.

Observation of the distant universe includes measurement of the radiation
and particles reaching Earth from beyond the solar system and study of the sun
as the only star that can be observed in detail. Questiuns under study deal
with the origin, evolution, and structure of the universe and the fundamental
laws of physics that govern it. Space flight's principal contribution is to
provide a view of the universe unobscured by the haze of Earth's atmosphere.

Exploration of the near universe includes visiting and studying objects
and environments 1in or near the solar system to investigate the origin and
evolution of the solar system and to compare Earth with the other planets and
their satellites. Measurements focus on internal structures, surface fea~
tures, atmospheres, and plasma environments and, therefore, require remote and
in situ observations and sample returns.

Characterizing Earth and 1its environment involves remote sensing from
space and measurement of the partic¢les and electric and magnetic fields of
Earth and its surroundings to determine how the soiid planet, land surfaces,
oceans, atmosphere, and plasmasphere function and interact. Also involved are
investigations of how 1lite originated, has evolved, and is maintained on
Earth, as well as research on fundamental Taws of physics and chemistry and
their application. The view from space gives mankind its first truly global
perspective on its home in the universe.

The Life Sciences program seeks to ensure the health, safety, well-being,
and effective performance of humans in space an! to prepare the way for
humankind to take a place in the larger environment of the universe. It also
uses the space environment to further knowledge in medicine and biology by
exposing living organisms to space and noting the effects. If deleterious
effects are detected, countermeasures are sought.

The Communications program 1s designzd to develop high-risk electronics
technology useful in multiple frequency bands to satisfy the communications
needs of NASA, other government agencies, and U.,S. industry.

The aim of the Materials Processing program is to improve basic under-
standing of materials and their behavior in microgravity. Research in the
space environment clarifies materials processes and explores feasible and
advantageous processing that one day may lead to an industry in space.

A. Program Strategy

Space science and applications programs concentrate on problems whose
sotution requires placing instruments in space and the upper atmosphere to



provide observations at wavelengths to which Farth's atmosphere is opaque; in
situ studies; higher spatial resolutions than can be obtained from Earth's
surface; Jlobal views of Earth; or the environment of space, especially low
gravity. They make use of theoretical studies, data analyses, laboratory
measurements and simulations, instrument development, and field measurements.
Tr: theoretical studies relate observations to fundamental laws and quuntify
the understandings gained, while the 7laboratory 1investigations provide
additional information on observed processes. Field measurements are made
from rockets, balloons, aircraft, and ground bases to complement and verify
measurements made from space, The ground-based observations provide data
needed to interpret the space observations fully. Both the Shuttle and
expendable launch vehicles are used to launch the program's payloads. The
large amounts of data generated by many of the programs require regular
improvements in the efriciency of data management.

The Space Science and Applications program is c¢onducted in close
cooperation with the scientific, engineering, and industriaj communities. The
Space Science Board and Space Applications Board of the National Research
Council provide advice at the program level, while advice at the project level
comes both from committees estabiished by those boards and from committees of
the NASA Advisory Council. Discipline areas receive outside views in a
similar fashion, and the selection of mission payloads and basic research
proposals rests in part on evaluations by the outside community.

International cooperation continues to be important. International
prnjects reduce the cost to each of the countries involved and permit more
expansive effort than a single courtry could afford alone. Each partner gains
access to other countries' sciznce and technology relevant to its own
programs. In addition, 1interpnational space collaberation serves broader
foreign policy goals aimed at retaining positive, productive relationships
with the many countries that are benefiting from space activities. The
Internaticnal Ultraviolet Explorer is a good example. Developed jointly by
NASA, ihe European Space Agency, and the Science Research Council of the
United Kingdom, it has been operated very effectively by the three partners
for the past four years. The Space Telescope, International Solar Polar
Mission, and Upper Atmosphere Research Satellite are additional examples.
International cooperation is expected to remain a key factor in conducting the
Space Science and Applications program.

Continuity 1s also an important asnect of the program. While answering
some questions, scientific research often raises new ones that require
capabilities or extensive data not available from current or sast projects;
the logical outgrowth is a naw project. An example of that outgrowth is the
proposal for the Advanced X-Ray Astrophysics Facility, which will address
questions arising from discoveries made by the High Energy Astronomy Observa-
tories. That new facility will make a much more comprehensive survey of x-ray
objects than its predecessors could. Another facet of continuity is the role
of enabling technologies; for example, the development of radar altimetry
provided the ability to observe the circulation of the oceans. First employed
from orbit by Skylab, radar altimetry was improved for us2 on the third
Geostationary Operational Environmental Satellite and further improved for
Seasat, which was able to observe regional circulation patterns in the ocean.
Additional improvements will allow the Ocean Topography Experiment to make the
first global measurement of the rirculation of the oceans. The third element
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of continuity is sustained commitment to scientific endeavors that requi::
many years of planning and execution,

B. Study of the Distant Universe

Study of the universe involves questions at the core of human concern.
What is the size, scope, and structure of the universe? What 1s mankind's
place i~ it? How did it begin? Is it unchanging or does it evolve, and will
1t hdave an end? What are the laws that govern celestial phenomena?

Answers to such questions are sought by investigating the sun, stars,
galaxies, gas, dust, and the laws of physics governing them. Matter in the
universe varies in size, shape, density (by at least 40 crders of magnitude),
and temperature (by billions of degrees). Electromagnetic radiation emitted
by matter in the universe ranges from highly energetic gamma rays, through
x=-rays and ultravioiet radiation, further through less energetic infrared and
microwave radiations, to the radio regions of the spectrum. Objects in the
the universe also radiate particles in the form of stellar winds and cosmic
rays, and it is presumed that those particles give off as yet undetected
neutrinos and gravitational radiation.

Until the space age, the universe could be observed only through "the
dirty basement windows of the atmosphere." Water vapor in the atimosphere
blocks much of the infrared spectrum; and radiation in the ultraviolet, x-ray,
and gamma-ray frequencies does not penetrate the atmosphere at all. Even at
the wavelengths of visible 1light, atmospheric turbulence and scintillation
1imit the performance of the best ground-based telescopes., However, as a
result of this country's program in space astronomy and astrophysics during
the past two decades, a new view of the universe is emerging. Rocket and
satel1ite observations at ultraviolet wavelengths have shown that many stars
eject enormous amounts of material at high velocities. A revolution is
occurring in knowledge of the chemical composition and physical state of
intersiellar gas and dust. Both ultraviolet and x-ray observations have shown
that mitny types of stars possess high-temperature, tenuous outer layers and
exhibii. solar-like activity. However, the behavior of those stars is not
consigtent with current understanding of the solar chromosphere and ccrona.
Discovery of celestial x-ray and gamma-ray sources has revealed the existence
of new types of celestial objects and has shown that explosive events of
unimaginable violence occur routinely in the universe.

Evidence accumulated from x-ray measuremants suggests that a significant
fraction of the matter in the universe may exist as very high temperaiure gas
located between the galaxies. Objects ranging in distance from nearby cool
stars to the most distant quasars emit x-rays, and recent observations have
shown that some astronomical bodies emit most of their energy as gamma rays.
The first survey at infrared wavelengths discovered stars with debris systems
that could imply the formation of planets around the stars. Future projects
are being designed to sustain the rapid pace of develepment of observing
abilities that will continue this revolution in understanding of the universe.

The sun is the only star that can be studied in detail, and study of it is
essential to interpreting the distant universe. Magnetic fields control the
solar atmosphere, and the structure of the sun's corona is dominated by
magnetic arches and loops. In addition, the corona contains regions called
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coronal holes from which the magnetic fields extend into interplanetary space,
creating the solar wind,

Techniques have been developed recently for measuring the motions of the
visibie surface of the sun, the photosphera. Observation and analysis of the
motions resulting from waves occurring in the sun's convective interior have
led to the conclusion that the convective region of the sun extends deeper
than previously believed. Observations that are directly related to the sun's
interior structure and processes now can be made. The oscillatory motions
also may contain 1information about the change in angular velocity of the
convective layer with distance from the sun's center.

1. Strategy
Studies of the universe progress through five stages:

o Preliminary surveys to detect gross features

o Initial all-sky surveys to start defining source characteristics,
approximate source locations, and collect other useful information

o High-sensitivity surveys or detailed studies of individual sources
o Fligh% of full-scale observatories
o Flight ov specialized follow-up and observatory support missions.

The 4tages of development of the disaiplines within astrophysics vary
significantly. For example, the tirst extreme ultraviolet sources have been
detected only recently, placing this discipline in the first of the five
scages, In contrast, the Space Telescope will advance ultraviolet and optical
astronomy into the fourth stage. Each wavelength and particle-energy range
provides specific information about celestial objects and processes. However,
full understanding of some cbjects, such as quasars, requires observations at
all wavelengths. In addition, apparently unrelated obj *ts often invoive
similar phenomena, but on different scales. To obtain a complete picture of
tge ph{fica] universe, all the astrophysics disciplines will have to be
advanced.

2. Current Program

The Astrophysics program currently contains nine research projects. Each
project is aimed at a particuler set of problems but alse generally overlaps
others to provide a variety of viewpoints and, therefore, a more comprehensive
understanding of particular phenomena. An example of a phenomenon subjecte:
to that treatment is flaring of stars. Although only the Solar Maximum
Mission is aimed specifically at investigation of flares on the sun, four of
the nine projects will contribute to an understarding of how the sun's energy
is stored, what triggers its release, and how the sun and its atmosphere
respond to the flaping.
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a, Solar Maximum Mission

Activity in stars, including the sun, is most easily studied by
obserying the ultraviolet light and x-rays they emit. However, because of
the sun's proximity to Earth, its flares also can be imaged with hard
x=rays and the products of nuclear collisions in its atwosphere can be
observed. Despite the limited time its primary sensors were operational,
the Solar Maximum Mission has obtained the most comprehensive observations
to date on solar flares. Its simultaneous observations ~ver a broad band
of the electromagnetic spectrum have yielded a relial : model of flare
phenomena. After its planned in-orbit repair in 1984, it will resume
observations with the goal of discovering how flares are triggered.

Observation of activity on stars thought to be like the sun can tell
much about the range of the sun's activity and what it is 1ikely to be in
the future, Consequently, in addition to other problems relatiny to stars
and galaxies, the three missions whose descriptions follow will study
flares on other stars-~-hot stars, cool stars, rapidly rotating stars, and
stars with strong magnetic fields.

b. International Ultraviolet Explorer

The International Ultraviolet Explorer was a Jjoint undertaking by
NASA, the United Kingdom's Science Research Council, and the European
Space Agency. Since its launch in 1978, it has provided ultraviolet
spectra for studies of comets, the outer planets and their satellites, the
atmospheres of stars, the interstellar medium, and extragalactic objects.
It has expanded understanding of stellar winds, gaseocus halos around
galaxies, and solar-like activity on other stars. It is an important
precursor to the Space Telescope, not only scientifically but also as a
facility operated for the benefit of guest investigators.

c. Hubble Space Telescope

The principal element in the astronomy program is the 2.4-meter diame-
ter Hubble Space Telescope to be launched in 1986 by the Space Shuttle.
It will be a long-duration orbital facility serviced by the Shuttle, whose
crew will change and update the Telescope's focal plane instruments as
scientific priorities and instrument capabilities evolve. One of the
focal plane instruments and the solar arrays for the Telescope are being
provided by the European Space Agency. An international team will staff
the Space Telescope Science Institute, which will be responsible for
operations and data analysis.’ The Space Teleccope's ability to cover a
wide range of wavelengths from the infrared to t' * ultraviolet, to provide
fine angular resolution, and to detect faint sources will make it the most
powerful astronomical telescope ever built. It will be used in extraga-
lactic astronomy and observational cosmology for tasks such as investiga-
tion of stars in other galaxies to determine their rotation, age, mass,
and chamical composition. The effect of chemical composition on stellar
activity can best be studied in other galaxies, and stars closer to the
center of a galaxy generally have richer compositions than those farther
out,
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d. Roentgen Satellite

The Roentgen Satellite is a cooperative undertaking with the Federal
Republic of Germany. Germany is responsible for developing the spacecraft
and telescope, amd the United States is responsible for launching the
satellite and providing one focal plane instrument. Observation time will
be divided equally between the United States and Germany. In addition,
the United Kingdom is providing an instrument to obhserve in the extreme
ultraviolet wavelengths and will share in the German observation time,
The program's objective is to orbit an x-ray telescope similar to the
second High Energy Astronomy Observatory to investigate many phenomena
discovered by that observatory, including the high x~-ray luminosity of
stars that otherwise appear to be identical to the sun,

e, Gamma Ray Ohservatory

The Gamma Ray Observatory will observe the universe in the highest
energy reaches of the electromagnetic spectrum. It will look at the
nuclear processes occurring near neutron stars and black holes and permit
investigation of the formation of elements in supernovae, the origin of
gamma ray bursts, and details of the gamma ray sources recently discovered
in our galaxy. Gamma rays produced by interaction of cosmic rays with the
interstellar medium provide direct information about both the interstellar
medium and the cosmic rays. Observation of gamma rays from objects such
as pulsars--which also emit radio, visibie, and x-ray radiation--is
essential to understanding those objects., While the events occurring at
the end of a star's life are hest observed at wavelengths shorter than
visible, such as gamma rays, the events occurring during star formation
are best observed at wavelengths longer than visibie. The longer
wavelengths also are best fuir observing the radiation from the earliest
moments of the Big Bang. Consequently, the two programs described next
are Investigating Jonger wavelength rcyions of the spectrum.

f. Infrared Astronomical Satellite

Launched January 25, 1983, the Infrared Astronomical Satellite has
completed the first comprehensive all-sky survey in the 8- to 120-micron
region of the spectrum. The Netherlands provided its spacecraft, the
United States provided its telescope, and the United Kingdom provided its
ground operations facility. It has Tlocated many infrared sources for
future dinvestigation and has provided information on the formation of
stars in our galaxy, the presence of dust in galaxies, and the number and
characteristics of asteroids in the solar system., It already has made
several notable discoveries, including a debris syst~m around the star
Vega, arcs of dust above and below the ecliptic plane, and cirrus-like
dust clouds in our galaxy. An international team continues to analyze the
data it collected. It will be complemented by an extended-source survey
to be carried out with a small telescope on Spacelab 2.

g. Cosmic Background Explorer

The Cosmic Background Explorer will measure precisely the spectral and
directional distribution of cosmic microwave background radiation believed
to be a remnant of the Big Bang. Measurements from balloons and aircraft
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have introduced uncertainties that it will be able to resolve, thereby
providing definitive fundamental observations in cosmology. Any devia-
tions from uniformity detected will be significant, allowing a look back
toward the instant of creation.

h. Heavy Nuclej Collector

Recent developments make it possible to construct a passive cosmic ray
telescope with a very large area to detect charged particles. Acid etches
the plastic CR-39 at a rate proportional to the square of the charge of
particles that pass through it. Consequently, by exposing CR-39 to space,
recovering and etching it, and analyzing the etched tracks, scientists can
determine the composition of the cosmic rays that have passed through it.
Because the plastic is Tight in weight and no telemetry is involved, it
can be placed in trays that will cover almost all of the Long Duration
Exposure Facility, providing a total area an order of magnitude larger
than that of any other planred investigation of this sort, [t therefore
will be very valuable for measuring the abundances of rare, heavy nuclei
like those of uranium not abserved by the cosmic ray telescopes on the
third High ‘nergy Astronomy Observatory.

i. Spacelab Investigations

The Shuttle-Spacelab will carry telescopes into space to observe the
sun, stars, high-energy scurces, and sources of infrared radiation. For
Spacelab investigations, NASA is developing instruments of both the
facility class and the principal investigator class.

(1) Solar Optical Telescope

The only facility class instrument in the current program is the Solar
Optical Telescope, & one-meter OGregorian telescope that will provide
ultra-high resolution observations of the sun in the wavelength band from
infrared to uitraviolet. It will have an assortment of focal plane
instruments that will be refurbished or replaced between flights. It will
study time-related phenomena associated with small solar features such as
the fine structures of the chromosphere, magnetic flux ropes, spicuies,
and flare sites--each of which is believed to measure less than 100
kilometers in any dimension.

(2) Principal lInvestigator Class Instruments

Spacelab missions currentiy scheduled to carry principal investigator
class instruments are described below. In addition to U.S. instruments,
Spacelabs 1 and 2 will carry European instruments that will investigate
the sun and the universe.

(a) Spacelab 1

The Far Ultraviolet Telescope, developed jointly with the French, will
observe aging stars in our galaxy, and the Active Cavity Radiometer will
measure precisely the variations in the total luminosity of the sun.

[11-7



(b) Spacelab 2

The Solar Ultraviolet Spectral Irradiance Monitor will observe the
highly variable ultravielet output of the sun, and the Solar Magnetic and
Velocity Field Measurement System will be able to make measurements
undisturbed by the hlurring that affects observations made through Earth's
atmosphere. The Elemental Composition and Eneryy Spectra of Cosmic Ray
Nuclei instrument will observe cosmic rays with energies greater than
those the telescopes on the third High Energy Astronomy Observatory could
chserve. The composition of those higher energy cosmic rays should be
1ess contaminated by secondary products resulting from the rays' passage
through the interstellar medium. The Small Helium-Cooled Infrared
Telesrope will complement the survey made by the Infrared Astronomical
Satellite, whose sensitivity is greatest to point sources, by surveying
the sky for extended infrared sources having low surface brightness.

(c) Astro-1

Astro-1 will be a Space Shuttle pallet with three ultraviolet tele-
scopes that will complement the Space Telescope. Each of the telescopes
will have unique capabilities: Ultraviolet Imaging Telescope--wide field
of view; Hopkins Ultraviolet Telescope--short wavelength ultraviolet; and
Wisconsin Ultraviolet Spectropolarimeter--polarization.  Astro's first
flight will be a special mission to observe Comet Halley.

Potential New Initiatives, FY 1985-1989

a. Advanced X-Ray Astrophysics Facility

The Advanced X-Ray Astrophysics Facility is a potential development
start for 1987. It received the highest endorsement from the Astronomy
Survey Committee of the National Academy of Sciences. With 4 times the
spatial resolution and at least 100 times the sensitivity of the second
High Energy Astronomy Observatory, frem which it is evolving, it will
advance x~-ray astronomy into the mature observatory stage and be as
significant an advance in x-ray astronomy as the Space Telescope will be
in optical astronomy. It will be Tlaunched and serviced by the Space
Shuttle. The focal plane of its 1.2-meter, grazing-incidence, x-ray
telescope will accommodate instruments to collect data with high spatial
resolution and spectral data on quasars, galaxies, clusters of galaxies,
and the intergalactic medium. An important objective is to image x-rays
from iron, since the amount of iron that galaxies produce and expel into
the space between themselves tells much about the early history of star
formation and destruction in the galaxies. That objective will require
that the mirrors on the Advanced X-Ray Astrophysics Facility have the
ability to reflect x-rays with energies twice as high as those that the
second High Energy Astronomy Observatory reflected. Technology for the
mirrors js being developed in the Physics and Astronomy Research and
Analysis activity. Technology for x-ray sensors was developed in part by
the Research and Analysis program and in part by the 0ffice of Aeronautics
and Space Technology.
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b, Other Planned Initiatives

Other initiatives planned for the FY 1985 through FY 1989 period are
principally dinvestigations into dynamical structures--the structure of
space and time and the structure of the sun, collapsed star., and
interstellar space.

(1) Gravity Probe-B

The structure of space and time is investigated through the theory of
general relativity. Gravity Probe~B is an orbiting, cryogenic gyroscope
experiment to test a fundamental concept of general relativity by
measuring the precession of orbiting gyroscopes as they move through a
gravitational field twisted by Earth's rotation (relativistic spin-spin
coupling). That twisting of space acts as a force that is to simple
gravity what magnetism is to electricity. The effect is very small and
the experiment can be carried out only in space. The required technology
has been under development since 1965. Systems analysis and technology
development now under way will integrate the resulting component
technologies to provide a functioning prototype.

(2) Shuttle Infrared Telescope Facility

This program will provide a meter class, cryogenically cooled, infra-
red telescope designed to study the very cold regions of space, where
cosmic dust and gas condense into stars; cool objects in the solar sysiem
~-planets, asteroids, and comets; and infrared-emitting extragalactic
objects. One major application will be to obtain detailed infrared
spectrometry of the faint infrared sources that the Infrared Astronomical
Satellite has discovered but cannot observe in detail. Technology is
ready for cryogenic telescope systems, but their performance will depend
on the performance of their infrared sensors. The sensitivity of sensors
in the current generation is much higher than that of the sensors on the
Infrared Astronomical Satellite but is still an order of magnitude above
the 1imitations placed by natural cosmic background. The Shuttle Infrared
Telescope Facility will benefit from sensor technology that will be
developed in this decade.

(3) Solar Seismology Mission

The objective of the Solar Seismology Mission is to observe the bulk
motions of gas at the surface of the sun. ODbservations lasting several
weeks have shown that waves generated in the sun's interior by convection
and differential rotation produce global oscillations that are visible at
the sun's surface. The internal structure and motions of the sun can be
determined by observing those oscillations. However, the observations
miust be mada contipuously for months; and that is impossible from Earth,
even at the South Pole.

(4) Extreme Ultraviolet Explorer

When stars eventually consume all the nuclear fuel available to them,
gravity collapses them and they radiate away their heat. Depending on
their mass, their collapse is stopped by the incompressibility of
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electrons to form white dwarf stars, or of neutrons to form neutron stars,
or of nothing at a1l to form black holes, This program and the one that
follows will be concerned in part with determining the structure of the
three kinds of collapsed stars.

This program will conduct an initial survey of the sky to detect
objects emitting primarily at wavelengths from 10 to 90 nanometers,
thereby opening one of the last remaining unexplored spectral regions.
Most extreme-ultraviolet objects discovered to date have been stars at
advanced stages of evolution, including white dwarf stars. Discovery and
study of many such objects are expected to provide new insight into the
later stages of stellar evolution and the energetics of the interstellar
med;um{ With all retevant technologies developed, this program is ready
to hegin.

(5) X-Ray Timing Explorer

The X-Ray Timing Expleorer will conduct intensive studies of the
changing lTuminosity of x-ray sources over time ranging from milliseconds
to years. The time behavior is the source of important information about
processes and structures in white-dwarf stars, x-ray binaries, neulron
stars, pulsars, and black holes. For studying known sources and detecting
transient events, observations are required over an extended periocd with
instruments sensitive to x-ray energies from 2. to 100-thousand electron
volts. Technology is nearly ready, with developments in detector technp-
logy under way as part of the mission definition studies.

(6) Far Ultraviolet Spectroscopy Explorer

The Far Ultraviolet Spectroscopy Explorer will be a one-meter class
telescope equipped for very high resolution spectroscopy in the spectral
region from 90 to 120 nanometers. Its objectives are to expand the
preliminary studies finitiated by the third Orbiting Astronomical
Observatory and to act as a scientific complement to the Space Telescope
and the planned x~ray missions. Information on many spectral features
that lie in the 90~ to 120-nanometer band is essential to an understanding
of the interstellar gas, extended stellar atmospheres, supernova remnants,
galactic nuclei, and processes in the upper atmospheres of planets. For
example, the interstellar medium's structure depends on the medium's
temperature, velocity, and location in space. The Far Ultraviolet
Spectroscopy Explorer will be sensitive to all phases of the interstellar
medium. As all spectrometers, those for this program will rely on
gratings to disperse the spectrum. Development of the technology for
making gratings and spectrometers for such short wavelengths will be
undertaken during mission definition. Also, some mirror coating techno-
logy must be developed.

(7) Solar Corona Diagnostics Mission

Technology is available for this mission, whose objective will be to
infer the origins of the inner corona and the solar wind by use of

recently developed diagnostic techniques that allow obervations from Earth
orbit to be used for that purpose.
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(8) Spacelab and Space Station

Investigations on Spacelab will evolve into longer ones on or near the
space station that will depend on the space station for servicing,
assembly, and manned interaction. Current plans include twn major
facilities and two principal investigator class instrumerts.

(a) Starlab

This cooperative venture among the United States, Australia, and
another partner would use a one-meter class telescope to conduct, at high
angular resolution 1in the visible and wultraviolet bands, 1maging
investigations of sources too large to be observed efficiently with the
Space Telescope. Those sources will include globular clusters, gas
clouds, nearby galaxies, and large clusters of galaxies. The thechnology
for the required large~-format, high-resolution, photon-counting detectors
is being developed in the Physics and Astronomy Research and Analysis
program.

(b) Pinhole Qcculter Facility

The Pirhole Occulter Facility will be a system for imaging hard x-rays
to provide high-resolution studies of x-ray bright points, active regions,
solar flares, and the structure and nature of the sun's corona. It will
consist of a large, Shuttle-borne, occulting disc with thousands of
pinholes and a detector package located 30 meters or more from the disc.
Hard x-rays are produced by processes that are in tharmodynamic disequili-
brium, and the emission regions are expected to carry part of the signa-
ture of particle acceleration in their structures. In its occulter mode,
the facility will make it possible for optical instruments to lcok near
the base of the corona to obtain diagnostic information on heating and
cooling. Technology for deploying and controlling long, weighte: booms in
space must be developed.

(c) Shuttie High~Energy Laboratory

The Shuttle High-~Energy Laboratory will consist of a pallet carrying
three x-ray telescopes that will use specialized techniques for
investigations in high-energy astrophysics. The technology for those
investigations is being developed as part of the preliminary design of the
system.

(d) Cosmic Ray Experiments

The Cosmic Ray Experiments program will use massive instruments,
perhaps initially tested and used on Spacelab flights, to make cosmic ray
measurements that require observation times longer than those Spacelab
will provide. The measurements can be made as a series of experiments on
the space station. Emphasis will be on measuring particles of very high
energy and low flux; investigating the charge composition, energy spectra,
arrival direction, and isotopic composition of cosmic ray nuclei; and
searching for exotic particles such as super-heavy nuciei, magnetic
monopoles, and antinuclei. The technology required is being developed in
the Astrophysics Research and Technoiogy program.
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4., Possible Initiatives, FY 1990-1994

Two observatories are potential development starts in the FY 1990 through
FY 1994 period: the Advanced Solar Observatory for solar physics and the
Large Deployable Reflector for submillimeter and far infrared astronomy. The
thrust in astronomy following the Space Telescope and the Advanced X-Ray
Astrophysics Facility will be to develop arrays of telescopes for either very
high anguiar resolution or high sensitivity. Also planned is a mission into
the upper atmosphere of the sun.

a. Advanced Solar Observatory

The Advanced Solar Observatory will begin operation when the Solar
Optical Telescope and the Pinhole Occulter Facility are put together on a
long~duration orbiting platform. It wili use high-resolution instruments
to study the temporal evolution of solar features and to observe events
that are especially revealing. Its coordinated observations of all
aspects of the surface of the sun will advance solar physics from an
?bs?r;ational science to one capable of prediction. It eventually will

nclude:

o0 A high-resolution telescope cluster containing the Selar Optical
Telescope, a soft x-ray telescope facility, and an extreme
uitraviolet telescope facility

o Instruments behind the Pinhole Occulter Facility to observe, with
very high spatial resolution, the corona close to the sun's surface
and energetic phenomena like flares

0 A high-resolution gamma ray spectrometer

o A low-frequency radio facility.

The technologies for many of those instruments are ready, and others will
be developed in the Astrophysics Research and Technology program.

b. Large Deployable Reflector

The processes of birth of celestial bodies are largely unexplored by
astronomers. They occur in cold clouds of dust so thick that the Tight
from the bodies as they are forming cannot escape. The light therefora
heats the dust, creating infrared radiation that can escape. That
radiation is low in temperature and long in wavelength, constituting a
weak signal that only a very sensitive telescope will be able to detect.
Technology shouid be sufficiently advanced by the late 1980s to permit
development of a telescope as large as 20 meters in diameter for in-orbit
spectroscopic and imaging observations at far infrared and submillimeter
wavelengths that cannot be observed from Earth. That telescope should be
able to collect the weak signals and achieve sufficient angular resolu~
tions to investigate the formation, transport, and destruction of
molecules in the atmospheres of the outer planets, ir regions where stars
are forming or are shedding their outer layers, and in regions where there
are cold clouds of gas and dust but, as yet, no stars. Before the Large
Deployable Reflector can be developed, major technologiral advances must
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be made 1in mirror technology, structures, submillimeter and finfrared
sensors, and mirror controls. To provide those advances, the Office of
Space Science and Applications and the Office of Aeronautics and Space
Technology have in process a8 system-level study that should lead to
initiation of a technology development program in FY 1986,

c. High Throughput Mission

The High Throughput Mission will have capabilities that complement
those of the Advanced X-Ray Astrophysics Facility. It will make 4
deep-space survey to determine whether active galaxies, quasars, or the
million-degrea gas filling intergalactic space 1s the origin of x-rays
that appear to come uniformly from all directions in space. It will be an
x=ray telescope consisting of many small modules--each with its own
mirrors and detector--assembled to form a collector with a very large
area, It will have high sensitivity, but its angular resolution will be
only about one arc minute. Thus, it will be able to perform studies that
do not require precise angular resolution but do require great sensitivity
because the x-ray sources either are intrinsically faint or vary rapidly
in intensity. Telescope technology will be developed as part of Spacelab
activities, and mirpor concepts are being investigated as part of the
Astrophysics Research and Technology program,

d. Very lLong Baseline Radio Interferometry

Very large arrays of telescopes can provide high angular resolution i{f
the radiation they receive can be added coherently, preserving the
relative phases of the electromagnetic waves constituting the radiation.
That coherent combining of signals 1s the basis of interferometry
currently in use in ground-based radic astronomy networks. Because of the
size of those arrays, the technique is called very 1long baseline
interferometry (VLBI). The resolution of a VLBI network can be greatly
increased by adding one or more space-based radio telescopes to the
network. The addition of a single orbiting antenna 10 to 30 meters in
diameter to an existing gsound-baged network can provide unprecedented
angular resolutions of 107 to 10" arc seconds. The resulting celestial
maps will explain much about the physics of quasars, galactic cores,
interstellar masers, and dynamics of star formation. Technology for the
space~based antenna is being developed by the Office of Aeronautics and
Space Technology, and development of VLBI technolegy 1s being supported
Jjointly by that office and the Astrophysics program.

e. Starprobe

This mission will fiy to within four radii of the sun's surface to
observe the sun's surface, gravitational figure, and upper atmosphere.
The Astrophysics program and the Office of Aeronautics and Space
Technology have developed radio ranging, thermal protection, and drag-free
navigation technology for this mission over the last four years.

5., Summary of Technology Needs

With regard to major observatories, technology will be ready in the next
year for the Advanced X-Ray Astrophysics Facility and is ready now for the
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Advanced Solar Observatory. However, the Large Deployabie Reflector needs
develcepment of more technology for structures, submillimeter and infrared
sensors, mirrors, and mirror controls. A systems study 1is in process to
define a program to develop that technology., Technology for Spacelab, space
station, and most Explorer missions is sufficiently developed that the Tlast
steps tan be made ready during mission definition phases. That is true for
the X-Ray Timing ECxplorer, Solar Corona Diagnostics Mission, Shuttle
High-Energy Laboratory, and Starlab; but the Far Ultraviolet Spectroscopy
Explorer and the Pinhole Occulter Facility need technological developments in
far-ultraviolet spectrometers and long, weighted booms, respectively. For the
other astrophysics programs, the status of technology is as follows: Cravity
Probe-~B-~further development {is being carried out by the Astrophysics program;
Very Long Baseline Interferometry--further development 15 being carried out by
the Astrophysics program and the Office of Aeronautics and Space Technology;
Solar Seismology Mission-~-the technology is ready; Shuttle Infrared Telescope
Facility-~the Astrophysics program and the Office of Aeronautics and Space
Technology are developing technology for infrared sensors. Table IIl-1
summarizes technnlogy needs. An X in a cell of that table indicates that the
pr$gram shown on that 1ine needs technology of the category shown in that
column,

C. Exploration of the Near Universe

To our ancestors, the solar system consisted of a few worlds wandering
through a 1imited region of empty space. To us it has become a huge sphere
containing uncountable bits of solid matter, magnetic fields, and streams of
electrically charged atemic particles from the sun., The space program's
exploration of that collection of matter and energy is one of the most impor-
tant scientific activities of this era. The objective of that exploration is
to determine the origin, evolution, and present state of the solar system and
to compare Earth with the other planets.

United States leader-%ip in the exploration of the solar system has
brought new knowledge, prestige, and sense of achievement to the Nation. U.S.
spacecraft were the firul to visit Mercury, Venus, and Mars; and the highly
sophisticated Viking spacecraft landed on Mars. Only U.S. spacecraft have
crossed the asteroid belt into the outer solar system, four having encountered
Jupiter and three having encountered Saturn. Historic discoveries came from
each of those seven encounters. One of the spacecraft, Voyager 2, is on
course to an encoupter with Uranus in 198A and Neptune in 1989, Another,
Pioneer 10, passed the orbit of Neptune in 1983 on a trajectory to interstel-
ler space, More than two dozen planets and satellites have been explored at
close range, and the interplanetary medium has been partially characterized.

The exploration progresses in systematic stages, later stages building on
the results of earlier ones and all stages proceeding from a broad overview to
increasingly detailed finvestigations and probliem-oriented studies 1in the
following sequence:

o Reconnaissance~-Initial encounter with and observation of a body,
usually by a flyby spacecraft

o Exploration--Ckaracterization of the body by orbiting spacecraft in
combination with entry probes and landers
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TABLE III-1, TECHNOLOGY MFEDS FOR ASTROPHYSICS PROGRAMS

Major Missions

Advanced X-Ray Astrophysics Facility
Large Deployable Reflector

Advanced Solar Observatory
Starprobe

Moderate Missions

Shuttle Infrared Telescope Facility
Solar Seismology Mission

Yery Long Baseline Radio Interferometry
Gravity Probe-B

High Throughput Mission

Explorers

X-Ray Timing Explorer
Far Ultraviolet Spectroscopy Explorer
Solar Corona Diagnostics Mission

Spacelab and Space Station

Shuttle High~Energy Laboratory
Starlab

Cosmic Ray Experiments

Pinhole Occulter Facility
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o Intensive Study--~Investigation of specififc » ientific questions
stemming from the preceding stage.

Figure I1I-1 summarizes the status of solar system exploration by the
United States, The columns rcpresent ‘he three stages in the exploration
sequence, while the rows represent bodles in the solar wsystem. Past and
praesent flight projects occupy cells of that matrix according to the stages
and bodies with which they are associated. The figure indicates the emphasis
of exploration within each group of bocies and the degree of overall balance
in achievements to date.

The National Research Council's Space Science Board has recommended a
balanced approach to exploration--specifically that exploration "should move
forward on a broad front to all the accessiple planetary bodies beginning with
reconnalssance, into exploration of selected planets, and lastly to intensive
study of a limited number of cases." The board pointed out that "as the
reconnajssance phase is nearing completion...for the next decade there should
be a shift in emphasis toward systematic exploration with emphasis on selected
planets but with some continuing level of reconnaissance to parts of the solar
?ystcm“where ignorance is greatest and the opportunity for new discovery is

arge.,

Since 1974 the Space Science Board's Committee on Planetary and Lunar
Exploration has been evolving cbject and mission priorities for the explora-
tion program and has found it convenient to assign the bodies in the soiar
system to three groups: the inner planets; the small (primitive) bodies--
asteroids, comets, and meteorites; and the outer planets and their satellites.
The Committee recommended that the focus for the inner planets be Venus,
Earth, and Mars. Simultaneous and detailed comparative studies in the form of
global characterization of and sample returns from those planets, combined
with identification of reasons for their differences and similarities, will
provide a basis for follow~on scientific investigations., The Committee judged
that the moon and Mercury, although als¢ important targets for Investigation,
are of lower priority and, therefore, should be in the next later phase of
inner planet exploration.

The motivation for investigating the small bodies is their primitive
character. Since detailed study of them will require extended viewing at
close range, rendezvous missions have highest priority. However, it is
expected that flyby missions through the comas of comets to study plasmas and
gaseous and dusty ejecta will play an important complementary role, as will a
combination of flyby and rendezvous encounters with the main belt asteroids by
simple spacecraft. Because samples from both comets and astercids eventually
will be required for answering scientific questions about those kinds of
bodies, sample returyi missions also are an integral part of thke expleration
strategy.

The outer planets differ significantly from the inner planets, and study
of them is fundamental to adequate understanding of the formation and
evolution of the soiar system. The two Voyager spacecraft have completed
reconnaissance of the Jovian and :aturnian systems, and Voyager 2 is en route
to flybys of Uranus and Neptune. Those flybys will complete the initial study
of those systems. Jupiter and Saturn have highest priority for follow-on
exploration. Galileo, which will consist of a probe and an orbiter, will
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explore the Jovian system in the late 1980s. Further exploration of Saturn,
its satellites and rings, and the system's magnetosphere will require
additional orbiters and probes. The remaining systems--those of Uranus,
Neptune, and Pluto--also are of interest but are difficult exploration targets
because of the Tong transit times to them.

Although the United States has domirated the field of solar system
exploration, Europe and Japan recently have joined this endew.vor with the
Giotto and Planet-A missions, respectively. In addition, foreign scientists
have been included on the science teams for predominently U.S. missions such
as Pioneer Venus, Viking, and Voyager.

1. Current Program

"he colar system exploration program is managed in three parts: planetary
research and analysis, development flight projects, and mission operations and
data analysis. The first and third of those three parts ensure continuity in
the program's pursuit of 1its goals, while development flight projects are
undertaken to obtain specific pieces of information needed for understanding
better the origin and evolution of the solar system. The first and third
parts generally have lower visibility, but they are just as crucial to the
continuing progress of the program, Research and analysis activities generate
ideas for exploration missions (through advanced planning studies), analysis
of collected data, and basic research in the planetary sciences. Mission
operations and data analysis activities provide for mission cperations and
control during flight, return to Earth of collected data, and processing and
distribution of data to investigators for incorporation into their research.

Planetary missions currently under way include the Voyager 2 extended
mission to Uranus and Neptune and the continued operation of Pioneer Venus,
Pioneers 6 through 11, Voyager 1, and the International Cometary Explorer (the
retargeted third International Sun-Earth Explorer) spacecraft, which is on its
way to an encounter with Comet Giacobini-Zinner. Approved flight projects in
the pre-launch development stage include reflight of the Astro-1 Spacelab
pallet to observe Comet Halley, Galileo, the International Solar Polar
Mission, and the Venus Radar Mappei'.

a. Pioneers

The Pioneer Venus Orbiter and Pioneers 10 and 11 are on extended
missions. The Pioneer Verus Orbiter has completed a low-resolution (100
kilometers horizuntally and 100 meters vertically) map of Venus' surface
except for the polar regions. It continues to measure Venus' ultraviolet
cloud patterns, from which climate changes can be inferred over a solar
cycle, and to acquire vata on the interaction of Venus' ionosphere with
the solar wind and magnetic field. When the periapse of its orbit
precesses farther into Verus' southern hemisphere, it may be able to wmake
altimetry measurements of that planet's south pole. Pioneers 10 and 11
are nn escape trajectories, probing the outer limits of the solar system.
Pioneer 10, having passed the orbits of Pluto and Neptune, now is seeking
the interstellar boundary. Its distance from the sun is greater than that
of any of the known planets. Proceeding in the opposite escape direction,
Pioneer 11 is beyond the orbit of Uranus and moving toward the expected
position of the solar wind's apex. Measurcments of the trajectories of
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Pioneers 10 and 11 are being analyzed for perturbations to determine
whether the irregular motions of the outermost planets, Neptune and Pluto,
can be accounted for by the existence of another body at the boundary of
the solar system.

b. VYoyagers 1 and 2

The encounters of Voyagers 1 and 2 with Jupiter and Saturn provided a
wealth of data about those planets, their satellites, and the heliospheric
environment in the regions they occupy. Since its encounter with Jupiter
in March 1979 and Saturn in November 1980, Voyager 1 has followed a
trajectory that eventually will allow it to escape from the sun's
influence. Voyager 2, after encountering Jupiter in July 1979 and Saturn
in August 1981, has been on a trajectory to encounter Uranus in January
1986, It then will continue on to an encounter with Neptuns in 1989 and,
1ike Voyager 1, escape the solar system.

¢, Giacobini~-Zinner Encounter

In the fall of 1983, the third International Sun-Earth Explorer
spacecraft was diverted from its "halo" orbit around the sun-Earth
colinear libration point to begin a long Jjourney to a Septerher 1985
encounter with the short-period comet Giacobini.Zinner. That encounter
will be the first ever of a spacecraft with a comet. The spacecraft's aim
paint 1is behind the comet's nucleus and within the comet's tail, which is
expected to be several thousand kilometers wide. As the spacecraft passes
through the tail, instruments aboard it will return information on plasma
densities, flow speeds, and the temperatures and the character of heavy
ions in the plasma. For several months following that encounter, the
spacecraft will provide important data on the solar w#ind for use in
studies of Comet Halley., It is expected to be between Halley and the sun,
on the same solar radiu3, on October 31, 1985, and therefore to provide a
characterization of the solar wind before it strikes the comet's coma.
This retargeting of a spacecraft is an example of inpovative, low cost
approaches to maintaining an active program of solar system exploration.

d. Comet Halley Activities

After a 76-year absence, Comet Halley again will visit sun~Earth
space, from November 1985 to April 1986. The European Space Agency, the
Soviet Union, and Japan are preparing spacecraft missions to intercept
the comet in March 1986, The United States will participate in the
European Space Agency and Soviet Union missions, and aiso is conducting
the program of Earth-based observations, the International Halley Watch,
described in the next paragraph. For the European Space Agency mission,
32 U.S. scientisty are participating in the definition of 9 of the 10
experiments on the spacecraft and serving as principal or co~investiga-
tors. In addition, a critical component for one of the instruments, the
Ion Mass Spectrometer, is being designed and fabricated in the United
States. The Soviet Union mission 1is dependent on the United States'
tracking the comet and determining its orbit to provide information for
targeting the spacecraft.
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The International Halley Watch originated during the period of
increased scientific interest generated by the comet's reacquisition in
October 1982. The International Astronomical Union has endorsed the Watch
as "the international coordinating agency for Comet Halley observations."
Woridwide networks of ground-based observers in seven disciplines are
providing around-the-clock coverage of the comet with wide-angle imaging,
spectroscopy, photometry, and other observatiens. Each of the seven
networks consists of 20 to 40 observatories and is managed by an American
specialist and a Eurvpean counterpart. A steering group has been
established, with half its members from other countries, including the
Soviet Union and Japan.

To complement both the spacecraft encounters and the ground-based
observations, Astro-1 will be reflown on the Shuttle in March 1986 for
post-perihelion observations of Halley when the comet is closest to Earth,

e. Galileo

The objectives of the Galileo mission are to investigate the chemical
composition and structure of Jupiter's atmosphere; the physical state and
surface compusition of the Galilean satellites; and the structure, compo-
sition, and dynamics of the Jovian magnetasphere. Those investigations
will fulfill some of the highest priority objectives the Space Science
Board established for the 1980s.

Galiieo will dnvestigate questions and theories raised by the
Voyagers' observations at Jupiter. Features triggering those questions
and theories are as follows: the complex Jovian atmosphere, which
consists of eastward- and westward-moving belts and zones speeding along
at varying rates, some containing convective disturbances such as white
ovals and the Great Red Spot; a system of satellites with morphologies
determined by volcanism, ice flows, and meteoroid bombardment; an
unexpected thin ring, still mostly unexplored; and a magnetosphere that
chaﬁ?ed greatly in size and pressure between the encounters by Voyagers 1
and L ]

The Galileo spacecraft, consisting of an orbiter and an atmospheric
probe, is scheduled for launch in 1986 by the Space Shuttle and a Centaur
upper stage on a direct trajectory to Jupiter. It will arrive at Jupiter
in the fall of 1988. About 100 days before that arrival, the probe will
separate from the orbiter, subsequently entering Jupiter's atmosphere near
the equatorial zone to measure the chemical and physical properties of the
atmosphere down to a pressure level of at least 10 bars. The orbiter will
fly looping orbits around Jupiter and will make multiple encounters with
the Galilean satellites during its 11-orbit, 20-month tour. During at
least one orbit, Galileo will fly through and map Jupiter's magnetic
tail--that portion of Jupiter's magnetic region directly opposite the sun,
a region the Pioneers and Voyagers did not visit.

f. International Solar Polar Mission

The International Solar Polar Mission is a cooperative undertaking by
the European Space Agency and NASA to reconnoiter the solar wind and other
interplanetary phenomena perpendicular to the sun's equatorial plane. It
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2.

will consist of a single spacecraft provided by the European Space Agency
and instruments supplied by both participants, U.S, scientists are
principal investigators for five of the nine experiments to be conducted
and are serving as co-investigators for some of the European Space Agency
experiments. The United States will provide the radioisotope thermo-
electric generator, launch services, and tracking and data acquisition
services, Launch will be in 1986 by the Shuttle and a Centaur upper stage
on a trajectory that will use Jupiter's gravity to swing the spacecraft
over the sun's polar regions. The spacecraft will be operating in place
in 1989 and 1990.

g. Venus Radar Mapper

The Venus Radar Mapper mission 1s a flight project approvad for
initiation in 1984. Its primary instrument will be a synthetic aperture
radar able to resolve surface features measuring one kilometer or less in
all dimensions through the thick cloud layer that always covers Venus.
Launch by the Shuttie and a Centaur upper stage is scheduled for 1988,
with insertion into orbit around Venus in mid 1988, The radar mapping
mission will be completed in early 1989, The planet's gravity field also
will be mapped, by tracking the spacecraft's orbit, to provide infornation
about Venus' interior structure.

To meet its low-cost goals, the project will use existing designs and
subsystem hardware in the spacecraft. The spacecraft's elliptical orbit
will allow it to use a 3.7-meter Voyager antenna for both radar mapping
and data transmission. [t also will use c¢ther hardware and software from
the Voyager, Galileo, and International Solar Polar Mission projects.

Information that Mariner 9 provided about Mars completely altered
understanding of that planet's evolution. The Venus Radar Mapper 1is
expected to make an equivalent contribution to an understanding of Venus
with regard to the age, history, and characteristics of its surface; the
geotogical processes operating to Torm and modify the surface; the age of
its atmosphere and whether water and oceans were evepr present; the
presence or absence of plate tectonics; the origin of its highlands; the
reasons for the positive correlation between its topography and its
gravitational fields; how it dissipates {ts internally generated heat; and
what knowledge it can provide about Earth's history.

Strategy

Concern about the viability of the solar system exploration program as

operated led to the formation in 1980 of the Solar System Exploration
Committee under the NASA Advisory Council. With the cooperation of the
scientific community, that committee took a fresh look at the program,
reviewing its goals, identifying the essential attributes that would maintain
its vyiability, and defining new ways to reduce its costs. The Committee's
report provided the following guidance:

o The goals of the solar system exploration program are to:

- Determine the origin, evolution, and present state of the solar
system
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- Understand Earth through comparative planetary studies

- Understand the relationship between the chemical and physical
evolution of the solar system and the appearance of life

- Survey potential resources in near-Earth space.
o Mission costs must be reduced without decrement in program performance.

o A core program of missions must be established to provide a long-term
st:ble base for the planetary sciences.

o Core program missions must have important scientific objectives, be low
in cost, be clearly defined, and employ new technologies only when
the technologies' potential for reducing costs can be demonstrated.

o The core program must be augmented with technologically challenging
missions as soon as national priorities permit.

The Committee recommended a core program containing missions to the inner
planets, small bodies, and outer planets. Based on current assessments of
technological readiness, launch opportunities, rapidity of data return,
balance of disciplines, and other programmatic factors, it identified the
sequence of initial core missions and the candidate subsequent missions shown
in Table III-2. It concluded that core missions should be designed to use:

0 Spacecraft inheritance--existing hardware spares and duplicates from
previous projects such as Viking, Voyager, and Galileo

o Planetary Observer Class spacecraft--spacecraft derived from
“production-line" Earth-orbital systems

o Mariner Mark II Class spacecraft--spacecraft embodying a new modular
design capable of simple reconfiguration.

Planetary Observer Class spacecraft are to be used for flights to the
inner planets and for rendezvous missions with Earth-approaching asteroids,
Their power and communications limitations will prevent their use beyond the
asteroid belt. Mariner Mark II Class spacecraft are to be used for flights to
the outer planets and for the remaining small body missions. The Mariner Mark
I1 is a new design using new technology to achieve increased performance
within size, mass, and power constraints. It will enable available launch
systems such as the Shuttle~Centaur combination to Taunch higher energy
missions.

The Committee also concluded that one augmentation should be recommended
for each of the three classes of solar system bodies. For the inner planets,
it recommended a combined mission, Mars Surface Mobility and Sample Return,
that ultimatetly might become more than one mission., For the small bodies, it
selected a Comet Nucleus Sample Return, including the option of a nucieus
surface station. Because of the large number of viable competing concepts, an
augmentation for the outer planets has yet to be selected. Selection is
expected to occur in the spring of 1984,
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TABLE ITI-2. [INITIAL CORE MISSIONS AND CANDIDATE SUBSEQUENT MISSIONS

Initial Core Missions

Missior Launch Data Return
Venus Radar Mapper 1988 1988-1989
Mars Geoscience and Climatology Observer 1990 1991-1993
Comat Rendezvous and Asteroid Flyby 1990 1994-1997
Titan Probe and Radar Mapper 1993 1697

Candidate Subsequent Missions
(Order Arbitrary)

Inner Planets Small Bodies Nuter Planets
Mars Aeronomy Observer Comet Atomized Sample Saturn Orbiter

Return Observer
Venus Atmospheric Saturn Flyby and Prnbe
Probe Observer Multiple Mainbelt

Asteroid Orbiter-Flyby Uranus Flyby and Probe

Mars Surface

Network Observer Near-Earth Asteroid
Rendezvous (Observer

Lunar Geoscience

Obser ar
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3. Potential New Initiatives, FY 1985-1989

The four new initiatives described below are planned for the next five
years in support of the recommended core program,

a. Mars Geoscience and Climatology Observer

The Mars Geoscience and Climatology Observer, included as a new start
in the President's budget request for FY 1985, will see% answers to
questions regarding the atmosphere, surface geochemisiry, interior, and
climate of Mars un a global scale. Geological matters to be investigated
include the elemental and minerological composition of the surface; the
global distribution of different elements and minerals; wmajor minerals
present and what they tell about surface processes; nature of major
gravity anomalies and how they relate to varfations in surface composi-
tion, topography, internal structure, and magnetic field characheristics;
distribution of condensed volatiles (H,0 and CO,) and their diurnal and
seasonal variation; figure of the plane% and 1ts“internai dersity distri-
bution; tectonic stresses in the crust, particularly in the Tharsis
region; and composition of the volcances ans the navure of their evolu-
tion. Climatology studies to be performed w:'l lead to an understanding
of the global nature of the Martian atmcspbere and its diurnal and
seasonal variation; distribution of H,0, CC., ~rd dust in the atmosphere
and their diurnal and seasonal variagion; ot ition of Martian ciouds
and hazes; history of the Martian atmospheri; nature of the water cycle
and the interaction between atmospheric water «nd the surface regolith;
and nature of the upper atmosphere and iunosphere and how they interact
with solar radiation and the solar wind. Science instruments needed
include a gamma ray spectrometer, a multispectral mapper, a radar alti-
meter, a magnetometer, and a thermal-infrared spectral radiometer.

This will be the first Planetary Observer Class mission. A modified
“production-line" Earth-orbital spacecraft will serve as the basic bus., A
Transfer Orbit Stage upper stage will boost the spacecraft from the
Shuttle onto jts planetary trajectory. Six months after its Tlaunch in
1990 the spacecraft will be inserted into a non-sun-synchronous polar
orbit around Mars., That orbit will be permitted to drift to the desired
sun angle and then will be lowered to a 350-kilometer altitude, circuiar
orbtt to attain solar synchronization. The mission duration planned 1is
two years, with the spacecraft in the sun-synchronous orbit at least one
year.

b. Comet Rendezvous and Asteroid Flyby

The Space Science Board has designated comet rendezvous as one of the
highest priority initiatives ftor exploration of the small bodies. A
rendezvous with Comet Kopff in 1924 will serve the purpose of investigat-
ing the physical and chemical state of comets. It will determine whether
a nucleus exists and, if it does, investigate its physical state; analyze
in situ the solid grains released from the ntcleus during perihelion
passage; determine plasma interactions with ihe solar wind; and make
extended observations for more than two and a haif years of all the
dynamic processes of the comet as it moves from the point of rendezvous
(about four A.U.) through its closest approach to the sun (about one and a
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half A.U.). Typical science activitie: that will be involved include
extensive imaging; x~-ray and gamma ray spectroscopy; infrared reflectance
spectral mapping; neutral and ion mass spectroscopy; and dust detection,
collection, and compositional analysis.,

The spacecraft for this mission will be a Mariner Mark II, which will
be launched in 1990 by the Shuttle-Centaur combination. It will use a
hybrid Earth-storable propulsion system to provide a direct multi-impulse
transfer to the comet and post-rendezvous station keeping with it. S5ince
the spacecraft will traverse the asterold belt during that cruise phase of
its flight, it will be programmed for one or two flyby encounters with
asteroids, Its rendezvous with the comet will occur before the onset of
the well developed coma and ion tail that the comet characteristically has
exhibited near its perihelion. The viewing geometry from Earth also will
be favorable through much of the encounter, After rendezvous, the
spacecraft will orbit the cumwi's nucleus to conduct detajled studies of
its survace. At about 100 days before perihelion, wnen the comet becomes
inereasingly active, the spacecraft will retreat to a safe distance (about
5,000 kilometers). After the dust hazard has subsided, the spacecraft
will explore the comet's atmosphere and make passes on the nucleus,
progressively closing to a distance of 10 kitometers. Discussions are
under way with the Federal Republic of Germany concerning a Jjoint project
to meet those objectives.

¢. Lunar Geoscience Observep

Like the Mars Geoscience and Climatology Observer, the Lunar Geo-
science Observer will use a Planetary Observer Class spacucraft, Its
instrument complement also will be similar. Its objectives will involve
Tunar resources as well as extensjon to a global scale of the Apollo
program's science investigations. They will include global mapping of the
elemental and minerological composition, surveying for volatile resources
in the polar regions, global determination of figure and topography, and
refinement of data on the lunar gravity field. Also under consideration
are investigation of the compositional heterogeneity of the moon and the
time sequence of the differentiation that produced the heterogeneity;
global wvapriation of the surface elemental and mineralogic phase
composition; detailed figure of the moon, detailed lunar gravity field,
and relationships between gravity variations, surface composition, and
magnetic variations; origin and history of localized magnetization in the
surface; nature of the processes that have shaped the surface; nature of
voiatile materials trapped in the polar regions; and internal density
distribution.

Instruments needed for those investigations include a multispectral
mapper, & gamma~ray spectrometer, and a radar altimeter. Data also will
be derived from tracking of the spacecraft's orbit. Other instruments
that might be added include a magnetometer, an x-ray fluorescence
spectrometer, an electron reflectometer, and gravity gradiometers.

Launch is scheduled for 1991. The orbital portion of the mission will

begin in an elliptical orbit, where instrument calibration and orbital
tracking will take place. So that the geochemical mapping measurements
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can be made, the spacecraft then will establish and maintain for at least
one year a circular polar orbit with an altitude of 50 to 100 kilometers.

d. Titan Probe and Radar Mapper

The Solar System Exploration Committee gave this program the highest
priority for new outer planet initiatives. Titan, the largest satellite
in the Saturnian system, 1s unique in that it has a dense atmosphere. The
atmosphere is dominantiy nitrogen, but it contains a small amount of meth-
ane and possibly some argon; and it completely obscures Titan's surface.
The organic processes taking place on Titan provide the only planetary
scale laboratory for studies of a pre-life terrestrial atmosphere.

The program's principal objectives include determination of the struc-
ture and chemical composition of Titan's atmosphere, investigation of
energy exchange and deposition within the atmosphere, and at least local
characterization of Titan's surface morphology.

Many of Titan's features are unknown. For example, is argon really
abundant? MWhat is the composition of the aerosol in 1ts atmosphere? Are
important biological precursor molecules abundant? Are there hydrocarbon
oceans, lakes, or ¢louds? Do islands or continents exist and, if they do,
are they water ice or something else? What is the source of the atmos-
pheric nitrogen? Was the trace gaseous carbon monoxide produced by
meteroids or was it primordiai? What is the nature of and what governs
the temperature profile above the 200-kilometer altitude level? Are the
predicted strong zonal winds really present? What energy source in addi-
tion to incident solar radiation causes its excess ultraviolet day-glow,
and why is it confined to the day side? Is there an internal magnetic
field and, if there is, how does it affect the interaction between the
co-rotating plasma and the atmosphere?

The Titan Probe and Radar Mapper will be designed to answer many of
those questions. It will consist of a Mariner Mark II spacecraft equipped
with a radar mapper and an atmospheric probe. It will be launched in 1992
or 1993 by the Shuttle-.entaur combination and will take 3.5 years to
reach Titan. The mapper will map up to 20 percent of the part of Titan's
surface facing Earth. The probe will be of a new lightweight design,
partly made possible by the relatively benign entry conditions, which may
allow the use of a fabric decelerator. The probe's light weight will
produce a lower ballistic coefficient, permitting important measurements
of atmospheric composition to be made at the beginning of descent into the
atmospheric haze layer that lies above the 200-kilometer altitude level,

An alternative plan also is being considered. It would combine the
Titan probe with a Saturn orbiter, with Titan mapping postponed until
another opportunity becomes available. This alternative would be a cost-
sharing venture with the European Space Agency, which favors the Saturn
orbiter. It is expected that project initiation would be in 1989 and
launch in 1992 or 1993. Launch to an Earth orbit would be by the Shuttie-
Centaur combination. After launch from orbit by the Centaur stage, a
deep-space spacecraft maneuver and a subsequent Earth-gravity assist would
be used to accelerate the spacecraft probe onto a trajectory toward
Saturn., Its flight time to Saturn would be approximately seven years,
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4, Program Status, FY 1989

The four new initiatives just described will advance solar system explora-
tion as depicted on Figure [[I-2, which shows how the core program init{atives
will reinvigorate the program through exploration missions to all regions of
the solar system. Activities related to the inner planets is at the explora-
tion leve]l for both Mars and the moon and is directed at global mapping of
both of those bodies. For the outer planets, there is an approved exploration
inftiative to probe Titan's atmosphere. Also, successful continuation of the
Voyager 2 mission will provide a flyby reconnaissance of Neptune. The high-
priority comet rendezvous mission will initiate exploration of the small
bodies. Asteroid flyby reconnaissance also is included as a benefit of the
comet rendezvous mission's traversal of the asteroid belt.

5. Possible Infitiatives After 1989

The Solar System Exploration Committee recommended initiation of its core
program missions by the end of this century. That would require initiation of
nine missions in the 1990 to 2000 period. Two of those projects, the Comet
Atomized Sample Return and the Mars Aeronomy Observer, have been identified as
potential foreign initfatives. The feasibility of their being undertaken as
international contributions to solar system exploration is being discussed
with the European Space Agency and 1ts member countries. The remaining seven
missions and how they might be {ncorporated into the recommended core program
are described below under the three classes of solar system bodies, Also
described are augmentations to the core program recommended by the Selar
System Exploration Committee. The Committee's recommendation 1s that, if
resources can be made available, one or more intensive study missions be added
to the core program during the decade of the 1990s.

a. Inner Planets

Two additional inner planet missions in the recommended core program
are to be undertaken as future initiatives, a Venus Atmospheric Probe
Observer and a Mars Suprface Network Observer. The Venus Atmospheric Probe
Observer will address questions about the planet's atmosphere raised by
previous Pioneer Venus and Venera probe missions. Verification is needed
of Pioneer Venus findings of abundant neon and argon and large ratios of
argon to krypton, argon to xenon, and deuterium to hydrogen. Also,
precise values for the ratios of noble gas isotopes are required so that
constraints can be piaced on theories of the origin of planetary atmo-
spheres. The oxidation state of Venus' lower atmosphere, hydrogen and
water abundances, and density profiles for several sulfur compounds also
have been identified as major questions for resolution as a result of
Pioneer Venus and Venera measurements. A probe based on the Pijoneer Venus
design carrying a limited set of instruments and transported to Venus by a
modified Earth orbiter could satisfy the mission's objectives at a modest
cost. Launch requirements will be comparabie to those for inserting
communications satellites into geosynchronous orbit.

The Mars Surface Network Observer will have two objectives: to
measure the bulk chemical composition of the planet's surface material,
including key trace elements, and to establish a network of seismic-
meteorological stations around the planet. Both objectives can be met by
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emplacing four to eight penetrators {(missile-like projectiles that strike
the surface at high velocity and become buried, leaving a small afterbody
at the surface to transmit data to Earth). Data Transmission wii{l be via
the spacecraft, which will be 1in an elliptical orbit. The geochemical
measurements will be made in the first few weeks after probe delivery,
while the seismic and meteorological observations will continue for a Mars
year., This mission could be a precurser te a global network of perhaps 50
stations if measured seismic and meteoroiogical activity appear to warrant
detailed study. Each penetrator will have to be equipped with a small
radioisotope thermoelectric generator.

Several Viking-class missions could augment the propused core program
missions to move the strategy for inner planet exploration into the
intensive-study phase. /Fdditional Mars exploration, ir particular, is a
good candidate for Iinitiation 1n the 1990s. Indeed, the Solar System
Exploration Committee renently proposed that the prime augmentation
candidate be the high-priority Mars Sample Return mission combined with an
extensive capability for surface mobility. A rover with & range cf about
1,000 kilometers would collect samiles and, at the same time, study Mars'
surface, After dispatching its load of samples to Earth, it weuld
continue exploring and coilecting samples while a second rover and sample
return mission was being launched from Earth at the next opportunity. The
second rover would embark on a different surface traverse, while the
sample return vehicle could take from the first rover the additional
samples it had collected and return them to Earth. To keep payload
requirements within the capability of a fully-loaded Centaur .“age, each
mission would use aerocapture at Mars and perhaps for recovery at Earth.
Because of Shuttle payload limitations, the Centaur would have to be
fueled in orbit. The space station, serving as a transportation node,
could proyide that service. The Space Statjon also would be a useful
first point of delyvvery for the returning samples, This and other
concepts for Mars sample return missions will be assessed in the coming
year for F:asibility, exploration value, and technology requirements in
preparation for possible augmentation to the core program.

b, Small Bodies

Two additional missions, the Multiple Mainbelt Asteroid Orbiter-Flyby
and the Near Earth-Approaching Asteroid Rendezvous Observer, are to be
undertaken as future initiatives to complete the core program for small
bodies. The Multiple Mainbelt Asteroid Orbiter-Flyby mission is a key
element of the small body science strategy develop:d by the Space Science
Board's Committee on Pianetary and Lunar Exploration. Its objectives are
characterization (determining asteroid size, shape, rotation, albedo,
mass, and density) and detailed study of asteroid properties, including
surface morphology, surface composition, elemental and mineralogical
abundances, mass distribution, magnetic field, and solar wind interaction.
A Mariner Mark Il spacecraft will be able to satisfy those objectives, but
the objectives will press the capabilities of the Shuttle-Centaur
combination. Performance in terms of number of accessible asteroids per
mission could be improved by using Mars to provide gravity-assisted
trajectories, but that improvement would be at the expense of launch
opportunity flexibility. Solar-electric propulsion is needed for the
mission to realize its potential of four to six rendezvous targets with
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four to 51X additional asteroid flybys. NASA 1s considering international
participation for this mission as a means of obtaining the bencficial
solar-electric propulsion module,

The Near Earth-Approacking Astercid Rendezvous Observer mission will
share many measurement techniques with the Multiple Mainbelt Asteroid
Orbiter-Fiyby and the Lunar Geoscience Observer. However, the motivation
for undertaking this mission is as much an interest in accessible
near-Earth resources as in asteroid exploration. There are believed to be
approximately 1,000 near~~arth asteroids greater than a kilometer in size,
of which fewer than 10 percent have been discovered., The spacecraft for
this mission can be a modified Earth-orbiter of the Planetary Observer
Cluss of spacecraft--perhaps a follow-on to the Lunar Geoscience Observer
spacecraft. The propulsion energy required to launch such a spacecraft on
rendezvous missions to some near~-Earth asteroids will be extremely low,
indeed lower than that for a lunar orbiter mission. Thus, the Shuttle and
the Inertial Upper Stage II or Transfer Orbit Stage upper stages will be
able to satisfy launch requirements.

For augmentation of its small bodies core program, the Solar System
Exploration Committee proposed the high-priority Comet Nucleus Sample
Return. Because comets are believed to be remnants of the solar system
formation process, great importance is assigned to the return of unaltered
samples of their nuclei for laboratory analysis of their physical struc-
ture, composition, and chemistry. Mission requirements will be comparable
to those for the Mars Viking mission. The spacecraft could include an
interplanetary, remote-sensing spacecraft bus; one or two lander-samplers,
with an option for continued post-sampling surface measurements; and a
sample return capsule. Solar-electric propulsion would be an enabiing
capability to overcome th» constraints imposed by a single Shuttle-Centaur
Yaunch. Aerocapture at Earth return would increase the mission's attrac-
tiveness by reducing the amount of power the solar-electric propuision
system would have to preovide.

c. G 37 Planets

Three core prog)am missions wo the outer planets are to be initiated
in the 1990 to 2000 period: a Saturn Crbiter, a Saturn Flyby and Probe,
and a Uranus Flyby and Probe. The S.uturn Orbiter mission is a part of the
outer planet exploration strategy recommended by the Committee on
Planetary and Lunar Exploration. It will be similar to the Galileo
mission, but without a probe. Its objectives will include global study of
Saturn's atmospheric structure, physicdal properties, and dynaisics;
continued mapping of icy satellite surfaces; mapping of Titan's surfsce
with radar; investigation of Saturn's ring structure; an¢ time-dapendent
mapping =¥ Saturn's magnetosphere. The Solar System Exploration Committee
recommended that a Mariner Mark II spacecraft be used for this mission.
Launched by the Shuttle-Centaur combination on an Earth gravity-assisted
trajectory, the spacecraft would require 7.5 years to reach Saturn orbit.
Jupiter gravity-assisted trajectories could be used, reducing flight time
to less than five years. However, whereas Earth gravity-assisted
trajectories are pgssible every year, launch opportunities for a Jupiter
gravity-assisted flight will occur only in 1997 and 1998, Orbit duration
of at least 18 months is needed to conduct this mission properly.
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Addition to this mission of either the Titan Probe described previously or
the Saturn Probe mentioned above 1is under consideration. That change
would reduce by one flight the number of missions in the core program and,
with the participation of an international partner, the combined mission
could be more cost effective. the Saturn Orbiter and Titan Probe
combination, in particular, is being studied as a possible joint effort
with the European Space Agency.

The probes of the Saturn Flyby and Probe and Uranus Flyby and Praobe
missions will have objectives very similar to those for the Galileo
mission's probe. Their design could be the same as that of the Galileo
probe except for reduction in their aeroshell mass, leading to decreased
flight time. Also, those.missions could use many of the instruments the
Galileo mission wil) use. Cumparison of the findings of the three mis-
sions 1s one ¢f the important science goals for outer planet exploration.
The spacecraft for both missions will be the Mariner Mark II if the total
launch mass can be kept within the launch capabilities of the Shuttle-
Centaur-Payload Assist Module launching system. Annual launch opportuni-
ties exist, with expected trip times of 3.5 and 5.5 years to Saturn and
Uranus, respectively.

The Solar System Exploration Committee did not include Neptune and
Pluto missions in its core program because it assumed that funding would
not be availahle for them before the year 2000. However, those missions
are importani to outer planet exploration, and it is expected that they
will be starteq between 2000 and 2005. The Committee jdentified several
missions as possib®2 augmentations to the core program before 2000, but
has yet to choose a prime candidate. Both the Committee and the Committee
on Planetary and Lunar Exploration are continuing te ! possible
augmentations, and a choice s expected to be made ’ ‘4, Those
possible augmentations include a range of Galilean satel:.lu missions, a
Titan buoyant station or survivable lander, a Saturn ring mission, and a
Neptune orbiter provided with nuclear electric propulsion

6. New Technologies and Capabilities

The proposed core program for solar syster exploration was formulated
under the constraint that no new enabling technoloyies be required. The
program does require extensive use of the Shuttle-compatible Centaur upper
stage, but development of technology for that stage already is under way. New
enhancing technology for spacecrz:c systems~--particuiarly for telecommunica-
tion, data, and power systems--will be incorporated into Mariner Mark II and
Planetary Observer spacesraft as they become available and cost effective.
Since solar-electric propulsion wouid provide a signiticant performance
advantage to the multiple encounter mission to main-belt asteroids, its
de,elopment will be encouraged, preferably with foreign participation in the
development. As indicated in the next paragraph, it also would be an enabling
capabitity for small body and outer planet augmentation initiatives.

In contrast, requirements fcr new technology for the proposed augmentation
initiatives are significant. Every mission will need new enabling or
enhancing technologies for delivery and recovery operations, encounter
operations, or in situ exploration. Need for new delivery technology arises
from a requirement for greater performance. Three enzbling capabilities under
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consideration are electric propulsion, in-orbit fueling of the Shuttle~
compatible Centaur, and in-orbit assembly of two or more Centaur-class upper
stages. Each offers advantages to different augmentation missions. For
example, nuclear electric propulsion would be particular beneficial to
advanced outer planet missions such as a Neptune orbiter or a Saturn ring
probe. Since the augmentation initiatives tocus on sample return missions,
new racovery technologies also would be needed and consideration would have to
be given to particular areas such as quarantine and thermal and physical
protection of samples during entry or Earth orbit in the recovery process.

Establishment of a parmanent space station would be beneficial to both the
Yaunch and recovery phases of tﬁe augmentation missions. Modular Taunch
systems c¢ould be assembled easily &t the station to obtain.cescape performance
substantially greater than that of the Shuttle~Centaur. Space station
recovery of returned samples would provide a means for zero-gravity laboratory
studies and would contribute 1importantly to issues relating to sample
quarattine.

Technology needs for encounter operations relate to performance and
control, To increase parformance and paylead, lifting-body aerocapture tech-
niques ronstitute an attractive alternative to the advances in capabilities of
Shuttls +per stages mentioned in the preceding paragraph. In addition to
providing performance benefits, aerocapture techniques can compensate for
navigation and atmospheric uncertainties that otherwise would prevent landings
of the heavier payloads in the augmentation missions.

An enhancing technology, especially for the Mars Sample Return mission,
would be in situ propellant preduction. At Mars, for example, it would
involve extraction of oxygen from the carbon monoxfde datmosphere to produce
oxidizer. Other needed technologies for encounter operations include auto-
mated rendezvous, docking, and terminal navigation and guidance. Automated
rendezvous and docking are under consideration for the Mars Sample Return
mission and currently are expected to form a base-line requirement for the
Comet Nucleus Sample Raturn mission. Automated terminal ravigation and
guidance would be particularly beneficial to the Mars Sample Return mission
because a precise landing ability would directly affect the designs of the
lander and the rover.

Technology needs for in situ exploration center on automation and sample
control. Expected robotic activities and mobility require advances in
automation and artificial intelligence, as do site ~haracterization for and
acquisition uf samples. Control of samples requires technology to allay
concerns regarding a priori sterilization, site contamination, and sample
protection., Therefore, technology assessment is needed in siology, chemistry,
and physics, especially structural and thermal physics. Sampling techniques
also neeu to be improved because they now lag capabilities for other phases of
sample return missions.

D. Earth and Its Environment

Earth's physical characteristics are the result of interactions among many
processes. The absorption of solar radiation and subsquent transfer of energy
and momentum within Earth's atmosphere and oceans produce the terrestrial
climate. Convective flow in its interior, manifested by slow but unrelenting
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motions of larga blocks of its surface, reshape it continually. The same fluid
motions produce a magnetic field in its metallic core, and that field shieids
its surface from the solar wind. The remaining physical and chemical
processes on its surface and in the near-space environment provide the
conditions on which 1iving organisms on land and in the oceans and the air
depend for their continued survival.

Tne study of Earth sciences began when humans first recorded phenomena
they observed around them. Scientific interest in those phenomena arose both
from intellectual curiosity and from the effects on daily life of many of the
processes studied. Division of Earth sciences into disciplinary areas such as
meteorology, atmospheric physics, nceanography, geolegy, and biolngy came
about because of the necessity to delineate problems that are tractable.
However, as the boundaries of mach discipline have grown, so has the overlap
between disciplines. In recent years, the view of Earth from space has
engendered a growing realization that a full understanding of Earth requires
global, interdisciplinary research. Study of the processes governing the
sn1id Earth and its oceans, atmosphere, magnetosphere, and 1ife forms requires
coordinated global observations and theories to integrate the observations.

NASA's program already has accomplished mreh, both in basic understanding
and in developing techniques that have practical application. Space-acquired
data arc in regular use and have demonstrated their utility for research in
agricuilture, land use. hydrology, and geology. Observations from space are
used in inventoryinn land cover; locating, classifying, and measuring major
types of forests; identifying shoreline changes, salinity zones, and flood
plain boundaries; and identifying water impoundments larger than two acres in
area. Knowledge gained has been used in forecasting wheat production and in
identifying areas in which crops are under stress. It also can assist in
determining global changes in biomass and, in conjunction with a global
b;o]ogy program, can begin to determine the processes involved in those
changes.

Perhaps the most dramatic example of the use of space-acquired data has
been in the atmospheric sciences. Research instruments and techniques
developed by NASA rave made global measurements of tropospheric parameters
such as temperature, humidity, and winds and therefore have improved knowledge
of the troposphere substantially. The National Weather Service has incorpo~
raled those technigues into its models to improve the quality of all its
forecasts., Also, data from recent NASA satellites are being used to update
forecasting techniques so that the goal of a reliable seven-day forecast can
be approached. Earth's wobble about its polar axis and its change in
rotational rate have been discovered to be caused by the interaction of its
atmosphere with the solid earth. By measuring the distribution of ozone and
other important species in the stratosphere, NASA sateliites have improved
understanding of the stratosphere and the role that human-made pollutants
might have on its ozone content. An experiment carried on the second Shuttle
flight, Measurement of Air Pollution from Shuttle, demonstrated a capability
for measuring a tropospheric trace species, carbon monoxide, from space.

Equally dramatic prospects are in sight for studying the oceans from
space. Seasat measured winds over the oceans and sea-surface height changes,
demonstrating that circulation patterns in the oceans can be determined using
instrumented satellites.  Measurements of the chiorophyll content of the
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oceans can be made routinely and have been used to determine the probability
of fish harvests off the west coast of the United States. Techniques derived
from space technology have been used to acquire initial data on the large-
scale motion of Earth's crust. Those data eventually will contribute to
alleviation of the adverse economic and social effects of crustal hazards and
to better understanding of the processes that led to the deposit of mineral
and energy resources.

Observations of the output from the sun have shown changes in the solar
constant measured in only days. The viistence of such rapid change was a major
surprise. Studies also have been conducted of the interactions of solar
ultraviolet radiation with the upper atmosphere and of the incoming solar wind
with the outer fringes of Earth's magnetic field.

1. Strategy

NASA's program to study Larth is global, integrated, and interdisciplin-
ary, with emphasis on understanding processes that affect Earth's habitabiii-
ty, particularly its biological productivity and air and water quality. The
program involves coordinated observational, theoretical, experimental, and
modeling investigations, and development of future observing technalogies.
Those activities are complementary and together form a balanced program of
system and process studies. The program emphasizes the physical processes
that produce observed phenomena and seeks to determine the underlying cause
and effect relationships, thereby making it possible to develop realistic
pradictive models. The observational investigations usually require use of a
variety of instruments making both remote and in situ measurements simultane~
ously from several locations in the solar-terrestrial system. Some investi-
gations make controlled perturbations nf the magnetosphere and the atmosphere,
thereby using space as a laboratory.

2. Current Program

a. Landsat

Landsat-4, launchkad in July 1982, carried the Thematic Mapper sensor
into space for the first time. That sensor's measurement capabilities are
vastiy superior to those of the Multispectral Scanner carried by earlier
Landsat spacecraft. The Thematic Mapper possesses approximately twice the
spectral resolution, three times the spatial resolution, and four times
the sensitivity that the Multispectral Scanner possesses. Landsat-4
collected more than 6000 images before developing technical problems
during the spring and summer of 1983 that have seriously curtailed its
ability to collect data. Consequentiy, rasearch now is focused on
analysis and interpretation of those images, evaluation of the quality of
the imagery, and determination of the types of Earth information that can
be extracted from the images. Another spacecraft, Landsat-D', was
launched in March 1984. Routine collection of Earth imagery with the
Thematic Mapper will resume duscing the spring of 1984,

b, Shuttle Imaging Radar

A series of radar imaging experiments called SIR-B currently being
ptanned for flight cn the Space Shuttle will add another major dimension
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to NASA's program in Earth observations. An ear’ier experiment, the
Shuttle Imaging Radar-A (SIR-A}, was conducted in November 1981. The data
it collect~d provided the first demonstration that radar sensors can
penetrate deep into windblown sand deposits in hyper-arid environments.
SIR-A imagery of portions of the eastern Sahara Desert revealed the
presence of buried drainage channels that provide important c¢lues to the
archaeological and geological history of southern Egypt. SIR-A data
collected over other areas are still beina analyzed. SIR-B 15 a follow=-on
experiment scheduled for launch in 1984, It will be the first spaceborne
radar able to image Earth's surface at multiple angles of incidence
measured from the Tocal vertical.

In December 1982 NASA issued an Announcement of Opportunity soliciting
proposals for scientific investigations that SIR-B potentially could
conduct, From the more than 180 proposals submitted, 47 investigations
tentatively were selected. They wil) seek to extend the radar penetration
studies SIR~-A initiated and to conduct studies in geology, oceanography,
botany, hydrology, and cartography. Specific investinations :ure planned
of tropical deforestation, ocean waves and currents, Yorest biomass, crop
yields, sea ice, earthquake hazards, and coasta) geomorphology. Plans are
in process for a third experiment, SIR-C, which would be able to obtain
radar imagery of Earth's surface at multiple frequercies and polariza-
tions. SIR-C tentatively is scheduled to enter development in 1987,

c. Multispectral Lineur Array Sensor

The objective «% 4he Multispectral Linear Array program is to develop
an advanced, high-perfarmance, solid-state sensor. Near-term emphasis is
on development of a sensar incorporating & new generation of detector
materials; a capability for making both visible and shortwave-infrared
measurements; use of linear, focal-plane arrays; onboard signal process-
ing; and advanced concepts for data processing on the ground. An instru-
ment to fly on the Shuttle entered development in 1981 and is expected to
fly during 1987 and 1988.

d. The Oceans

Viewing the oceans from space can contribute to scientific knowledge
in three general areas: the circulation, both geostrophic and
wind-driven, and the heat content of the oceans, and how they are
influenced by the atmosphere; the primary productivity of the oceans, how
it is influenced by the physical and chemical environment, and how 1t in
turn influences the higher elements in the marine food chain; and the
growth and movement of sea ice and how they are affected by the atmosphere
and oceans, Techniques are in development for removing the directional
ambiguity associated with scatterometer measurements of winde and surface
stress, and the Global Scale Atmospheric Program is making quantitative
studies to assess how scatterometer-measured winds can be used to improve
atmospheric forecasts. In situ ocean-current sensors are being developed
for evaiuating the potential utility of spaceborne sensors in determining
surface currents and complementary subsurface currents. Investigations
are ‘n process to determine the capabilities and 1limitations that
spaceborne observations of chlorophyl! concentration have fa' providing
estimptes of phytoplankton productivity and to look at in situ techniques
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for measuring phytoplankton patchiness. Initial rasults have been
obtained using successive images from synthetic aperture radars to
quantify the movement 2... deformation of fields of sea ice,

Plans are being formulated, under the auspices of the International
Council of Scientific Unions and the World Meteorological Organization, to
conduct a World Climate Research Program in the Tate 1980s and early
1990s. The role of the oceans has been recognized to be part of the
program, and two oceanographic component programs are being defined: the
World Ocean Circulation Experiment and the Tropical Oceans/Global
Atmosphere Experiment. Satellite altimetry and scatterometry activities
such as those proposed in the Topography Experiment for Ocean Circulation
and the NASA Scatterometer described later will be key components of the
two experiments.

e. The Atmosphere

NASA has both the experience and the facilities to deal with the
special problems dinvoelved 1in understanding the circulation of the
atmosphere; namely, the processing of voluminous data, interpretation of
resuits in meteoroiogical terms, and apf” ~tion of the results to
meteorological issues. Investigation and . ysment of data from the
First Global Atmosphere Research Program F:. :ient are proceeding. A
substantial part of NASA's work is devoced to development of new
techniques. For example, an effort 1is under way to develop and fly an
advanced temperature and moisture sounder whose expected performance could
approach that of radiosondes, but with far more complete spatial coverage.

f. Mesgscale Processes

The emphases of research on severe storms and local weather are
meteorological observations fruom space or high-flying aircraft and high-
technology interactive computer techniques to assimilate and analyze data
from multiple sources. One aspect of developing new measurement tech-
niques is use of aircraft flights for field tests; for example, flights of
the CV-990 aircraft for testing the new Doppler Lidar Wind Velocimeter.
Also being emphasized are development of research applications of the
Visible~Infrared Spin-Scan Radiometer Atmospheric Sounder on Geostationary
Operational Environmental Satellites and development of new algorithms for
determining temperature, moisture, and winds at different heights in the
atmosphere for use in numerical models. Flow scales in the atmosphere
must be understood if progress is to be made in relating large-scale
weather to local weather.

g. Earth's Radiation Budget

Observations from instruments on Nimbus 6 and 7 and the National
Oceanic and Atmospheric Administration's operational satellites are the
foundation for a continuing series of data sets on Earth's padiation
budget that will serve as a resource for ciimate research. NASA's Earth
Radiation Budget Experiment, scheduled for launch in 1984, will continue
and augment the data sets. Earth's radiation budget also is being
addressed in other ways. Evidence from recent Nimbus 7 and Solar Maximum
Mission observations confirms that the total output of the sun varies
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natur2)ly by several tenths of a percent for periods of up to about two
weeks, To monitor the long-term trend of the variation and to determine
jts effect on climate systems, the following instruments have been
designed for use on the Shuttle: the Active Cavity Radiometer, the Solar
Ultraviolet Spectral Irradiance Monitor, and the Solar Constant Variation
instrument, It is expected that such instruments will be fiown regularly
during the next decade. Research programs have been initiated to develop
an understanding of and models for the processes by which clouds are
formed and interact with incident or reflected radiation, and to study the
sources, compositions, and radiative effects of aerosols that volcanic
axplosions inject into the stratosphere. In addition, the International
Satellite Cloud Climatology Project 1s expected to develop a globail
cloud-ciimatology data set.

h. Trace Species

Investigations are developing techniques for measuring major trace
species in the troposphere. Field measurements to test the most promising
instruments will be followed by a six-year program of measurements by
aircraft to characterize the chemistry of the troposphere on a global
scale. Research on the stratosphere and mesosphere also continues and has
increasingly used more realistic two- and three-dimensional models. The
chemical, radiative, and dynamic computer codes used in those models are
being improved continually, with the goal of developing fully coupled
chemical, radiative, and dynamic three-dimensional models that simulate
the atmosphere very precisely. Also, NASA, in cooperation with European,
Canadian, and Japanese investigators, is using a variety of instrument
techniques on balloon, rocket, and aircraft flights to obtain measurements
of trace species in the stratosphere that will allow accurate comparison
of current experimental techniques.

Data from Nimbus 4, Nimbus 6, Nimbus 7, and the Stratospheric Aergsol
and Gas Experiment have been validated and are becoming available for
detailed analysis. Solar Mesosphere Explorer data on ozone, nitric oxide,
and water vapor soon will be available for analysis; and two instruments,
the Imaging Spectrometer Observatory and the Atmospheric Trace Molecule
Spectroscopy experiment, have been developed for use on the Shuttle to
measure those species in the mesosphere and stratosphere. The Observatory
already has flown on Spacelab 1 and tha Spectroscopy experiment will fly
on Spacelab 3.

i. Geodynamics

Laser ranging and microwave interferometry are being used to measure
the motions of Earth's polar axis, variations in the length of day, and
the motion and deformation of Earth's crustal layer. A worldwide network
of over 20 cooperating space agencies participates in NASA's global
geodynamics research. A second Laser Geodynamics Satellite, being built
by Italy, is to be Taunched by the Shuttle in 1987. Data from laser
tracking of satellites and altimeter data from Seasat and the third
Geodynamic Experimental Ocean Satellite are being used to improve the
accuracy of models for global gravity fields used in.studies of earth and
ocean processes. Similar data acquired by the Magnetic Field Satellite
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are being used in studying secular and temporal variations of Earth's main
field and inhomogeneities in Earth's crust.

Jj. Space Plasma Physics

Space plasma physics has two main thrusts, The first consists of
studie, of large-scale systems and requires simultaneous measurements by
several spacecraft occupying different regi.ns 1in space. For example,
Atmosphere Explorers C, D, and £ studied how solar ultraviolet radiation
interacts with the upper atmosphere to produce the ccel, co-rotating
plasma of the ionosphere and helped to explain how thuse interactions
control the thermosphere. International Sun-Earth Explormrs 1, 2, and 3
investigated how the incoming solar wind interacts with the outer fringes
of Earth's magnetic field to produce the boundaries of the magnetosphere
and the hot, convective, maynetospheric plasma. Dynamics Explorers 1 and
2 studied the interactions between the hot, convecting, magnetospheric
plasma and tbo cool, co-rotating, ionospheric plasma and also studied the
energization of particles that produce the aurorae and interact with the
atmosphere, international Sun-Earth Explorers 1 and 2 and Dynamics
Explurer 1 continue to make measurements in the magnetosphere. Analysis
continues of data from all those missions.

The second main thrust is complementary to the irst and involves
controlled studies of interactive processes, Spacelab provides a unique
capability for in situ active experiments involving the injection of
particles, the transmission of electromagnetic energy, and the ejection of
chemicals into the upper atmosphere so that the effects can be measured
and understood. Active experiments of those types have been conducted o
Astro-1 and Spacelab 1 and are scheduled for Spacelab 2. In addition, the
Active Magnetospheric Tracer Explorer, which is being developed in a
cooperative program with the Federal Republic of Germany and the United
Kingdom, is scheduled for launch in August 1984. 1Its Ion Release Module
will release tracer chemicals in front of, at the flanks of, and in the
tail of the magnetosphere. Simultaneously, a Charge Composition Explorer
will try to detect the tracers inside the magnetosphere so that the entry
into and energization of plasma in the magnetosphere can be studied.

k. Global Biolagy

An important emerging area is global biology, which deals with the
influences of biological processes on global biogeochemical cycles.,
Because biological processes dominate in the production and removal of
many constituents of the biosphere, knowledge about them is critical to
understanding the consequences of environmental perturbations. It has
become clear that they constitute a key influence on the land, the oceans,
and the atmosphere. Factors to be investigated are the areal extent of
land use and biomass, rates of change of biomass as determined from remote
sensing data, biogenic gas fluxes and the factors that affect them, in
situ monitoring of ecological processes, and interpretation of sedimentary
fossil records to test hypotheses about modern processes. Although
achieving an understanding of Earth as a system is formally part of the
Life Sciences program, it will be possible only if study of global biology
is a feature of the total Space Science program.
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3.

Potential New Initiatives, FY 19851083

a. Upper Atmosphere Research Satellite

This program's goal 1s to extend scientific understanding of the
chemical and physical processes occurring 1in Earth's stratosphere,
mesosphere, and Jower thermosphere. Its primary vbjective it to under-
stand the mechanisms that control the structure and variability of the
upper atmosphere, the response of the upper atmosphere to natural and
human-related perturbations, and the role of the upver atmosphere in
climate and climate variability. It will use remote sensing instruments
currently in development, including two instruments being provided by
British and French investigators, to measure trace molecule species,
temperature, winds, and radiative energy input from and losses in the
upper atmosphere. It also will make in situ measurements to determine
magnetospheric energy inputs to the upper atmosphere. Plans include
extensive interaction among experimental and theoretical investigations
and an interactive central data facility with direct on-line access via
remote terminals to facilitate that interaction among investigators.

b. Shuttie-Spacelab Payluads

Basic processes in which electromagnetic energy and particle beams
interact with plasmas occur in many systs..© within the universe, but can
be studied most easily in the most accessible space plasma--that near
Earth. As noted earlier, Spacelab's capabilities are well suited for
making those studies. A beginning was made with the flight of the 0S5-1
pallet, which used a small electron gun to study vehicle charging and wave
generation., Spacelab 1 had a Japanese electron accelerator with pallet-
mounted diagnostics, and Spacelab 2 will include an electron gun and a
plasma diagnostic package on a subsatellite. In planning is a more
ambitious mission called the Space Plasma Laboratory on which those
instruments will be joined by other instrumen’.s, inciuding & VYLF-HF wave
injection facility being developed in cooperation with Canada. Because of
Spacelab's versatility, the mix of instruments can be changed between
flights and the entire payload can be upgraded in an evolutionary fashion.

Also planned is the assembly into a sincle payload of several solar
radiance instruments--the French-developed Solar Ultraviolet Spectral
Irradiance Monitor, the Active Cavity Radiometer, and the Belgian-
developed Solar Constant Variation instrument--and two aimospheric instru-
ments~--the Atmospheric Trace Motecule Spectroscopy experiment and Imaging
Spectrometer Observatory. That payload will be flown on a regular basis
starting in 1985 to provide information on behavior with time of the the
solar constant, the solar spectrum, and the upper atmosphere. In addi-
tion, a variety of new instruments, such as the Multispectral Linear
Array, for remote sensing of Earth's surface will be fiown on Shuttle-
Spacelab flights to test their capabilities and to evolve their use from
shopf-duration Shuttle~Spacelab missions to longer missions on the space
station.
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¢. Qcean Color Imager

The success of the Coastal Zone Color Scanner, which was launched on
Nimbus=7 in 1978 and now is in its sixth year of operation, clearly
indicates that a follow-on instrument could determine global primary
productivity, wnich forms the base for the various marine food chains.
The synoptic, global measurements of chlorophyll concentration that a
satellite color scanner can provide will serve as the primary data hase to
which complementary ship, airplane, and buoy data can be added to yield
primary productivity estimates of high accuracy for key oceanic regions.

An improved version of the Coastal Zone Color Scanner, the Ocean Color
Imager, has been designed and plans are being formulated to make possible,
for the first time, the relating of wind forcing data acquired by a NASA
Scatterometer to data on ocean current response from the planned Topo-
graphy Experiment for Ocean Circulation mission, the redistribution of
oceanic nutrients by the currents, and the resulting changes in primary
productivity from the Ocean Color Imager. With appropriate i1n situ obser-
vation, it wiil be possible to relate biological variability quantitative-
1y to the physical characteristics of the global oceans.

d. Tethered Satellite System

The Tethered Satellite project is an international cooperative
undertaking between the United States and Italy to provide a new facility
for conducting Earth Science and Appiications experiments, The Tethered
Satellite will make measurements as far as 100 kilometers from the Space
Shuttle. It will make possible long-term scientific experimentation not
heretofore feasible, including generation and study of large-amplitude
hydromagnetic waves; magnetic field aligned currents; and high-pawer, very
low frequency and extremely low frequency waves in the jonosphere-
magnetosphere system. It also will permit studie. of magnetospheric~
tonospheric-thermospheric coupling and atmospheric processes below 180
kilometers; of high resolution crustal geomagnetic phenomena; and of the
generation of power using a conducting tether. Italy has agreed to
provide the satellite for the planned atmospheric (tethered downward) and
space plasma (tethered upward) missions.

e. Topography Experiment for Ocean Circulation

The large-scale movement of water ip the oceans has many direct
consequences for life on Earth. For example, climate changes, fish
production, commerce, waste disposal, and national security are affected
by ocean circulation and, in turn, affect daily life. And many things
about the oceans are poorly understood, largely because the oceans are
difficult to observe. The Ocean Topography Experiment is expected to
provide significant capabilities for observing the circulation of the
oceans on a global basis. Its objectives will be to measure ocean surface
topography over entire ocean basins for several years; integrate those
measurements with subsurface measurements and use the results in models of
the cceans' density fields to determine the oceans' general circulation
and variability; and then use the information from all those activities to
develop an understanding of the nature of ocean dynamics, calculate the
heat transported by the oceans, understand the interaction of currents
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with waves, and test the capabilities avazilable for predicting ocean
circulation.

f. Scatteromater

Upper ocean currents, as well as surface waveg, are generated by the
stress that winds ¢ xert on ocean surfaces. As eariier instruments aboard
aireraft and Seasat have shown, a scatterometer can measure the small-
scale roughness of a sea surface; and the associated wind velocity, or
stress, then can be calculated. Modern oceanographi: measurements show
that ocean currents are much more variable thar they previously were
thought to be. An ability to obtain wind velocities will permit ciicula-
tion of the velocities of the time-dependent, wind-driven, upper ocean
currents; and knowledge of those velocities will substantially improve
understandina of the momentum coupling of the atmosphere and oceans.
Knowledge of wind velocities also will improve forecasts of such factors
as wave conditiors and the iIntensity and location of storms. Scattero-
meter data would provide a unique global perspective of the uceans,
signifirantly improving understanding of how the oceans work; and plans
for acquiring the data are being made possible by flight of a scatter-
ometer on the U.S. Navy's Remote Ocean Observing System scheduled for
lTaunch in 1989, Other possibilities include flight of a scatterometer in
conjunction witn the Topography Experiment for Ocean Circulation and with
satellite instruments to be flown by other agencies such as the National
Oceanic and Atmospheric Administration and the Navy.

g. Magnetic Field Satellite

The first Magnetic Field Satellite, Magsat-1, acquired--for the first
time--detailed, global data on the scalar and vector magnitudes of Earth's
magnetic field. However, that field undergoes major changes over the
period of a few years due to variations in the motions of the inner core.
The position of the magnetic pole drifts westward, but the rate of drift
is not constant. Resulting uncertainties in magnetic maps limit their
usefulness to from three to five years. Hot'ever, those changes provide
information on important and enigmatic properties of Earth such as the
origin of the main magnetic field and its variations with time; the
structure and electrical properties of the mantie; magnetic monopoles; and
the relationshiu amony variations in the magnetic field, the mass
distribution of the atmosphere, and the rotation rate. The Magnetic Field
Explorer 117 obtain scalar and vector field data that, in conjunction
with data fiom Magsat-l and the Geopotential Research Mission, will be
used to examine magnetic field changes for periods ranging from months to
decades., It also will provide an updated data set required for a future
magnetic field survey.

h. Geopotential Research Mission

Accurate knowledge of Earth's gravity and magnetic fields is essential
to scientific studies of the planet, particularly those involving the
solid earth, the oceans, and energy and mineral resources. Earth's
gravity field is known to an accuracy of 5 to 8 milligals for resolutions
of 500 to 800 kilometers, and the geoid (mean ocean sea level) to an
accuracy of about 50 centimeters. Those accuracies are inadequate to
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resolve key scientific questions relating to the motion or Earth's crust
(mantle convection) and the structure and composition of Earth's interior.
Magsat-l provided a map of crustal magnetic anomalies that showed a high
degree of correlation with large-scale geological and tectonic features.
However, its orbital aititude was too high to yield a map with the
accuracy and resolution required for both solid eurth science and
geological prospecting. Greater accuracy and resolution are needed, and
they can be achieved only by a mission at a significantly lower alt tude.

The Geopotential Research Mission will provide the most accurate
models yet avajlable of the global gravity field, geoid, and crustal
magnetic anomalies. It will employ two spacecraft approximately 300
kilometers apart in the same 160-kilometer circular polar orbit. To
determine the gravity field, a drag-free sphere will be positioned at the
center of mass of each spacecraft in a cavity that will shield it from al)
surface forces and therefore permit it to he affected only by gravita-
tional forces. The relative motion of the spheres as they are accelerated
and decelerated while passing over a gravity anomaly will be a measure of
the size and intensity of the anomaly. The accuracy to which the position
of each sphere in the along-track direction can be measured by Doppler
tracking will be 1 micrometer per second every 4 seconds. That accuracy
in the Doppler data will permit analysis to determine the global gravity
field to approximately 1 milligal and the geoid to approximately 5 centi-
meters, both to a resolution of 100 kilometers, Earth's magnetic field
will be surveyed by scalar and vector magnetometers, similar to those
flown on Magsat, mounted at the end of a rigid boom extending from the
leading spacecraft. The magnetic fimld data will have an accuracy of 2
nanotesla and a resolution of 100 kilometers.

1. International Solar Terrestrial Physics Program

This program's purpose is to attempt, for the first time, a quantita-
tive study of the complete solar-geospace system. Geospace comprises the
near-Earth environment and contains the near-Earth interplanetary medium
and Earth's magnetosphere, ionosphere, and upper atmosphere. Each geo-
space region has been investigated individually, but it is the collective
behavior of the geospace system's highly interactive components that
determines the system's overall behavior. In particular, an understanding
of the behavior of the entire system will require measurements in the two
main energy storage and two main energy deposition regions, as well as
knowledge of snlar surface and solar wind features. Thus, the mission is
env1§;oned as a multi-instrumented spacecraft mission with the following
functions:

o The Solar-Pointed Laboratory, stationed at the Earth-sun 7libration
point--to measure solar surface osciliations and deduce solar flare and
solar wind processes

¢ The Solar Wind Laboratory--to measure the incoming solar wind, magnetic
fields, and particles

o The Polar Laboratory--to measure solar wind entry, ionospheric plasma
output, and deposition of energy into the neutral atmosphere at high
latitudes
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o The Equatorial Laboratory--to measure solar wind entry at the sunward
nose of the magnetosphare and the transport and storage of energetic
plasma in the equatorial ring current and ncar-Earth plasma sheet

o0 The Geotail Laboratory--to measure solar wind entry and the
acceleration, transport, and storage of plasma in the geomagnetic tail

o The Multipoint Plasma Laboratury--to study the spatial and tempora)l
behaviors of small-scale plasma processes, including magnetic merging.

4, Future Thrusts, FY 1990-1994

In the decade of the 1990s, the Earth studies program will investigate
long-term physical, chemical, and biological trends and changes in Earth's
environment, inciuding Earth's 1ithosphere, atmosphere, magnetosphere, land
masses, and oceans, It will study the effects of natural and human activities
on Earth's environment by measuring and modeling the chemica' cycles af
nutrients and will providz improved models for estimating the fulure effects
of humans and other species on Earth's biological productivity and habita-
bility. It will use space dand suborbital observations, land- and sea«based
measurements, laboratory research, and supporting data management technologies
over ten years or more, The space measurements to support the program will
require a space station polar platform able to support a variety of remote
sensing instruments, A concept for such a platform is under study. In
addition, platforms for active plasma experiments and free-flvers for in situ
measurements will be required.

E. Life Sciences

The aim of the Life Sciences program is to achieve two of the major goals
of the national spacs policy: to establish a more permanent human presence in
space, utilizing the space station, and to conduct a vigorous program of
scientific rescarch in space. Inhouse laboratories and university scientists
implement those yoals by conducting both ground-based research and space-based
research using manned and unmanned vehicles, Since its inception, the program
has had primary responsibility for ensuring the health and well-being of
spaceflight crews. In addition, 1t selectively advances knowledge of
fundamental biological processes at the cosmic, global, and organismic levels.

1. Objectives

In pursuit of the two goals mentioned above, the program has adopted the
following objectives:

o To provide medical care and fill requirements for 1ife support to
spacecraft crews in the Space Shuttle and space station

0o To devise preventive and therapeutic measures to counteract untoward
effects of spaceflight that might affect the health and performance of
crew members in the Space Shuttle and space station

o To determine how 1ife began on Earth and what its distribution
throughout the cosmos may be
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o To characterize the role of 1ife in processes that affect the terres-
trial environment on a global scale

o To determine and characterize the effects of gravity variations on
organisms.

2. Strateyy

The Life Sciences program concentrat«s its research on two interrelated
disciplines, medical science and bhial-..:11 science. The medical sciences
must address promptly any problems tnut arise in Shuttle operations and those
anticipated to arise in space stat:on missinns., Because . . problems can he
studied most, effectively through intlight experimentatior, pingress in the
life sciences depends to a considerable extent on the availuv, Ity of flight
opportunities.

Foremost among immediate problems in medical science are the anorexia,
vomiting, and malaise that characterize che spacs adaptaticn syndrome.
Additional preblems involve spatio-temporal 11lusions and cardiovascular
chenges that sometimes affect crew members during their return to Earth and
problems associated with denitrngenizing crew members before they engage in
aextravehicular activity. Denitrogenation must be made more convenient and
less 11kely to cause subsequent dysbarism (bends).

With regard ¢o problems related to future missions, including those en the
space station, means must be found to protect crew members from the effects of
exposure to radiation, particularly high-energy, multicharged, heavy ions.
Measures must be developed tp mitigate the loss in flight of bone and muscle.
And, because the presence of female astronauts on crews is becoming routine,
differences in thair endocrinological, musculoskeletal, carsiovascular, and
urogenital systems and in their resporses to dysbarism and radiat.on must be
understood and accommodated.

Enhancing the in-orbit capabilities of Shuttle and space station crews
requires improvement in spacecraft habitability and optimization of the
interaction between humans and macnines. Also, physicochemical or biological
regeneration of oxygen, water, and ultimately food aboard spacecraft is
essential to the creation of microenvironments able to sustain humans effici-
ently for long periods of time,

The biological sciences seek understanding of the nature of 1life--its
past, present, and future--and of l1ife's relationship with its environment.
Since life is a product of a series of physical and chemical processes that
started with the beginning of the universe, research on a cosmic scale is
focused on life's relationsnip with the universe. On a global scale, life is
viewed as a modulating force governing the complex cycling of materials and
en2rgy throughout the biosphere. COn an organismic scale, emphasis is placed
on understanding how living systems have adaptad to various evolutionary
forces, especially gravity.

Under-tanding the origin, evolution, and distributiov. of life and 1ife-
reldted molecules, on Earth and throughuut the universe, requires correlation
of ground-based simulations of prebiotic enviromments with observations of
extraterrestrial matter such as planetary surfaces and atmospheres, inter-
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stellar molecules, meteorites, comets, and cosmic dust. The role of Earth's
biota in cycling materials through the bjosphere is investigated by measuring
biogeochemical cycle parameters 1in the field and then developing sensing
techniques for making similar measurements on a qlobal scale remotely from
space. Uetermining the physiological effects o® gravity, or lack of gravity,
on organisms raquires spaceflight verification of hypotheses developad using
Earth-based zero~-gravity simulation models.

Ground-based research and technology development constitute the initial
approach in each program element, with all elements using space flights to
verify hypotheses and results.

3. Current Program

a. Medica! Sciences

The Medical Sciences program is responsible for certifying crew
members and maintaining their health and career longevity. It includes
preflight and postflight medical examination, inflight health monitoring,
and prefiight training of crews in onboard emergency medical procedures.
In preparing for the space station it must assess occupational hazards
associated with space-based industry and devise preventive and therapeutic
measures for coping with them. 1t also must improve ground- and space-
based clinical operations, developing procedures suitable for persons
working in space,

Development of effective countermeasures to cardiovascular decondi-
tioning depends on understanding the underlying physiology. To extend
that understanding, experiments on Spacelab 4 will measure central venous
pressure and baroreceptor sensitivity. Existing countermeasure devices,
such as antigravity suits, programmed exercises, and fluid loading with
and without medication, will continue to be evaluated on Shuttle missions
to determine the limits of their effectivenvss. The relevance to humans
of myocardial changes observed in experimental animals will be assessed,
and defects in the reflex control of circulation that possibly contribute
to cardiovascular deconditioning w*11 be characterized.

Better ways are being sought to measure the acute physiological and
psychological phenomena that appear during the first two to three days of
veightlessness. Several tests of vestibular function will be conducted on
Spacelabs D-1 and 4; and both “iofeedback meihods and improved pharmaco-
logical agents for controliing wotion sickness symptoms will be tested on
Spacelab 3. The problems associated with motion sickness will continue to
receive major emphasis until they are understood and successfully treated
or prevented,

The physiology of bone demineralization is under study. Work is in
process to develop non-invasive techniques for measuring mineral content
and bone =lasticity. Experiments are being planned for flight on
Spacelabs 2 and 4 to investigate hormonal control of calcium metabolism
and the kinetics of calcium absorption. The probability of musculo-
skeletal system damage 1s higher on long-term space station missicns than
on short-term Shuttle missions. Moreover, since hypercalcemia, kidney
stones, and renal damage are possible on missions of any duration,
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appropriate treatment regimes must be da2veloped. A clearer understanding
is needed of whether the bone loss experienced by humans during s?ace
flight is cortical or trabecufar or both, and whether bone and muscie loss
and recovery rates vary with age and sex. Ground-based and inflight
research is in process to identify the changes space flight causes in red
blood c¢ells, body water, electrolytes, hormones, biosynthesis and
breakdown of muscle protein, and the immunological capacity of a human
body 1n space to cope with infectious agents.

Greater understanding of respipation in space and its relationship to
cardiovascular and other functions is needed. So that better cabin and
spacesuit atmospheres can be provided, understanding also is needed of the
effects of changes in both pulmonary function and bload perfusion on crew
members' elimination of inert gas from their bodies before decompression
for extravehicular activity. Both ground-based and inflight analyses of
procedures to prevent bends are required.

Studies to 1improve radiation dosimetry and to characterize the
radiation environment in space are under way, as are radiobiological tests
of the effects of high-energy, multicharged particles thought to be
components of cosmic rays. Work also is under way to determine shielding
requirements and the shielding characteristics of spacecraft materials.
High-inclination and polar orbit flights involve greater exposure to solar
particles, galactic cosmic rays, and, in particular, the high-energy,
multicharged, heavy ions -11led HZE particles. High-altitude flights in
elliptical and geosynchronous orbits have substantially increased exposure
to the geomagnetically trapped radiation belts and to solar particles that
also produce HZE particles. Understanding of the effects of HZE particies
must be improved.

Research in psychology and human performance explores the effects of
nutrition, motivation, personality, and group composition on individual
performance and on smell-group interactions. Assessment is needed o! the
effects of combined stresses and altered physiological state on perfor-
mance, inform.tion processing, decision making, motor control, and inter-
actions with spacecraft systems. So that more effective countermeasures
to stress can be developed, the research will be directed toward evalua-
tion of the efficiency of individuals under the influence of adaptive
physiological processes in the space einvironment and of the individuals'
overt behavioral responses.

The ability of astronauts to work in space suits and use remote
manipulators will be expanded by development of additional hardware; and
better personal hygiene systems, sleep stations, and equipment for
monitoring medical, physiological, and environmental safety will Dbe
developed. Means will be sought to improve spacecraft food supply
systems, with particular attention to new preparation and preservation
techniques; and research on the use of biological pronesses to regenerate
food and to control environmental conditions aboard spacecraft will
continue.
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b. Biological Sciences

The Biological Sciences program meets its objectives through three

d}s?1p11nary programs: Exobiology, Biospheric Research, and Gravitationa)
Biology.

(1) Exobiology

The Exobiology program studies the origin, evolution, and distribution
of life and life-related molecules on Earth and elsewhere as part of the
evolution of the cosmos. It has six major elements: forms, abundances,
and reactivities of biogenic elements and their incorporation into simple
compounds; chemical evolution of more complex organic compounds; evolution
of processes and systems that led to single~celled 1ife; early biological
evolution; effects of planetary and astrophysical processes on evolution
of complex 1ife; and search for 1ife and life-related molecules in the
solar svstem and beyond.

Research is in process in all six elements, but additional effort is
essential for capitalizing on the latest scientific thought and for
progressing toward understanding the mechanisms that led to life's origin
and evolution., In addition, more effort will be applied to developing
axobiological analytical instrumentation suitable for the missions recom-
mended by the Solar System Exploration Committee: gas chromatographs, gas
chromatograph/mass spectrometers, light (visible, near-infrared, and far-
infraredg spectroscopes, and other devices for specific elements and
compounds. Instrumentation for remcte observations must be developed for
use with Earth-orbiting telescopes, described in eariier sections of this
chapter, to detect the signatures of life-~related chemicals both within
and outside the solar system. Those signatures will increase understand-
ing of the nature and extent of chemical evolution beyond Earth.

(2) Biospheric Research

The Biospheric Research program, formerly the Global Biology program,
seeks to characterize the effects of biological processes on global
dynamics by pursuing three research objectives: characterization of the
pathways and rates uf exchange for movement of carbon, nitrogen, phospho-
rous, and sulfur into and out of terrestrial ecosystems and the ocelns;
development of methods for extrapolating local rates of anaerobic activity
to predict global effects; and development of mathematical models repre-
senting the dynamics of global cycles.

This program was initiated two years ago. Subsequently, it was
strengthened by the addition of tasks to correlate ground-based data with
remotely sensed data to determine biomass extent on varying spatial
scales, with satellite imaging to determine ecosystem extent, and with
measurement of atmospheric gases to indicate ecosystem behavior. Recently
availabile satellite observations, computers able to handle large
gquantities of data, and new analytical instrumentation for ground-based
research have acted as stimuli to studies of the biosphere. The thrusts
of the program for the near future include development of registration
terhniques using data collected by Landsat and the Advanced Very high
Resolution Radiometer to »nroduce geographic information systems; use of
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remote sensing to updute existing vegetation and land-use m-ns, techniques
for recognizing ecosystem borders, and methods for determining biomass
types and extent; correlation of measurad fluxes of ground gases with the
type of ecosyster and soil producing the gases; and development, for
sEec1f1c types of ecosystems, of comprehensive stratified measurements
that incorporate ground truth measurements, aircraft measurements, and
satellite observations, all correlated and integrated through multi-
dimensional computerized models,

(3) Gravitational Biglogy

Gravitational Biology, formerly Space Biology, deals with physiologi-
cal response to the full range of gravitational forces, from microgravity
to gravities greater than one. The program seeks to increase understand-
ing of how gravity affects life on Earth., It has the following
ocbjectives: to understand how organisms perceive gravity and transmit
that understanding to responsive sites; to determine the role of gravity
in reproduction, development, and maturation; to elucidate the effect of
gravity on form, function, and behavior of organisms; and to determine how
the absence of gravity in space affects 1iving systems. Although limited
so far in numbers and complexity, space experiments have confirmed the
sensitivity to gravity of certain biological systems and processes.

A near-term objective of the program is to identify the organs for
perceiving gravity and how thuse organs function. Particularly needing
characterization are the gravity sensors of plant and animal cells and the
role of calcium in gravity perception and mediation. 1In addition to
having fundamental scientific importance, such subjects are relevant to
manned spaceflight and to the use of plants in advanced 1ife support
systems., Another objective in the next few years will be to determine the
influence of gravity on fertilization, development, and maturation o
organisms. Flight experiments will be required for the attainment of all
those otjectives, and proposals have been solicited for experiments that
can take advantage of the availability of mid-deck space on the Shuttle.
Facilities such as centrifuges and containers for animal and plant species
must be developed to provide for maintaining and manipulating the test
organisms during flight. Plans also are being developed to conduct, on
the space station, gravitational biology experiments that require much
Tonger durations in weightlessness.

c. Life Sciences Flight Experiment Program

Achievement of the objectives of both the Medical Sciences and
Biological Sciences programs depends on the availability of flight
opportunities. The flight objectives and instrumentation requirements of
the Exobiology and Biospheric Research programs are closely integrated
with those of the planetary and Earth observation programs conducted by
cther divisions in the Office of Space Science and Applications. The
principle means for achleving the objactives of the Medical Sciences and
Grayitational Biology programs is the Life Sciences Flight Exper’ment
Program, a multimission program encompassing Spacelab flights dedicaled to
Tife science investigations, Spacelab flights shared with partners, exper-
iments on the Shuttle's mid-deck, and investigations on Shuttlie-launched,
free-flying spacecraft. That program will provide for investigations of
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the effect of the space environment on biological systems that cannot be
performed on the ground, with emphasis on characterizing and understanding
the problems of humans in spaceflight. A major feature of the program is
development of an inventory of Spacelab equipment that c¢.. be flown on
many missions, serving the needs of several investigations on each
mission, The program's near-term objective is to fly dedicated Spacelab
missions at approximately two-year intervals. Dedicated missions maximize
the number of integrated experiments fiown, thus permitting extensive,
simultaneous measurements on a Tlimited set of specimens. That broad
coverage provides opportunities for correlating measurements from diverse
experiments to characterize the biological effects of zero gravity.

Life science experiments flew on the second and third Shuttle flights
and on Spacelab 1, and will fly ~n Spacelab 2 and Spacelab 3, The first
flight dedicated to 1ife sclienr 1investigations, Spaceiab 4, is scheduled
for Taunch in late 1985. It and subsequent dedicated flights will carry
approximately 15 to 20 experiments each. Efforts also are under way to
arra%g% for the flight of three racks of 1ife sciences investigations on
Spacelab 3.

Potential New Initiatives, FY 1985-1989

The need for new life sciences initiatives arises from the fact that

Shuttle operations will require the presence in space of unprecedented numbers
of humans, from plans to develop a space station, and from plans to exploit
fully NASA's ability to expand fundamental underst.nding of major scientific
questions about living systems.

a. Medical Care and Health Maintenance in ¢ pace

The ability to maintain health ind provwiis adequate medical and
surgical care will be required if thy wation is to succeed in deploying
and using the space station. Expansion therefore is planned of efforts to
develop medical measures against the adverse effects of Tlong-term
weightlessness, to protect crew members in orbit ayainst radiation damage,
and to evacuate injured and sick crew members.

b, Advanced Crew Support

Technology will be developed for the lite-support and extravehicular
activity systems of che space station, and human-system design research
will be expanded to develop objective methods for determining the most
effective ways for humans to function in space. Construction and inflight
evaluation will be undertaken of prototype modular subsystems for the
Controlled Ecological Life Support System.

c. Human Performance in Space

Enhancement of the productivity of humans participating in future
space missions will be achieved not only hy improving the habitability of
space vehicles, but also by improving the ability of humans to use the
machines at their disposal. Other factors thal will be investigated are
the psychological compatibility of crew members and the effects of social
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isolation, sensory deprivation, command and control structures, and roti-
vational factors on human productivity.

d. Mid-Deck Flight Experiments

Activity is in process to take advantage of Shuttle flights for
research and experimentation in both the Medical Sciences and the
Biological Sciences. Spacelab capabilities will be indispensible, and the
Shuttle mid-deck will provide frequent flight opportunities. Research
equipment based on Spacelab experience and suitable fopr mid-deck use is
being developed. It will make possible a vigorous program of simpler,
relatively low-cost, medical and biological mid~deck experiments that are
expected to total up to ten investigations per year starting in FY 1985,

e, Space Station Module, Phase I

The space station will provide the first opportunity for work with
animals, plants, and experimental equipment in “eightlessness for periods
of months or more. Plans to take advantage of that opportunity include
development of a medulr to support studies of changes in physiological
functions, such as ca <ium excretion, and in adaptation as a function of
increasing length of exposure to weightlessness. The module also will
support studies of the use of artificial gravity as an alternative to
biomedical countermeasures and of the possible effects of weightlessness
on development. This first phase includes development of animal-~support
and data-collection systems needed for those studies and of facilities for
testing new equipment on the space station.

f. Biospheric Research, Phase [

The focus of this phase of the program will be modeling studies that
use available data to formulate hypotheses about the behavior of the
biosphere as an integrated system. Remote sensing data from NASA
satellites will play a key role in tests of the hypotheses and in
supporting worldwide field research. Plans include development of models
of individual biogeochemical cycles and of analysis techniques in four
areas: the areal extent of Tand use and the rates of change of biomass,
as determined from remote sensing data; biogenic gas fluxes and the
factors that affect them; in situ monitoring of ecological processes; and
interpretation of the sedimentary fossil record to test hypotheses about
modern processes,

g. Biospheric Research, Phase 11

If Phase I of the Biospheric Research program proceeds as expected and
snows promise of success, Phase Il will be initiated to formuiate &
comprehensive model for describing and predicting biogeochemical processes
accurately on a global scale, Phase II also will establish in situ
devices for monitoring biological and chcmical processes; correlate remote
sensing data with ground-based measurements to monitor the extent, rate,
and significance of environmental changes; and establish a biospheric data
network for informational, archival, analytical, and general uses. Used
in canjunction with global data on the oceans, atmosphere, and land, the
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resulting data base will be a key element in developing an understanding
of Earth as a system.

h. Exobiology Payloads

Any mission outside Earth's immediate environment provides opportuni-
ties to gather data important for understanding chemical evolution and the
origin of 11fe. Missions that are of particular interest include cometary
missions, the Mars Geoscience and Climatology Observer, and the Titan
Probe and Radar Mapper. So that chose and other anticipated opportunities
can be taken advantage of, this initiative will develop miniaturized
instruments for chemical analysis of extraterrestrial environments. Those
instruments will include gas chromatographs, combined gas chromatograph-
mass spectrometers, and remote sensors such as microwave spectrometers.

i, Search for Extraterrestrial Intelligence

A low-level, five-year effort was initiated in FY 1983 to define the
instrumentation needed for analyzing radio signals in the microwave region
of the electromagnetic spectrum. The next phase of the program will
consist of active searches with the resulting equipment. Consequently,
the bulk of the program's effort first will go into designing and
constructing sensitive, multichannel spectrum analyzers and signal=-
processing equipment and then into carrying out a comprehensive search
program with that equipment at existing radiotelescope sites.

Possible Initiatives, FY 1990~1994

a., Regenerative Life Support Systems

By the end of the 1980s, a breadboard Controlied Ecological Life
Support System will be available for ground-based testing. It will use
"conventional" advanced 1ife support technology and @&lso wiological
subsystems. It will allow development of an operational system for use on
longer missions during the early 1990s.

b. Space Station Eyseriment Module, Phase II

This phase of the program will provide the Life Sciences Space Station
Experiment Module, a pressurized laboratory that will be atlached to the
space station. The Module will provide long-duration exposure of animals
to weightlessness to validate models developed in connection with Spacelab
missions, It will use models based on experiments with animals to explore
important human problems further, and also will characterize the effects
of weightlessness on humans and other biological systems.

c. Biospheric Research, Phase III

The estaolishment of in situ sensors on Earth and a remote-sensing
data system in Phase II of the program will be follawed in this phase by
the use of data relay satellites. Also, spacial provisions in Earth-
Tooking satellites will optimize their yield of biological ‘information.
When comprehersive global data are available, it will be possible to
evaluate biological influences on global processis and the sensitivity,
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rate, extent, and significance of changes in the biota as a function of
environmental perturbations.

d. Vestibular and Variable " avity Researcin 7 .+ility

Definitive data on the ability of living systems to respond to linear
and angular accelerations must await experiments that can be done in
space using apparatus that can apply force vectors singly and in combina-
tion. This program will develop a flight-qualified vestibular and varia-
ble gravity research facility incorporating a centrifuge ahle to subject
test subjects at its periphery to gravity fields from zero to one Earth
gravity in intensity. The objective 1s to induce accelerations on the
inner ear's otolith and semicircular canal to shed new light on their
fundamental reactions to, and requirements for, those sti;uli.

F. Satellite Communications

The currant era has been characterized as the "Information Age."
Information is the foundation for economic growth; and data, news, and other
information flow worldwide, both as raw material and as finished product. The
coming of the information age was made possible by communications electronics,
esperially communications satellites, which now constitute a critical and
fast-growing segment of the communications industry. The worldwide market for
communications satellfte hardware alone is expected to total about $38 billios
in 1981 dollars from 1981 to the year 2000.

NASA's ATS 1, 3, and 6 experimental communications satellites were precur-
sors to current maritime, land, and aeronautical mobile satellite services.
ATS-6 and the Jjoint Canadian-NASA CTS Experimental Satellite provided the
basis for today's new broadcast satellite service industry. CTS also opened
the door to a whole new generation of fixed service satellites operating in
the 12 GHz band. NASA's Syncom satellite, launched in 1962, was the precursor
to Intelsat and the first generation of domestic fixed-satellite services.
The Syncom program, undertaken with full knowledge that many respected
authorities 1in the cormmunications industry were opposed to geostationary
communications satellites, is a good example of a high-risk program that
had large potential benefits, but industry was not willing to undertake. That
crucial step to geostationary orbit led directly to a rapid increase in the
use of communications satellites because of their reliability, wide coverage,
and low net cost for the communications services they supply.

Worldwide, about 150 geostationary satellites have been launched, Crowd-
“‘ng of the frequency spectrum and the limited geostationary orbit arc already
is eyident, and positions in the spectrum and arc are a subject of domestic
and international competition., Technical innovations in the use of new
frequency bands, frequency re-use, and ouboard signal switching and processing
will be necessary for additional growth. NASA intends to continue to develop
high-risk technology that will yield systems to satisfy expanding demands for
communiications but that dindustry is unlikely to develop. Industry can be
expegted to make use of the resulting technology to offer new and expanded
services,
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1. Current Program

NASA launched {ts last experimental communications satellite in 1973 and
then, for the next several years, maintained only a minimum involvement in
advanced technology, initiating no new fiight programs. Subsequently, aware-
ness grew of the imminent congestion of the spectrum and geostationary arc,
the unfilled demands of the public sector for communications, and the eroding
U.S. competitive position in satellite communications technology vis-a-vis
Europe and Japan. In 1979, urged by several independent organizations and
committees to resume 1ts leadership role in the development of advanced
technology for satellite communications, PMASA--with U.S. industry's help--
developed a program pian consisting of the activities Vlisted below. The first
of those activities is conducted by the Office of Aeronautics and Space
Technology, the remainder by the Office of Space Science and Applications.

o Basic research and technology development, which provide a technology
base for all of NASA's communications programs. The time horizon for
the device and component technology pursued is five years or more, and
?ﬁ? ﬁork is performed cooperatively by NASA, universities, and U.S.

ndustry.

n Advanced technology development, which develops technology for the
Advanced Communications Technology Satellite, opening new bands in a
fashion that will conserve the spectrum and be economically competi-
tive, and providing new and expanded satellite services,

o Technical consultation and support services, which conduct studies of
radio interference, propagation, and systems to ensure growth of
existing satellite services and 1incorporation cof new satellite
applications. Analysis techniques are developed and used to solve
problems of interference within and between the signals of satellite
and terrestrial communications systems. Those analysis techniques also
provide a technical basis for regulatory and policy studies. Urbit and
spectrum utilization studies are conducted to aid 1in developing
frequency and orbit sharing techniques and design standards and in
determining the effects of propagation phenomena and human-made noise
on the performance, design, and cfficient use c¢f the geostationary
orbit and the radio spectrum. NASA also provides support to the
Federal Communications Commission, National Telecommunications
Information Administration, Department of State, Federal Emergency
Management Agency, and other organizations.

o Satellite-ajded search and rescue, which is a cooperative program in
which Canada, France, the Soviet Union, and the Llnited States are
developing and demonstrating & satellite system for detecting and
locating the position of signals tLransmitted automatically from
aircraft, marine vessels, and individuals in distress.

o Experiment coordination and mission support, which identifies ana aids
development of new types of communications services, primarily for the
public sector. The principal vehicle for that development has been a
series of experiments with the ATS-1 and ATS-3 satellites. Future work
will include development of small, lsw-cost terminals that will work
with leased channels on existing communications satellites to provide
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communications sarvices to remote areas. Use of those terminals with
Intelsat in the Pacific Basin has priority.

o Advanced Communications Technology Sateilite, which will be a technolo-
gy development and ground test program to prove the feasibility of
certain advanced communications satellite technologies. Technologics
to be validated include use of multiple fixed and scanning spot~antenna
beams, frequency reuse, beam interconnectivity at both intermediate
frequencies and baseband, advanced system network concepts, and dynamic
rain~-compensation techniques, Those technologies will be applicable to
a wide range of communications systems in the 1990s.

2. Potential Initiative, FY 1985-1989: Mobile Satellite Program

Land mobile communications service within the United States is concen-
trated in metropolitan areas. The rest of the country, containing about
one-third of the total population, has inadequate or no service. Factors
contributing to that inadequacy include channel crowding, spotty coverage, and
incompatibility between equipments due to different operating frequencies,
Although allocation of the 800-MHz band and the recently developed cellular
system for mobile communications will help, they are expected to be introduced
primarily in densely populated areas and at a rate that will not provide
coverage :o even those areas until after the year 2000.

Satellite communications service can solve those proublems related to land
mobile communications by relaying voi =, message, and data communicitions
between mobile terminals and fixed base stations. It can meet a wide range of
commercial and public safety communications needs such as for mobile
telephone, dispatch, law enforcement, emergency communications, and paging.
Consequently, initiation is planned of a mobile satellite commercialization
program with the objectives of:

¢ Developing technology to enable commercial mobile satellite service

o Facilitating development of new markets for satellite and ground
terminal hardware

o Developing terminal hardware that is frequency and power efficient

o Developing networking techniques fur use in experimental government
applications

0 Promoting growth of commercial services.

The program will be conducted under an agreement between NASA and U.S,
industry, with appropriate coordination with Canada, to facilitate commercial
application of this totally new service by reducing the risks the private
sector would have to assume. Industry would build, with its own funds, a
satellite system able to support first~-generation commercialization, including
the first and second objectives stated above, and to provide capacity to NASA
and other government agencies for two years of experimentation to satisfy the
third and fourth objectives. For those two years, approximately ¥0 percent of
the system's capacity will be allocated to commercial use and 20 percent to
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experimentation.,  Then the experimental channels would be transferred to
commercial service.

To meet the third and fourth objectives, NASA would help other goverament
agencies define their requirements and specialized equipment needs. Those
agencies would purchase their own field equipment and, during the two years of
experimentation, determine the ability of satellite service to satisfy their
needs for mobile communicatlions service., Agencies wishing to continue the
service after the experimentation period would enter into a contract for
commercial service on the same satellite. NASA thus wouid help formulate
requirements across the government, validate special hardware requirements,
and transfer to commercial service technology developed during the two years
of experimentation. Critical technology items for the space segment of a
first-generation system would include 1linear, high-power amplifiers and
high-gain, pointing antennas. For later systems, large muitibeam antennas to
provide Trequency reuse probably would be required.

In brief, most of the funding for the mobile satellite program would come
from the private sector. The program would fi111 the needs for experimentation
and, at the same time, make possible the earliest pcssible introduction and
future growth of commercial service.

3, Possible Initiatives, FY 1990-1994

a. Large Geostationary Communications Platforms

The demand for satellite transponders is expected to grow through the
turn of the century, but development of the full potential of the market
for them will require resolving two difficulties: saturation of the
accessible orbit arc and spectrum and the already evident decrease in
cost-effectiveness gains from technology advancements as short term
advancements are exhausted. Allaviation of those difficulties will
involve increases in the number of orbital positions, use of inter-
satellite 1inks, expansion into the K, band, and more effective use of the
c¢rbit arc and spectrum. Large, geostﬁtionary communications platforms are
expectad to contribute significantly to effective use of the orbit arc and
spectrum, but several issues regarding their use will have to be resclved:
whether the seeming economy of scale benefits are lTikely to be realized,
the practical limitations on frequency reuse provided by multiple beams,
the feasibility of aggregating services, and whether current expectations
for system operations and overall cost effectiveness are realistic. The
Office of Space %cience and Applications, Office of Space Flight, Lewis
Research Center, and Marshall Space Flight Center are cooperating in a
study to examine those issues, determine the feasibility of large,
geostationary communications platforms, determine what technology must be
developed, and define what the government's and industry's respective
roles and responsibilities should be. An experimental system could be
initiated in FY 1989, with Yaunch in FY 1993 or 1994,

b. Dirnct Satellite Sound Broadcasting

The United States Information Agency's Voice of America has requested
NASA to help improve the Government's international sound broadcasts. The
agencies' Administrators have signed a memorandum of agreement outlining
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a study to be undert.ken. If it or subsequent studies identify a need for
satellites for the broadcast mission, NASA will develop and test the
technologies required. Subsystems needing new technology identified so
far include space power supplies, such as a nuclear unit providing 100
kilowatts of electricity and a 12.5-kilowatt solar array; high-power,
highly efficient transmitters proviuing, for example, 15 to 30 kilowatts
of broadcasting pywer at 26 MHz; large space antennas, such as 300~ to
500-meter diamrtes -eflectors or arri’ antennas; control systems for large
space structurer; and launch vehicles able to deliver payloads weighing--
for example-~10,000 kilograms or more to geostationary orbit.

G. Microgravity Science and App.ications

Although Earth's gravily 1s weak compared to other physical forces, it
influences many processes, often in subtle ways. Small thermal and composi-
tional gradients in fluids cause complicated and somevimes unwanted stirring
that {s difficult to analyze. Hydrostatic pressure requires confinement of
Tiquids by containers whose walls sometimes produce unwanted effects., Since
virtually every process developed by humans evolved in a unit gravity environ-
ment, 'wumans have become adept at circumventing some, but not all, of the
difficiities imposed by gravity. Now the Space Shuttle provides for extended
pericds of time a laboratery environment in which the effects of gravity are
minute. Thus, new dir -ons in process control exist--freedom from con-
straints fuposed by gravivy on Earth-based processes and opportunity to study
nongravitational effects that often are masked by gravity-driven flows, NASA
encourages the academic and 1ndustrial research communities to use the Shut-
tle's unique environment cn a routine basis when it is expedient to suppress
various gravitational effects. NASA also works with industry and commercial
interests to develop, in space, microgravity processes and products that will
help to maintain U.S. technological leadership.

1. Goals

The goals of the Microgravity Science and Applications program are to
investigate the behavior of material in a fluid state and the effects on that
behavior of carrying out processes in the microgravity environment of space,
to provide a better understanding of the =2{fects and limitations imrosed by
gravity on processes carried out on Earth, and to evolve processes that
exploit the unique character of the microgravity environment of space to
accomplish results that cannot be obtained in unit graviiy. Those goais
anticipate that the scientific and industrial communities w'l1t find sufficient
merit in research carried out in space to justify development, at least partly
supported by the user community, of a National Microgravity Laboratory as part
of the space station. They also anticipate that some of the processes from
early research will be sufficiently attractive to industry to form the bases
for additional commercial ventures similar to those already undertaken by
McDonnell Douglas and Microgravity Research Associates.

2. Program Scope

The program concentrates on the following physical sciences and does not
study the effects of gravity on Tiving organisms:
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0 Mrterials sciences, including crystal growth, solidification of alloys
and composites, and centainerless processing

o Physics and chemistry, including fluid mechanics, transport phenomena,
combustion science, cloud physics, and critical phenomena

o Biotechnology, including separation processes, suspension culturing,
and blood rheolngy.

J. Strategy

Plans for the program include expansion of the research base established
during the last saveral years and the conduct of flight investigations to
delineate the potential and limitations of the microgravity environment for
scientific and i{~dustrial use. Since the merits of that use ultimately will
be determined by perticipating investigators, the following steps are being
taken to involve potential users in the program's capability demonstration
phase:

o Establishment of an advisory group consisting of research scientists
from academia, government, and 1industry to provide an external
perspective to the program. That group's functions will be to convey
to NASA the reactions of the potential user community to various facets
of the program, identify the types of research that would be most
beneficial to prospective users, and serve as emissaries to the
external research community.

o Establishment of working groups structured along disciplinary lines,
The primary functions of the working groups are to identify areas of
research relevant to the program and to encourage qualified investiga-
tors to become involved in it. The disciplines for which groups will
be established are electronic materials, metals and alloys, glass ana
ceramics, biotechnology, fluids and transport, and combustion science.

0 Consideration to estabiishment at various universities of additional
centers of excellence to strengthen specific areas of reseirch. Those
centers would be similar to the Materials Processing Center at the
Massachusetts Institute of Technology and weuld have the same purpose,
the bringing together of the research interests of government, indus-
try, and academia in a setting suitable for innovative activity.

v Encouragement of increased industrial involvement through use of the
Technical Exchange Agreement and Joint Endeavor Agreement mechanisms
already es.ablished and published in the Federal Register and the
Commerce Daily. The former mechanism allows "an industrial tirm to work
with NASA in an area of mutual interest with no exchange of funds. The
firm conducts experiments 1in NASA's ground-based facilities--drop
tubes, drop towers, and aircraft-«to determine whether space experi-
ments are justified, A Joint Endeavor Agreement allows an industrial
firm and NASA to share the costs and risks of developing commercial
space ventures, Generaily, the firm is expected to develop the
experimental apparatus; NASA, to provide a specified number of free
flights in return for tonsiderations such as data rights and use of the
apparatus. If the venture proves to be profitable, the firm reimburses
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NASA for future flights of the apparatus. Another mechanism in use s
an industrial outreach program in which industries with a potential for
using microgravity are contacted and supplied with {information or
invited to visit NASA field centers engaged in microgravity research.
NASA also arranges seminars in which researchers involved in the NASA
microgravity program describe the program to potential participants and
discuss the results they have obtained.

o Issuance in the near future of an announcement calling attention to the
f1ight opportunities available, now that the Shuttle is operational.
That announcement will emphasize the desirability of starting investi-
gations o2 apparatus suitable for installatien on the Shuttle's mid-
deck because that type of apparatus usually can be produced more
quickly and is less expensive than apparatus that must be mounted in
the cargo bay. Prospective investigators also will be encouraged ts
use existing cargo bay and Spacelab apparatus, if possible. If
existing apparatus cannot be used or readily modified, NASA will
determine whether 1t is more cost effective for NASA to build the
needed apparatus or for the investigator to build it. NASA also will
determine whether the apparatus can, with minor modifications, accomio-
date other investigators.

Current Program

a. Ground-Based Investigations

With 1ts growing science base and maturing investigations, the
ground-based experiment program has begun to make significant contribu-
tions to the materials sciences, as indicated by an increase in the number
of papers published in refereed journals from a total of a few dozen
before 1977 to over 100 in the past year. Some of the areas promising
valuable results are described in the paragraphs that follow,

(1) Convection in Crystal Growth

Crystal growers only recently have begun to analyze convective flows
and how they affect the growth process., The flows are complicated by the
fact that most systems of interest have more than one component, requiring
that both thermal and compositional effects be censidered., Since thermal
diffusivity usually is several orders of magnitude larger than chemical
diffusivity, modeling the combined convection is extremely difficult.
Solification in a binary system can be unstable even when the system's
concentration is very low. Even a very small convective flow can have a
significant effect on the radial distribution of dopants in crystal
growth, and it has been found that considerable convection occurs because
of radial gradients that are mpossible to avoid. Diffusion controlled
vapor transport is not possible in a gravity field because viscous
interactions between the transporting vapor and the container wall create
density gradients that are always convectively destabilizing., Research
sponsored by NASA already has contpibuted significantly to understanding
of crystal growth processes, and its results provide a base for the
crystal growth experiments in space that NASA plans to sponsor.
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(2) Nongravitational Phase Separation Mechanisms

Early attempts to avoid phase separation from density differences in
the solidification of certain alloys in microgravity have indicated that
phase separation mechanisms other than gravity alse are important. Recent
work has provided interesting insights into some of those mechanfsms, and
further understanding of them possibly could allow control of phase
separation 1n such alloys.

(3) Containerliess Processing

Containerless processing on and near Earth's surface is possible, but
in a limited fashion, using drop facilities, aircraft, and various
levitation techniques. A 100-meter drop tube is operational at Marshall
Space Fiight Center, and a variety of smaller drop tubes are in operation
at the Jet Propulsiop Laboratory. General Electric has developed an elec~
tromagnetic levitation facility, and air-jet levitators are in operation
at Marshall Space Flight Center.

In space, liquids~-especially high vemperature melts--can be contained
solely by their surface tension and positioned by small noncontacting
forces provided by electrostatic, electromagnetic, or acoustic fields,
Thus, there are a number of potential applications for containerless
proceesing in space, The Jet Propulsion Laboratory does considerable work
on leyitation technology. It has developed and tested extensively in
KC-135 aircraft and on flights of Space Processing Applications Rockets
techniques for positioning and rotating samples using acoustic and
electrostatic fields, and now 1s developing a three-axis, acoustic
levitator furnace for use on the Space Shuttle. General Electric is
modifying a small electromagnetic levitator it developed originally for
the Space Processing Applications Rocket program to perform s'milar
experiments on the Space Shuttle.

(4) Bioseparation Processes

Considerable progress has been made in understanding the component
flows in continuous flow electruphoresis, the limitations imposed on that
process by Earth's gravity, and the possibilities for its use in space.
Princeton University has performed analyses; and Marshall Space Flight
Center has conducted experiments and developed an electrophoretic
separatur that eliminates stream distortion by using as walls endless
belts that move with the fluid, allowing the stream to occupy the total
width of the chamber without loss of resolution from wall effects. The
University of Arizona has developed a recirculating isoelaectric focusing
separator that has major advantayes., Both the moving wall electrophoretic
separator and the recirculating 1isoelectric focusing separator have
commercial potential and could be the subjects of joint endeavors.

b. Space Shuttle Mid-Deck Experiments

Shuttle flights have provided the means for resuming long~duration
experiments in a microgravity environment in the Materials Processing
Science program. Descriptions of two that are suitable for fiight on the
Shuttie's mid-deck follow.
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(1) Monodisperse Latex Reactor

Beginning with the third flight of the Shuttle, Lehigh University has
conducted a series of seeded polymerization experiments with the objective
of producing precision polystyrene spheres with uniform sizes for use in a
variety of applications. Spheres with diameters of 7 to 40 micrometers
had been produced on Earth, but they were not available in quantity, were
not spherical, and had a size dispersion of about 3 percent. The spheres
produced on the Shuttie have size dispersions generally less than 1
percent and are spherical. The National Bureau of Standards has deter-
mined that they qualify as standards and has requested additional samples.

(2) Continuous Flow Electrophoresis

The McDonnell Douglas Astronautics Company has developed and built a
Continuous Flow Electrophoresis System under the terms of a Joint Endeavor
Agreement with NASA. That system has been flown sever.l times on the
Shuttle, beginning with that vehicle's fourth flight. The objectives of
the experiments conducted with that system are to determine the technica)
advantages of its operation in microgravity and to assess the commercial
viability of its use for separating pharmaceuticals in space. Flight data
indicate that operation in space can yield up to 400 times the throughput
and up to 5 times the purity that operation on the ground can yield in the
separation of "proprietary" biomaterial. McDonnell Douglas is proceeding
with its flight program, which ultimately may lead to commercial process-
ing in space. Under the provisions of the Joint Endeavor Agreement, NASA-
sponsored investigators have had a chance to conduct 8 separation experi-
ments to increase understanding of elecrophoretic separations in space.
Materials that have been separated are hemoglobin, polysaccharide, and
kidney cells. The results of the experiments still are being analyzed.

c. Materials Experiment Assembly Experiments

The Materials Experiment Assembly is a carrier for materials process-
ing experiments, It can accommodate up to four experiment packages of the
Space Processing Applications Rocket type, providing them with power,
control, data acquisition, thermal control, and heat rejection. Since it
provides those services independent of the Shuttle's systems, its integra-
tion with the orbiter is greatly simplified and it therefore can take
advantage of more flight opportunities. It first flew on the seventh
Shuttle mission, performing flawlessly. The investigations that have been
conducted on it are described below. Their results provide the foundation
for microgravity research to be i:ndertaken during the next few years.

(1) Furnace Experiments

Two experiments involving a total of six samples were conducted in two
General Purpose Rocket Furnaces. One furnace was configured for iso-
thermal processing and the other for gradient processing. The furnaces
functioned to specification and produced the required thermal profiles in
the samples.
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(a) Monotectic Alloys

Several monotectic alloys were processed in experiments like those
flown earlier on sounding rockets except that the crucible materials were
chosen to avoid phase separation from critical wetting. One sample was
processed in the gradient furnace to examine the effects of thermal
migration of droplets of the minority phase driven by thermal capillary
flows. Other samples were pracessed in the isothermal furnace equipped
with plungers to eliminate free surfaces and, tharefore, possible flows
driven by surface tension. Analysis of the samples is in process.

(b) Crystal Growth from Vapor

A Skylab experiment to grow crystals of germanium and selenium from a
vapor was repcated on the Space Shuttle except that an inert gas was
substituted for the {odine transport gas used previously. The purpose of
the experiment was to determine whether previously observed anomalous
transport rates were in fact caused by chemical reactions throughout the
growth ampoules or by other mechanisms that must be sought. That result
is not yet available, but one unexpected result has been observed. The
crystals grown in space are almost an order of magnitude targer than those
grown under identical thermal conditions on the ground. Well-defined
platelets, some as large as five by ten millimeters, grow in an open
web-1ike structure in fiight ampoules, whereas ground control ampoules
contain a crust of very small crystallite or polycrystalline material in
the growth region., The effects of small gravity-driven fiows in the
vicinity of a growing cir:stal apparently are more pronounced than anyone
anticipated.

(2) Levitator Experiments

A single-axis, acoustic Tevitator furnace with an automatic sample
axchange mechanism containing eight samples was flown to test its
Tevitation capability at temperatures up to 1,600° C and to explore
containerles glass formation. Because of a mechanical malfunction, no
?ata %gre o.cained. The equipment is being repaired and will be refiown

n 1984,

5. Future Focus

The fact that experiments in a microgravity environment can produce new
and unexpected scientific results has been established; for example, the
anomalous growth rates and large size crystals mentioned above, which have led
to substantial reevaluation of transport theory in growth of crystals from
vapor. Other surprises undoubtedly will be encountered as the flight program
accelerates. Such results have intensified interest in the aspects of the
program described below, which will be emphasized during the next several
years.

a, Crystal Growth of Electronic Materials

Single crystals of various electronic materials are extremely impor-
tant for continuing ~rogress in the rapidly expanding technology of elec-
tronic materials. In fact, they may have sufficient value per unit mass
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to be candidates for commercial production in space. As mentioned above,
it is becoming increasingly clear that it is virtually impossible to avoid
convective effects in crystal growth in unit gravity and that even small
flows can result in profound differences in growth morphology, composi-=
tional homogeneity, and structural perfection,

b. Solidification of Alloys and Composites

Lnw=-grayity experiments in the solidification of alloys and composites
have revealed some unexpected and 1interesting effects. As mentioned
above, several nongravitational phase separation mechanisms have been
discovered in monotectic systems. In addition, rod diameters and spacings
found 1in melts composed of manganese bismuth and bismuth eutectic
directionally solidified i~ space have been muck finer than ground control
experiments and the theory of cinvection growth had indicated they wouid
be. Dendrite arms in transparent model systems (such as ammonia hydrox-
ide) and binary metallic alloys (such as lead-tin and copper=-aluminum)
solidified in space have been observed to have an unexpected difference in
spacing from that obtained in control experiments on the ground. Investi-
gation of such unexpected effects will be the object of future flight
experiments designed to reevaluate the role of convection in present theo-
ries of solidification.

¢. Containerless Melting and Solidification

Drop tube demonstrations have shown that substantial undercooling can
be achieved 1in bulk samples and that unique metastable and amorphous
microstructures thus can be produced. Space experiments to extend that
type of research to materials that cannot be solidified in drop tubes can
be expected. Also, containerless positioning of high-temperature melts
offars unique opportunities to measure high-temperature thermal properties
of materials, especially those whose melt phases are highly corrosive.

d. Containerless Formation of Glass

The absence of container walls offers the possibility of avoiding
heterogeneous nucleation in glass formation and of extending the range of
glass formation to systems that do not readily form glasses. Extreme
purity can be obtained by eliminating trace contaminants that a crucible
would introduce, especially in gel-derived systems. Also, a degree of
manipulation is possible by shaping the noncontact1n$ rce fields to form
various configurations, such as precision glass shells and optical fibers.
The weight of 100 kilometers of 100-micron diameter optical f!Ler is only
a few kilograms. Thus, since there is considerable commercial interest in
very low loss optical fibers formed from halide glasses that transmit in
the near infrared, production of such fibers in space may become a
commmercial process.,

e, Separation Processes

McDonnell-Douglas' success with continuous tlow electrophoresis in
space indicates that similai benefits may be possible in other microgravi-
ty separation processes such as moving wall electrophoresis, isoelectric
focusing, isotachophoresis, photophoresis, thermophoresis, and phase
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partitioning. Of particular interest are unique separatfons that can be

performed in such processes and the effects that may be caused by the high
sample concentrations permitted by microgravity oneration, such as
particle-particle interactions during separation and electric fleld

giggortions caused by electrical conductivity mismatch between sampie and
UTTer.

f. Fluid and Transport Phenomena

Elimination of buoyancy driven convection and sedimentation will
permit study of fluid and transport phenomena that are difficult to study
in a gravitational field. Examples are three-dimensional rotating flows,
two phase flows, thermocapiilary flows, drop dynamics, bubble and droplet
migration in thermal and solutal gradients, Soret diffusion, equilibrium
configurations 1in partially filled containers, critical wetting and
sEread1ng. nucleation and growth studies, Oswald ripening, foam stabiiity,
rheological studies, and critical rhase transitions.

g. Cloud Microphysics and Aerosol Science

Microscale processes in the atmosphere--aerosol formation resulting
from gas to particle conversion and its mechanisms, cloud droplet and ice
crystal nucleation and growth, riming, collision-coalescence, charge
separation, precipitation formation, droplet breakup, aerosol scavenging,
etc.-~are amang the most difficult physical processs to study experimen-
tally because of the small energies involved and the care that must by
taken to prevent foreign influences from altering the results obtained,
Elimination of convective motions and artificially supported large hydro-
meters can improve experiment performance greatly by isolating the gas
being studied from the disturbing influences of chamber walls and other
surfaces, The absence of convection also implies that temperatures and
vapor fields within the gas are controlled only by conduction and diffu-
sion mechanisms that can be accurately modeled and, therefore, that unpre-
dictable experimental variations caused by eddy motions ca be eliminated.
Encouragement will be given to the undertaking of fundamental microgravity
experiments that could lead to greater or more precise understanding of
the important processes in atmospheric cloud microphysics.

h. Microgravity Combustion Science

The absence of a significant gravity field facilitates observation of
fundamental combustion mechanisms that buoyancy driven convection might
obscure under normal gravity conditions. Such observations can increase
understanding of combustion processes in traditional terrestrial systems
by permitting comparison of the data obtained with predictions from use of
models with gravity controlled terms removed. Available microgravity
experimental techniques include uniform distribution of particulate fuels
free from gravity induced settling and the burning of fuel massss that are
both motionless and mechanically and thermally isolated. Programs tnder
development will investigate droplet combustion, particulate cioud combus-
tion, premixed gas flammability limits &¢nd flame propagation, and large
solid surface combustion. Programs tc investigate gas-jet diffusion
flaggs, liquid pool burning, and smoldering are undergoing feasibility
studies.
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6. Materials Research Facilities and Apparatus

NASA has conducted, since 1968, a program of research into phenomena
associated with the processing of materials 1n low gravity provided by drop
tubes, aircraft, and rockets. That research and other laboratory investiga~
tions are continuing but have the 1imitation that they can provide only
saconds to minutes of low gravity. The Space Shuttle makes frequent and
long-term materials processing activities possible, Table IIl1-3 lists the
Nation's low-gravity research facilities, Table I1I-4 the processing equipment
currently available and planned, and Table III-5 the apparatus being used on
the Shuttle's mid-deck and being used or planned for use in the Shuttle's
cargo bay. Other processing systems and apparatus will be defined and
developed as they are required for support of experiments that will be
proposed in response to a solicitation that soon will be issued, Small
systems will be developed that can be accommodated on a space available basis
and, therefore, may have frequent opportunities to fly. Spacelab will provide
support for advanced, sophisticated processing systems.

Present emphasis is on apparatus and experiments, for installation on the
Shuttle's mid-deck, that potentially can be upgraded to fly in the cargo bay
or Spacelab. Need for longer processing times and higher power levels {s
expected to develop, requiring a carrier such the space station system or
Leasecraft. Those systems will provide a low-gravity environment that 1is
continuous and free of the constraints that fiight on the Shuttie places on
mission duration, power availability, and freedom from minor disturbances.

7. Prospects for Commercialization

Two functions of the Microgravity Science and Applications program will
have a substantial effect cn the possibilities for the procram's commerciali-
zation: the use of space to obtain knowledge that can be applied to improve
terrestrial processes and the processing of materials in space to take
advantage of the weightless conditions there. The first of those functions
anticipates the routine use of microgravit. experimentation as an accepted
method for solving problems related to the processing of materials on the
ground, with industry paying at Teast a portion of the cost of the experimen-
tation. A number of companies recently have indicated an interest in using
space for such problem solving. Now that use of finite element analysis
techniques to model industrial processes is spreading, the nead for more
accurate knowledge of the thermophysical properties of materials is becoming
acute. The companies also have expressed interest in testing their models of
various processes by determining whether the resuits from carrying out the
processes in the absence of gravity verify that the models correctly predict
the essential nature of the processes before the complicating effects of
gravity enter in. Other matters attracting industrial attention are the role
of convection in crystal growth processes and the growing of various crystals
in microgravity to try to discover why they are difficult or impossible to
grow on Earth. Another activity that could be useful to a number of indus-
tries is preparation 1in space of small quantities of unique materials to
determine their characteristics or to use them as paradigms.

The processing of samples in space will be restricted, at least for the

near future, to small quantities of high-value, low-volume materials such as
pharmaceutical products, electronic materials, optical fibers, highly speci-
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Facility

Brop Tube

Drop Tower

KC-135 Aircraft

F-1D04 Aircraft

Rockets

Shuttle
Mid-Deck

Shuttle
Cargo Bay

Free Flying
Experiments
Carrier
(Under Study)

TABLE III-3. U.S. LOW-GRAVITY RESEARCH FACILITIES

Mode of Accommodation

Sample Dropped in Evacuated Tube
and/or Backfiiled to Provide for
Supercooling

Processing System Dropped in Tower
Parabolic Trajectory Flown with
Processing System Aboard

Parabolic Trajectory Flown with
Processing System Aboard

Parabolic Trajectory Flight with
Processing System Aboard

Demonstration Processor
{1 Kilowatt Typical)

Demenstration and Production
Prototype Processing System
(1360 Watts Typical)

Production Processing System
(12 Kilowatts Typical)

Low-Gravity Time

Typical Sample Size

4.5 Seconds

4.5 Seconds

15 to 25 Seconds
(Repeats per Flight)

30 to 60 Seconds
(Repeats per Flight)

4 to 6 Minutes
1 to 7 Days
(Through 1987)
1 to 7 Days
{Through 1487)

As Required

1 ma to 5 ma Diameter

5 mm Diameter X
8w Long

20 sm Diameter X
8 mm Long

20 me Diameter X
8 ma Lonz

20 mm Diameter X
8 vm Long

1 cm Diameter X
5 cm Long

As Required

As Required

x
Specific sample size dependent nr experiwent apparatus size, weight, heat flow conditions, and low-gravity

time
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TABLE II1-4., AVAILABILITY OF U.S. MATERIALS PROCESSING SYSTEMS

Processing System

F1:ids Experiment System

Vapor Crystal Growth System
Float Zone Experiment System
High-Gradient Furnace System

Acoustic Containerless
Experiment System

Electromagnetic Containeriess
Processing System

Bioprocessing Experiment System

For Rockets and Aircratt

For Shuttle and Spacelab

For Free Flyers

Ready Now

Plaaned

Ready Now

Ready HNow

Ready Now

In Development (1984)
In Development (1984)
Planned

In Development

Planned (1387)

Planned (1985)

Planned (1988)
Planned (1988)

Planred (1988)

Planned (1986)
Planned (1983)



L9-111

TABLE ITI-5. U.S. MATERIALS PROCESSIHG INSTRUMENTS

Apparatus

Directional Solidification Furnace
Ispelectric Focusing Experiment

Acoustic Containerless Experiment System
Electrophoresis Equipment Verification Test
Continuous Flow Electrophoresis System
Monodisperse Latex Re:._.tor

Droplet Combustion Experiment

Particle Cloud Combustion Experiment
Single Axis Acoustic Levitator

General Purpose Furnace #1 {Isothermal)
General Purpose Furnace #2 (Gradient)
General Purpose Furnace #3 (Gradient)
General Purpose Furnace #4 (Gradient)
Single Axis Acoustic Levitator-II
Three-Axis Acoustic Levitator

Directional Solidification Furnace-II
Advanced Directional Solidification Furnace
Isocelectric Focusing Experiment
Electromagnetic Levitator

Acoustic Containeriess Experiment System-II
Fluids Experiment System

Vapor Crystal Growth System

Shuttle Location/Carrier

Mid-Deck

Mid-Deck

Mid-Deck

Mid-Deck

Mid-Deck

Mid-Deck

Hid-Deck

Mid-Deck

Orbiter/Materials Experiment Assembly
Orbiter/Materials Experiment Assembly
Orbiter/Materials Experiment Assembly
Orbiter/Materials Experiment Assembly
Orbiter/Materials Experiment Assembly
Orbiter/Materials Science Labaratory
Drbiter/Materials Science Laboratory
Orbiter/Materials Science Laboratory
Orbiter/Haterials Science Laboratory
Orbiter/Materials Science laboratory
Orbiter;¥aterials Science Laboratory
Orbiter/Haterials Science Laboratory
Orbiter/Spacelab 3

Orbiter/Spacelzb 3

Availability

Ready Now
Ready Now
Ready Kow
Ready Now
Ready Now
Ready HKow
Planned (1986)
Planned (1986}
Ready How
Ready hNow
Ready Now
Ready MNow
Ready Now
Planned {1584)
Planned (31985}
Planned (1984)
Planned (1936)
Planned {1985)
Planned (1984)
Planned {1985)
Ready How
Ready Now



alized alloys, and possibly precision 1latex microspheres, However, other
applications can be expected to emerge as experience with the flight program
increases and unforeseen results are obtained. To form the basis for and
foster future ventures by industry, NASA will continue to conduct its flight
program with inputs from and participation by industry. NASA sponsors, and
encourages others to sponsor, materials processing research on materfals and
processes known to be of technological interest so that sufficient information
will be availablie for industries interested in commercialization to determine
whether the technology is advanced enough to warrant commercialization, The
task of deciding whether a material can be produced in space on a commercial
gas}siis left to industry, since industry is best qualified to make such
ecisions.

H. Institution

The Office of Space Science and Applications' responsibiiities include
institutional management of Goddard Space Flight Center and the Jet Propulsion
Laboratory, and it also wiil continue to use the capabiiities and facilities
of the other NASA centers to achieve its science and applications goals.

1. Goddard Space flight Center

Goddard Space Flight Center will be strengthened and sustained as a center
of excellence to provide expertise in the scientific disciplines related to
NASA's space science and applications programs with emphasis on unmanned
satellite systems, satellite tracking networks, and broad-based scientific
research. Its specific functions are to:

o Plan and develop Earth orbiting science and applications spicecraft and
plan and execute associated operations and data analyses

o Provide for acquisition and dissemination of data from science and
applications missions

o Develop science and applications instruments to be flown or placed in
Earth orbit by the Shuttle

o Conduct balloon and sounding rocket programs for science and applica-
tions research

o Sustain excellence in development and operation of Earth orbital
spacecraft

o Enhance tracking and data acquisition systems and support operations as
the primary mode ts changed from a ground-based system to a satellite
system

o Maintain 1itself as the NASA center of excellence for overall space
science and applications disc! lines

o Sustain its excellence in the development, Taunch activities, and
operation of the sounding rocket program at Wallops Flight Faciiity
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Enhance 1ts excellence in management of special Shuttle payloads and
analysis of rasulting data.

2. dJdet Propulsion Laboratory

The Jet Propulsion Laboratory will be strengthened and sustained as the
center of excellence for development and operations of planetary missions,
its specific functions are to:

o

0

o

0

P]at and execute scientific research involving unmannad automated space
systems

gﬁve1?p science {nstruments to be flown or placed in Earth orbit by the
uttle

Serve as lead center for solar system exploration, including operation
of the Deep Space Network

Undertake wo:k for other U.S. government agencies
Matntain 1ts excellence in advenced guidance and propulsion systems

Sustain its excellew-a 1n acquisition and analysis of plenetary data.

3. Other NASA Centels

Capabilities »¢ her NASA centers will be used and reinforced in the
following areas:

0

Ames Research Center
-~ Life sciences flight experiments
- Mission operations for Pioneer spacecraft

- Management of the Office of Space Science and Applications' aircraft
programs

Johnson Space Center

- Life sciences flight experiments

- Lunar and planetary geosciences disciplines

- Development of space-based sensors for Earth observations
Kennedy Space Center

- Life sciences flight experiments

- Spacelab payload processing operations

Langley Research Center
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- Atmospheric scierces technology
~ Development of space instruments for atmospheric sensing
0 Lewls Research Center

- Advanced communications systems tachnology, including management of
the Advanced Communications Technology Satellite project

o Marshall Space Flight Center
~ Development and mission management of Spacelab payloads
~ Specialized automated spacecraft activities, including managemenrt of

the Space Telescope project and conduct of studies for advanced
missions,
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IV. SPACE FLIGHT
A. Goals and Objectives

The President's space policy commits NASA to maintain the Nation's
leadership in space flight. To meet that commitment and the goals NASA has
set1 202 itself, the Space Flight program consists of three major Kkinds of
activities:

o Development of space transportation capabilities--acquisition, testing,
production, and continuing improvement of space vehicles and the
services they provide

o Space flight operations--prelaunch, Taunch, flight, landing, and post-
landing activities and the concomitant customer services

o Advanced programs--planning and evolutionary development of follow-on
programs to increase space flight capabilities with advanced transpor-
tation, satellite services, and advanced crew and 1ife support,

The primary NASA goals of direct relevance to the Space Flight program are
to:

o Make the STS fully operational and cost effective in providing routine
access to space for domestic and foreign, commercial and governmental
users

o Establish a permanent manned presence in space to expand the explora-
tion and use of space for activities that will enhance the security and
welfare of mankind

o Expand opportunities for U.S. private sector investments and involve-
ment in civil space and space-related activities

o Establish NASA as a leader in the development and application of
advanced technolegy and management practices that contribute to signi-
ficant increases in both Agency and national productivity.

In consonance with those NASA goals, the Space Flight program has adopted
two major goals. The first is to provide to the Nation, as rapidly as possi-
ble and on schedule, the ability to operate the Space Transportation Sysiem
(STS) as an efficient, effective business enterprise that will arrest the loss
of space transportation customers jin the near term and develop new customer
markets in the long term. Achieving that goal will require STS operations
that are responsive, safe, reliable, and cost effective, as well as adequéite
preparedness for the anticipated increase in demand on the STS from U.S. and
foreign users. The STS will be considered operational when its operational
costs are well understood and controlled and its flight schedules can be met.
Meeting that goal alse will require that the program currently focus on
completing the development of the STS, making each STS mission safe and
successful, maintaining an oprratiurdl Taunch schedule, reducing operational
costs, and exploiting the inherent capabilities of the STS.



Development of new customer markets will require evolution of the capabil-
tties of the STS to meet requirements for more economical support of payloads,
manned space operations beyond those provided by the Shuttle, reductions in
costs for communications satellite activities, increased utilization of the
Shuttle fleet, larger and heavier payloads, reusability of geostationary
spacecraft, and provision of an orbital research and development facility.

The Space Flight program's second major goal is to establish a more perma-
nent presence In space. Permanent human occupancy of space 1s necessary for
undertaking larger-scale scientific, exploratory, and industrial space activi-
ties to fulfill economically and effectively the transportation, facility, and
operations needs of exploration, science, and applications space missions, as
well as many transportation needs of national security space missions. It
represents the logical next step in evolution of capabilitics pravidad hy the
STS and in the further development of space flight.

To make the best possible use of the unique capabilities of the STS and to
serve as a basis for new initiatives to be undertaken in the next few years,
the Space Flight program has established objectives extending into the 1990s.
Those objectives support, in general, capitalizing on the STS as a space test
bed for research and development activities; devising innovative uses for the
STS; providing routine, fiexible, economical access to all orbits for both
cargo and manned payloads; increasing the time in space and economical
operation of payloads by establishing permanent space facilities to support
science, research and development, commercial, and operations activities, both
manned and unmanned and in both low and geostationary Earth orbits; and
instituting routine checkout, refueling, repair, and upgrading of spacecraft
in orbit through manned and remotely controlled servicing,

The specific objectives, divided into those for the near term and those
to be pursued Tater, follow.

1. Objectives for FY 1985 through FY 1989

o Completing development, acquisition, and upgrading of the STS to its
full capabilitv, and achieving routine operations with it by the mid
1980s
- Maintaining the production schedule
- Bringing Spacelab to operational status

0 Encourage use of the STS by both domestic and international commercial
customers on a reimbursable basis by implementing the strategies of the
8TS marketing plan

- Improving support to current commercial communications satellite
missions

- Identifying new areas of commercial activity that would benefit from
STS launch support to create new STS launch markets

0 Successfully carrying out a total of 27 STS missions in FY 1985 and FY
1986

Iv-2



2.

Continuing the use of expendable launch vehicles for schedule assurance
and special needs

Developing by the second quarter of FY 1986 a Centaur upper stage
compatible with the Shuttle to provide cost-effective transportation to
higher energy orbits

Establishing an institutional framework that meets civil and defense
needs, appropriately utilizes industry capabilities, and faci{litates
international cooperation

Stabiiizing and expanding the STS market by establishing and implement-
ing a business plan that includes both tdentification ¢f constraints
and a financial management program with an adequate commercial pricing
pulicy, a customer service organization, and an aggressive marketing
program

Developing a tether system for Lhe controlled deployment, orbit stabil-
ization, and retrieval of science and applications satellites above and
below the crbiter

Demonstrating early the ability of the STS to service satellites in
order to verify this new operational capability and thereby influence
systems designs and operations adopted by users.

Objectives Beyond FY 1989

0

Maintaining an operational launch schedule with reserve capacity, while
conducting safe, successful STS missions having progressively lower
operational costs and shorter turn-around times

Developing advanced transportation systems that are complementary to
the Space Shuttle and meet the needs of planned and prospective space-
craft, platforms, and facilities for maneuvering in and transportation
to, between, and beyond Earth orbits

Developing and operating on a routine basis, beginning in the mid
1990s, space platforms that are unmanned, permanent, and multifunction;
ars in geosynchronous orbit; and meet advanced telecommunications,
science, environmental and resource observation, and other needs

Developing and putting into routine operati.. by the year 2000 perma-
nent, multifunction space facilities that are capable of being manned
pericdically and that meet communications, observation, science, and
national security needs

Developing technology and techniques to construct, deploy, or assemble
each of the above systems in space, and achieving an ability to test
and service them in orbit

Continuing to develop goals and planning information for expanding
manned programs in space beyond the period covered by this plan.
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B, Planned Programs

The evolutionary objeclives discussed above have functional 1mplications
that give rise to the technological requirements shown in Table IV-l., Those
requirements are basic to the Space Flight program's ability to exploit fully
the unique characteristics of the STS. Technological solutions to them will
implement the evolutionary plan for the program depicted on Figure IV-1 and
discussed 1n greater detail in the Tater sections of this report entitled New
Initiatives and Advanced Studies. Relationships among the elements shown on
Figure IV-1 are described further in Figure 1V-3 in the later section entitled
Technical Relationships Between Program Elements.

1. Baseline

The STS provides efficient, economical access to space, as well as capa-
bilities (summarized in Table IV-2) that today's expendable launch vehicles
cannot supply. It constitutes almost the whole of the NASA space flight
baseline program. In FY 1983 the second orbjter, Challenger, joined the
orbiter Columbia, and the two conducted a total of four operational flights.
The orbiter, payloads, ground control}, flight control, and processing teams
have been proven in flight several times; and the STS now is ready to grow and
mature, over the next few years, into a system that will use the assets
developed by NASA and the Air Force to meet the space transportation needs of
our nation's and the free world's governmental, scientific, commercial, and
national security payloads.

The key element of the STS, the reusable Space Shuttle, has reintroduced
flight crews into spaceflight operations. The Shuttle's major advantage is
its ability to service, maintain, repair, retrieve, and reuse payloads., Its
most important characteristic is.its versatility, which will make using it
most effectively a distinct challenge. It has demonstrated some of its advan-
tages and versatility by launching five commercial communications satellites
and the first Tracking and Data Relay Satellite; by deploying and retrieving a
West German satellite platform; and the first extravehicuiar activity (space
walk) astronauts have conducted in nine years.

a, Shuttle Production and Capability Development

The objective of NASA's Shuttle production and capability development
activity continues to be to provide a national fleet of Space Shuttle
orbiters that will meet the needs of NASA, the Department of Defense, and
other domestic and international users. Included are launch site facili-
ties, initial spares, production tooling, and related support activities.
This development activity uses strategically the providing of spares for
the orbiter and the development of structural spares.

(1) Orbiters

The third orbiter, Discovery, was delivered to NASA in October 1983,
and the planned delivery date for the fourth, Atlantis, is FY 1985.
Current pians also provide for completing production of structural spares,
with delivery of the Yast component in FY 1987; changeover of the orbiter
Columbia into its operational configuration; and performance of residual
development tasks.

IV-4



G=A1

OBJECTIVE

Establish permanent facilities to
Provide Science, Research and
Development, Commerciai, and
Operations Support
Manned and Unmanned
Low Earth Orbit and
Gecstationary Orbit

Provide Routine, Economical, and
Flexible Access to All Orbits
for Manned and Cargo Payloads

Institute Routine Manned and
Remotely Controlled Checkout,
Refueling, Repairing, and
Upgrading of Spacecraft in Orbit

Capitalize on the STS as a Test
Bed for Space Research and
Development

Devise Innoyative STS Uses and
Missions

TABLE IV-1.

IMPLICATION

More Pawer and Time in Orbit
Manned Operations

Remote Exchange of Payloads
and Modules

Aggregation of Payloads

Man-Tending

Assembly in Orbit

Manned and Remote Exchange
of Payloads and Modules

Shuttle-Based Research,
Testing, and Demonstration

Using Spacelab Elements as
Appropriate

Greater Power and Time ia
Orbit

Manned Operations

Access to Other Orbits

EVOLUTION IMPLICATIONS

TECHNOLOGICAL REQUIREMENT

Crew Systems
Permanent Free-Flying and Tethered
Dlatforms

Module Exchange Mechanisms

Reusable High-Erergy Upper Stage

Satellite Services

Use of Space Station and Ex ernal
Tank Propellants

Hareuvering Vehicle

Permanent Free-Flying and Tethered
Platforms

Satellite Services

Module Exchange Mechanisms

Mzneuvering Vehicle

In-Orbit Assembly and Storage

Flight Experiments and
Demonstrations

Payload-of-Opportunity Standby
(Hitchhiker) Carriers

Generic Tool Kits and Training for
Extravehicular Activity

Permanent Space Station
Maneuvering Vehicle
Flight Experiments
Advanced Transportation
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FIGURE IV-1
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TABLE IV-2, STS CAPABILITIES

SHUTTLE

De61;$ny of Tended and Untended Satellites and Other Payloads to Low Earth

rbit

Repair and Retrieval of Spacecraft

Delivery of Propulsive Stages and Satellites to Low Earth Orbit for transfer
to High~Energy Orbits

Delivery of 29,500 kg (65,000 1hs) of Payload to 250-km (150-nmi} Circular
Orbit (Due East) 0

Delivery of 14,500 kg (32,000 1bs) of Payload to Polar (98°) 250-km (150-nmi)
Circular Orbit

Returs of 11,340 kg (25,000 1bs) of Payload from Space

SPACELAB

Payload Capability: 4,800 to §,800 kg (10.6003to 19,400 1bs)
Pressurized Volume: 8 to 22 m” (280 to 775 ft°)

Average Electrical Power: 3 to b kW

Payload Specialists: 1 to 4

Nominal Mission Duration: 7 days

INERTIAL UPPER STAGE (2-STAGE)

Delivery of up to 2,270 kg (5,000 1bs) to Geosynchronous Orbit
PAYLOAD ASSIST MODULES (PAMs)

Delivery of 1,270 kg (2,800 1bs)} to Geosynchronous Transfer Orbit (PAM-D)
Delivery of 1,995 kg (4,400 1bs) to Geosynchronous Transfer Orhit (PAM-A)

CENTAUR-G PRIME
Delivery of 5,895 kg (13,000 1bs) to Geosynchronous Orbit (Centaur-G: 4,535

kg (10,000 1bs)) 3 > 2
Delivery of 2,360 kg (5,200 1bs) to Outer Planets (C° = 85 km“/sec”)
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The need for additional orbiters 1is under assessment, Although the
approved four-orbiter fleet will satisfy the current mission manifest,
projected increases in launch demand and mission duration would require
the addition of one or more orbiters., Also, an additional orbiter would
be needed 1f an orbiter were removad from service by an accident or
because of the nead for an extensive overhaul,

(2) Propulsion System

The Shuttle's propulsion sysiem consists of three main engines, two
solid rocket boosters, and an external tank. Residual development tasks
and production of flight hardware constitute the main focus of the plans
for the system.

{(a) Space Shuttle Main Engine

In March 1983 the basic full=power-level configuration of the Space
Shuttle main engine (SSME) was certified for service on the orbiter fleet,
After that configuration's first fiight, the emphasis of the SSME test
program shifted to flight confidence testing to prove that flight engine
components have sufficient mean-time-before-replacement margins to provide
an extended 11fe capability. One engine will be subjected to the equiva~
lent of about 80 missions and two more engines will be tested to approxi-
mately 40 mission equivalents to prove their durability and reliability.
The tests will be scheduled so that any problems relating to engine 1ife
will be found on the ground well before they can occur in flight,

Under consideration are ground tests in which the SSME would be oper-
ated at a higher thrust level to accelerate the occurrence of any fatigue
problems. The tests could reveal problems early and provide a time margin
for developing fixes and applying them to flight engines. In addition,
the higher-thrust operation could provide a basis for increasing the
SSME's thrust performance if operational demands requiring greater payload
capacity should develop.

Because electronic components in the engine controller are obsoles-
cent, development of a new controller is in process. To increase the
relfability and reduce the maintenance costs for other critical components
of the SSME, & product improvement program has been initiated.

(b) Solid Rocket Boosters

Lightweight steel cases for the solid rocket boosters, used for the
first time on the Shuttle's April 1983 flight, increased the Shuttle’s
payload capacity by about 260 kilograms. A configuration provided by
reshaping the thrust-time curve, increasing the nozzle expansion ratio,
decreasing the throat diameter, first flown on the Shuttle's eighth
fiight, provided a payload jmprovemant of 1,360 kilograms. A filament~-
wound composite motor case planned for development for use in high~
performance launches will provide a payload capacity about 2,275 kilograms
greater than that provided by the current steel case. It will reqiire
minimal or no reconfiguration of the external tank and the orbiter. The
plan for its development is designed to provide the shortest development
schedule, the least cost, the least technical risk, and the least effect
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on the external tank's current design. Its first developmental firing is
planned for July 1984, and its first flight use for Octcber 1985,

PMans for the SRB emphasize greater reusability of parts and the
refuction of flight damage, particularly damage to the hydraulic power
unit,

(c) External Tank

The first 1ightweight external tank was flown in April 1983, providing
a weight saving of more than 4,545 kilograms. Development i5 continuing,
with emphasis on cost reduction, preducibility, and production readiness
as the tank's production rate increases and anticipated production-flow
and processing improvements are identified and implemented. Tooling for
both the external tank and the solid rocket boosters currently is based oun
a flight rate of 24 per year rather than the higher flight rates
anticipated.

(3) Launch and Mission Support

Current facilities at Kennedy Space Center can support simultaneous
launch processing of two Space Shuttles through assembly and checkout,
However, the single launch pad available allows the Taunch of only one
Shuttle at a time. A second launch pad will become operational January 1,
1986, At Johnson Space Center, support facilities are being improved to
upgrade techniques related to flight design, flight analysis, and software
development .,

(4) Changes and Systems Upgrading

Changes and systems upgrading activities pertain to potential changes,
system modifications, and developments that are not incliuded in the
wurrent program. They result from development testing, which will
continue during early operational flights, ground testing, and experience.
They consist of programmatic and technical changes to improve operational
effectiveness. The resulting modifications and improvements are essential
to ensure that development objectives are met and turn-around times are
reduced as flight rates increase. System studies and cost-benefit
analyses are integral to the process of establishing priorities for
proposed changes and system upgrades.

Proposals currently under consideration include development of an
advanced (8-psi) extravehicular mobility unit and pressure suit to reduce
or eliminate pre-breathe time before extravehicular activity; modification
of the orbiter reaction control system to eliminate single~point failures,
reduce propellant usage, and reduce life-cycle costs; redesign of the
orbiter landing gear to make it capable of accommodating heavier tanding
weights, to reduce tire loads, and to extend brake life; and modification
of the orbiter auxiliary power unit to reduce turn-around time and weight.

(6) Tethered Satellite System

The Tethered Satellite System will consist of a satellite attached by
a cable to a deployer mechanism mounted on a palle’ in the cargo bay of
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the orbiter, The deployer will include a reel mechanism and an extendable
boom for deploying, operating, and retrieving the sateliite, The satel-
11te can weigh 200 to 500 kilograms and may be deployed upward or downward
to distances of as much as 100 ki1t ‘ters from the Shuttle.

The Tethered Sateilite System will make possible entirely new
electrodynamic experiments, in situ observations in hitherto inaccessible
regions, and a unique approach to significant scientific objectives such
as observation of important atmuspheric processes occurring within the
Tower thermosphere, observation of crustal geomagnetic phenomena, and
direct observation of processes cuupling the magnetosphere, {onosphere,
and upper atmosphere 1in the 125~ to 150-km region of the lower tropo-
sphere, It also will provide a means for long-term scientific experimen-
tation not previously possible such as emergency power generation,
propulsionless reboost and transfer, long-wave communications, Mach 25
fiight, and the ciustering and station-keeping of platforms around a space
stat1gn. Some of its planned uses are described in Chapter IV of this
report.,

The Tethered Satellite System program is a cooperative one with Italy,
which 1s responsihle for developing the satellite and for instrument and
experiment integration. The United States 1s responsible for developing
the deployer, o--all program management, and integration of the system
with Lhe orbiter. Work to prepare the system for its fipst flight is a FY
1984 new inftiative. It will yield an initial operational capability in
CY 1987, The Italian government already has appropriated all the funds
necessary for {its activities associated with the development and first
flight of the satellite,

b, Upper Stages

STS upper stages are propulsive systems for boosting Shuttle payloads
to orbits and on trajectories beyond those the Shuttle can fly, primarily
geosynchronous orbits and planetary mission trajectories, Upper stages in
process under government sponsorship are the Inertial Upper Stage (1US)
and a high-energy Centaur stage modified for use with the Shuttie.
Industry has undertaken development of three versions of a spinning,
solid~propellant upper stage and another solid upper stage called the
Transfer Orbital Stage.

(1) Inertial Upper Stage

The U,S, Air Force is developing the IUS, a two-stage, solid-
propellant vehicle capable of boosting 2,270 kilograms into geosynchronous
urbit from the Shuttie and the Titan expendable launch vehicie. The IUS
has been flown on both of those vehic¢les. 1Its first use on the Shuttle
was to launch the first Tracking and Data Relay 3ateliite. That IUS
experienced anomalies that prompted deferral of second use of the IUS on
the Shuttle to 1984, NASA, the Department of Defense, other government
agencies, and commercial organirations will use the IUS to transport heavy
payloads from low Earth orbits to high Earth orbits.
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(2) Centaur Upper Stages

The Department of Defense and NASA have agrced to develop jointly the
Centaur-G, an adaptation of the Centaur stage of the Atlas-Centaur expend-
able launch vehicle. Centaur-G will be able to boost 4,535 I1lograms from
the Shuttle to geosynchronous orbit and will become operational in 1987,

NASA is developing a longer version of the Centaur-G, the Centaur-G
Prime, for use in planctary missions. It will be able Lo deliver about
5,895 kilograms to geosynchronous orbit and is planned for use in 1986 on
both Galileo and the Internationa) Solar Polar Migsion,

(3) Payload Assist Module

The McDonnell Douglas Corporation has undertaken development of pay-
load assist modules for use on missions requiring less propulsive enzrgy
than that provided by the IUS, The Payload Assist Module (Delta c]ass?,
called the PAM-D, has been used to launch several missions on both Delta
expendable launch vehicles and the Shuttle. An {mproved performance
version of the PAM-D, designated PAM=DII, 15 currently under development.
The Payload Assist Module (Atlas class), PAM-A, has completed devalopment,

c. Spacelab

Sﬁacelab 1s a versatile faciiity that, installed in the cargo bay of
the Shuttle orbiter, affords scientists the opportunity to conduct experi-
ments in the unique environment of space, The program includes habitable,
praessurized modules; experiment pallets; an Instrument Pointing System;
and ground support, including hardware integration and payload operations
control facilities, It is a cooperative venture by the European Space
Agency and NASA.

(1) Spacelab Operatlions

Two Spacelab pallets carrying scientific instruments were flown during
the Shuttie Orbital Flight Test program, one as the 0STA-1 payload in
November 1981 and one as the 0SS-1 payload in March 1982. The verifica-
tion flight of the Spacelab module configuration was conducted during a
dedicated Shuttle flight launched November 28, 1983. A second dedicated
verification flight, involving an all-pallet configuration and an
Instrument Pointing System, is scheduled for flight in mid FY 1985. The
STS manifest also includes a number of Spacelab Operational Missions.
Figure IV-2 shows Spacelab related missions planned through FY 1989.

(2) Spacelab Capahility Development

The Spacelab program offers a wide range of capabilities to users, as
shown in Figure IV-3. Techniques and systems to satisfy cost effectively
the many needs of users are currently being efther evaluated or developed.
Examples are development of the mixed cargo mode and the streamlining of

?round techniques to allow the flying of payloads within six months or
858,
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Many f11ight ogportun1t1es for Spacelab payloads will be available on
Shuttle flights whose primary purpose is to deploy satellites and upper
stages, Multiplexer-demultiplexer pallets currently provide limited sub-
system support for such payloads, For mixed-cargo missions requiring
Spacelab's full data-management capability, a modified system called the
Spacelab Pallet System 1s under development. It is to be used for the
first time 1n Tate 1985 to carry the science payload associated with the
arrival of Halley's Comet.

A novel Shuttle manifesting concept, designated Hitchhiker, that also
will add to Spacelab's capability 1s under development. It wiil provide a
simple 1interface with experiments, as well as with the Shuttle, thus
making integration for fiight easier and less costly. Flight of an
experiment using Hitchhiker will be possible only six months after the
experimeat's selection. Hitchhiker is designed to reduce experimenters'
costs and tu optimize Shuttle load factors. 1Its first application is
planned for 1985,

(3) Spacelab Pricing Policy

The successful completion of the first Spacelab mission has drawn the
interest of potential commercial users. To establish a consistent basis
for cost reimbursement and make public the cost of using Spacelab, a
pricing policy for Spacelab is being developed., Planned for publication
this year, 1t will provide pricing principles for standard Spacelab
services by configuration.

d. Spaceflight Operations

Spaceflight operations consist of all the essentials for planning,
scheduiing, and conducting space missions, including people, facilities
and ground equipment, supporting computers and communications 1links,
ancillary flight hardwarc. flight planning and scheduling, operating
procedures, mission control, logistics support, user interfaces, and
overall program management of all those elements. Plans include continu-
ing provision of standard operational support services to expendable
launch vehicles, as well as to the Shuttle.

(1) Space Shuttle Operations

The Space Shuttle operations program provides for launching missions
for 3rSA, the Department of Defense, other U.S. government agencies,
domestic commercial organizations, and international organizations. Four
flights took place in FY 1983, Six flights are scheduled for FY 1984,
twelve for FY 1985, 16 for FY 1986 (including the first West Coast launch,
set for Qctober 1985), 21 for FY 1987, 23 for FY 1988, and 24 for FY 1989
and each year beyond. Operational support provided includes producing
external tanks and solid-rocket boosters; providing, overhauling, and
repairing operational spares; and furnishing manpower, propellants, and
other materials for flight, launch, and Tanding operations.

The price to non-NASA customers for the Shuttle's launch services

depends on the size of the customer's payload and the services required.
For standard launch services, the price in FY 1975 dollars is $18 million
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per flight through FY 1985 and $38 million per flight for FY 1986 through
FY 1988. The charge to the Department of Defense in FY 1975 dollars is
£16 million for flights in FY 1984 and FY 1985 and $29.8 million for
FY 1986 through FY 1948,

Space Shuttle operations are being streamlined by consolidating
related program funclions under single management contractors. A Base
Operations Contract has been in force since December 1982 at Kennedy Space
Center for all Shuttle, cargo, and institutional support. It replaces i4
contracts and 7 subcontracts. A Shuttle Processing Contract in effect at
Kennedy since September 1983 for handling all of the launch and Tanding
operations at both Kennedy and Vandenberg Air Force Base supptants 12
contracts, and a Facility Maintenance Contract has been in effect at
Michoud Assembly Facility since January 1983. Johnson Space Center nas
planning in process for a Mission Operations Contract That will become
effective in early 1986, replacing approximately 12 contracts.

(2) Expendable Launch Vehicles (ELVs)

The EIV program provides for procuring ELVs and supplying lzunch-
support services not only to meet the needs of NASA's automated space-
craft, but also the needs of other agencies and organizations using the
ELVs and services on a reimbursable basis. The current family of ELVs
consists of the Scout, Delta, Atlas, and Atlas~Centaur systems.

Expectations are that about 42 ELV launches will be required during
the 1983 through 1987 transition of payloads to the Shuttle. ELVs will
Taunch spacecraft that the Shuttle schedule is unable to accommodate and
will provide launch assurance in case of slips in the Shuttle schedule.
They will be phased out as the Shuttle's operational capability increases
to meet all demands for launch services.

Transpace Carriers Inc. and General Dynamics Corporation have been
selected to be the commercial operators of the Delta and Atlas Centaur
programs. Agreements are being negotiated outlining details of the
transition of production and marketing responsibilities to them.

2. New Initiatives

In consonance with National Space Policy, NASA's next major goal is to
establish a permanent manned presence in space. The Space Flight program has
focused much of its advanced programs on that goal, identifying potential
space programs and systems that will support it. The program also includes
advanced development activities to improve performance and reliability and to
reduce program costs and risk. Therefore, the program's major cbjectives are
to define the systems elements and systems architecture needed to achieve a
permanent manned presence in space and to conduct space operations over the
next 20 years.

Systems options depend on the availability of the space station that the
President's State of the Union address established as NASA's next major
initiative (see Chapter V). Including it, the Space Flight program's future
activities fall naturally into four major categories: manned facilities
(crew- and 1ife-support systems), unmanned platforms, satellite services, and
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advanced transportation. Planned work is in consonance with those categories,
Cescriptions of proposed new initiatives foliow, and Section E describes
advanced studies planned to identify future systems and operations.

a. Orbital Maneuvering Venhicla (OMV)

The OMV, formerly the Teleoperator Maneuvering System, will be a
reusable extension of the STS to fi1l the need for conducting operations
with spacecraft and payloads in orbits beyond the orbiter's practical
operational limits. It will be a free-flying, remotely piloted vehicle
for use with the STS, and later with the space station, to perform
satellite services., Controlled primarily from the ground, and later from
the space station, the OMV initially will provide spacecraft placement,
planned and contingency payload retrieval, spacecraft viewing, science
support as a free-flying subsatellite operating in the vicinity of the
orbiter, and satellite and payload services., Later, advanced mission kits
can be added to the OMV to give it more advanced servicing capabilities
such as assembly and servicing of large space systems, dexterous manipula=-
tion in planned and contingency servicing of satellites, remote refueling
of satellites and platforms, and the retrieval and decrbit of disabled
satellites, space debris, and other objects. Still later, the OMV could
be boosted from the Shuttle or space station by the Transfer Orbital
Stage, a Centaur upper stage, or an advanced orbital transfer vehicle to
provide those services in remote orbits.

Studies are in process to define the OMV system and its supporting
elements and to establish detailed schedule and funding requirements.
System definition is scheduled to begin in late FY 1984. Related
supporting development work includes evaluation of display and control
station requirements; definition of rendezvous and docking system
requirements and sensor needs; development and test of a payload docking
mechanism; development of simulation facilities and associated software;
development of a full-scale mock-up for fit, form, and systems integration
and packaging analyses; advanced development of a rendezvous and docking
radar; test and evaluation of cameras, Tlighting, and radio-frequency
control systems; and development of payload servicing controls and
interface mechanisms. Advanced mission kits to provide remote refueling
and servicing could be added one to two years later. Extension of QOMV
capabilities to include operation from the space station may be required
in the early 1990s.

b. Satellite Services Flight Experiments and Demonstrations

One of the major objectives of the Space Flight program is to capital-
ize on the STS as a test bed for flight experiments and demonstrations.
Shuttle operations and satellite servicing activities of the Shuttle and
the space station will create a great need for orbital tests and demon-
strations of some systems and of advanced payload operations between the
development phases of systems definition and systems design. To meet that
need, flight experiments are being defined to demonstrate Shuttle capabil-
ities and develop user confidence in satellite services and orbital
operations with large space structures. Particularly with respect - to
Shuttle capabilities, the focus is on definition of tools and techniques
for the placement, servicing, and repair of satellites in low orbit and on
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initial studies of replenishment for satellites in geostationary orbit.
The low orbit developments are aimed at an In-Bay Tanker pallet, a set of
standard spacecraft fluid connectors, and extray. icular activity tools.
The In-Bay Tanker pallet wil) be carried 1ike a. other payload in the
orbiter's cargo bay to store the propellant for refueling satnilites.
Standard spacecraft fluid connectors will be equipment common to all
satellites requiring in-c-Lit fueling. New and improved extravehicular
activity tools will increase the efficiency of crews working in space
suits outside the orbiter, enabling them to operate the servicing
equipment efficiently.

Plans are to use low-cost, experimental, and prototype equipment or
equipment acquired for other purposes to satisfy the objectives of flight
demonstrations. For example, the Shuttle's eleventh flight, in 1984, will
demonstrate satellite retrieval and repair on the currently incapacitated
Solar Maximum Mist.on observatory. In a subsequent flight demonstration,
flu?d behavior first will be studied using ptastic tanks and a reference
flu‘d in the orbiter mid-deck to establish engineering understanding of
flwid transfer. Then, an Orbital Refueling Demonstration is planned dur-
ing which an astronaut performing extravehicular activity will connect a
refueling valve manually to the fi1l valve of aciual satellite propulsion
tanks mounted in the orbiter's cargo bay and conduct several cycles of
refueling with hydrazine to study flow and the attendant adiabatic
conditions. That demonstration is a Keystone to a series of demonstra-
tions of the potential of satellite servicing equipment and facilities
such as the In-Bay Tanker pallet mentioned 1in the preceding paragraph.
The orbital refueling program possibly also will include flight demon-
strations with alternate tankage configurations, fluids, and new quick-
disconnect valving systems designed to provide ease of servicing and
known, proven interfaces.

Another example is a current experiment that is using data from
operations with the Shuttle's Remote Manipulator System to develop and
evaluate models for large, flexible structures. Also, in two planned
experiments, the Experimental Assembly of Structures in Extravehicular
Activity and the Assembly Concept for Construction of Erectable Space
Structures, crew members on the Shuttle's twenty-fifth flight will provide
data for use in calibrating the Neutral Buoyancy Simulator at Marshall
Space Flight Center by assembling and deploying structures in flight with
the same tools and techniques they had used in the simulator.

The program of satellite services flight experiments and demonstra-
tions will continue to address matters such as module exchange; proximity
operation techniques; smart, dexterous end effectors; voice-controlled
television; infrared intercoms; laser docking; and large-scale storage of
cryogenics. It will develop further capability thereby and is expected to
generate new evolutionary programs and establish their feasibility,
merits, and relative priorities.

c. Advanced Crew Support

To equip the Shuttle and the space station for quick-response
servicing of satellites and the space station for meeting the expected
high daily rate of extravehicular activity, the Space Flight program has
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under study a totally new extravehicular activity system and interfacing
elements that will foster human productivity. The study initially will
concentrate on projecting mission requirements and developing preliminary
system concepts., Its results will be incorporated into an acquisition
plan that will provide six flight units to the initial space station and
two flight certification units for use in demonstrating the system on the
Shuttle before final decisiuns are made on the requirements for the system
to be used un later space stations. A pr liminary set of requirements
includes daily usage, in-orbit maintainability, high mobility, long life,
non-venting operation, automated check out, heads-up display, automated
visor density control, and regenerable, portable Tife support subsystems.

C. Institutional Management

The Office of Space Flight has responsibility for institutional management
of four NASA field installations: Johnson Space Center, Marshall Space Flight
Center, Kennedy Space Center, and National Space Technology Laboratories.

1. Marshall Space Fiight Center

Established in 1960 for the purpose of developing launch vehicles for the
Apolio and subsequent programs, Marshall Space Flight Center today designs and
develups space transportation systems, orbital systems, science and applica-
tions payloads, and other systems for space exploration. It has the principal
rote within NASA for rocket propulsion systems. It also has assembly facili-
ties and provides centralized computer services for other NASA centers and
their contractors and for other government agencies. It has the following
areas of technical expertise:

[w]

Propulsion Systems Design Analysis

o Materials Science and Engineering

o Structural Design and Analysis

o Test Design and Engineering

o System Dynamics Analysis

o Large Systems Engineering, Analysis, and Management
o Heat Transfer Analysis

o Data Systems Design and Analysis.

2. Johnson Space Center

Johnson Space Center was established in November 1961 to satisfy NASA's
heed for a center with primary responsibility for managing the design,
development, and manpufacture of manned spacecraft; selecting and training
astronaut crews; and conducting manned spaceflight missions. The need for
those functions has continued as the Nation has progressed through ambitious
undertakings such as the Apollo and Skylab programs, Apollo-Soyuz Test
Project, and Space Shuttle program. In addition, Johnson conceives, plans,
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and develops advanced missions; conducts research in the l1ife sclences; and
performs Earth resources surveys. Its areas of technical expertise are as
follows:

o Space Flight Mechanics of Manned Vehicles

o Data Systems and Analysis

0 Space Flight Systems for Manned Vehicles

o Flight Crew Training and Mission Simulation

o Mission Operations for Manned Vehicles

o Earth Resources Surveys

o Environmental Control and Life Support Systems

0 Management of Large-Scale Systems and Programs

0 Remote Sensing Systems.,

3. Kennedy Space Center

Kennedy Space Center was established in July 1962 to serve as the primary
NASA center for test, checkout, and Taunch of space vehicles. It has since
grown to become the major Free World launch site, with a Civil Service staff
possessing unparalleled skills in testing, checking out, and launching space
vehicles and in designing associated ground support equipment. Space Shuttle
flights began at Kennedy in 1981 and will begin at the Western Space and
Missile Center at Vandenberg Air Force Base in 1985, Expendable launch
vehicle operations are conducted at both Vandenberg and the Eastern Space and
Missile Center at Cape Canaveral Air Force Station. Kennedy's areas of
technical expertise include:

o Flight Systems Test ¢

o Facility and Equipment Development and Operations
o Launch Operations

0 Cargo Processing

0 Technical Project Management.

4, National Space Technology Laboratories

Cone ructed and operated during the 1960s under the name Mississippi Test
Facility, National Space Technology Laboratories conducted acceptance testing
of the booster stages of the Saturn rocket systems. Today, it 1s NASA's
principal static test facility for large liquid-propellant rocket engines and
propulsion systems. Its change in name was made in June 1974 {o emphasize its
emerging role in space and environmental technology. Its areas of technica?l
expe~tise are as follows:
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0 Testing of Large Liguid-Propellant Rocket Engines
o Earth Resources Observation,

D. Technical Relationships Between Program Elements

The goal of a permanent U.S. manned presence 1n space requires development
of a multi-equipment infrastructure of ground- and space-based technical
systems, as well as smooth interplay and efficient complementarity between
those systems Lo provide the greatest possible economy and effectiveness of
operation. The central element in the space-based part of the infrastructure
is the space station. In essence, the importance of the space station to
operations in space is equivalent to the importance of the Space Shuttle to
transportation from Earth to Tow Earth orbit. In addition to providing
laboratory facilities for science, applications and technology experiments,
the space station will become an indispensable node 1in transportation to
higher orbits as well as an orbital service center., As focal point and
"mother ship" of the entire space infrastructure, it will allow the 1imited
Shuttle fleet to be used efficiently while ensuring economical and efficient
access to all other elements of the infrastructure. Because it will be vastly
superior to the Shuttle as an orbital operations base by virtue of its greater
onboard pesources and permanent duration, it will serve the infrastructure as
a facility for servicing free-flying spacecraft, for storage and assembly
operations, and as a communications and data processing node.

The space station alone cannot create a permanent presence in space. That
goal will require associated elements such as those shown on Figure IV-4,
which illustrates the necessary infrastructure and the relationships between
the infrastucture's elements. The major elements and the rationale underlying
and Tinking them are described in Section E of this chapter.

Figure IV-4 shows clearly that the Shuttle is the primary means of access
to low orbits and to the space station, which then is the primary means of
access to geosynchrenous and other arbits. To be most useful, both the
Shuttle and the space station will have to operate in conjunction with other
systems, such as permanent unmanned platforms and free flyers in various
orbits, and with auxiliary transportation and maneuvering vehicles. Orbital
transfer vehicles may be either expendable or reusable., If reusable, they
either may be brought back to Earth by the Shuttle after their return from
higher orbits or be serviced and refueled at the space station. Free flyers
and platforms in orbits the orbiter cannot reach will require the services of
a maneuvering system such as the Orbital Maneuvering Vehicle described earlier
under New Initiatives. Pairing that vehicle with an Orbital Transfer Vehicle
will permit it to service unmanned platforms and free flyers in geosynchronous
orbit.

E. Advanced Studies
The Space Flight program’s advanced studies serve the same four major

program categories that its new initiatives serve: manned space facilities,
unmanned platforms, satellite services, and advanced transportation.
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1. Manned Faciiities

Crew and 1ife support systems are central to the support of manned
operations in spaca, Their expected evolution in the three major areas of
Vife support, habitability provisions, and extravehicular activity systems is
shown on Figure IV-5. For the life support systems of the space station and
later manned facilities, the target of experiments using the Shuttle and,
later, the space station as a test bed will be successive closure of the water
Toop and air loop to provide the closed cycle 1ife support system shown
schematically on Figure 1V-6. Some early suggestions for flight experiments
and demonstrations and possibie development steps to evolve crew and life
support systems are display.d on Figure IV-7. Improvements in habitability
also will be required for permanent manned presence in space. Those improve-
ments ultimately must provide norins in space food and hygiene systems that
approach those on Earth, as well as enhancement of man-machine interactions to
achieve higher human productivity in space. That higher productivity will be
sought agressively, using both the Shuttle and the space station in the
development of superior extravehicular activity systems such as a higher-
pressure space suit currently under development to eliminate the need for
prebreathing; a regenerable extravehicular mobility unit and backpack that can
be maintayned in orbit; an advanced manned maneuvering unit; and a crew
capsule for manned access to higher orbits.

2. Unmanned Platforms

The Agency's objective of economical support of payloads requires payload
aggregation, standardized orbits, and human-tending (see Table IV-1). The
first step in meeting those requirements will involve the use of platform-like
instrument carriers called quick-reaction opportunity carriers, such as the
Hitchhiker mentioned earlier. Then, permanent free-flying or tethered plat-
forms and facilities that are based at the space station or are remotely
tended will be needed. The remotely tended platforms and facilities will
include ones in geosynchronous orbit. As indicated in Table IV-l and Figure
IV-4, economical transportation and support alsc will be required.

The planned evolution of unmanned platforms is depicted on Figure 1V-8,

a. Low Earth Orbit Free-Flying Space Platforms

Orbital durations and power levels provided by the orbiter and the
orbiter-Spacelab combination are limited to nine days and seven kilowatts,
respectively. Some payloads require longer times in orbit. Indeed,
aggregation of payloads, which can provide great economies, may *equire
months or years in orbit. Consequently, a need exists for free~flying
platform systems operating from and supported by the space station and
able to operate for very long periods (see Figure IV-4),

Studies have determined the sizes and capabilities the platforms must
have to accommodate a limited number of pallets carrying science and
applications payloads. The platforms are expected to operate in various
combinations near the space station. They will provide electrical paower,
communications, and attitude and thermal control. A variety of payloads
will share each platform, benefiting from the resulting lower support
costs. The payloads wiil remain attached for long periods and will be
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serviced from time to time by the space station or the Shuttle. Periodic
exch?nges of 1individual payloads or entire pallets of payloads will be
possihle,

One of the most promising uses for the platforms is systematic, sus-
tained research on the processinyg of materials in space., Skylab results
showed that longer time in orbit and more electrical power can reduce
slgnificantly the unit cost of such research. Therefore, an automated
materials processing pallet attached to the space platform could make
extended periods of research efficient and practical, It also would free
the research from human-induced disturbances.,

Another promising use is for research in the 1ife sciences., A
platform equipped with a controlled environment habitat and tended as
needed by the space station or the Shuttie could conduct 1ife sciences
research of extended duration.

The Space Station program continually evaluates uses such as those
described above, including growth options involving the addition of
habitation modules to the platforms, as part of the evolutionary approach
to space station architecture. Pending completion of those evaluatirns
and selection of a preferred concept, space platform development will
initiated with the objective of launching the first platform in time *
it to interface effectively with the spacr station and the Shuftle.

b, Advanced Tether Applications

Tethered systems attached to the space station also could provide the
required longer times in space. The Tethered Satellite System mentioned
previously is in process. Approved as a new initiative for FY 1984, it is
innovative and will provide important new capabilities for conducting
aggregated space experiments at a distance from the Shuttle orbiter and
the space station. More advanced applications of tethers, such as those
shown on Figure IV-9, are under investigation. Tethers are expected to be
valuable for positioning space structures and for use in power generation,
gravity control, transportation, cryogenic propellant storage and transfer
in space, attitude control of space stations, and many other applications
that could revelutionize space operations. Figure IV-1C shows the evolu-
tion toward highly advanced applications that space tethers are 1likely to
undergo during the next 20 years. Although tethering and its possibili-
ties, such as exploitation of the electrodynamic interactions the use of a
tether creates, are understood far less than other elements of the Shuttle
and space station infrastructure, they appear extremely promising and
should be investigated carefully.

¢. Geostationary Platforms

Studies are in process on the utility and the technical and economic
benefits of mult{function, geostationary orbit platforms on which space-
communications, science, applications, and certain military functions
could be aggregated. Economy of scale promises to favor aggregated,
high-power platforms over separate, dedicated satellites. In addition,
large telecommunications platforms bearing a number of large antennas,
beam switching systems, and common support systems appear to be a means
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FIGURE IV-10
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for alleviating the rapidly developing saturation of geosynchronous orbit
positions and the electromagnetic frequency spectrum.

The studies are focused on development of crncepts for & platform able
to support a variety of users, with initial concept-definition studies
conces trating on early uses, primarily for communications. MWith initia-
E;gg in FY 1988, a system could be available for first flight in the early

S,

As already indicated in the subsection of this chapter entitled New
Initiatives, the conduct of flight experiments and demonstrations on Shuttle
flights and Jater on the space station is very important to the economical,
efficient development of elements of the orbital infrastructure, including
unmanned platforms. Some suggested flight initiatives for both free-flying
and tethered platforms are shown on Figure IV-11,

3. Satellite Services

The manned space station and the planned unmanned low-altitude and
geosynchronous platforms clearly will create a need for new and unique
satellite service systems, large structures, handling aids, and teleoperatars,
atl with greater capabilities than those the STS system possesses. As
mentioned earlier, development of those advanced capabilities will require
testing in orbit based on flight demonstrations.

a. Satellite Services at the Orbiter

The objective of this portion of the Satellite Services program is to
define, develop, and demonstrate capabilities for placing, retrieving,
maintaining, repairing, and replenishing the consumables of sateilites in
orbit; retrieving nonstabilizer catellites; and deorbiting space debris-
all in the vicinity of the orbiter. The planned evolution of those
capabilities is illustrated in Figure IV-12,

The orbiter-mounted Remote Manipulator System (RMS), Manned Maneuver-
ing Unit, integrated space suit and backpack cailed the Extravehicular
Mobility Unit, and earily tools for extravehicutar activities provide an
initial capability for placement and limited retrieval of satellites. The
RMS already has proven its ability to perform those functions successfully
by placing and retrieving the SPAS~01 ptatform during the Shuttle's
seventh flight. A1l those systems are to be used during the Shuttle’s
eleventh flight to conduct the Solar Maximum Mission repair mentioned
eariier under Satellite Services Flight Experiments and Demonstrations.
However, improved and new services will be needsr ., by systems such as the
Long Duration Exposure Facility, Multi-Mission Spacecraft, Space Tele-
scope, Advanced X-Ray Astrophysics Facility, space station, and space
platforms. Required will be equipment such as holding and positioning
alds, maintenance and repair tools, servicing tools, berthing platforms,
refueling tools and techniques, end effectors (mechanical hands) for the
RMS, a remote work station called the Manipulator Foot Restraint mounted
to the free end of the RMS arm, television systems, and equipment for
assembling and providing support to large structures.
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4.

By the early 1990s, the Orbital Maneuvering Vehicle equipped with
special front~-end kits should be able to retrieve nonstabilized satellites
and debris near the orbiter. Selective deorbiting of space debris by the
Orbital Maneuvering Vehicle would free vital "space lanes" of unwanted and
dangerous debris,

Other needed capabilities will be provided by advanced development,
currently in process, of proximity sensors and force-torque systems for
"smart," highly capable end effectors for the RMS and of orbital refueling
systems with standardized quick-disconnect valves.

b, Satellite Services Remote From Orbiter

Providing satellite services in locations remote from the orbiter will
require communications anu control capabilities much greater than those
for services at the orbiter. The space station aiso will require those
greater capabilities to function as an operational center for satellite
servicing. The principal element 1in plans for providing those greater
capabilities is development of the Orbital Maneuvering Vehicle. That
development will benefit considerably from experience gained a few years
ago in connection with the Teleoperator Retrieval System, which was to be
used to boost Skylab to a higher orbjt. Contingent only on the availa-
bility of a suitable upper stage such as the Transfer Orbital Stage,
Centaur, or reusable Orbital Transfer Vehicle, demonstration is expected
in the mid 1990s of the use of an Orbital Maneuvering Vehicle service
module teamed with an upper stage to service a satellite or platform in
geosynchronnus orbit,

Figure IV-13 shows the evolution of capabilities for providing satel-
1ite services remote from the orbiter and space station.

Industry is hesitant to incorporate satellite maintenance and service
ing provisions into spacecraft design. At a satellite-services workshop
held June 22-24, 1982, potential users of satellite servicing concluded
that to change that attitude, NASA must demonstrate that needed capabili-
ties exist. They stated that they Took to NASA not only to demonstrate
basic servicing capabilities, but also to define and develop requirements,
standards, interface specifications, operational procedures, baseline
servicing equipment and costs, and policy guidance on routine extravehicu-
lar activity. Therefore, NASA must institute a series of demonstrations
w}th the Shuttle that will be highly visible and technically meaningful to
STS users.

The flight experiments program described earlier under New Initiatives
will meet that need. Satellite servicing demonstrations currently
approved for flight are the Solar Maximum Mission repair and the Orbital
Refueling Demonstration. Figure IV-14 shows an example of an evolutiovnary
Tine ¢f flight experiments dedicated to development of satellite services
capabilities,

Advanced Transportation

Payload sizes and functions are expected to increase to improve the

performance and effectiveness of users' missions. For example, as discussed
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earlier under Geostationary Platform, large communications satellites and
platforms will permit aggregation of functions, thereby decreasing service
costs and relieving the current trend toward overcrowding of the geostationary
orbit arc., Those satellites and platforms can be expected to require remote
or manned in-orbit services and maintenance, creating a need for further
augmentation of STS and upper stage capabjlities, Also, demands on the STS
for transporting greater volumes and weights from Earth to low orbit can be
expected to create further need for reducing costs and establishing more
flexible manifesting.

a. Earth to Low Orbit Transportation

The expected evolutionary trend of transportation from Earth to low
Earth orbit is displayed on Figure IV-15,

(1) Aft Cargo Carrier

Studies are under way of a possible near-term modification called the
Aft Cargo Carrier to provide the Shuttie with more volume to carry pay-
Joads on flights that otherwise would be volume limited. That modifica-
tion would provide a payload container projecting behind the Shuttle's
external tank, which would be modified appropriately., It would take
advantage of a currently unused location to carry payloads or propulsion
stages. It would double Lhe payload volume while leaving the orbiter
cargo bay free for other payleads and would place virtually no penalty on
payload weight. It also could take advantage of expected increases in the
STS' 1ift capability to 32,000 to 36,000 kilograms without requiring
redesign of the orbiter's structure and landing gear.

(2) Shuttle-Derived Launch Vehicle

A variety of studies have been conducted in recent years in a search
for a practical means to carry large, heavy payloads from Earth to Tow
Earth orbit using a vehicle that would use STS hardware and facilities to
the extent possible but would be unmanned and, therefore, would not need
to incorporate the orbiter itself. Most of the configurations that have
been considered use the solid rocket boosters, the external tank or a
shortened version of 1t, and one to three Shuttle main engines. Some
configurations show considerable promise, the degree of promise depending
very strongly on the requirements and uses assumed,

Studies of two of the most promising configurations are in process,
with emphasis on identifying supportable applications. One of the
configurations uses three Shuttle main engin~e and has a payload canister
alongside the external tank in the position normally occupied by the
orbiter. The Shuttle main engines would be recovered in a reentry pod
with parachutes, The other configuration has one to three Shuttle main
engines in a recoverable pod behind the external tank, and positions the
payload ahead of and in line with the tank. A variant of one of these
configurations will be studied for its potential use as a tanker to refuel
the space-based Orbital Transfer Vehicle described below with cryoegenic
fuel.
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Major studies planned for the near future will expand understanding of the
potential requirements for and the capabilities of those jaunch vehicles
and of ones able to deliver even larger and heavier cargoes. Further
activity then will depend on the outcome of those studies,

b. Low Orbit to Geostationary and Other High-Energy Orbits: OQrbital

Transter Vehicle

The evolution of advanced transportation from low Earth orbit to
geosynchronous and other high-energy orbits 1s shown schematically in
Figure IV-16. The Transfer Orbital Staoc: and the STS Centaur upper stage
will satisfy the requirements of many gecstationary and Earth-escape
missions 1in the late 1980s, but an Orbital Transfer Vehicle will become
necessary to facilitate use of the space station as a major transportation
node in the 1990s,

The Orbital Transfer Vehicle will be a reusable, high-performance
upper stage intended to be based mainly at and launched from the space
station., Most of its c¢ivil payloads are expected to have destinations at
geosynchronous orbit, but some will be Earth-escape spacecraft. Departe
ment of Defense payloads generally will be targeted to geosynchronous and
other high-energy orbits. Preliminary studies have indicated that space~-
based orbital transfer vehicles may provide drastically lower ¢osts than
the STS Centaur will be able to provide for transportation to geosynchro-
nous and other high-energy orbits., Large, reusable, cryogenic orbital
transfer vehicles will be needed in the next 20 years to place heavy
payloads such as large communications platforms into geosynchronous orbit;
and a low=thrust version will be needed to reduce deployment accelerations
imposed on larye structures.

Upcoming studies will examine a new concept called the ACC-0TV that
calls for the ¢ bHital Transfer Vehicle to be transported to space in the
Aft Cargo Carrier described above. The concept appears readily adaptable
to yield a space-based vehicle with a capacity for as much as 34,000
kilograms of propellant, which would be adequate for boosting manned
spacecraft to geosynchronous orbit. Studies also are planned of new
configurations for orbital transfer vehicles specifically designed to be
based in space.

Upon return to Earth orbit, 4 reusable orbital transfer vehicle must
decelerate 2,400 meters per second to achieve orbit circularization.
Consequently, use of aerodynamic forces for braking is being contemplated.
The vehicle can halve its propellant use on its return trip by deploying
an aerodynamic drag device F;enobrake) at high altitude.

The preceding discussions {ndicate that the use of the Shuttle and the
space station as test beds would be highly desirable for reducing the costs
and risks of flight experiments and demonstrations in developing advanced
transportation capabilities. Some tentative, higher-priority technology
milestones for such flight experiments and demonstrations are shown on Figure
IV~17. For transportation from Earth to Tow Earth orbit, those experiments
would be concerned with the Aft Cargo Carrier concept, the use of Shuttle
solid rocket boosters for carrying Hitchhiker payloads to make high-altitude
soundings during the boosters' reentry and return, and an understanding of
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FIGURE IV-16
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propellant transfer that eventually could Tead to scavenging fuel from the
external tank. For transfer from orbit to orbit, demonstrations may focus on
such suggested developments as long-duration storage of cryogenics in space,
aerobraking technology using tethers to "troll" braking devices through the
atmosphere, other advanced uses of space tethers, and extravehicular activity
maintenance of propulsion systems.
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V. SPACE STATION
A. Goals and Objectives

One of the Agency's eight current goals 1s to "establish a permanent
manned presence in space to expand the exploratior and use of space for
activities which enhance the security and welfare of mankind." That goal
flows from the national policy for space, which calls for maintaining U.S.
leadership in space and exploiting the economic and scientific benefits of
space. Since May of 1982, the focus of planning activities to achieve that
goal has been the Space Station program.

The goals of the Space Station program are to:
o LEstablish means for the permanent presence of people in space

¢ Provice space-based facilities that will enable routine, continuous use
of space for activities related to science, applications, technology
development, commercial exploitation, national security, and space
operations

0 Develop and exploit the synergistic effects of the human-machine
combination in space

0 Provide system elements and operational practices essential for
achieving an integrated national space capability

0 Reduce the cost and complexity of living in and using space.

The program's near-term objectives are centered on identifying and synthe-
sizing mission requirements for a civilian space station and on iterating a
set of functional capabilities for the station (see Figure V-1). In addition,
technology and advanced development programs are being initiated to ensure the
readiness of optinons for key technologies., Current plans rall for a two- to
three-year definition phase beginning in FY 1985, leading to initiation of a
design and development phase in FY 1987 and an initial operational capability
in the early 1990s.

B. Planning Guidelines

Many significant aspects of the Space Station program make it unicue com-
pared with major programs of the past and, taken together, have dictated a set
of planning guidelines (boundary conditions) that have governed the program
activities. The principal ones follow.

1. User Community Involvement

To meet the program's goals and maintain consistency with national space
policy, NASA has made a concerted effort to involve all the space station's
potential users in the planning for the station. Potential users inciude the
science and applications communities, aerospace industry, a broad spectrum of
commercial organizations, and technology development and international organi-
zations. User needs will constitute a continuously changing and growing
spectrum of reqeirements that must be refined, updated, and accommodated
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continuously and 1n a phased manner to achieve the best balance among
resources, capabjlities, and technology readiness.

2. Extensive Definition Before Program Initiation

One of the major conclusions of NASA's 1981 Project Management Study {the
Hearth Report) was that a thorough project definition should be conducted
bafore system development is undertaken. The space station program plan calls
for an extensive two- to three-year definition phase inciuding intensive
inhouse concept development followed by an extended contract definition
activity. The inhouse definition work will improve the Agency's ability to be
a capable buyer and lay a foundation for its systems engineering and
irtegration activities,

3. Agencywide Participation

The Space Station program is to be more than an extension of previous
spaceflight programs, Its planning has involved ail NASA installations
through their representation on the Space Station Task Force and its working
groups, and the breadth of the program wrovides the potential for the
substantive involvement of all installztions in subsequent phases. The
success of the program will depend critically on both the contributions of the
science and applications communities in NASA and the technologies developed by
the NASA research centers,

4., Evolution

Before development of the Space Transportation System, NASA's programs
provided systems with }imited evolutionary capability. "Permanent presence,"”
however, inherently calls for a program spanning decades that must be designed
to accommodate evolutionary growth through incremental addition, modification,
and replication. To ensure that a space station's useful life is not short,
the station must be able to evolve not only in size, but als¢c in technology.
Planning also must cons:der manned operations above low Earth orbit. A
properly planned station will serve as the found:tion for the succeeding major
step, be it manned operations at geosynchronous orhit, a lunar base, a sample
return or manned misston to Mars, or some other mission beyond Earth orbit
such as the mining of precious rescurces from asteroids.

5. Maintainability and Restorability

For the space station to have a true operational capability, its elements
must be maintainable and, in event of failure, restorable to operational
effectiveness in orbit. Cost-effective operation by a system with so long a
lifetime will depend on replacement of single mission, multiple redundancy
design by a system providing subsystems that can be maintained routinely and
are inherently restorable in space.

6. Operational Autonomy

Even the initial configuration of the space station should be able to
operate as independently as possible. A station ideally would operate
autonomously except for resupply of materiel and personnel. NASA would retain
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operational control, but nongovernment personnel would pe expected to use the
station to perform scientific observation and manufacturing tasks.

7. International Participation

In his State of the Union message, the President invited friends and
allies of the United States to participate in development and use of the
space station. Many of NASA's Tong-standing cooperative partners have
expressed interest in participating in space station planning, development,
and use, The European Space Agency, Canada, Japan, France, Germany, and Italy
have conducted, at their own initiative and expense, missicn analysis studies
paralleling NASA's. In addition, they are examining what part they potential-
ly could play in the program. The scope and complexity of a space station is
great, and the international community's early involvement has provided a good
basis for developing a successful cooperative program,

8. Department of Defense (DOD) Cooperation

NASA has kept DOD fully informed of its activities., Also, DOD has parti-
cipated, with 1imited funding, in mission requirements studies. However, it
has not as yet identified any requirements for a manned space station.

9, Modularity, Commonality, and Evolutionary Nature

Several unique aspects of the space station program promise new approaches
that will reduce costs and impose few weight and configuration constraints on
the station compared with those on past space systems. Many space station
elements will have subsystems in common with other elements. Modularity and
the use of common hardware promise to lower overall costs. Further, the Space
Station program's evolutionary nature should allow development, testing, and
uEgrading of new systems and components in an operational setting, eliminating
the need fc: some of the ground qualification testing currently necessary.

10. Praper Mix of Humans and Machines

Experience in the Skylab program and many studies have demonstrated the
utility that human capabiiities will have in a space station system. However,
many potential missions could be performed best by automated, free-flying
spacecraft, with only periodic human intervention by means of remote
"telepresence." A major objective of current planning activities 1s to define
the proper mix of humans and machines in a space station setting so that
necessary tasks will be distributed properly and machines and humans will
enhance each others' capabilities.

C. Mission Requirements

During its first year, the Space Station Task Force applied its activities
almost exclusively to identifying potential mission requirements rather than
to the configuration of, or the elements that would constitute, a space
station. The {fnitial main focus of the mission requiremer._., phase of the
program was eight studies contracted to major aerospace corporations in August
1982, The study contractors were given little specific direction. Instead,
they were encouraged to explyre imaginatively all aspects of potential uses
for a space station. Their final reports, received in April 1983, were
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generally consistent in their conclusions and recommen:iav.ons. The principal
recommendations were for an initial station consisting »f a manned base and an
unmanned platform at an orbital inclination of 28,5%; an Orbi1tal Maneuvering
Vehicle operating in conjunction with the station; and an unmanned platform
that would be derived from the space station des1gn, operate at a polar or
near-polar orbit inclination, and be serviced by the Shuttle.

A Space Station Mission Synthesis Workshop held in May 1983, with partici-
pation by NASA, the National Oceanic and Atmospheric Administration, the U.S.
Air Force, and 1industry, examined the findings of the nission requirements
studies, the results of {nhouse studies, and reports frow advisory committees.
The Workshop established a computerized data tase and defined a preliminary
set of 107 types of phased space station wi:sicns for the period 1491 to 2000
in the fields of scfence and applications, technology developmment, and
commercial applications. The baseline requirements established for the 1nit1-
al mission set included a manned element at an orbit inclination of 28.5° and
two platforms, one at Tow inclination and one 1n polar orbit, as recommended
by the mission requirements studies. The power required by users of the
station appeared to be the most stringent resource requfre“unt.

D. Concept Development

In April 1983, the Concept Developm~=t wroup was formed as an arm of the
Space Stution Task Force to orchestrat: - udooff rtudies and integrate the
results of the mission requirements studies nto a set of functional capcbili-
ties, or "architecture." The first architecture was completed in May 1983 in
conjunction with a study conducted bv the Senior Interagency Group on Space at
the request of the President. An iteration was completed in July 1983 for use
in preparing NASA's FY 1985 budget submission. A second iteration was
completed in December 1983, and the final iteration is planned for completion
just before initiation of system definition. This iterative process will
provide a thorough and extensive system definition based on the most current
misgion sets, functional capabilities, and budget plans.

An approved configuration for the space station does not exist. The
concept currently under consideration for the station will provide functional
capabilities represented by the following elements, although some of them
could change:

o Living quarters module

o Berthing and assembly module

o Logistics medule

0 Resources module

o Laboratory module

o Unmanned platform at orbital inclination of 28,5°

o Unmanned platform at orbital inclination of 90°



o Orbital Maneuvering Vehicle
¢ Servicing System.

E. Advanced Development Program

Before creating the Space Station Task Force, NASA formed the Space
Station Technology Steering Committee to assess technologies relevant to a
space station for the 1990s., The Steering Committee concluded that a station
using state-of-the-art technology would not meet program goals because it
would not have affordable growth potential and because an indefinite 1ife for
it through in-orbit maintenance would not be cost effective. The Steering
Committee also identified technology advances that wot*d be necessary for the
station to meet its goals. In FY 1983 a major workshop reviewed the technol-
ogies available and in praress in NASA'S program and in industry research and
development programs relevant to a space station,

On the basis of those activities, a space station advanced development
program has been planned to provide the advanced technologies needed for an
evolutionary station. Test beds will be used in key technology areas such as
power, life support, and data managementi to support the research and testing
required o develop the options identified for potential use in development of
the space station.

Tn coordinate the advanced development program, the Space Station Task
Force is working out agreements with the relevant program offices. The nature
of the relationships between the Task Force and the pro:ram offices for this
advanced development program is illustrated in Figure Y-c.

An important part of the advanced development program is jts iitegration
with system definition activities. Definition contractors will be involved in
the advanced development program througn both their definition contracts and
the NASA test beds. The proposed approach is to include selection criteria,
tasks, and funding in the requests for proposals for the system definition
contracts to encourage contractors t. develop advanced technologies they
believe are needed for the space station to meet {its goals. As much as 30
percent of system definition phase funding may be allocated for that purpose.
In addition, NASA's test beds will be available to the contractors for testing
advanced technology ideas. A schedule has heen developed for announcing these
plans to industry, working out agreements for use of NASA's test beds,
informing contractors of the status of development of the test beds, and
reviewing contractors' prograss in advanced technologies.

A major milestone and decision point will occur at the end of the
definition phase when NASA reviews the progress of the advanced technology
development and selects the technologies for the development phase.

F. Defipition Program Logic

The definition program has four major components: supporting studies,
systems definition, advanced development program, and technology. Those four
components evolve into the system development phase.
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The principal emphasis of the supporting studies component is early and
continuous involvement of users in the derivation of all program activities.
Work under the definition contract must focus inftially on a concept for the
total system through the year 2000 before nrogressing to detailed definition
of etements of the system. Subsequent definition efforts will begin as
initial elements of the station enter the development phase.

As indicated in the preceding section of this chapter, success for the
definition program is highly dependent on efficient interaction between it and
the advanced deve]grment program for the station. Both ground~based and
space-based test beds are planned and are expected to play a vital role 1in
subsequent definition of evolutionary elements. The test beds will serve as a
conduit through which NASA's technology will be channeled into the definition
efforts, and {incentives for their use will be 1included in the definition
contracts. A valuable result is expected to be reduction in program cost and
risk through increased insight into design details through demonstration of
hardware,
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VI. SPACE TRACKING AND DATA SYSTEMS
A. Function

The primary function of the Space Tracking and Data Systems program is to
provide tracking and data support to the Nation's space missions. The program
plans for, develops, and operates the space and ground network of iracking and
data systems required to support the inflight missions of automated and manned
orbital spacecraft, deep space vehicles, sounding rockets, balloons, and
research aircraft. It includes three basic elements: a space network, ground
networks, and communications and data systems. The fourth basic element of
the program i1s development of advanced systems. The prouram also must provide
responsive management of NASA's operational and program upport communications
and of its radio frequency spectrum allocation 2ctivities.

B. Major Objectives

The program's most important objective concerns the space network. It is
to complete, and have ready for operation in 1985, the Tracking and Data Relay
Satellite System (TDRSS), including the spacecraft, the ground systems at
White Sands, and the ground system at Goddard Space Flight Center. The
pr?gtfm then must operate and maintain the TDRSS throughout its useful
1ifetime.

The major objective of the ground network portion of the program, which
currently consists of the Deep Space Network and the Satellite Tracking and
Data Network, is to provide tracking of and data support for all current and
approved missions until the support of missions in low Earth orbit becomes the
function of the TORSS. Within the following year, NASA will phase out
operation of unneeded stations and consolidate the remaining stations into one
ground network under Jet Propulsion Laboratory management %o support deep-
space missions and missions in high Earth and geostationary orbits, as well as
certain missions currently in low Earth orbit.

Othér Impo.tant ohjectives ..re to:

o Improve efficiency and economy in processing large volumes of data

o Upgrade the communications support provided by NASCOM (the NASA net-
work of leased communications services for operational data flow among
stations, control facilities, and “sers) to meet the demands of NASA
misstans with high data rates

o Develop technology to facilitate use of the TDRSS space network

o Improve current capabilities for receiving telemetry from Voyager's
encounters witn Uranus and Neptune

o Continue support to the aeronautics, sounding rocket, balloor, and
geodynamics programs and increase the support capacity of the aerody-
namics test runge

o Continue support for Spacelab data processing and Space Telescope
mission control



o Improeve and 1increase the efficiency of NASA's program-support
communications

o Plan for a follow-on system for the TDRSS.

C. Plans for Program Elements and Mission Support

1. Space Network

NASA's tracking and data acquisition facilities related to spacecraft in
near Earth orbit will evolve in the mid 1980s from a network of ground
tracking stations located around the world into a network of two TDRSS
satellites in geostationary orbit, an in-orbit spare, and a single ground
terminal at White Sands, New Mexico. The contractor, Spacecom, owns and
operates the system and, in accordance with the TDRSS contract, will provide
NASA with Teased support services for 10 years of system operation. NASA has
collocated a ground terminal to interface with the TDRSS ground terminal at
White Sands and has constructed a network control center at Goddard Space
Flight Center to control :ne sysiem and manage network resources. The system
will achieve extensive coverage of near Earth orbits, 85 percent compared with
the present 15 percent. Therefore, a majority of ground stations can be
phased out and user space systems, including the Space Shuttle, Spacelab, and
Space Talescope, will be able to contact the mission control center, and vice
versa, almost continuously, if necessary. Missions planned for support by
TORSS ar2 shown in Figure VI-1,

2. Ground Networks

While phasing TDRSS into operation, NASK clese nine more ground
statiuns, leaving only the six locations shown in Figure VI-2 fully opera-
tional, Collocated facilities of the satellite network and the deep-space
network at Canberra (Australia), Goldstone (Califernia), and Madrid (Spain)
will be consolidated under Jat Propulsion Laboratory management to gain the
resulting technical and economic advantages. A central signal-processing
center will be established at each of those sites. Those centers will be able
to array their large antennas into various combinations, thereby improving
the flexibility with which satellite missions can be supported and increasing
performance for planetary missions. Both %he transition to TDRSS of s.pport
for satellites in ne. Earth orbit and the consolidation of the two yround
networks will cause the level of activity for the Space Tracking and Data
Systems program to increase through 1985, Mating network activities to the
needs of NASA's programs is a continuous coordination process that provides
current plans, such as those shown in Figure VI-3, for mission support by the
ground network. The consolidated ground network will support several Earth-
satellite missions that would not be compatible with TDRSS. The principal
early Improvements planned for the network are described in the paragraphs
that follow.

For the telecommunications needs of the Venus Balioon Experiment and the
Pathfinder missions, the 64-meter antenna sites of the ground network will be
provided a capability for receiving L-band signals,
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In 1986, when the Voyager 2 spacecraft will be nearly three billion
kilometers from Earth, close to the planet Uranus, its received signal will be
below the required threshold. The ground network will boost the signal by
adding the signal received by the Australian 64-meter Parke radiotelescope to
that received by the NASA ground network array at Canberra.

An X-band uplink command system to be added to the ground network about
1987 will provide several advantages to Galileo and later planetary missions.
Because of the blackout effects of the solar corona, the current S-band system
does not ensure that spacecraft at Jovian distances can receive commands over
transmission paths within 15 degrees of the sun., The X-band system will
reduce the blackout, which could last up to 30 days, to 3 days, It also will
provide two additional full-time benefits: an improvement by a factor of 5 in
signal stability, as it affects navigation, and a better ability to search for
gravity waves.

To sustain NASA's flight tests aboard sounding rockets, resaarch aircraft,
and balloons, the Space Tracking and Data Systems program includes a phased
activity to upgrade and replace equipment f>r the domestic, foreign, and
mobile tracking and data acquisition facilit:ss operated by NASA's Wallops
Flight Facility and Dryden Flight Research Facility. The program includes
developing a capability at Dryden for supporting multiple missions; providing
tracking and data ecquisition support to the National Scientific Balloon
Facility at Palestine, Texas; consolidating Dryden, Moffett Field, and Crows
Landing facilities under Dryden management; and improving the impact
prediction sy+tem and fixed radar capabilities at Wallnps.

3. Commu: *z.~yons and Data Systems

TDRSS services will b~ accompanied by a substantial increase in the
volumes of data to be transferred and processed, Economies and improvements
will be obtained through more transfer of data electronically to reduce the
need for human intervention and tape handling; automated alerts, alarms, and
control of data quality; and standard data labeling among data bases. Aged
and obsolete computing systems for mission support will be replaced to reduce
downtime and maintenance costs; and more use will be made of microprocessors.

Within the next few years, mission control systsms will be ready to con-
trol the operations of the highly interactive Space Telescope. In addition,
the Space Tracking and Data Systems program will develop mission control
systems for new spacecraft such as the Earth Radiation Budget Satellite, Upper
Atmospherz Research Satellite, International Solar Terresterial Physics
Program satellites, Gamma Ray Observatory, and Cosmic Background Explorer.
The program also will increase automation of its control facilities and will
support studies of the architecture of the space station's data system. By
1986, it will have completed a program-support communications netwark to
orovide NASA's headquarters, field centers, and major contractors with
supplemental communications services for conducting day-to-day business.
Those services will include a data transfer rate of 56 kilobits per second
(kbps) or greater and 1imited video conferencing.

NASCOM already has incorporated a 56-kbps capacity into most of its

circuits., To accommodate expected future requirements for even wider
bandwidths, plans include digital voice circuits, bandwidths up to 224 kbps
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from overseas stations, greater use of fiber optics for local links to
satellite ground terminals, and possibly direct Intelsat hop from network
stations to the Jet Pre 1sion Laboratory.

4. Research and Development for Advanced Systems

The Advanced Systems program, a relatively small but vital portion of the
total program, consists of studies and development of technology. It provides
a base for future planning and for develcpment of cost-effective suppaorc
capabilities. It recognizes the dramatic changes taking place in telecommuni-
cations and computer technology and the ever-increasing need to assess and
apply advances in those areas to improve tracking and data acquisition for
future missions. The following are examples of its objectives and the state
of its technology:

o Increase in ability to communicate with spacecraft

- K-band antenna with 34-meter diameter for deep space missions
- Use of mitlimeter waves and optics for tetecommunications
0 Greater navigation capabpility
- Tracking of Earth-orbiting mission. ¢ith decimeter precision
- Measurement accuracy of 5 nano-radians for ground-based navigation

o Operational improvements for ground stations and data handling and
processing

- More use of digital receiver design and custem VLSI (Very Large
Scale Integration)

- Unattended station operations and distributed command management
- Autonomous spacecraft data handling, including a numerically con-
trolled oscillator and onboard merging of sensor data with attitude,
orbit, and time
o Technology to facilicate TDRSS use by providing for user spacecraft:
- Recnrders with 20- ana 150-Mbps capability
- Second-generation transponder

- Directive anternas.

5. Advanced Studies

a. Tracking and Data Acquisition System for the 1990s

The TORSS is expacted to meet the needs of the space program through
the 1980s, but increases in data volume for missions planned for the 1990s
will produce a need for new relay capabilities. The follow~-on Tracking
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and Data Acquisition System being planned for the 1990s must provide more
1inks; greater (gigabits) capacity; a relay-to-relay 1link, and direct,
relay-to-ground, 1inks. Studies already have examined the support needs
of remote spacecraft, concepts Tor and the form of relays, and the role of

neyﬁtechnology such as that for optical and millimeter-wave telecommuni-
cations.

b. Orbiting Deep Space Relay Station

Rapid advances being made 1n telecommunications technology are
expected to have a profound effect on tracking and data acquisition
support of deep-space misstons in the next decades. For example, a deep-
space relay satellite in geostationary orbit using an outward-looking
optical receiver may 1increase dramatically the information and science
return from NASA's planetary missions. The Space Tracking a«d Data
Systems program will continue to examine the feasibility of promising
concepts and will study technologies and tradeoffs for such a relay.
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VII. SPACE RESEARCH AND TECHNULOGY

The Space Research and Technology program 1s designed to satisfy the needs
for space technology of the U.S. Government and U.S. industry consistent with
NASA's resources and the long-range plans of the other NASA program offices,
[ts domain is technology with broad applicability not related directly to
specific projects. It concentrates on Tlong-term, high-risk research and
technology development to provide the knowledge, opportunities, alternatives,
and ca?ab111ties needed to satisfy national space objectives and suppsrt the
Nation's economic growth and defense, Its formulation requires extensive
consultation with the other NASA program offices, the Department of Defense,
and the aerospace industry to ensure that their needs are identtfied., Many of
its projects are conducted Jointly with other program offices and the
Department of Defense to facilitate transter of the technology developed.

A. Goal

The program's goal is to conduct effective, productive, long-term research
programs that contribute materially to continued U.S. leadership and security
in space. That goal requires a comnmitment to advance the technology base
supporting future national programs to conceive and design advanced space-
craft, continue building the technology foundation for improving Tow-cost
access to space through Shuttle enhancements and orbital transfer concepts,
support a permanent human presence in space by focusing technology that can
iake evolufionary growth of a space station possible, and support projected,
long=-term needs related to military and commercial use of space.

B, Objectives

The program is structured to support that goal with emphasis on maintain-
ing a technically disciplined base of expertise, facilities, and knowledge and
on generating advanced technology options. Its objectives are to:

o Maintain NASA centers in positions of excelience in critical space
technology areas, facilities, technical staff, and computational
capability

0 Ensure timely provision of new concepts and advanced technology for
U.S. civil and military space activities

o Assure the appropriate involvement in the Space Research and Technology
program by universities and industry

o Assure the transition ot timely research results to the U.S. aerospace
industry

o Provide development support to NASA's space flight projects and to
space activities of other government agencies and U.S. industry.

1. Maintain Excellence in NASA Center Capabilities

The excellence of NASA's field canters in critical areas of space
technology 1s an essential element in MNASA's ability to satisty the Nation's
needs for advanced space systems. The institutional base provided by the



centers has been a national resourse since the Agency was established, To
matntain and strengthen their * c¢onical capabilities requires continuous
assessment of their personnel, facl:itres, and programs.

The most important factor in ine excellence of the field centers s the
competence of their technical staffs, maintained by ensuring that the mix and
balance of skills match the center's assigned programmatic responsikilities
and that the work environment will attrac: and hold the best of newly
graduated scientists and engineers. Dual caveer ladders are maintained to
provide promitions for members of the technival staff who prefer to remain
researchers rather than to become managers. Vo stimulate creative production
further, the regular professional staff is uugmented through grants to
visiting scientists and with researchers on temporary appointments and
postdoctoral fellowships.

Production of technical results of the kishest quality also requires
acquisition and maintenance of state-of-the-art facilities and Tlaboratory
equipment. The program's facilities and equipment, now mostly ground based,
are becoming 1increasingly space based or transportable to space for
experiments and tests in the space environment. The in-space facilities and
equipment constitute a unique resource available for government and industry
use, just as NASA's wind tunnels serve aeronautics needs.

The Office of Aeronautics and Space Technology has institutional
responsibility for the three research centers and supports the space flight
centors 1in areas essential to the Space Technology program. It distributes
the work of the Space Technology program according to the capabilities for
specialized research established at each field center,  Allocating the work
in that manner permits assignment of the most qualified researchers to each
project, optimal use of research facilities and equipment, and avoidance of
duplication of effort, The field centers reinforce their expertise by
collaborating with universivy researchers. The priority research areas at the
centersb qepresenting current emphases and possible future directions are
Tisted below.

a. Research Centers

The research centers will convinue to be sustained and strengthened &s
centers of excellence in fundamental space disciplines, with the emphases
of each as indicated by the following objectives:

{1) Ames Research Center

0o Maintain excellence in entry aerothermodynamics, thermal protection
system materials, 1ife sciences, and infrared detection systems

o Establish excellence in artificial intelligence, computer science
and applications, and use of large scientific computers as research
tools.

(2} Langley Research Center

o Maintain excellence in aerothermodynamics, materials, structures
and their dynamics, remote sensing technology, atmospheric
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sciences, space electronics, control systems, data systems, and
concepts and system analysis for space vehicles

Enhance excellence 1in teleoperation, robotics, and large space
structures for antenna systems.

(3) Lewis Research Center

0

Maintain excellence {in 1iquid-chemical and electric propulsion;
comminications systems, components, and devices; and space power
sys$ems, including photovoltaics, fuel cells, and energy storage
devices

Enhance excellence in materials and structures for 1iquid rocket
systems.,

b. Space Flight Centers

To suppurt flight development programs and onerations, the space
f1ight centers have «eveloped expertise in the technology areas 1isted

below.

That expertise will be used and continually reinforced.

{1) Goddard Space Flight Center

0

0

0

o

Information systems
Data handling and sensors
Laser communicatjons

Thermal management

(2) Jet Propulsion Laboratory

0

0

o

0

o

Guidance, control, and navigation

Sensors and instruments for space observation

Photovoltaics, energy storage, and thermal-to-electric conversion
Teleoperator and autonomous systems

End~to-end information systems

(3) Johnson Space Center

0

0

0

Thermal management
Human factors and 1ife support
Fuel cells

Flight controls
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0o Software development
o Data management systems

(4} Marshall Space Flight Center

0 Structures, materials, and dynamics
0o Chemical propulsion sy:iems
o Flectric priwer &;8'eus.

2. Ensure Timely Provision of Wew Concepts and Advanred Technology

A strong technology base {s essential to the preeminence of the United
States in space, and timely provision of technology is critical to the orderly
development of new space concepts and misston capabilities. With primary
responsibility for mainteining and capanding space research and technology,
the Space Technology program is the sole or principal sponsor in some
discipline areas. To provide a technology base for the space activities of
NASA, industry, and the Department of Defense, it will continue to fidentify
technology needs and to coordirate, review, and assess space technology work
within and 2xternal to NASA. It will provide advanced technology for routine
access to space, commercialization, and permanent space facilities. It also
will proside a technology base fTor the project-related technology development
conducted by the Space 5cience and Applicaticns program.

3. Ensure Appropriate Invoivement of Universities and Industry

Tn ensure the maximum rate of technology advancouent and the widest use
of the resulting products, participation by <‘he most ..pable government,
university, and industrial oryanizations is essential. An increase in that
p?rticipation will be encouraged, and additiondl funding for that purpose is
planned.

The Nation's universities are an important source of technical understand-
ing, new concepts, and trained technical personnel for space research and
tachnology. Currently 11 percent of the space research and technology budget
goes to the universities, and an increase in that fraction {is planned. For
its centers-of-excellence objective, the Space Technology program will encour-
age the research centers to increase their cooperation with universities and
university consortia, thereby creating "National Centers of Excellence." The
program also will make special equipmert grants to upgrade university
equipment and will provide to the universities access to NASA's specialized
ejuipment and facilities.

NASA's intent to increase university participation complements cimilar
recent activities of other federal agencies. An ad hoc working oroup on
scientific instrumentation convened by the National Research Council, a study
by the National Science Foundation, and the Intaragency Working Group on
Scientific Instrumentation have concluded indiviu .'iy that modernization of
Tnstruments and equipment in university research laboratories is essential to
the future research capability of the Usiled States. They recommended that
the federal government work with the research universities, industry, and
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other institutions to replace obsolescent and worn out instruments and
equipment in university laboratories. In support, NASA is strenythening the
university component of the Space Technology program, with emphasis on
upgrading university research instruments and equipment that support NASA's
technology objectives,

Increased participation of industry in space research and technology will
be sought. The Space Technology program, with the assistance of private
organizations on contract, will concentrate its inhouse resources on long~-
range, high=-risk research and development; industry will be encouraged to take
the lead in more mature technologies and to develop operating devices and
systems. Those complementary aciivities will be coordinated, information will
be exchanged, and mutual support will be achieved through bilateral and
multilateral reviews of plars, industry Independent Research and Development,
performance, and results. The outcome should be the best use of both
government and industry resources.

4. Ensure Timely Transfer of Results to U.S. Aerospacz Industry

Transfer of technology to users is the final step in the advanced research
and technology development process. It requires proper reporting of research
results and maturity of technology development. The Space Technology program
will expand its reporting through use of existing reporting mechanisms such as
program reports to Congress and the Office of Management and Budget, technical
publications, and presentations at technical symposia and conferences. Use
also will increase of conferences sponsored by the Headquarters and the field
centers in both broad and specific technical areas, as well as of cocperation
and co-sponsorship with other NASH program offices, other civil government
agencies that encourage industrial participation, and the Department of
Defense. Interested segments of the aerospace community will be given early
notification of the conferences, and broad national participation will be
encouraged, Personnel in Headquarters and the fieid centers will exchange
reports on program progress and accomplishments regularly with industry
through visits and other means.

A technology's maturity is important with respect to its selection for
inclusion in flight programs. The Space Technology program will ensure
maturity by validating research and technology results through experiments and
tests on the ground and in space. The program element, Additional Flight
Experiments in Space described ir Paragraph F, Planned Initiatives, wil}
support that activity.

5. Provide Development Sur ort to NASA, Other Government Agerncies, and

Industry

The Space Technulogy program's technical staff and facilities are national
rasources valuable not only to the other NASA program offices, but also to
other government agencies and U.S. industry. The program supports the space
user community in the areas in which it possesses recognized technical
excellence, particularly those in which maintenance of the technology base s
its unique or principal responsibility. In supporting the users, it also
makes uce of the opportunity to augment its own store uf experience and data,
to the benefit of 1its subsequent research and development programs. This
involvement with the user community will be con*+nued.
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v. Program Planning and Direction

The Space Technology program uses a variety of mechanisms to ensure that
its activities are comprehensive and are prioritized so as to provide the
technologies that are critical to or strongly affect mission capability, cost,
and productivity., Those mechanisms ensure a match between the program's
technology thrusts and the capability needs of users.

1. NASA Space Systems Technology Model

The NASA Space Systems Technology Model is a compilation of anticipated
NASA system and program requirements, taechnology trends, and forecasts for
space technology., It is a reference for use in identifying technologies
required for future missions, planning and assessing space research and
technology programs, and forecasting the availability of technolngy for use in
mission planning. Its use ensures that current space research and technology
development activities support NASA's overall goals and objectives., The
system technology needs and requirements i1t presents do not constitute
official agency plans., However, it contains a broad menu of candidate and
opportunity missions and programs unconstrained by current funding expecta-
tions and, therefore, is a valuable source document for NASA's long-range
planning. It consists of three volumes of information assembled from a
variety of sources, notably the Headquarters program offices.

Volume I provides plans for and forecasts of systems, programs, and
payloads for both near-.erm and far-term missions. The systems, programs, and
payloads range from those approved, planned, or candidates for initiation
within the next ten years to more speculative “opportunity" missions for
later years. Volume II contains the Space Technology program's assessment of
trends and forecasts of space technology and provides figure-of-merit data
characterizing research and technology development plans and opportunities.
Volume 1II s an analysis of stated and implied technology requirements and
opportunities derived principally from the data base of Volumes I and II., It
identifies a4 set of "landmark" NASA missions--missions that, of all the
Agency's missions, have the most ambitious objectives and employ the most
advanced te.hnology.

Derivation of the trend and forecast portions of the Model did not take
into consideration the identity of the ultimate user, whether NASA, the
Department of Defense, or industry. However, the missions and systems of
Volume I and the Jandmark missions of Volume III are Timited to NASA missions.
The Department of the *ir Force has developed a technology model to provide
comparable information for its missions. The Space Technology program uses
that model in its planning and, better to satisfy its responsibility for
providing technology for space missions in general, will broaden its technolo-
gy model to cover the needs of missions planned by other government agencies
and industry.

2. System-Level Planning

To focus its systems research and technology development, the Space
Techno'togy program divides systems into three classes: Space Transportation
Wstems, Spacecraft Systems, and Space Station Systems. That categorization
has ‘the additional advantage of providing a systems perspective for
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coordinatien and integration of development efforts in the various technology
dis¢ipiines, In the system-level activities, technology requirements and
opportunities for planned and potent.ial missions are identified, system-leveil
analyses are conducted to identify high-priority disciplinary technologies and
quantify their impact, and disciplinary technology programs are developed.

a. Space Transportation Systems

Needed space transportation capabilities fall into three categories:
carth-to-orbit vehicles., including the existing Space Transportation
System, a cargo vehicle more advanced than the Space Shuttle, and an
orbit-on-demand vehicle; orbital transfer vehicles; and in-space service
vehicles. Each category has technology needs generated by its mission
objectives and service environment. Needs tor the advanced cargoe vehicle
are reduced payload delivery costs and an ability to carry heavier and
more varied payloads. The orbit-on-demand vehicle must be able to respond
rapidly, with high reliability and maneuverability.

Orbital transfer vehicle requirements are reusability; space-basing
capability; ability to return to low Earth orbit, probably through use of
aerodynamic braking; and uluimately man-rating. The propulsion system
most 1ikely will use liquid oxygen and liquid hydrogen, but use of
hydrocarhon and other storable fuels for special missions is possible.

With regard to in-space service, the space station will provide a
capability for assemblying, servicing, maintaining, and repairing
spacecraft, launch vehicles, and other hardware in orbit. Some servicing
tasks will require service vehicles able to move about independently in
space. The service vehicles must be equipped with autonomous navigation,
guidance, and rendezvous and docking systems; propulsion systems requiring
1ittle maintenance; and reliable, fault-toierant avionics systems.

b. Spacecraft Systems

Research and technology development for spacecraft systems must
satisfy the needs of free-~flying spacecraft and of large space structures
such as large optical systems and Tlarge radiv-fraquency antennas,
Free-flying spacecraft, both Earth-orbiting and planetary, require
advances in computer hardware and software that will permit a high degree
of spacecraft automation and autonomy and will reduce mission costs. In
addition, advances in energy conversion technology can reduce the weight
of spacecraft. Large optical systems and radio-frequency antennas are
needed for science, applications, and communications missions. Technology
needs for them center on means to achieve shape control and stability of
large space structures,

c. Space Station Systems

As part of the national commitment to establish a permanent human
presence in space, NASA plans to begin development of a space station
rapability. Critical capabilities for efficient development and produc-
tive use of the planned initial and evolutionary systems will require
advances in almost every technology discipline and spacecraft system.
Early emphasis will be on the following:
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o Automation«~to reduce the costs of operations and increase the
productivity of the human-machine system through automated control of
space station functions, particularly housekeeping, thereby making
those functions autonomous

o Information--to permit onboard processing, distribution, and storage of
infarmation for controlling space station functions and managing
scientific and operations information

o Human Capabilities--to foster efficient performance of humans in the
intra~ and extra-vehicular activities necessary for operacion of the
space station

o Attitude Control and Stabilization--to provide adaptive, distributed
controls that can maintain the integrity and effective operation of a
flexible structure

o Energy Management--to provide power generation systems, high-voltage
distribution networks, tigh-capacity storage devices, and efficient
thermal management systems

o Integrated Hydrogen-Oxygen Systems--to develop a capability for
scavenging hydrogen and oxygen from the Shuttle's external tank for use
in environmental control, 1life support, onboard propulsion, energy
productic.) and storage, and fueling transport vehicles serviced by the
station.

3. Internal and External Coordination and Review

The Space Technology program plans, develops, and reviews its activities
in coordination with the other program offices, other government agencies,
ddvisory committees, and industry and university organizations. It has formal
agreements with the Office of Space Flight and the Office of Space Science and
Applications to promote coordination in specific areas such as spacecraft
technology, experiments in space, and life support systems. Several ad hoc
technical groups have been formed under those agreements for the purpose of
coordinating specific technology needs, programs, and results. An example is
the Space Station Technology Steering Committee, which was established to
provide guidance throughout the Agancy on technology development programs to
sgppor? tha space station program. That committee has the following
objectives:

0 To determine the technology needed for .nitial design and operation and
subsequent evolution of the space station (Initial technology needs to
be available by approximately 1987 to support launch as early as 1991,)

o To assess technology applicable to the space station that the base
research and technology development pregram is expected to produse

o To pltan, recommend, and moniter & program to advance current technology
to the level required for space station development

o 7o identify, evaluate, and recommend opportunities for using the space
statiun as a research and technology development facility.
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To meet its objectives, the Committee formed ten discipline-area working
groups composed of Headquarters program personnel and center project person-
nel. NASA's Space Station Task Force submits to the Committee statements of
mission requirements from which the Committee and the worki-g groups formulate
and recommend technology programs. The Committee and wurking groups then
advise the Space Technology program on the conduct of those programs.

The Space Technology program carpies out similar coordination activities
with the Alr Force and other defense agencies in technology areas important to
their missions, Also, technology workshops involving representatives from
industry and universities are sponsored periodically to obtain further review
and coordination.

Advisory groups provide additijonal external coordination and review. The
two groups with the most int -est in the Space Technology program are the
Aeronautics and Space Engineering Board of the National Academy of Engineering
and the Space Systems and Technology Advisory Committee of the NASA Advisory
Council. Both groups, and their subgroups, review the program and its plans
and provide recommendations on their direction and content.

Universities have an additional involvement in the planning of the program
through the Summer Faculty Fellowship Program, which the Office of Aeronautics
and Space Technology, in conjunction with the American Society for Engineering
Education, conducts at the NASA field centers. Those summer sessions, usually
ten weeks long, permit the fellows to conduct research, systems design,
concept development, and feasibility asses<nent for selected discipline
topics. The program's purposes are to give college and university faculty
members an opportunity to deepen or breaden Liuir research and teaching
interests, learn about NASA's space research and technology development
program, gain insight into the management of federal research and development,
and contribute their expertise to space resear-h and technology problems of
interest to NASA. For example, in the summer of 1983 Am2s Research Center and
Stanford University managed a study, “Autenomy and the Human Element in
Space,” in which an interdisciplinary team of 20 fellows examined interactions
that could be expected to occur between autonomous machines and humans in a
spagg station and provided recommendationc on the symbiotic use of humans and
machines.

4, Assessment

The Office of Aeronautics and Space Technology regularly conducts formal
assessments of its Space Technology program to ensure that it responds to the
needs of the space user community. The groups conducting the assessments are
composed of persons from both within and outside the Agency. The scope of the
assessments ranges from the entire NASA space research and technology develop-
ment program down to an ipdividual discipline or topic. Sucr assessments will
be continued, and their results will be used to modify the program and justify
program augmentations.

D. Technoloagy fNbjectives

The Space Technology program has a broad range of technical thrusts. The
principal ones are embodied in the technical cbjectives described below.
Those objectives support the program's goal and objectives and provide a basis
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for decisions on funding, personnel, and facilities. The order in w ich they
are presented does not imply priority, and the listing is not ali-inciusive,
Many activities not 1isted continue as valuable elements ot the program.

1. Materials and Concepts for Thermal Protection

Exploration and use of space will continue to grow only if reductions in
system and mission costs are achieved, Better materials and concepts for the
Shuttie's thermal protection system are expected to be a key element in
reducing cost and increasing the Shuttle's payload and mission capabilities.
Ceramic, metallic, and advanced carbon-carbon materials and composite systems
will be developed for use in lighter and more durable heat shields. Improve-
ments to be sought for space transportation systems are higher strength,
higher temperature resistance, longer operating 1ife, and lower maintenanrs
requirements. For multi-use orbital transfer vehicles using aero-assiciav
braking for return to low Earth orbit, research will be conducted on 1!g-."-
weight radiative and reflective heat shields. Research on ablative twa-
shields will provide improved systems for planetary and solar probes.

2. Longer-Life, Reusal e Engines

Large, reusable rocket engines for space transportatior vehicles,
necessary for routine access to space, must be able to operate reliably at
high performance levels for many missions with minimal maintenance.
Therefore, technology must be develoned for critical components, concepts,
procedures, and materials; and advanced analytical methods must he established
for explaining and quantifying engine phenomena The result will be proven
options for development programs to meet engine performance, life, reiiabili~-
ty, and maintainability requirements. Attention will be given first to the
Shuttle's main engines. Increasing to the planned level the number of
missions those engines are able to fly will require improvements in engine
components and 1in analytical techniques for predicting their aerodynamic,
aerothermodynamic, and material performance. To maintain their mission-life
capability while increasing their performance and thrust level will require a
continuing effort. The resulting technologies then will be extended to the
large, high-pressure hydrocarbon engine and the dual nozzle engine, one or
both of which will be needed for Earth-to-orbit vehicles more advanced than
the Shuttle. This objective also includes development of diagnostic instru-
mentation and an ability to identify incipient failures and schedule engine
maintenance o1 a mission compatible basis.

3. Orbital Transfer Vehicle Propulsion and Aerobraking

A versatile, cost-effective, orbital transportation vehicle is essential
for exploiting space orbits beyond those the Shutt:e, advanced Earth-to-orbit
vehicles, and the space station will be able 1o reach. The planned Orbital
Transfer Vehicle will be reusable, space-based, and able to deliver 15,000
pounds to geosynchronous orbit. It will have growth potential to permit
delivery of large deployable structures und manned systems to geosynchronous
orbit. It will have a high~performance, variable~-thrust propulsion system;
cryogenic tanks capable of being refilled totally with little loss of fuel,
and asro-assisted braking for low Earth orbit recovery and rendezvous.
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The high-performance, varijable~thrust propulsion system will use an
expander cycle, high chamber pressure engine burning liquid hydrogen and
1iquid oxygen tuel and will have a nonzzle with a large expansion ratio.
Technology development is required for connepts, component designs, and
analytical techniques to permit more effective extraction of energy from the
combustion process so that the increased pump performance necessary for high
chamber pressures can be obtained. Also required are design of nozzles with
large expansion ratios and development of diagnostic instrumentation and
analytical technique. for detecting incipient failures and scheduling
corrective action.

The use of aero-assisted braking instead of propulsion braking to recover
reusable orbital transfer vehicles at low Earth orbit may offer a potential
for doubling the payload that those vehicles can deliver to geosynchronous
orbit. Technology development is needed for vehicle navigation and control in
an aerodynamically unpredictable environment; a Jlow-weight aerobrake,
including concept, thermal protection system, and control of backface heating;
and a system design that will permit servicing of the vehicle in low Earth
orbit and recovery of both the vehicle and a manned capsule from
geosynchrenous orbit.

Taechnology development essential for low-loss refilling of cryogenirc tanks
in zero gravity includes that for techniques to pre-chill the tank., to
introduce Fluids in such a way that the system being filied is vapor-free, and
to fil1 the tanks with a predefermined amount of fuel.

By the late 1990s, the largest use of Earth-to-orbit transportation
services will be Lo provide fuel for orbit transfers. Reducing or eliminating
that use would reduce the cost of space operations significantly. Therefore,
a propulsion system will be sought that uses an external, renewable energy
source instead of chemical reactions. Such a system would use solar energy
either directly or to produce electricity to drive a moderate thrust propul-
sion system. Technology is needed for propulsion system concepts and the
energy source.

4. High-Capacity Electrical Power Generation, Storage, and Distribution
Systems

Current power systems for spacecraft have power-to-mass ratios of about 5
watts per kilogram and cost about $1,500 per watt. However, a potential
exists for increasing power production while reducing syste.. cost and weight
by the late 1980s. Research on photovoltaic solar cells emphasizes those
improvements, and the solar cell array in development for use in a solar
electric propulsion system is expected to demonstrate a power-to-mass ratio of
66 watts per kilogram. The goal for that ratio by the end of the decade is
300 watts per kilogram for a high-performance silicon array. Techniques will
be explored for reducing costs and deployed array area by improving concentra-
tor effi~iuncy. Fundamental research into thermal-to-electric conversion in
nuclear reactor systens and solar thermal concentrators is focused on develop-
ment of thermoelectric materials having higher conversion efficiencies and
able to operate at higher temperatures. The Deoartment of Defense, the
Department of Energy, and NASA are conducting a joint program to develop
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technologies needed for demonstrating in the 1990s a nuclear reactor power
subsystem in the 100-kilowatt class and for providing insights into the
technologies necessary for larger nuclear power systems.

Energy storage system. often are a dominant factor in the weight, relia-
bility, and iength of 1ife »f high-capaciv, space power systems. Technology
should be developed for systems based on nickel and hydrogen electrochemistry
and for fuel cell electroivzer systems so that orbital systems able to store
hundreds of kilowatts of energy can be developed by the late 1980s,

Also essential 1s a capability for controlling the generation and distri-
bution of energy to achieve efficient, environmentally compatible operation of
high-power, high-voltage space systems. Technology advances will be needed in
electronic components, heat pipes, radiators, rotary Jjoints, transmission
1ines, and controls.,

5, Satellite Communications

Research and development for communication. systems are centered on compo-
nents and technology to ensure U.S. preeminence in satellite communications
and data transfer., The purpose of work currently under way is to improve
electron beam amplifiers, solid-state devices, and antennas. The results will
be applied to communications satellites, intersatellite 1links, deep-space
exploration systems, and terrestrial terminals.

The work on electron beam amplifiers seeks to reduce the weight and cost
of microwave power amplifiers and to increase their operating lifetime,
efficiancy, and linearity through research on multistage depressed collectors,
the surface physics of cathodes, and novel slow-wave circuits such as those
known as the tunneladder and the dynamic velocity taper. An engineering model
of a tunneladder traveling wave tube is to be completed in 1985, and an
experimental 60-GHz coupled-cavity traveling wave tube for use as a spaceborne
amplifier for intersatellite communications is scheduled for completion in
1986,

Research in soliud state devices is concentrated on development of monoli-
‘hic microwave integrated circuits, gallium arsenide field effect transistors,
IMPATT (impact avalanche transit time) diodes, semiconductor lasers, receivers
with high signal to noise ratics, and passive devices. The result expected is
development by 1985 of an X-band solid-state transponder for use 1in deep
space, a 20~-GHz monolithic microwave integrated circuit amplifier by 1987, and
a solid state laser with a power output of more than 200 megawatts by 1988,

Antenna research will be directed toward development of ant~onnas employing
multipie scanned beams to transfer data between orbiting vehicles and to relay
point~to~point communications; multiple-use anternas for spdacecraft; large
antennas for terrestrial and airborne mobile communications; computer modeling
techniques for antenna structures; and antenna testing facilities. Important
milestones in this program will be the testing of a 15-meter diameter antenna
in 1984, complecion of a study of multiple use antennas in 1987, and start of
operations of the Antenna Technology Laboratory in 1988.

VII-12



6. Large Antenna Systems

This objective 1s concerned with develcping a ccmprehensive ability to
analyze antennas and with developing and testing large-aperture mesh reflec-
tors and array assemblies having multiple-beam feeds that could provide
contiguous spot coverage of large geographical areas. A large antenna system
in geostationary orbit would provide mobile communications service for a very
large area on Earth's surface, such as that of the continental Urited States.
It would provide transmission und receptior service for rural and remote
regions and thus acmplement the terrestrial rommunication networks serving
metropolitan centers.,

Research is needed in antenna structures packaging, minimum sizes for
structural members, and methods for deploying and assembling large antennas,
Experimental identification in orbit of the dynamic parameters of large
antenna structures and correlation of the resulting experimental data with
analytical predictions will be required so that a capability can be developed
for controlling the geometry of the antenna's surface and feed. A structures
and controls experiment will be conducted in space in 1989 to verify
technology developed for application o large antenna systems.

7. Space Teleoperation, Robotics, and Autonomous Systems

Teleoperator and autonomous space systems will increase current capabili-
ties for conductiag unmanned science experiments in space, providing autono-
mous operation of systems and devices on the Specw Shuttie and space station,
and reducing dependence on ground-based operations personnel. Thus, the
purpose of the Space Technology program's work on autonomous systems is to
develop and apply artificial intelligence to the planning, monitoring, con-
trolling, and diagnosing of subsystem operation:; and the purpose of its
teleoperation and rubotics work is to provide technology for remote servicing,
assembly, and related manipulative tasks for maintaining and operating space
systems. The technology data base will be validated through pilot experiments
demonstrating progressively increasing levels of automation and autonomy of
remote systems, Success will free personnel to concentrate increasingly on
supervisory and other intellectual tasks to increase the capability,
efficiency, and economy of the total human-machine system.

8. Space Information Management Systems

The purposes of this objective are to develop technologies to reduce the
cost of deriving information from manned and unmapned space missions and to
increase the capabilities of space-based and ground-based data systems. The
resulting space information systems will provide more efficient and effective
transfer of data from sensors to users via intellygent, autonomous systems.
The approach to this objective includes development of high-speed, wide~band
optical networks; adaptive network nodes; radiation hardened, very high spced,
integrated circuit processors; optical -ass storage systems; and nonvolatile
memory systems for spaceborne applicavi-is. Related technolory needs to be
developed for optical information processors, image-based symbolic processors
for spaceborne systems, data bass management systems, and architecturas for
processing systems.
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g, Computer Science for Aerospace Applications

This technical objective seeks to understand the principles underlying
aerospace computing and the relationships and tradeoffs between algorithms and
computing architectures, [t also seeks to apply that understanding to Improve
computational concepts and system architectures. It supports systems relia-
bility and performance, software development, and information management., Its
results will be applied to computational modeling of physical processes,
flight systems that are crucial to mission safety, and autonomous systems.
Research 1s in process on highly reliable, cost-effective computing that will
make possible the construction of advanced systems for man-rated flight
vehicles and long-duration, unattended space missions. The research also
includes investigation of fault tolerant hardware architectures and cost-
effective tools and techniques for developing verifiably correct software.

NASA currently is receiving from space approximately ten billion words of
scientific data per day, with expectations of a hundred-fold increase over the
next decade, The ability to manage and distribute such large volumes of data
to the scientific community must be developed. A technique that may help
provide that ability is concurrent processing. Research on it is in process
to develop system architectures and algorithms for computationally intensive
problems in aerospace research such as those in compuvational fluid dynamics
and image processing. The research includes analyesis of highly parallel,
single instruction, multiple data stream, computer architectures for problems
that can be vectored and analvsis of more complex, but more promising,
multiple instruction, multiple dat., and data flow architectures.

10. Computational Aerothermodynamic Technigues for Entry Bodies and Rocket
Engines

Devetlopment of design optimization concepts for aerospace vehicle systems
requires an understanding of fluid flow and thermal physics. The following
major capabilities will be sought: techniques for predicting the radiative
and convective heating rates of orbita) transfer vehicles using aero-assisted
braking and of other flight vehicles during flight in the atmosphere, methods
for estimating aerodynamic forces acting on bodies with a variety of shapes
and control surfaces during entry into the atmospheres of Earth and other
planets, improved facilities for verifying computational methods, and a
compiete and verified theory for flow conditions in the rarefied atmosphere at
low orbit altitudes and in spacecraft jet plumes., Development and validation
of computatiornal fluid dynamics techniques will provide more accurate predic-
tions of flow phenomena and vehicle responses too complex to be simulated in
wind tunnels and other ground facilities. Conditions encountered during
ascant to orbit, in Tow Earth orbit, and during reentry will receive special
attention. Validation will be accomplished in existing and new test and
simulation facilities on the ground and, increasingly, in flight research
vehicles and with research gquality instrumentation in the Space Shuttle.

11. Human Capabilities in Space

The Space Shuttle provides frequent opportunities for Flying experiments
in space, and the space station will add a capability for extenued duration
missions. Together, they will require a wide variety of intravehicular and
extravehicular activities for deployment, censtruction and assembly, mainva-
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nance, sateliite and vehicle servicing, &nd other tasks. Automation of
operations and system autonomy will need to increase continuously to reduce
the costs and complexity of ground support, lengthen system 1ifetimes, and
enhance sysiem versatility. Also, technologies related to human-machine
interactions and to 1ife support for long~duration operations will have to be
advanced to support and exploit fully the capabilities of humans in space.

An understanding of human capabilities and technology to enhance them are
needed in four areas: supervision and management of automated subsystems to
ensure optimal performance of the total system, including optimal division of
functiuns between humans and machines; teleoperation of remote systems from
spacecraft and Earth-based work stations, evolving toward telepresence (remote
operations with perception and dexterity); extravehicular activity during
construction and other long-duration operations, including trade-offs hetween
extravehicular activity and teleoperations; and performance and physical and
psychological well-being of humans performing repetitive tasks in confined
spaces in a hostile environment.

The aims of human factors research are design criteria for allocating
functions between humans and automated systems; electronic displays and input
devices in craw stations--to increase reliability and operational capability,
decrease cost and weight, and provide interfaces for automated and autonomous
systems; work stations--to provide ground control of autonomous manned and
unmanned spacecraft; human-teleoperator interfaces--to 1increase operational
capabilities and reduce the cost of in-orbit assembly, maintenance, and
repair; tocls and devices-~to increase the operational capability of astro-
nauts working in space suits; and habitability--to improve vibroacoustics,
food technology, and crew quarters. Flight experiments will be conducted to
help establish those design criteria,

12. Advanced Sensor Concepts

The sensor program provides technology in lasers, microwave tubes, and
infrared detectors for passive and active sensing of terrestrial, planetary,
and galactic environments. The research involved has general applicability in
sensing technoiogy and is used in NASA's Earth and planetary programs and in
programs conducted by the Department of Defense and commercial satellite
operators,

Technology 15 under development for linear, infrared, and x-ray detectors;
Targe silicos charge coupled device arrays; broad-band radicmeters; synthetic
aperture radars; solid state lasers; infrared and ultraviolet ‘ight detection
and ranging systems; and cryogenic coolers. Infrared detectors and cryogenic
coolers will be used in the Shuttle Infrared Telescope Facility and the Large
Deployable Reflector., Synthetic aperture radar technology will be incorpo-
rated into the Shuttle Imaging Radar-D, and solid state lasers will serve as
sensors for space station light detection and ranging measurements. The solid
state laser and synthetic aperture radar programs are conducted in cooperation
with the Department of Defense.

13. Distributed, Adaptive Controls for Large Space Systems

As space structures become larger and more flexibie, they will have to be
equipped with distributed, adaptive controls to maintain the structures'
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desired configuratic» and stability. Modular structures incorporating decen-
tralized control may be used to permit adaptation during operation and
incremental modification as the structures grow,

Algorithms will be required for analyzing distributed controls for active
vibration damping, control during deployment, and attitude control. Various
types of adaptive controls will be evaluated for their ability to compensate
for large charges .n the inertia of structures during deplioyment in space and
for mode and frequency changes caused by structural interactions. Onboard,
real time, adaptive controls will require numerical procedures, compatible
with the structure's adaptive control algorithms, for analyzing memory, size,
and timing. The data base for the technology of distrihuted, adaptive
controls must provide high tolerance to uncertainties and to faiiures of the
many components distriouted throughout Targe space systems.

E., Current Program, New Directions, and Program Emphasis

The research and technology development program to satisfy those 13
technology objectives consists of work in 7 discipline and 3 system areas.
In addition, there 1z a spacecraft systems technology element that includes
space flight experiments., The program's structure is shown in Table VII-1.

1. Discipline Area.

o Fluid and thermal physics--analytical and predictive techniques for the
co?tinuum and rarefied flow regimes, with emphasis on transatmospheric
flight

o Materials and structures--concepts for large-area structures, effects
of the space environment on materials, thermal protection materials,
hot structures, thermal-structur3il analysis, technology for generic
mechanisms, and the combined effects of structural dynamics and
controls

o Computer science and electrcuics--concurrent processing and optics
research

o Space energy conversion--high-capacity power and thermal systems for
the space station, systems with high specific powar and low weight for
geosynchronous orbit and planetary missions, elwctric propulsion for
auxiliary opropulsion applications, and thermal-to-electric energy
conversion for the 100-kilowatt class nuclear reactor power subsystem
program mentioned in paragraph D.4 above

o Controls and human factors:

- Controls--larnz, precisely controlled structures; integration of
attitude control and energy storage functions 1in flywheels; and
precise pointing of large spacecraft

- Human factors--enhancement of astronaut productivity through

improved information management techniques, extravehicular work
stations, and telepresence capability
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TABLE VII-1,

WORK BREAKDOWN STRUCTURE OF SPACE

RESEARCH AND TECHNOLOGY DEVELOPMENT PROGRAMS

Fluid and Thermal Physics R&T

Aerothermodynamics
Aerothermal Loads
Thermo-Gasdynamic Faciiity Operations

Materialu and Structures R&T

Propulsion

Materials Science

Space-Durable Materials

Propulsion

Advanced Tharmal Protection Systems
Advanced Space Structures

Analysis and Synthesis

Computer Science apd Electronics R&T

Electronics
Sensor Systems
Computer Science
Automation

Space Energy Cunversion R&T

Electric Propulsion Tectnology

Photoveltaic Energy Conversion

Chemical Energy Conversion and Storage

Thermal-to=-Electric Conversion

Power Systems Management and
Distribution

Thermal Managoment

Controls and Human Factors R&T

Control Theary and Analysis
Human Factors
Advanced Controls and Guidance Concepts
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space Data and Communications R&T

Data Systems
Communications Systems

Chemical Propulsion R&T

Advanced Earth-to Orbit

Advanced Onbward Propulsion
Advanced Orbital Transfer

Spacecraft, Systems R&T

Systems Analysis
Sparecraft Technology Experiments

Transportation Systems R&T

Systems Analysis
Orbiter Experiments Program

Platform Systems R&T

Systems Analysis
Operations
Crew and Life Support

Spacecraft Systems Technology

Space Flight Experiments
Long~Duration Exposure Facility
Ton Auxiliary Propulsion Systems



0 Space data and communications--space information systems, automation,
robotics, and optical data systems

0 Chemical propulsion=-1ife and performence of the Space Shuttle's main
enyine and other high-pressure engine systems; space-based, throttile-
able, and reusable orbital transfer engines; and gaseous oxygen-
hydrogen auxiliary propulsion systems.,

2. Systems Argas

0 Spacecraft systems~-Earth orbiting and planetary spacecraft, communica-
tions technology, and sensor systems. Satellite communications
research and technology development is in the K, band through the
100-GHz range. Sensor technology work focuses on 1359r, electro~optic,
and microwave devices and techniques.

o Transportation systems--Earth-to-orbit transportation systems, includ-
ing orbital transfer systems and improvement of the Space Shutile. For
orbital transfer system., consideration 1s being given to
aeromaneuvering, space-bas.ng, maintainability, operational flexibili-
ty, and man-rating.

o Platform systems--architectures for distributed data systems, automated
and te'eoperated systems, 1ife support systems, and operational extra-
vehisular activities.

3. Newly Initiated Programs

Since publication of NASA's FY 1984 through FY 1988 program plan, the
Space Technology program has initiated the programs described in the
paragraphs that follow.

a., Space Flight Experiments

The objective of space flight experiments is to provide the Nation
with the ability to conduct in space research that either cannot be
conducted adequately on Earth or can be conducted more effectively in
space. The Shuttle system, including Spacelab, is a cost-effective
laboratory for research and technology experimentation that extends the
Nation's 1aboratory base from ground to space. The space station will add
a capability for conducting long~duration experiments. Shuttle experi-
ments already have demonstrated the advantages of research in space to
verify and augment results from tests a.d analyses conducted on the
ground., The results of the Shuttle experine ts also will benefit future
space missions by reducing the uncertainties uad risks of activity in the
space environment. The space flight experiments have been Timited to
discipline technology experiments and the Orbiter Experiments program.
However, three major research areas will be added in FY 1985: large

structures and their controls, management of cryogenic fliids, and power
and thermal systems.

Experiments in the structures-control area will validate critical

technologies for the design, analysis, test, and functional operation of
large space structures requiring distributed controls. First flight of an

VII-18



experiment is planned for 1988 to identify the structural dynamics of a
large, flexible structure. Cryogenic fiuld management experiments will
provide enabling technology for in-orbit supply and resupply of cryogenics
to spacecraft and space platforms and for in-orbit refueling of orbital
transfer vehicles., A multiple flight program is planned, with the first
fl1ight in 1988, A power and therm»1 system experiment will develop space
power systems that generate several hundreds of kilowatts., Small-scale
experiments to verlfy %Lhe technology and provide understanding of the
physical phenomena involved are planned to start in 1985, and full-scale
flight experiments are planned to start in 1987,

b. Space Shuttle Main Engine Test-Bed Engine

The Space Shuttle main engine technology program is part of the
advanced Earth-to-orbit propulsion system program, Its objective is to
provide a technology base for longer 1ife, higher performance, reusable
rocket engines and to improve the performance and extend the operational
1ife of the Space Shuttle main engine, Its aims are to develop analytical
models that define the dynamic environment of the engine and predict the
engine's operating lifetime; to develop and test concepts for hardware;
and to develop instruments to measure the engine's environment, validate
models for simulating that environment, and diagnose the performance of
the engine during operation.

The Space Shuttle main engine test-bed engine will provide the means
for system-level testing to ensure that advanced technology hardware for
the Space Shuttle main engine performs as intended and 1s ready for
vransfer to a development program, It also will validate instrumentation
and provide data for use in validating analytical models. It will be
assembled and operated by the Office of Space Flight. As concepts mature
under the 3pace Shuttle main engine technology program, they will be
tested in the test-bed engine, ensuring evolution of the Space Shuttle
main engine and, later, development uf -dvanced reusable engines.

c. Stace Station

This program's objective is to provide technology at both the system
level and the subsystem level for development and evolutionary growth of
the space station. The configuration of the station must be such that the
station will satisfy its immediate mission and operational requirements,
but it also must provide a foundation for continual increases in the
station's capabilities, The following are examples of program content:

o Advanced data systems--to provide onboard processing that will increase
automation and autonomy

o Long~life, 1low-cost photovoltaics--to provide power systems with
greater capacity

o Control systems--to maintain the shape and stability of flexible space
structures and, later, to provide controls for composite vehicles
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o Auxillary propulsion systems that have high specific impulse and are
maintainable and noncontamingting~-for attitude control and orbit
maintenance

o Fuel cell improvement--for more efficient power storage

0 Storage and transfer of cryogens--to support orbital transfer vehicle
operation from the space station

o Life support--to maintain humans in space, permit dajly extravehicular
activity and in-orbit servicing and maintenance operations, and enhance
human capabilities in space

0 Thermal management--to develop concepts for heat acquisition, transfer,
and rejection in two-phase, very high capacity thermal systems.

d. Computer Science and Technology

The objective is to strengthen the Agency in computer science through
research and experimentation and to infuse state-of-the-art computer
science and technology into aerospace applications. The program will
provide theory, concepts, techniques, and capabilities for use and
management of aerospace information. The following are examples of
program content:

o Multiple processor computing--to develop computing architectures,
operating systems, programming lanpguages, and algorithms for addressing
tightly-coupled multiprocessors through distributed computing systems

o Architectural concepts for computers--to improve reliability and fault
tolerance

o Life cycle software--to provide engineering tools, techniques, and
models for aerospace-related applications

0 Automated planning, decision making, problem solving, knowledge-based
systems, teleoperation, and robotics-~to expand the functional range
and cost effectiveness of operations in space, leading ultimately to
autonomous operations

o Spaceborne symbolic computer-~for implementation of autonomous systems.

F. Panned Initiatives

Space research and technology development programs and systems being
considered for initiation in the FY 1986~-FY 1988 period are listed below. The
1ist is not in priority order.

o FY 1986:

- Orbital Transfer Vehicle Technologies

- High-Lift-to-Drag Vehicle Technologies
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~ Space Nuclear Power
- Power and Propulsion for the Spacecraft Bus
- Control of Flexible Structures
- In-Space Experimants
o FY 1987:
- Research for Autonomous Systems
- Liquid Oxygen-Hydrocarbon Propulsion Technologies
- Scientific Payload Technologies
o FY 1988:
- Large Deployable Reflector Technologies
- Free-Flying Experiments Carrier,

1., FY 1986 Initiatives

The orbital transfer vehicle initiative will focus on a 1iquid oxygen and
hydrogen propulsion system that can be maintained in space; aerobraking
systems' aerodynamics, aerothermodynamics, brake structure, and thermal
protection systems; adapt e navigation and control; a flight experiment to
obtain critical data on aerobraking system capabilities; and fuel tanks
capable of being based in space and of minimizing fuel losses.

The high lift-to-drag vehicle initiative will study the aerodynamics,
aerothermodynamics, thermal structure, and controls of such vehicles, It also
will provide the foundation for a future initiative to develop and test an
entry research vehicle to be launched by the Shuttle to validate entry models
and the data they generate.

The space nuclear power initiative will extend the existing 100-kilowatt
class nuclear power system program, which 1s focused on technology verifica-
tion, to develop ground demonstration units for verifying system designs and
for qualifying lTong-life components and subsystems.

Technologies needed for the next generation of spacecraft will be
developed in the spacecraft bus program, with emphasis on an integral power
and propuision system.

The subject of the control of flexible structures {initiative will be
technologies to permit accurate pointing, alignment, and shape control of
large, non-rigid, space structures,

The in~-space experiments program will augment the FY 1985 initiated space
flight experiments in structures and their controls, power and thermal
svstems, and cryogenic fluid transfer to provide earlier development of those
technologies than would be possiblie under the current funding level. This
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initiative also will permit flight research to be conducted in additional
discipline and system technology areas requiring the space environment,
Proposed flight experiments include the dynamics of a flexible robotic arm,
propulsion contamination, and reflight of the multidiscipline experiment
carrier, the Long Duration Exposure Facility.

2. FY 1987 Initiatives

Space systems must become increasingly autonomous Dbecause they are
becoming 1ncreasingly complex and because their cost effectiveness needs to
improve. The autonomous systems initiative will seek to develop technology to
provide the needed increases in autonomy.

A high-density propulsion system with a chamber pressure greater than
2,000 pounds per square iach will be essential for many space transportation
vehicles. Technologies unique to such a system will be investigated in the
Tiquid oxygen~hydrocarbon propulsion initiative.

Spacecraft must become more capable of carrying large, heavy, complex
payloads. Technology to provide the needed increases in capability will be
the subject of the scientific payloads initiative, with special attention to
sensors, optics, and data systems.

3. FY 1988 Initiatives

The Targe deployable reflector initiative will seek advances 1in
technologies, figure control, wave-front correction techniques, pointing, and
vibration control for segmented mirrors.

The free-flying experiments carrier initiative will provide a capability
for obtaining data on the performance of materials, components, and subsystems
in orbit for extended periods.
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VIII. AERONAUTICAL RESEARCH AND TECHNOLUGY

This long-range plan for aeronautics resecarch and technologyy development
describes work to be conducted by NASA personnel and their academic and
industrial associates. Their combined expertise 1s critical to NASA's ability
to satisfy the Nation's needs for aeronautical research and technology devel=-
opment. Also critical is NASA's unique aeronautical test facility capability.
The plan emphasizes the preservation of and continuing development 1in both
areas as much as it stresses the 2lements that constitute the plan itself., It
addresses three principal subjects: governmental policies that establish
NASA's role in aeronautics, the goal and objectives that guide NASA's actions
in accordance with that role, and the elements of NASA's planned aeronautical
research and technoiogy development program.

A. Governmental Policies Establishing NASA's Role

NASA's role in aeronautics 1is broadly described 1in the Naticnal
Aeronautics and Space Act of 1958, as amended., Howevar, interpretations of
the Act's meaning have ranged from limiting the Agency to conducting basic
inhouse research, following the NACA tradition, to working more closely wiih
industry, including more extensive funding of technology demonstrations. In
1982 the Office of Science and Technology Polizy convened a group of senior
reprasentatives from all government agencies with responsibilities in
aeronautics to examine the Nation's aeronautical research and technology
development policy and related matters. That examination c¢larified the
policy, delineated more clearly the 10les of the participating agencies in the
pracess of technology development and application, and reasserted the
impoertance of aeronautics to the defense and economic well-being of the United
States. The group recommended;

o Natfonal goals that would ensure timely provision of a proven
technology base to support development of superior U.S., aircraft and of
a safe, efficient, ard environmentally compatible air transportation
system

o Government support, consistent with overall national priorities and the
availability of funds, for aeronautical research and technology
development and for demonstration of technology for military aircraft

0 Cﬁ?tLHUEd maintenance of present organizational relationships, 1in
which:

- The Department of Defense (DOD) funds, directs, and implements
aeronautical technology development and demonstration programs for
military applications

- NASA funds, directs, and {mplements aeronautical resesarch and
technology development and supports military aeronautical technology
demonstrations

- NASA and DOD encourage transfer of aeronautical research results to
and within U.S, '.custry



~ Both NASA and DOD manage, maintain, and operate acronautical
research, development, test, and evaluation facilities

- The Federa) Aviation Administration, with NASA and DOD support, is
responsible for alip traffic control and safety-related aeronautical
research and technology.

With the President's acceptance of those recommendations as V.S,
acronautical policy in November 1982, they become a base for NASA's long range
plan for aeronautics.

B. Goal, Strategy, and Objectives

1. Goal

The goal of the Aeronautics program is to conduct effective and productive
research and technology programs that contribute materially to the enduring
preeminence of U.S, civil and military aviation. That goal will require
maintenance of the capabilities of the research centers, bold and ‘maginative
program management, and greater involvement of NASA with others in the
research and development community.

2. Stravegy

The principles underlying the aeronautics program plan . re emphasis on the
initial steps 1in the research and development process, recognition of the
common ¢ivil and military utility of aeronautical technology, and capitaliza-
tion on the synergism between aercnautical and space technologies and
capabiiities. To aveid the confusion chat often accompanies the somewhat
arbitrary partitioning of the research and development process, the following
definitions apply to the three activities that are the principal elements of
NASA's aeronautical research and development:

o Disciplinary Research--research to increase knowledge of fundamental

physical phenomena and generate new concepts in primary aeronautical
technical disciplines

0 Systems Research--research in individual technical disciplines and in
technoloagies uniquely related to various general classes of aircraft to
increase knowledge of interactions among system components

o Proof of Concept--investigations to determine the feasibility of
promising tecr..ical advances.

Two subsequent steps in the research and development process will be given
secondary but important emphasis: technology damonstration and product
development. Technology demonstration is concerned with advanced technologies
for which confidence must be established through demonstration of their
technical value. NASA's technology demonstration activities will be
restricted generally to technology with potential military applications and
will be coordinated or conducted with DOD.

NASA engages in product development only 1in connection with military
systems, to provide technical and test support to DOD and industry.
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Most technology development 1{s independent of potential applications.,
However, when a particular type of alrcraft tends to place greater demands on
technology than do others, development work is planned and, at times,
conducted, Jjointiy with potential users of the technology for that type of
aircraft. In fact, technical laboratecries operated by DOD, the Federal
Aviation Administration, and private industry constitute important components
of 1the NASA research community, as do wuniversities engaged 1in basic
aeronautical research.

Devoted largely to technology davelopment, NASA's research facilities also
are used in development testing when they possess needed unique capabilities.
Data from development testing enhance the rescarch data basc and thus
contribute to the primary research and technol gy program.  Aeronautical
research facilities are used in tests on various space, launch, and entry
vehicles, In additio~, the needs in a number of acronautics and space
technology areas are closely related; for example, high-temperature materials,
aerodynamic heating, secondary power, control, and guidance. Aeronautical
research and space research are synergistic.

3., Objectives
The Aeronautics program plan has the following five key objectives:

o Maintain the excellence of the NASA 1esearch centers in facilities,
computational capability, and technical staff

0 Achieve appropriate levels of disciplinary and systems research at the
leading edge of technology in those arecas critical to the continued
supaeriority of U.S. aircraft

o Assure the timely transition of research results to the U.S. aerospace
community

0o Assure the appropriate involvement of universities and industry in
NASA's Aeronautics program

0 Provide development support to the aeronautics activities of other
government agencies and U.S. industry.

The significance of those objectives and NASA's approach to achieving them
are described below.

a. Maintain Research Center Capabilities

A primary strength of NASA and its predecessor, NACA, in aeronautics
has been the institutional excellence of the Ames, Langley, and Lewis
Research Centers. Those centers possess most of the key aeronautical
research and development facilities in the United States. In addition,
their technical staffs comprise ar unmatched pool of experts. The centers
not only conduct research themselves, but also coordinate the efforts of
peers elsewhere in government, industry, and academe. Their aeronautical
facilities, which have a replacement value of over $4 biilion, are in most
instances unique special purpose research and test facilities essential to
the development of both commercial and military aircraft. An important
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new facility, the Nationa) Transonic Facility, is becoming opcrational at
Langley; but many wind tunnels and engine test «211s and thelr auxiliary
equipment are aging and in need of extensive rehabilitation. Consequent-
1y, a Facility Inteyrity Program has been initiated to provide rehabili-
tation through a multi-year repair and replacement activity. Existing
facilities also are being cenhanced through a Faeiiaty Productivity
Improvement Program designed to provide a more efficient test capability.

Enhancement of computational :apabilities at all three of the centers
is increasingly important, The centers will use the most advanced
supercomputers to push the state-of-the-art in netwerk and software
systems that increasc computational power but remain user friendly. The
Agency's new Numerical Aerodynamic Simulation system will play a lead
role. [t will feature prototype high-speed processors surrounded by work
stations, graphics stations, mass storage, and a long-haul, wide~band
sateliite communications 1ink between the centers. By cearly 1946 its
initial high-speed processor will be operational and able to perform 250
mitlion floating point operations per second (MFLOPS), In 1987 a
;ggd;¥1-on processor will 1increase that capability to more that 1,000

The Numerical Aerodynamic Simulation system exemplifies the overall
direction ati the NASA centers are taking to uss and advance scientific
and anginearing computing. Communications will be employed to increase
usable vomoutational power even further., Key to that use will be a
satell1ts V1o that, starting in 1986, will allow a user at one research
cen*»r ‘o rua systems at the uther research centers. To ensure access to
thi Tuieat developments in computer technology, OAST has initiated a
compiarar 3cience program that involves all three of the research centers,
the universities, and industry.

The staffing of the research centers is being improved by adjusting
their mix of skills to maintain consistency with their defined areas of
research and by creating an environment designed to attract the best and
brightest of newly graduated scientists and engincers. Opportunities for
advanced education and training are provided, as are dual career ladders
that allow advancement through either management or research. Staffs are
augmented in critical areas with temporary personnel obtained through
postdoctoral fellowships, grants to visiting scientists, cooperative
work=-study programs with universities, and 1{intercenter personnel
exchanges.

Because of limitations on both staff size and budget, the Aersnautics
program will distribute {ts resources to the reszarch centers in
accordance with the priorities this plan establishes for each of them,
Since each research center's capabilities usually are supplemented by
supporting or related capabilities at the other research centers, the
centers' areas of excellence are closely interrelated. For example, when
the newly modified 40xB0x120-foot wind tunnel at Ames Research Center
becomes operational (currently projected for December 1985), it will
provide a unique capability for noise research that will complement the
current noise prediction and analysis capabilities at Langley Research
Center. Similarly, the experimental and computational capabilities being
advanced in Lewis Research Center‘s turbine and compressor research will
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be supported by the development of the computational system and algorithms
at Ames. A1l of the research centers are national laboratories responsi-
ble for advancing fundamental acronautical discipiines. In addition, cach
has the following special responsipilities:

0 Ames Rescarch Center--flight research and  technologics  for
comnercinl and military rotorcraft, powercd-1ift aircraft, and
high=performance atrcraft

0o Langley Research Center--airframe technologies for commercial and
military transpuctc, ganeral aviation aircraft, and military
high=performance aircraft

0 Lewis Research Center~«technologies of aeronautical propulsion and
pover.

b. Achieve Appropriate Levels of Disciplinary and Systems Research

Increased emphasis will be piaced on systems integration. To achieve
technological {mprovement, 1nteractions among the individual components of
a vehicle, 1ts subsystems, and its operating environment must be under-
stood. Technicsl disuviplines must be interrelated in systems rescarch.
For ins*ance, aerodynamics sets tne basic shape of an airplane, while
material - and structires technaicgles maintain the integrity of that shape
and minymize the airplane’~ weight. Similarly, propulsion systems invoive
both fluid mechanics and structures. Flight controls interact with the
airplane's aerodvnamic shape and structural response mudes to determine
its flight performance, handling qualities, and maneuverability. Vehicle
dynamics and integration of the airframe with the propulsion system and
weapons further control the design. Because all of those elements
interact and cannot be separated, all must be addressed when seeking
improved performance, 1increased durability, and reduced acquisition and
operating costs for a total system.

Systems research investigates those complex interrelationships to
provide understanding of the overall behavior of a system, be it an
engine, a complete aircraft, or a structural component such as a large
composite wing span,

Technology goals and current program plans, 9including future
initiatives, are described in sections C, D, and E of this chapter.

c. Epsure Timely Transfer of Research Results to U.S. Aerospace Industry

Rapid and unconstrained dissemination of research and technology
results that, though unclassified, are eaconomically or militarily
sensitive can allow exploitation by potential competitors or adversaries
before use by the United States. NASA will endeavor to prevent such
exploftation of its results. At the same time, because the results are
essential to the productivity of the U.S. aerospace community, NASA will
maintain their free flow to the extent that commercial competitiveness and
national security permit,
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A second concern 1s that U.S. industery may not be aware of all
techrical advances, cven unclassified ones, made outside the United
States. Tnerefore, the NASA centers have accepted responsibility for
acquiring, assimilating, and disseminating to U.S, industry information on
relevant technology advances made outside the United States,

To ensure rapid transfer of NASA generated terhnologies to industrial
application, emphasis will be {increased on two 1{important mechanisms:
active participation of industry in the Agency's research and technology
activities through contracted and joint programs, and timely dissemination
of resuits through workshops, conferences, and reports,

d. Ensure Appropriate Involvement of Universities and Industry

The universities participate in NASA's aeronautics research and
technology in several ways. Faculty members serve on advisory comnittees
that help formulate and critique NASA pregrams., With their students, they
participate in basic research programs, generally in close collaboration
with personnel at the research centers. The resulting contacts give
vi:sibility to NASA and its programs in the universities and direction to
academic research activities. They also stimulate the transfer of ideas
and talent between the universities and the research centers.

The principal mechanisms for university participation are NASA grants
and contracts that foster collaboration between personnel at the research
centers and faculty and graduate students. Increased use of those
mechanisms 1s planned. Another kind of arrangement to enlarge NASA's
academic interface will include formation near Ames Research Center of the
Research Institute for Advanced Computer Science, which will be an analog
of the Institute for Computer Applications in Science and Engineering at
Langley Research Center. Similarly, two or more centers of excellence in
computer science and its aerospace applications will be istablished, The
purposes of the Institute and the two centers of exce:lence will be to
focus academic expertise in computer Sscience and applications critical to
aerospace and to develop a groun of young aerospace engineers highly
proficient in computer technology.

With regard to industry participation, the principal purpose of NASA's
Aeronautics program is to develop technology that cen e incorporated
expeditiousiy and aconomically into new vehicle designs. tor that purpose
and to ensure thau the program's projects include consideration of both
technology needs and technology opportunities, program planniny and
axecution are undertaken in close coordination with senior management,
program and project leaders, and technical specialists in U.S. industry
and the Department of Defense.

Aeronautical systems research must be a cooperative endeavor between
NASA personnel and their counterparts in industry, since much of the
understanding of system requirements and integration problems resides in
the latter., Thus, an important feature of the Aeronautical program is
research performed by {industry with NASA funding and technical
collaboration.
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C.

e¢. rrovide Development Support to QOther Government Agencies and to U.S.

Industry

Although deyoted primarily to the conduct of research and technology
development, NASA's technical sta®f and facilities also aid government and
industry in the development of new aircraft. In providing support, MASA
augments its own store of experience and data to the benefit of its
subsequent research and technolagy development activities.

Technology Objectives

Technology objectives, established to provide a framework for decisions on

funding, personnel, and facilities, represent areas for long-term emphasis.
The level of emphasis un.iy differ from center to center, and the total amount
of effort will depend on the funding and manpower available. The order in
which the objectives are presented does not 1imply priorities, and il should
not be assumed that activities not included will be abandoned. The objectives
are as foliows:

o Bring external and interna) comp.tational fluid dynamics to a state of
practical application for aircraft and engine design

o Significantly reduce aircraft viscous drag over the fuli speed range
and improve understanding of Reynolds number effects at transonic
speeds

o Provide technology to minimize structural weight through use of
a?v?nced materials fur civil and military aircraft engines and
airframes

o Provide advanced control, guidance, and flight mapagement technologies
to improve performance and operation of future aircraft

o0 Provide technology advances for a 100-percent improvement in
productivity of rotorcraft for military and civil application

o Provide technology to ensure development of superior military aircraft
and missile systems

o Provide technology to enhance flight crew effectiveness in advanced
cockpit and air traffic environments that include advanced automation,
display, and control techniques

o Provide a technology base for exploiting modern computers in solving
computationally intensive aeronautical problems

o Exploit the full potential for reducing the drag of highly integrated
propulsion-airframe systems

o Advance the technology for small gas-turbine engines to a level
comparable with that for Targe turbire engines

0 Establish ihe technical feasibility of high-speed turboprop propulsion
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o Provide turbofan component advances that improve the fuel efficiency of
subsonic transport engines 15 percent beyond the level possible from
application of energy efficient engine technology

0 Provide technology to increase aviation safety through improved crash
and fire worthiness, protection from meteorological hazards, and
aircraft systems,

NASA's approach to those objectives follows.

1. Computational Fluid Dynamics

Develooment of computational fluid dynamics and accuracy in predicting
external and internal flow are progressing rapidly. Major gains foreseen for
the next decade 1in computational aerodynamics will result in preliminary
designs for ajrcraft and engines much closer to final configurations than is
currently possible, permitting greater economy in wind tunnel and test rig
activities, The Numerical Aerodynamic Simulation system mentioned previously
is in direct support of this objective, Started in FY 1984, that system will
pravide and maintain the world's most advanced scientific computation system.

2. Alrcraft Viscous Drag and Reynolds Number Effects

The ability to achieve very 1low form drag 1s quite advanced.
Cons~quently, drag due to skin frictiun remains the major problem in reduction
of total drag. Since prevention of turbulent flow at surface boundaries can
provide large reductions in aircraft drag, various means for stabilizing
boundary layer flows are being pursued. In addition, attempts are being made
to reduce the friction drag of established turbulent flows by geometric
modification of vehicle surfaces. Differences in the Reynolds numbers from
full-scale and wind tunnel tests often introduce inaccuracies that seriously
compromise aircraft design. The new National Transonic Facility mentioned
previously will provide a full-scale Reynolds number test capability, effec-
tively eliminating the potentially costly errors arising from extrapolation
from data obtained in tests that can be conducted only in currently available
tunnels.

3. Use of Advanced Materials to Minimize Structural Weight

Emerging concepts in advanced materials have high potential for improving
the performance and durability of aircraft. NASA's development of resin-
matrix composites for empennage structures is nearly complete. Full-scale
ground and flight tests of stabilizers will conciude NASA's technology devel-
opment of moderately loaded, stiffness-critical structures. Technology
development now is in process on safety-of-flight critical structures such as
wings and fuselages for transport aircraft, including development of a
compliete data base and tha design criteria necessary for commitment to
production. Also under development are tougher, more processible rasin
systems to provide greater resistance to impact damage and, through powder
metaliurgy techniques, advanced metal alloys that will increase allowable
design strength with no 1nss in durability or fracture toughness.

Development of technology is in process to improve the performance and
durability of turbine engines. 1Included are studies to improve the definition
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and quantification of factors that affect engine durability such as the
aerothermal environment, dynamic thermomechanical loading effects on materi-
als, and initiation and propagation of cracks. New analytical methods to
account for comﬁlex Toading and realistic geometries are being developed and
verified through laboratory tests. Fundamental studies on the strengthening
of superalloys for engine applications are continuing, with emphasis on
innovative alloying concepts using melt spinning. Thermal barrier coatings
with improved resistance to foreign object damage and greater durability will
be developed.

An intensive effort has been initiated to develop the technology needed to
produce reliable ceramic components for engines. Research in materials and
processes will investigate fundamental relationships among starting powders,
processing variables, and resultant microstructures and properties. Improved
design methodology will provide the analytical tools needed for dasigning
parts made with brittle materials. Advancement in techniques for predicting
and evaluating nondestructively the 1ife of ceramic materials will improve
capabilities for addressing accurately the service life i components made
from them and, therefore, increase confidence for their use,

4. Advanced Control, Guidance, and Flight Management

Advanced concepts applied to flight management, control, display, and crew
station interfaces c¢an provide designs for aircraft systems able simultaneous-
ly to improve flight path guidance and perform functions that are crucial to
the safety of flight. As dependznce on control cystems increases, system
reliability requirements drive the applicable technology toward a high degree
of fault tolerance. Improvement in operational efficiency requires better
techniques for flight path guidance in conjunction with imp ved air traffic
control. The apprcach that will be followed is to devetop methods for
integrating fully the flight-crucial controls and guidance functions; identify
alternative system architectural concepts; estal1ish emulation-simulation and
physical testing techniques for advanced digita. systems; and develop advanced
concepts for display, information, and flight path guidance systems. Strong
emphasis will be placed on advancing the technology for dynamic, fault=
tolerant system management and highly reliable computer systems able to
support complex interacting functions.

Research will be conducted to optimize air traffic flow strategies,
integrate atr traffic control and {l1ight path management displays and
controls, develop air traffic control automation concepts and operating
procedures, evaluate performance, and reduce workloads., Other research wilil
exploit synergistic benefits from 1integrating electric secondary pover
systems, electromechanical actuators, active controls, and digital electronics
to obtain major gains in efficiency, economy, and performance.

5. Improvement in Rotorcraft Productivity

Rotorcraft technology is relatively immature and therefore presents a
broad range of disciplinary, component, and systems research challenges.
Because of the complexity of rotor aerodynamics and dynamics and the resulting
vehicle aeroelastic, stability, and control problems, there are opportunities
for wmajor gains in performance, vibration and noise reduction, flying
qualities, and all-weather operating capabilitfes. The program's focus will
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be on system improvements such as a 100-percent increase in speed and range,
world-wide self-deployment capability, ©50-percent decrease 1in noise and
vibration, 25-percent reduction in mission fuel requirements, and 100-percent
increase in payload capacity. Those advances will increase significantly the
operational capabilities of both civil and military rotorcraft, Key factors
for both civil and military rotorcraft are low vibration and noise, high
payload capacity, productivity, economy, speed, agility, self-deployability,
and adverse weather capability--with the last four factors being particularly
impertant for military applications.

The planned program will concentrate on c¢ritical technologies, with
special emphasis on 1improving fundamental understanding and analytical
arediction methodologies. The research approach will use ground-based
experimentation, simulation, verification through flight tests, and develop-
ment of certification criteria for advanced rotorcraft concepts with regard to
performance, controls, propulsion, structures, guidance, and navigation.
Technology development tasks for the next generation of rotorcraft wil)
fnclude establishment of a data base for large transport and heavy-1ift
rotorcraft; evaluation of circulation-control rotor concepts, such as the
X-wing for high-speed rotorcraft; and refinement of tilt-rotor technology for
civit and military applications.

The program also will investigate aero-acoustics to provide design tools,
methodology, and substantiation of the data base 1n order to achieve
improvements 1n rotorcraft designs that will reduce external noise by 6 to 10
decibels, increase hover efficiency by 10 percent, and increase cruise
efficiency by 20 percent. Analytical prediction methods and a comprehensive
data base on rotor parameters affecting performance and noise will be
important factors, as will the establishment of criteria for structuring
small-scale aero-acoustic model tests and the accurate projection of results
to fuli-scale designs.,

6. Technology for Superior Military Aircraft and Missile Systems

Evolution and development of advanced cnncepts for high-performance
military aircraft and missiles will provide the technology foundation upon
which the Department of Defense and industry can develop better weapon
systems. The High Performance Aircraft program is aimed at generating
technology advances needed for high-speed aircraft and missiles, including
powered-11ft aircraft with vertical or short takeoff and landing capabilities,
supersonic cruise and maneuver aircraft with conventional or short takeoff and
landing characteristics, and hypersonic cruise aircraft., Emphasis will
continue on improvement of analytical dnd experimental techniques to acquire
the data base necessary for developing high-performance vertical or short
takeoff and landing aircraft capable of operating from a variety of bases.

Analysis, simulation, wind tunnel tests, and tests using free flight
models will be continued on fighter aircraft embodying new concepts to improve
their behavior characteristics at high angles of attack, during stall
departure, and in spins. Also, analyses and simulations will be emphasized
over the next several years to improve high-altitude, low-speed combat
maneuverability. A cooperative analytical and experimental program with
industry is in process on concepts for high-performance supersonic aircraft
and missiles. Methods for analyzing the aerodynamics of supersonic vehicles
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will be refined and applied to promising unconventional configurations.
Research on hypersonic airbreathing vehicles will continue to evaluate
concepts for integration of turbojets and ramjets. Wind tunnel tests of
advanced concepts will parallel the development of aerndynamic prediction and
performance codes. In addition to those research and technology base
activities, flight test programs are under way in cooperation with the Air
Force, Navy, and Defense Advanced Research Projects Agency on a variety of
concepts for advanced high-performance aircraft.

7. Technology to Enhance Flight Crew Effectiveness

Cockpit automation is being increased through more use of electronic
displays and information input devices. Consequently, the crew's role fis
becoming more one of management and less one of attitude cintrol. Automation
promises increased cconomy, safety, and capacity for aerospace systems.
However, a new body of technology is needed for system interface designs to
enhance the overall capability and reliability of the crew~cockpit system,
Lack of that ‘technology has forced designers to be very conservative in their
use of automation and advanced cockpit systems with capabilities far beyond
those of conventional electromechanical devices. NASA's human factors program
plans to develop guidelines for the use of automated cockpit systems,
electronic displays, and information input and output devices. The Federal
Aviation Administration 1is especially interested in such activity, since it
needs the results for use in developing methods for certifying advanced
electronic cockpit systems.

For that research, NASA 1is installing full-mission, advanced technology,
transport aircraft simuiators at the Ames and Langley Research Centers,
Research under way includes a study of the effects of increased automation on
crew performance and an evaluation of cockpit display of traffic information.
Plans 1include studies of crew interactions with computers and intelligent
systems and allocation of functions between crews and automation.

8. Exploitation of Modern Computers

Commercially available computer systems do not satisfy the needs of
long-range aeronautics research. To provide the needed accuracy, reliability,
and durability, OAST has established a computer science program to provide a
foundation for developing computer science and computing methodologies for use
in aeronautics ana other NASA research and technology activities. An impor-
tant objective is to understand the interplay between advanced architectural
concepts and the performance properties of .lgorithms, including algerithmic
complexity, time and space tradeoffs, convergence properties, and accuracy.
The program also will investigate the theoretical basis for high reliability
and fault tolerance in order to provide insight into promising new architec-
tural concepts. Analytic techniques, simulation, and modeling for analyzing
and evaluating systems performance will be improved, as will capabilities for
communicating information between humans and computers, particularly through
computer graphics.

9. Drag Reduction for Highly Integrated Propulsion-Airframe Systems

Favorable integration of aircraft propuision and airframe systems can
provide significant savings in fuel and direct operating costs by reducing
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interference drag to three percent of total airplane drag. That reduction is
particularly important for military aircraft because 1t will increase their
range, payload, and other performance. Therefore, the Aeronautics Research
and Technology program has under way the Propulsion-Airframe Integration .
program to improve stability and performance and reduce the losses associated
with integration of advanced propulsion systems with airframes. The approach
Wwill be to develop technology, analytical codes, and design methodologies and
to extend the experimental data base for 1inlets, nozzles, and propellers.
Experimental and theoretical studies will develop an understanding of the flow
phenomena associated with propulsion systems incorporated in advanced configu-
ration aircraft.

Concepts are under study to reduce drag, enhance wing 1ift, and incorpo-
rate thrust vectoring and reversing to reduce landing and takeoff distances.
Proper contouring of nacelle pylons and cleaner nacelle installations should
reduce interference drag significantly. Use of advanced, unconventional
configurations integrating nacelles, pylons, and wings is expected to reduce
skin friction drag enough to lower total drag an additional one to three
percent by mid 1985, Analytical techniques will be developed for predicting
the interactions of nozzles and afterbodies; nacelles, pylons, and wings;
turboprop propulsinon systems, nacelles, and wings; and inlets and forebodies,
Generic 2-dimension and 3-dimension viscous codes will be developed for
analyzing and optimizing the integration of both turboprop and turbofan
engines with airframes.

10. Technology for Small Gas Turbine Engines

The quality of small turbine engines is very important to many types of
aircraft, including general aviation aircraft, commuters, helicopters, cruise
missiles, and military trainers, as well as to many related ground applica-
tions. Projections indicate that advances in small gas turbine engines will
reduce the fuel consumption of small fixed-wing aircraft and helicopters by 40
percent and increase the range of cruise missiles substantially. Improvement
of component efficiencies 1s expected to provide a gain of 15 to 20 percent
and regeneration an additional 10 to 15 percent, with ceramics and
intercooling providing a final 10 to 15 percent. The efficiencies of small
engine components currently are 8 to 10 percent less that those of Tlarge
transport engine components because of scale and Reynolds number effects and
manufacturing limitations associated with factors such as relative surface
finish, fillet size, and minimum thickness. Also, design techniques for large
components are inadequate for predicting accurately the performance of small
components; and manufacturing cost constraints prevent some aerodynamics and
turbine cooling techniques used in large engines from being applied to smaller
engines, Therefore, a new technology base specially adapted to the
requirements of small gas turbine engines will be deveioped for use in
improving small engine performance to levels similar to those of large
subsonic transport engines.

11. High-Speed Turboprop Propulsion

Technological advances in turboprop propulsion can provide large gains in
fuel efficiency and operating economy for civil and military transport
aircraft, Compared to turbofans of the same technological level, turboprops
have the potential to reduce fuel use by 15 to 20 percent., Realization of
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that potential will require establishment of several interrelated technologies
involving propeller design, cabin noise reduction, propulsion-airframe
integration, and mechanical system integrity.

Small-scale research spanning five years has produced a good understanding
of advanced propellers (propfansg suitable for use at cruise speeds as high as
those of modern turbofan transports. The research also has produced & good
understanding of the efficiency of, and the noise created by, multibladed
propellers with thick, swept blades operating at high power and high tip Mach
numbers., The next task is to build large-scale propellers and test them in
laboratories, wind tunnels, and, ultimately, at cruise flight conditions for
the purpose of finvestigating more thoroughly their structural, dynamic, and
acoustic characteristics that cannot be resolved fully in subscale tests.

The long-term objective is to create both an experimental data base and
analytical methodology to advance all the technologies critical to application
of high-speed turboprops. The program will encompass both single and
counter-rotating propellers, wing and aft-fuselage mounted engines, tractor
and pusher thrust orientations, and an adequate range of other parameters such
as cruise Mach number, power toading, and tip speed. The resulting array of
technology options will allow the U.S. aerospace industry to produce fuel-
efficient, high-speed turboprop aircraft for both civil and military
applications,

12. Turbofan Components for Fuel-Efficient Subsoni¢ Transport Engines

Because fuel cost has become the major portion of the direct ~perating
cost for subsonic transport aircraft, fuel efficiency is the principal design
criterion for advanced subsonic turbofan engines. The Energy Efficient Engine
program has demonstrated a 15-percent improvement in fuel efficiency through
advances in technologies for turbofan components and systems. Some of those
advances currently are being incorporated into development programs for new
and derivative engines, For even greater gains in fuel economy, a new
technology base will be required. Advanced concepts for engines incorporating
improvements 1in both component and thermodynamic efficiency offer an
additional 16-percent reduction in fuel consumption.

Fundamental discipline research will provide basic information and under-
standing needed for finitiating programs to develop technology for advanced
components. It will be focused on improvement of 1ightweight and high-
temperature materials; improvement of structural design techniques;
computational fluid dynamics to describe three~dimensional viscous flow fields
in turbomachinery, including heat transfer and turbine cooling; and fiber
optics for use 1in transferring information. It alsoe will address system
dynamics related to optimum engine control and recovery from engine stall.

Improvemants in techniques for predicting flow fields and in methods for
analyzing advanced materials and structures will provide turbomachinery having
nigher speed, greater efficiency, and less weight. More accurate analytical
predictions will reduce the time and cost of development testing, and better
understanding of system dynamics and control will allow each engine to provide
maximum performance without exceeding its 1imits or encountering nonrecovera-
ble stall. The net result will be engines with highar performance, lighter
weight, and lower development and operating costs.
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13, Aviation Safety

The objective of OQAST's aviation safety and operating systems research
program is to increase the safety of flight for all types of aircraft.
kesearch related to meteorological hazards 1s one major activity under that
program, It 1s focused on the detection and avoidance of severe storm hazards
such as lightning strikes, wind shear, turbulence, and icing, as well as on
the effect of those hazards on aircraft encountering them. Future emphasis
will be placed on airborne detection of those hazards and on detection of wake
vortices, Also to be pursued more vigorously 1is development of analysis
techniques for determining the effects of weather on aircraft performance and
the degradation that weather hazards such as lightning can inflict on flight
systems and materials. The resulting knowledge will permit the design of
aircraft better able to withstand many of the hazards of encounters with
savere weather.,

Research 1s under way to develop aircraft cabin materials with greater
fire resistance, aircraft with greater c¢rash worthiness, and safer fuels in
order to reduce fatalities and trauma injuries from crashes and fires. Data
from full-scale crash tests will provide information needed to analyze the
failure mode of many aircraft cabin components affecting human survivability.
The results will allow the design and development of cabin structures having
greater crash worthiness and fire resistance.

Past research on aircraft stall and spin concentrated on using models and
full-scale aircraft to develop an experimental data base. Emphasis now 15 on
development of analytical techniques for predicting aircraft stall and spin
characteristics and on establishing reliable design methods. Future research
will focus on designs for twin-engine aircraft and extension of single-engine
prediction methods and modifications to the twin configuration., It also wili
include development of methods to analyze separated flow on three-dimensional
wings, automatic spin prevention systems, and the effects of advanced airfoil
designs on resistance to stall and spin.

Flight management and human engineering research will exploit advances in
electronic technology to establish new concepts in flight station design that
will provide safer and more efficient system operation. Because the flight
station is the place where the pilot must interface with virtually all
aircraft systems and the air traffic control system, development of the flight
station should precede design of the rest of the aircraft. Of primary concern
is how much automation is needed and how much is optimum. Alternative control
and display devices, formats, procedures, and mode switching to optimize
flight station design will be assessed for their effect on crew performance.

D. Current Program--New Directions and Emphasis

The elements constituting the current program reflect the need to continue
work in the basic aeronautical disciplines and in systems research; maintain
specialized facilities essential to aeronautical research; and develop
technology of high potential payoff to the Natijon.

The emphasis of fluid and thermal physics research will continue to be on

cryogenic testing at high Reynolds numbers and reduction of turbulent drag.
Additional emphasis will be given to advanced applications of computational
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aerodynamics to 1nvestigate vortex flows and to model geometrically, and
generate grids for, complex aircraft configurations.

Materials and structures activities will be concentrated on 1ight alloy
metals, new composite materials, and the crash dynamics of composite
structures.

Research 1n controls, gquidance, and human factors will focus on the flying
qualities of aircraft with highly augmented controls; methods for validating
fault«tolerant systems; human factors connected with automation of crew
stations, including crew information generated by computers and displayed on
c?th?dg1ray tubes; and development of technology to improve the fidelity of
simulations.

The major areas of emphasis in computer science will be concurrent
processing architectures, algorithms, and techniques to support the Agency's
computational physics research. The research base for this critical area will
be provided by the universities and the two computer science research insti-
tutes mentioned carlier, the Institute for Computer Applications in Science
and Engineering at Langley Research Center and the Kasearch Institute for
Advanced Computer Science near Ames Research Center.

In propulsion, empuisis will be on advanced turboprop systems, engine
technology for general aviation and commuter aircraft, engine dynamics, and
stall recovery.

In advanced turboprop systems, NASA is conducting a broad-based research
and technology development prngram for single- and counter-rotating propei-
lers, drive systems, and aircraft for a new generation of advanced, high-
speed, fuel-efficient aircraft. The program emphasizes design, fabrication,
and ground tests in preparation for flight research to evaluate and correlate
the structural integrity and acoustic characteristics of a single-rotating,
large-scale (nine-foot diameter), highly swept propeller. Preliminary
investigations also will be c¢onducted of unique configurations of gearless,
counter-rotating propfans.  Supporting technology 1is being developed both
inhouse and in industry in propfan aerodynamics, acoustics, and structures;
aircraft cabin environment; and aerodynamic integration and innovative
installation arrangements.

Rotorcraft research will stress the reduction of noise and vibration and
the unsteady aerodynamics of rotors,

High-performance aircraft research will concentrate on flight at high
angles of attack; vectored thrust aircraft; maneuverable, supersonic cruise,
short takeoff and vertical landing aircraft; hypersonic propulsion; structures
and configuration aerodynamics; and propulsion-airframe integration. Effort
ﬁ1so w11} be made to increase the performance and durability of turbine engine

ot sections.

The emphasis of subsonic aircraft research will be on technology for
advanced composite structures, research on icing and 1ightning strikes,
natural and controlied Taminar flow, and, in coordination with the Federal
Aviation Administration, improvement of air operations and air safety.
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Technological progress during the past year has permitted work to begin on
three of the new initiatives proposed in last year's Aeronautics plan. Those
initiatives and how they relate to the technology objectives described in
Section C are described below.

1. Numerical Aerodynamic Simulation

The Numerical Aerodynamic Simulation (NAS) system will make possible the
solution of heretofore 1intractable problems in computational fluid dynamics
and other arcas of computational physics. It will be assembled from commerci-
ally available equipment and designed to be user friendly. It eventually will
contain at least two high-speed scientific processors. The first processor
will be procured in F¢ 1985, and follow-on processors will be acquired as the
state of the art advances. As shown by Figure VIII-1, NAS is expected to be
in partial operation in late FY 1985 and fullly operational in FY 1987. It
will be located at Ames Research Center and will be available to rescarchers
from industry, the universities, and other government agencies, as well as
from NASA, Its features will include graphics stations where users can
visualize quickly the physical processes they simulate, work stations designed
to optimize the human-computer interrace, telecommunications with satellite
relays to 1ink it Lo remote users, a large data-base mass storage, and a fast
network linking 1ts elements.

NAS will play an important role in all phases of aeronautical research and
development. In basic research, it will make pussible solutions of the full
Navier-Stokes equations and thereby reveal wunderlying mecharisms of
turbulence, flow separation and reattachment, and aerodynamic noise. It will
permit deeper examination of many more preliminary design alternatives than
currentiy is possible, leading to greater refinement of initial designs before
the start of costly and time-consuming wind tunnel tests. Then, after valida-
tion of designs by wind tunnel tests, it will be able to handle techniques for
optimizing the configurations that show promise, accounting simultaneously for
all components of a design in combination. 1t also will allow similar
advances in other computationally intensive disciplines.

2. Advanced Composite Structures Technology

This program's objective is to extend the technology for composite struc-
tures by developing data and generic approaches to design that will make
possible the use of composite structures as segments of the wings and
fuselages of Targe transport aircraft, Concentrated loads, impact damage, and
the performance of thick laminated joints will be special areas for emphasis.
Also to be included are development and determination of the characteristics
of tough composites that can withstand high working strains and that have good
resistance to impact damage.

As shown by Figure VIII-2, attention first will be given to the design,
development, and testing of small critical components. Development of
detailed designs by 1987 and then fabrication of full-size sections »f
aircraft structures by 1988 will follow. To be completed in 1989 are ground
tests of moderately large sections of wing and fuselage panels to verify the
designs of those sections and the analysis procedures used in their design.
Also in 1989, the performance of composite structures under very high and
repeated loads will be evaluated.
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3. Next Generation Rotorcraft

The objective of this program is to demonstrate technology for the X-wing
rotor through proof-of-concept flights with the Rotor Systems Research
Aircraft (RSRA}., The X-wing rotor 1s a four-bladed, extremely stiff rotor
whose 11ft and rotor control are produced by circulation control aerodynamics,
It 1s stoppable in flight to become two forward swept and two aft swept fixed
wings in an X configuration., The RSRA will be confiqured as a compound
helicopter with an X-wing rotor system powered by two General Electric T-58
engines and thrust provided by two TF-34 turbofans in the stopped rotor mode.
Control of the rotor will be by a digital fly-by-wire system using higher
harmonic control and hub moment feedback.

As Figure VIII-3 chows, the program consists of design, fabrication,
installation, ground tests, and flight tests of an X~wing rotor system
followed by modification of the RSRA and renewed basic research. That
compiete sequence of activities will be supported by analysis, wind tunneil
tests, and simulation., The results from this progrom, together with those
from the DOD-NASA Convertible Engine program and the DOD No Tail Rotor
program, will provide the technology base for & future X-wing aircraft,

£. Future Inftiatives

The initiatives described below are planned as augmentations to the
current aeronautics research and technology development program to facilitate
realization of the technology objectives listed earlier. They update and, in
some cases, replace the initiatives in last year's plan. Some of them will be
proposed as adjustments to current programs described in Section D of this
chapter, some are proposed as new program elements, and others would be
conducted within the Research and Technology Base funding line of the budget.
Initiation of these proposcd activities will depend on future budget levels
and program priorities.

1. Advanced Turboprop Large~Scale Systems Research

This augmentation will provide for flight testing, by as early as 1987, a
large-scale advanced propeller ({propfan) to evaluate and correlate {is
structural integrity and acoustic characteristics. Neither factor can he
addressed adequately in the small=-scale model tests that have laid the
foundation for this flight testing. A second major activity will be the
large-scale, proof-of-concept testing of a unique, counter-rotating, unducted
fan propulsion system, which will provide the additional 8- to 8-percent
increase 1n fuel savings of counter-rotation while eliminating the need for a
high-power gearbox. A 9-foot diameter advanced propeller integrated with a
flightworthy nacelle and semispan wing will be tested in the 40X80-foot
leg of the 40X80X120-foot low-speed wind tunnel at Ames Research Center, and
then will be mounted on the winy of a modified Guifstream II testbed aircraft
and flown over a wide range of flight conditions up to and beyond the
propeller's high-speed design point. Subsequent flight tests will evaluate
aircraft system modifications to achieve cabin noise and vibration levals
equivalent to those of modern turbofan-powered airccaft, In addition, the
unducted fan propulsion system will be ground tested, using a modified F404
engine as a research testbed.
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2. Transonic=-Supersonic Oblique Wing Technoloagy

The objective of this initiative is to extend the technology for obligue
wings to include transonic and supersonic speeds. Subsonic, transonic, and
supersonic wind~tunnel tests on models and flight tests of a subsonic oblique
wing aircraft, the AD-1, have established a firm data base for the aerodynam-
i¢, structural and flight control, and handling characteristics of oblique
wings. However, additional flight research 1s needed in the transonic speed
regime because i1t is there that the oblique wing promises the greatest
benefits for DOD missions, To meet that need, a high-performance military
aircraft will be modified by incorporating a new, composice, aeroelastic
oblique wing and related actuarion, control, and other systems for use in
f1ight research at speeds up to at least Mach 1.2, That research will yield
aerodynamic performance and stability and control data to determine whether
the concept of a transonic-supersonic wing is valid.

3. Rotorcraft Systems Noise

Emerging developments in acoustic research for rutorcraft require a
reliable, comprehensive data base for demonstrating the feasibility of
integrating expected <changes 1in rotorcraft to decrease the noise they
generate. To acquire that data base, three NASA centers will cooperate to
measure completely the noise levels inside and outside a modern, four-bladed
helicopter, as well as those generated by 1ts transmission. The work will be
coordinated with DOD and the Federal Aviation Administration and will exploit
results the Army obtains in Its Integrated Technology Rotor program. The data
on noise levels outside the aircraft must be of precise quality, must be
measured over the full hemisphere beneath the aircraft, and must be
coordinated with full data on blade loads and from monitoring within the
cockpit., Wind tunnel tests of full- and small-scale models will demonstrate
whether the results from such tests can be used for certification purposes.
Then tests to assess the decrease in noise levels produced by integrating
various noise-reduction design features will be conducted with a new research
rotor the Army is developing.

4. Critical Active Flight Controls

This multicenter initiative to develop technology for fault-tolerant
active controls for civil and military aircraft will focus on further
development of active control aligorithms, design of architectures for
fault-tolerant electionic systems, and verification and validation of the
integrated ajrcraft and fault-tolerant active control system. Requirements
will be formulated and algorithms and design tools will be developed for
active control systems for both civil and high-performance military aircraft.
The accuracy of current control laws will be verifiad through simulation, wind
tusnel testing, and flight testing. Architectures for electronic systems
that are crucial to safety of flight will be formulated and validated by
analyses, simulation-emutation, and flight testing to determine their ability
to implement the control Taws reliably.

8. Structural Ceramics for Turbine Engines

The performance, durability, and replacement costs of gas turbine engines
depend largely on the materials used in hot-section components and the
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processes by which those components are fabricated., Ceramic materials have
the potential to provide greater high-temperature strength, lower density,
lower cost, and greater corrosion resistance than do current materials; and
they have the added advantage that they contain no strategic materiais.
Consequently, this initiative will seek to develop the technology needed for
reliable ceramic components such as turbine blades, abradable seals, vanes,
combuster liners, and coatings made of silicon carbide, silicon nitride, and
zirconia, The emphasis of this initiative will be on removing the principal
impediments to expanded use of ceramics: poor reproducibility and poor
reliability.

6. Superaugmented Rotorcraft

This initiative will address two related needs: that of the c¢ivil sector
for a helicopter able to operate at remote sites and to provide emergency
medical services, and that of DOD for a single~-pilot 1ight helicopter. The
planned appruach is to achieve an all-weather operational capability by
developing and evaluating technology for integrating flight controls, propul-
sion controls, and guidance systems. The project will take advarzage of and
he complementary to the Army's Advanced Rotorcraft Technology Integration
program; make use of analyses, simulation, and flight tests in a modern Army
test helicopter; and exploit existing microelectronics technology. It will
seek concepts for integrating flight and propulsion controls; apply active
controls; develop and evaluate multispectral imaging concepts to provide a
zero visibility approach, landing, and taxi capability; and develop design
criteria for integrating control, guidance, and navigation systems, with
emphasis on the interface between the pilot and the integrated system.

7. Laminar Flow Wing Flight Research

This initiative will try to develop technology that will lead to laminar
flow systems for transport aircraft. New materials, fabrication methods,
analysis techniques, and design concepts provide convincing evidence that such
systems are practicable. If positive results are obtained from wing leading
adge and variable sweep transition flight tests now under way and planned, the
practicality of achieving more extensive Tlaminarization 1in flight can be
explorad, Selection of concepts for full-chord flight research will be based
on the results of the variable sweep transition flight tests and on
aerodynamic design studies of laminar flow wings. A DC-9 class of transport
with gloves to produce laminar flow currently is expected to serve as a test
bed. Gloves to produce natural Yaminar flow, laminar flow control, and hybrid
lamincr flow control could be included to permit flight research in crucial
problen. areas, evaluate reliability and maintainability, and gain experience
with acvual flight operations.

8. Small-Engine Component Technology

The Small Engine Component Technology program will be a focus for
technology development for small-engine components throughout DOD and
industry, It will provide fundamental understanding of and an analytical data
base for flow phenomena and heat transfer in small compressors, combustors,
and turbines, It also will develop analytical techniques for use in designing
advanced components to decrease the weight and increase the thermal
efficiency, reliability, and durability of small turbine engines suitable for
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use in rotorcraft, commuter and general aviation aircraft, cruise missiles,
and auxiliary power units, Its emphasis will be on defining, developing, and
quantifying design tachniques to minimize the adverse effects of small size,

9, Aifrcraft Electric Power Systems Technology

This initiative will be a multicenter one to develop a technology founda~-
tion for aircraft with electric secondary power systems and fault-tolerant
flight controls. Emphasis will be on fault-tolerant systewms, sasarium-cobalt
motors, power conditioning, and electromechanical actuators with high-
frequency response. It will span the research spectrum from laboratory
investigations through flight research.

10. Supersonic Short Takeoff and Vertical Landing Technology

This initiative's objective is to develop 2 technology base for advanced,
supersonic, short takeoff and vertical landing fighters., That technology base
is needed for a new generation of high-performance fighters capable of
operating from a variety of surfaces, including damaged runways and the decks
of small ships. Such fighters also could be used to increase sortie rates
from large aircraft carriers and to enhance inflight maneuverabiiity. The
activities under this initiative will be in four phases: preliminary design
studies on several concepts, testing of models and components to validate the
critical elements of the concepts selected, designing and building an
experimental aircraft for conducting proof-of-concept and flight tests, and
use of the aircraft in a flight-research and experiments program.

11. High-Performance Aircraft

Research will be conducted on the controllability, handling qualities, and
safety of high-performance aircraft operating at the extremes of their flight
envelopes. Operation at high angles of attack and with vortex 1ift will be
investigated. Theoretical analysis will use nonlinear mathematical models to
predict the forces and moments on maneuvering vehicles. Wind tunnel tests
will be followed by flight tests to validate the ground-based research and
assess controllability, handling qualities, and human factors. Control Taws
and sensors will be developed to improve the flying qualities, safety, and
operation at high angles of attack of aircraft controlled by full-authority
digital flight control systems.

12. Hypersonic Engine Technology

This initiative will conduct ground tests and supersonic flight
evaluations to develop and extend a data base to cover the full range of
flight conditions and speeds for an integrated, dual-mode, supersonic
combustion ramjet (scramjet) engine. The specific tasks planned are to
design, fabricate, and build two engines; conduct a series of ground-based
tests of the engines 1in NASA's 8-foot High Temperature Structures Tunnel;
acquire a supersonic aircraft and modify it for captive flight testing of the
engines; conduct supersonic flight tests across the test aircraft's entire
speed, altitude, angle-of-attack, and turbulence range; and study options for
free flight tests of the engines.
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13, Rotorcraft Vibration Resgarch

Thais initiative will focus on techniques for predicting the vibration that
coupled airframes and rotors will experience and on advanced technology for
reducing the vibration. The first focus will be to exploit the potential of
modern analytical techniques such as finite-element analysis to predict the
vibration spectrum of new rotorcraft during their design. The second focus
will be on advanced technology to reduce vibration levels through integration
of such advanced systems concepts as higher-harmonic control and aeroelasti-
cally conformable rotor blades. Research will center on analyses, verifica-
tion through small-scale tests, and, eventually, tests using the Rotor Systems
Research Aircraft equipped with the Integrated Technology Flight Research
Rotor or a similar rotor. Industry is expected to conduct complementary work
that #111 bring about the transfer of NASA's generic results into applications
for each rotor configuration--single, tandem, hingeless, teetering, etc.

14, Parallel Processing for Structural Analysis

Dynamic three-dimensional finite-element computations can improve ajrcraft
construction significantly and thereby reduce fabrication and operating costs.
Development of an experimental large-scale computer system for finite-element
calculations will give aircraft designers a means for optimizing their
designs. Research using the present 16-element finite-element research
computer will provide the algorithms needed for designing and fabricating an
experimental computer system with 200 to 400 times the capability of any
existing class VI computer system.
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IX, INSTITUTION
A. Goals and Objectives

The 0ffice of Management plays a l1eading role in the formulation of goals
and objectives for the Agency, The eight goals listed in Chapter II,
“Summrary and Perspective," and subsidiary objectives for each of them were
adopted in 1983 after a series of discussions with Headquarters office heads
and the directors of the NASA field centers. Those goals and objectives were
distributed to all employees *o provide a focus for planning and for concen-
tration of effort. Provisions were inciuded for updating the goals and
objectives to keep them on a muitiyear basis.

Two of the goals, the first and eighth, are particulariy applicable to
management of the NASA institution. The first seeks to create an environment
and provide the tools that will encourage and enable the work force to achieve
and maintain excellence. The eighth calls for applying the latest in techno-
logical developments and management thought to make the NASA institution as
productive as possible.

NASA's plans for people, facilities, and computers and other equipment are
aimed at meeting those two goals.

B. Manpower

In FY 1983, NASA began a modest augmentation of its scientist and engineer
work force with a significant infusion of recent graduates. The objective is
to staff the Agency with sufficient scientists and engineers possessing the
latest skills and knowledge in areas, including advanced data processing and
computation, essential for conducting the Agency's current and emerging
programs.

Tha scientist and engineer complement increased by nearly 350--to 11,094--
during the year and is .pected to grow to approximately 11,500 by the end of
FY 1989. That build-up 1is within a stable ceiling of roughly 21,000 for
NASA's total permanent work force. Table IX-1 shows the hiring dynamics
underlying that projection, including the emphasis on recruiting recent
graduates and the part to be played by graduates from the cooperative
education (co~-op) work-study program. Figure IX-1 shows the expected effect
on the age distribution of the scientist and engineer complement.

The FY 1983 increase in scientists and engineers was the result of a
vigorous college recruitment program spearheaded hy top management. Continued
success will depend on factors such as budget and manpower authorizations; the
Tevels of federal pay and benefits; and the state of the economy, especially
in t : aerospace sector. To meet the challenges of the 1980s, as the Nation
pursues its declared policy of continued leadership in space and aeronautics,
NASA must maintain a work force stable in size and containing a technical
component that possesses up-to-date skills,



FY 1978-1981
FY 1982-1983

FY 1984-1985

FY 1986-1989

* Estimate

TABLE IX-1.

NUMBER HIRED

1,800
1,050
1,100%

4,000-4 ,500%

PERCENT FRESH QUTS

SCIENTIST AND ENGINEER HIRES

IX-2

55

77
65=-70*

65%

PERCENT CO-QPS

25
20

20%

26%
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FIGURE 1X-1

AGE DISTRIBUTION OF SCIENTISTS AND ENGINEERS
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C. Facilities

New priority was assigned in FY 1983 to improvement and construction of
facilities as a means to enhance the NASA institution. The program's emphasis
is on the following:

o Current activities

- Provision of manufacturing, testing, launching, and landing facili=
ties to support 24 flights per year of the Space Shuttle

-~ Activation and repair of large acronautical facilities

- Construction and upgrading of the antenna systems of the Deep Space
Network

- Preservation and enhancement of aeronautics and space technology
facilities

0o Programmed activities
- Expansion of the capabilities of payload processing facilities
- Continued improvement of aeropautics and space technology facilities

- Improvement 1in the efficiency of Space Transportation System
production,

After FY 1989, the program 1s expected to emphasize facilities to support
30 to A0 flights per year of the Space Shuttle, additional payiocad processing
facilities, wunique large aeronautics facilities, and augmentation of
facilities to make them able to support a space station.

D. Automatic Data Processing

The objectives of NASA's computer systems management are to:

o Ensure that the best computer tools for NASA's use 1n carrying out its
missions are available at the right time and at the lcwest cost

0 Foster the use of computer systems to increase management productivity

0 Advance computer and computer-related technology for the benefit of
NASA and the Nation.

The program offices and the Office of Management jointly develop an annual
plan for acquisition of automatic data processing equipment. Figure IX-2
displays the annual value of acquisitions from FY 1980 projected through FY
1989, The largest planned acquisition is a powerful computer facility,
Numerical Aerodynamics Simulation, to be instalied at Ames Research Center
(see Chapter III. Aeronautical Research and Technology).
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FIGURE 1X-2

AUTOMATIC DATA PROCESSING ACQUISITION PLAN
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A significant {indication of the Agency's effort to meet rescarch and
devo. pment needs by exploiting advancing technology is its plan for acquiring
¢lass VI computers, able to perform 50 million or more operations per second.
Figure IX-3 shows that plan through FY 1989,
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JPL
JSC
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X« ABBREVIATIONS AND ACRONYMS

Aft Cargo Carrier

Attitude Control System

Active Magnetospheric Tracer Explorer
Authority to Proceed

Advanced Technology Satellite

Critical Design Review

Cryogenic Fluid Management Facility
Cosmic Background Explorer

Comet Rendezvous and Asteroid Flyby
Comminications Technology Satellite
Calendar Year

Dynamics Explorer
Dapartment of Defense

Environmental Control and Life Support Systems
Extreme Low Frequency

Expendable Launch Vehicle

Extravehicular Mobility Unit

Earth Radiation Budget Satellite

External Tank

Eastern Test Range

Extreme Ultraviolet Explorer

Extravehicular Activity

Far Ultraviolet Spectroscopy Explorer
Fiscal Year

Geosynchronous Orbit, Geostationary Orbit
Geostationary Operational Environmental Satellite
Gamma Ray Observatory

High Earth Orbit

International Cometary Explorer
Interplanetary Monitoring Platform
Impact Avalanche Transmit Time
Instrument Pointing System

Interface Requirements Review
International Sun-Earth Explorer
International Solar Polar Mission
International Solar Terrestrial Physics
International Ultraviolet Explorer
Inertial Upper Stage

Jet Propulsion Laboratory
Johnson Space Center

Low Earth Orbit
Laminar Flow Control, Large Format Camera
Long Module



MDM
MFLOPS
MGCO
MMU
MOTV
MPESS
MSL

NACA
NAS
NASA
NASCOM

QAST
oMy
0SS

OSTA

0TV

P
PAM~Y
PAM-E
PDR
PO

R&T
RMS
RSRA
RTOP

SCRAMJET
SDLY
SDR
SHEL
SIR
SL

SM
SME
SMM
SP
SRB
SRR
SS
SSME
SSTSC
SSUS
STDN
STS

Multiplexer Demultiplexer Pallet

Million Floating Point Operations per Second
Mars Geoscience and Climatology Orbiter
Manned Maneuvering Unit

Marnined Orbital Transfer Vehicle

Mission Peculiar Experiment Support Structure
Material Science Lab

National Advisory Committee for Aeronautics

Numerical Aerodynamic Simulation

National Aeronautics and Space Administration

NASA Communications (Network of Leased Communications Services
for Operational Data Flow)

Office of Aeronautics and Space Technology

Orbital Maneuvering Unit

0ffice of Space Science (combined in 1982 with

Office of Space and Terrestrial Applications to form Office of
Space Science and Applications)

0ffice of Space and Terrestrial Applications {combined in 1982
with Office of Space Science to form Office of Space Science
and Applic~tions)

Orbital Transfer Vehicle

Pallet

Payload Assist Module (Atlas Class)
Payload Assist Module {Delta Ciass)
Preliminary Design Review

Program Operating Plan

Research and Technology

Remote Manipulator §, stem

Rotor Systems Research Aircraft

Research and Technology Objectives and Plans

Superscnic-Cembustion Ramjet

Shuttle Derived Launch Vehicle

System Design Review

Shuttle High Energy Lab

Shuttle Imaging Radar

Spacelab

Short Module

Solar Mesophere Explorer

Sotar Maximum Mission

Space Platform

Solid Rocket Booster

System Requirements Review

Space Station

Space Shuttle Main Engine

Space .tation Technology Steering Committee
Spinning Solid Upper Stage
Spaceflight Tracking and Data Network
Space Transportation System
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TDRS(S)
TOPEX
TOS

TSS

UARS
ULF

VLBI
VLSI

WB
WTR

XTE

Tracking and Data Relay Satellite (System)
Topography Experiment for Ocean Circulation
Transfer Orbital Stage

Tethered Satellite System

Upper Atwosphere Research Satellite
Ultra Low Frequency

Very Long Baseline Interferometry
Very Large Scale Integration

Wide Body
Western Test Range

X-Ray Timing Explorer
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