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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

RESEARCH AND DEVELOPMENT

GENERAL STATEMENT

The program of research and development and supporting activities of the
National Aeronautics and Space Administration is directed toward maintaining
the United States in a position of world leadership in aeronautics and space,
The major program elements designed to achieve this objective are:

MANNED SPACE FLIGHT: The attainment of a capability for manned space
operations and exploration through extended earth orbital flights,
development of rendezvous and docking techniques, and manned lunar
landing and return.

SPACE SCIENCE AND APPLICATIONS: An unmanned space flight program
directed toward scientific investigations of the Earth, Moon, Sun,
planets, stars and interplanetary space; and the development of
technology and spacecraft systems that can be used in operational
systems, such as meteorology and communications.

ADVANCED RESEARCH AND TECHNOLOGY: An effort required to provide the
fundamental knowledge and the technological base for the future
aeronautics and space programs,

TRACKING AND DATA ACQUISITION: The effort required for the opera-
tional support of the NASA manned and unmanned flight programs.

MANNED SPACE FLIGHT

The greatest portion of the FY 1967 request is for the support of the
manned space flight program. The development of a capability for manned
space operations with a supporting base of engineering, scientific and pro-
duction capacity remains unchanged as the basic objective of this program.
Within this basic objective there is a specific goal of landing men on the
lunar surface for limited lunar exploration and returning them safely to
earth in this decade. Projects Gemini and Apollo continue to be the hard
core of the pr2sent flight and ground test and development effort. Supple-
menting these projects are studies and supporting development activity which
are directed toward the exploitation of the hardware and techniques developed
by Gemini and Apollo.

Gemini has already established man's capability for useful activities in
space for periods of up to two weeks. In FY 1967 its flight operations will
be completed. Tnese flights will provide Apollo with important development
information on space navigation, guidance, rendezvous and docking techniques.
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In addition to continuation of the ground test activities, FY 1967 Apollo
efforts will expand into manned spacecraft flight tests using the Saturn IB
launch vehicle, and the initial development flights of the Saturn V launch
vehicle.

In the area of advanced flight missions, studies and advanced component
development will be continued. The aim of this effort will be to exploit and
extend the capability of the Apollo spacecraft.

SPACE SCIENC:ZI AND APPLICATIONS

In the FY 1967 budget request the next major program is that of space
science and applications. Part of the scientific program is concerned with
unmanned space flights, which are used to study the environment and surface
of the Earth, Moon, and planets, as well as the intervening space environment.
The flight projects concerned with the above objectives include sounding
rockets, Geophysical satellites, Explorers, Pioneer probes, Mariners and
Surveyor. The project involved with the study of the Sun is the Orbiting
Solar Observatory; while the purpose of the Orbiting Astronomical Observatory
is to study the stars. The biosatellite program will continue development so
as to launch its first flight in 1966. In the area of applications, project
Nimbus will continue to support the present and future requirements of the
operational weather satellite systems for the Weather Bureau. Effort will
also continue in the development of the Applications Technology Satellite
which will give useful information for application to meteorology and com=
munications as well as scientific spacecraft systems.

ADVANCED RESEARCH AND TECHNOLOGY

The advanced research and technology effort constitutes a continuing over-
all program aimed at meeting the technology goals of the nation with particular
attention to providing the technical base for carrying out attractive future
aero-space missions. This effort covers the spectrum of activity from basic
research to improve our fundamental knowledge of physical and life science
phenomena, through applied technology to improve our practical capability
for developing advanced systems, The specific areas of effort in the advanced
research and technology program are basic research, biotechnology and human
research, elactronics and control, nuclear systems and space power, chemical
propulsion, space vehicle research and technology, and aeronautics.

TRACKING AND DATA ACQUISITION

The tracking and data acquisition effort is directed toward providing the
necessary support required by the increasing activity of the NASA space
flight programs., During FY 1967 increased numbers of launches are scheduled
for both the manned and unmanned space flight programs, thereby requiring
additional effort by the world-wide network of tracking stations. Additionally,
the program provides for supplementing and maintaining the tracking and data
acquisition capability of the network as required. )

FED vi



TECHNOLOGY UTILIZATION

The technology utilization program provides for the distribution and
dissemination of the scientific, technological and engineering information
and concepts resulting from NASA programs so as to permit their fullest use
in accomplishing national objectives., In order to assure fulfillment: of
this basic objective, several subsidiary objectives must be realized. They
are: 1. Establishing effective mechanisms and systems for assuring that
all new knowledge is identified, collected, evaluated and made available in
the most useful manner; and 2. Establishing effective mechanisms for
announcing and disseminating this new knowledge in order to assure the widest
possible application and utilization thereof.

FINANCING
The FY 1957 budget to support the research and development program, which
is discussed in detail in this volume, is $4,246,600,000. This compares

with a program totaling $4,511,644,000 for FY 1966.

Expenditures for the current fiscal year are estimated at $4,520,000,000
and $4,340,000,000 for FY 1967
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF MANNED SPACE FLIGHT ' GEMINI PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The Gemini program objectives are to develop an operational capability in
manned space flight and through this capability to conduct specific experi-
ments and tests which support Apollo, Department of Defense programs, and
scientific investigations. In the Gemini program, the U.S. is developing and
demonstrating the capability for long-duration flights of at least 14 days,
rendezvous znd docking, post-docking maneuvers, extravehicular activity, and
controlled reentry.

The Gemini spacecraft systems are substantially more sophisticated and
versatile than those used in Mercury. The spacecraft includes a number of
subsystems used for the first time in manned space flight: ejection seats;
fuel cells; on-board propulsion; rendezvous radar; inertial guidance; and
controlled reentry., The inertial guidance system used for rendezvous also
provides an alternate capability in the event of failure in the launch
vehicle primary guidance system. In-flight experiments are conducted as part
of a plannec program to utilize the full payload and operational capabilities
of Gemini.

By the erd of calendar year 1965, 7 of the 12 planned flights had been
successfully conducted. Gemini I, II, and III were flight qualification
missions; Gemini IV, V, and VII were long-duration flights that proved man's
ability to perform useful tasks in space for extended periods of time. Man's
operational capability outside the confines of a spacecraft was demonstrated
by the extrasvehicular activity conducted during the Gemini IV mission. The
rendezvous cf spacecraft 6 with spacecraft 7 represented a major step in
developing the operational skills and techniques that are vital to the Apollo
missions. The experiments program conducted on the 5 manned missions during
calendar year 1965 have significantly increased our medical and scieantific
knowledge of the Earth and near-space environment.

Extensive extravehicular activity is planned for the remaining Gemini
flights (VIII through XII) both to evaluate life support systems and maneuver-
ing units for the astronauts, and to demonstrate the ability to perform specific
operational tasks in space. The DOD maneuvering unit will also be evaluated
as a cooperative NASA/DOD effort.

Delivery of the major flight hardware has continued at a rapid pace in
support of the intensive operational activity underway. By the end of
calendar year 1965, 7 flight spacecraft, 7 Gemini Launch Vehicles, 2 Gemini
Agena Target Vehicles and 3 Atlas SLV-III had been delivered. By mid-calendar
year 1966, deliveries will total 10 spacecraft, 10 GLV, 4 Atlas SLV-III, and
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5 Gemini Agens Target Vehicles. The remainder of the Gemini hardware,
including 2 spacecraft, 2 Gemini Launch Vehicles, 1 Gemini Agena Target
Vehicle and 2 Atlas SLV-III will be delivered to the Kennedy Space Center
during FY 1967.

Upon completion of the remaining Gemini missions, the United States will
have developed a sound operational capability in manned space flight; will
have demonstrated a capability for manned flights of at least 14 days'
duration; rendezvous; docking and post-docking maneuvers; extravehicular
activity; ard controlled reentry, all of which are essential to Apollo.

SUMMARY OF RESOURCES REQUIREMENTS :

1965 1966 1967
Spacecraft..e.eeseennnceenaeenns  $165,300,000 $107,211,000 $19,100,000
Launch vehicleS...veueeenneeenns 115,400,000 88,600,000 8,500,000
SUPPOTE « e v vvveevneennneennneonne 27,700,000 30,800,000 __ 13,000,000

Total..eeereennreneoonnnnnnens $308,400,000 $226,611,000 _$40,600,000

Distribution of Program Amount by Installation:

1965 1966 1967

Manned Spacecraft Center....... $308,050,000 $226,211,000 $40,300,000
NASA HeadquarterS..se.seessosse 350,000 400,000 300,000

BASIS OF FUND REQUIREMENTS :

Spacecraft
1965 1966 1967
Spacecraft...ceveeennencnnnns cen $165,300,000 $107,211,000 $19,100,000

Under the VMcDonnell contract, major items being provided for the Gemini
program include: 12 flight spacecraft; 6 non-flying "boilerplate' spacecraft
for use in cevelopment and qualification testing of subsystems; 5 static
articles, ncn-flying reentry articles used primarily for various structural,
thermal and flotation tests; a complete flight-quality spacecraft for simulated
space missicns in an environmental chamber (Project Orbit); an electrical
systems test unit for integrated testing of engineering models of electrical
and electroric equipment; a compatibility test unit (a non-flying spacecraft
configured for checking flight-qualified models of all subsystems for opera-
tion and compatibility with the ground equipment before the all-systems test
flight); 2 mission simulators; 1 translation and docking trainer; systems
trainers; terget vehicle docking adapters; and specialized ground equipment,
test hardware, and spares. With the exception of the flight spacecraft and
target docking adapters, delivery of the above items was completed during
FY 1965. Seven Gemini spacecraft had completed flight missions by the end
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5 Gemini Agena Target Vehicles. The remainder of the Gemini hardware,
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target docking adapters, delivery of the above items was completed curing
FY 1965. Seven Gemini spacecraft had completed flight missions by the end
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of calendar year 1965. Three spacecraft have been delivered in FY 1966 and
two are scheduled for delivery prior to the end of the fiscal year. The last
two spacecraft are well into the production phase at the McDonnell plant in
St. Louis, Missouri, in preparation for delivery in FY 1967.

Launch Vehicles

1965 1966 1967

Launch vehicleS...veeeueennenn, $115,400,000 $88,600,000  $8,500,000

Three separate vehicles are required for the Gemini program: the Gemini
Launch Vehicle (GLV), the Atlas SLV-III, and the Gemini Agena Target Vehicle.
The GLV, which places the spacecraft in orbit, is an Air Force Titan II
intercontinental ballistic missile which has been modified for manned flight.
The modifications include incorporation of redundant electrical power supply
and flight control systems, a malfunction detection system to warn the
astronauts of a failure requiring abort, and replacement of the Titan I[I
inertial guidance system with the radio guidance system used successfully
in Mercury. The Atlas SLV-III which places the Gemini Agena Target Vehicle
in orbit, is sn Air Force Standard Atlas Launch Vehicle, The Gemini Agena
Target Vehicle is an Agena-D modified to provide (1) additional maneuver-
ability in orbtit; (2) command communications compatible with the spacecraft
and ground station network; and (3) a docking mechanism. The modifications
include changes to the electrical power supply, telemetry, spacecraft command
subsystems, and the propulsion system. To facilitate rendezvous maneuvers,
the main engire was modified to provide a five-time restart capability while
in orbit. A secondary propulsion system was added to provide for smaller
velocity changes and propellant orientation for main engine start. All three
vehicles are procured for the Gemini program under the direction of the Manned
Spacecraft Center through the Space Systems Division (SSD) of the Air Force
Systems Command. SSD is procuring the GLV under five major contracts;
Martin-Marietta is the contractor for the vehicle; Aerojet supplies the
engines; General Electric produces the guidance system; Burroughs fabricates
the computer; and Aerospace Corporation is responsible for systems engineering.
For the Atlas SLV-III and the GATV the Space Systems Division of the Air Force
has principle contracts with General Dynamics/Convair Division and Lockheed
Missiles and Space Company, respectively.

To support the planned missions of the Gemini program, 12 Gemini Launch
Vehicles and €& Atlas/Agena vehicles are required. FY 1965 and prior year
funds provided for the development and qualification tests prescribed for
components anc subsystems of the GLV peculiar to Gemini, as well as delivery
and checkout of 6 flight vehicles. FY 1966 funds provide for delivery of &
additional GLV while the FY 1967 funding covers delivery of the final 2 GLV.

One Atlas was delivered in December 1964 to validate and check out Launch
Complex 1l4. This vehicle was utilized on the Gemini VI mission. FY 1966
funds provide for delivery and checkout of 3 Atlas vehicles during FY 1966
and delivery and checkout of the last 2 during FY 1967.
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One Gemini Agena Target Vehicle was lost in an unsuccessful orbit imnsertion
attempt in October 1965, Four additional GATV will be delivered in FY 1966
and one is schaduled for delivery in FY 1967.

Support

1965 1966 1967

SUPPOTt. e itetonneessencnnsnnoas $27,700,000 $30,800,000 $13,000,000

The manned missions planned in FY 1966 and FY 1967 place heavy emphasis on
crew operations, flight operations, and spacecraft and launch vehicle support.

Crew operations funds provide for three types of effort: (1) astronaut
training, (2) mission simulators, and (3) specialized in~flight devices:

Astronau: Training - Gemini astronaut training includes academic instruc-
tion; water, jungle, and desert survival; zero-gravity indoctrination; and
flight in high-performance jet aircraft.

Mission Simulators - Each primary and backup flight crew member receives
at least 125 hours of simulator training before a mission. The simulators
are modified prior to each mission to update the configuration and procedures
for that specific mission.

Specialized in-flight devices, such as camera mounts, sextants, t:imers,
tools, and exercising equipment, are also being developed and procured. These
items are required for performing experiments and carrying out flight plans.

Spacecraft and Launch Vehicle Support funds provide for procurement and
qualification testing of components and subsystems, including life support
systems and extravehicular equipment.

In the area of space medicine and life support, development and qualifi-
cation of the light-weight pressure suit has been completed. This suif: was
worn by both astronauts during the l4-day Gemini VII mission. Development of
the Extravehicular Life Support System chest pack for future mission extra-
vehicular activity was also completed in FY 1966.

Astronauts will perform in-flight experiments during all FY 1966 and
FY 1967 Gemini missions. Medical experiments will provide data on psychological
and physiological reactions to the space environment and the astronauts' ability
to perform operational tasks during space flight. Engineering experiments
performed during FY 1966 will measure the space radiation environment just
outside the orbiting spacecraft and measure the direction and amplitude of
the Earth's magnetic field relative to the spacecraft. Scientific experiments
will provide data in a number of fields, including the effects of weightlessness
on cell tissue and the nature of interplanetary dust. 1In addition to these
experiments, NASA is conducting for DOD technological experiments which will
evaluate the astronauts' ability to observe objects on Earth and in outer space
and to navigate their spacecraft during periods in which there is little ground
control.
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Flight gpearations activities cover three main areas: (1) mission planning,
(2) flight control, and (3) recovery.

Mission planning entails organizing and coordinating the group activities
necessary to conduct manned missions successfully. Included are network
tracking and data handling, trajectory design and analysis, and real-time
computer program design and implementation.

Flight control to support the FY 1966 and FY 1967 missions is essentially
the management of heterogeneous groups responsible for vehicle and life systems,
vehicle dynamics, crew safety, network operations required to support manned
space flight, and mission control.

Recovery activities for the manned missions are concerned with reentry
and recovery of astronauts and spacecraft. Primary and secondary recovery
areas are assigned for each mission; however, unforeseen circumstances may
require a recovery anywhere along the flight path. Therefore, ships, aircraft,
and para-rescue teams are required for contingency recovery areas.

Recovery support is provided most effectively and economically by agencies
of the Department of Defense (DOD), To conduct these operations, DOD provides
ships, aircraft, and men to support each recovery. Typical support forces are
the same for both rendezvous and long-duration flights; however, costs are
higher for long-duration flights, since the recovery forces are on station
for longer periods.

Requirements for the DOD recovery support, which is the largest element
in the flight operations budget, depend directly on the number of flights
scheduled for a given year. Ship and aircraft costs are calculated on the
average deployment times and other factors associated with each type of
mission. The FY 1966 and FY 1967 funding requirements also take into account
the effect of minimal delays in launch operations and re-cycle times.

RD 1-~5



RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF MANNED SPACE FLIGHT APOLLO PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The goal of the manned space flight program is to provide a broad national
capability for manned space exploration, which will achieve and maintain a
position of leadership for the United States. A specific objective in ac-
quiring this capability is to land men on the moon and return them safely
to earth within this decade. The Apollo Program will not only meet the
specific objective, but will also create a broad base of operational capa-
bility in manned space flight and the associated skills and technology; a
valuable complex of development, manufacturing, test, and operational facil-
ities; and an experienced Government and industrial team.

To accomplish the objective, the Apollo Program requires the development
of a highly reliable spacecraft, capable of supporting three men in space
for periods up to two weeks, docking in space, landing on and returning from
the lunar surface, and safely re-entering the earth's atmosphere. The pro-
gram includes three large launch vehicles - the Saturn I, which completed
its flight series in July 1965; the Saturn IB; and the Saturn V. The Saturn
IB and V are being developed and qualified for manned space flight,

The Apollo Program is divided into unmanned flights, manned earth orbital
flights, and manned lunar flights. Unmanned Apollo Saturn IB flights will
verify the structural integrity and compatibility of the spacecraft and
adapter in relation to the launch vehicle; the satisfactory firing and re-
starting of the spacecraft engines and the safe recovery of the spacecraft
command module; and the capability of the guidance and navigation system to
perform re-entry at earth orbital speeds.

Manned earth orbital flights on the Saturn IB will include operations with
the command and service modules and the lunar excursion module. The command
module will be manned in the long-duration missions lasting up to 14 days.
Both crew and equipment will be exposed to the rigors of the space environ-
ment. An unmanned lunar excursion module will be remotely controlled and
evaluated for the purpose of checking the reliability of its systems and the
performance of the descent and ascent engines in the space environment,
Rendezvous anc docking of the command and service modules with an unmanned
lunar excursicn module will also be accomplished. Rendezvous, docking,
and post-docking maneuvers will be refined and the navigation and guidance
system, rendezvcus trajectories and ground support network will be validated
in subsequent earth orbital flights.
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The Saturn V will be used initially in unmanned earth orbital qualification
flights, Unmanned re-entry of the command module at 36,000 feet per second
will be demonstrated to qualify the command module heat shield.

Manned earth orbital flights, using the Saturn V launch vehicle, will be
conducted with a fully loaded space vehicle to simulate the lunar mission.
All phases of crew operations and equipment performance will be validated
during these Apollo Saturn V flights. Manned lunar flight is planned before
the end of this decade.

SUMMARY OF RESOURCES REQUIREMENTS:

1965 1966 1967

Spacecraft...civeevennnn $1,009,898,000 $1,170,600,000 $1,200,600,000
Saturn Innn..l'nooooncs. 40,265,000 800’000 ===
Saturn IB.i.eesseoscncene 262,690,000 274,185,000 216,400,000
Saturn V...eeseooas ceens 964,924,000 1,177,320,000 1,191,000,000
Engine development...... 166,300,000 134,095,000 111,000,000
Mission SUPPOXC..esessss 170,542,000 210,385,000 255,200,000

Total.eseeewosnnusos .o $2,614,619,000 $2,967,385,000 $2,974,200,000

Distribution of Program Amount by Installation:

John F. Kennedy Space

Center, NASA........ $55,610,000 $120,509,000 $163,905,000
Manned Spacecraft

Center...ieeeeesenns . 1,100,973,000 1,249,371,000 1,320,500,000
Marshall Space Flight

Center....vevvvaens . 1,430,516,000 1,569,135,000 1,461,795,000
Goddard Space Flight

Center...eoeess. cesene 389,000 425,000 500,000
Ames Research Center,. 39,000 230,000 250,000
Langley Research

Center,..eveeeeeenns 1,200,000 700,000 ---
Lewis Research Center. 1,160,000 --- ---
NASA Headquarters..... 24,087,000 24,515,000 24,750,000
Western QOperations

Office.ieeeincncencns 645,000 2,500,000 2,500,000
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BASIS OF FUND REQUIREMENTS:

Spacecraft

1965 1966 1967

Command and service

modules.......... eseans $577,834,000 $615,000,000 $586,900,000
Lunar excursicn module.... 242,600,000 310,800,000 388,300,000
Guidance and navigation... 81,038,000 115,000,000 90,000,000
Integration, reliability,

and checkoUtseiessunoans 24,763,000 34,400,000 38,900,000
SUPPOEL. . v arsnonnoonsn 83,663,000 95,400,000 96,500,000

Total.....eoveeevneenees. $1,009,898,000 §1!170!600!000 §1,200,6Q0,000

The Apollc spacecraft is composed of three basic units: the command module,
which houses the three astronauts and the necessary control systems for in-
flight maneuvers, life support, and guidance and navigation; the service
module, which contains additional utilities and life support supplies, as
well as the primary propulsion system for altering the spacecraft course;
and the two-stage lunar excursion module, which is designed to carry two
of the three Apollo astronauts down to the moon's surface and back to the
command and service modules in lunar orbit.

The spacecraft modules are currently undergoing extensive development and
qualification testing on the ground in preparation for Saturn IB and Saturn
V flights. Unmanned flights on the Saturn IB will begin in calendar year
1966 and will be followed by manned missions in earth orbit during calendar
year 1967. Unmanned flights on the Saturn V launch vehicle will also begin
during calendar year 1967 and manned flights are planned for calendar year
1968, leading to a lunar landing mission before the end of the decade,

Command and Service Modules (CSM)

In December 1961, the Space and Information Systems Division of the North
American Aviation Corporation was selected as prime contractor to design,
develop, and fabricate the command and service modules of the Apollo space-
craft. North American was also assigned responsibility for design and
fabrication of the spacecraft launch-vehicle adapter; integration of test,
scientific, and other government~furnished equipment into the spacecraft;
assembly and test of the spacecraft; and support of spacecraft preparation
for flight. In addition to the work of North American as the CSM prime
contractor, funding for this activity includes the effort related to the
development, procurement, integration and installation of flight experiments
and experimental hardware into the CSM.

RD 2-3



BASIS OF FUND REQUIREMENTS:

Spacecraft

1965 1966 1967

Command and service

modules..seseeeveseacens $577,834,000 $615,000,000 $586,900,000
Lunar excursicn module.... 242,600,000 310,800,000 388,300,000
Guidance anc navigation... 81,038,000 115,000,000 90,000,000
Integration, reliability,

and checkcut,.....co0en 24,763,000 34,400,000 38,900,000
SUPPOTL. ..t veenenennrocenn 83,663,000 95,400,000 96,590,000

Total.i.evessessenenesss $1,009,898,000 §1!170!600!000 $1,200,600,000

The Apollo spacecraft is composed of three basic units: the command module,
which houses the three astronauts and the necessary control systems for in-
flight maneuvers, life support, and guidance and navigation; the service
module, which contains additional utilities and life support supplies, as
well as the primary propulsion system for altering the spacecraft course;
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In December 1961, the Space and Information Systems Division of the North
American Aviation Corporation was selected as prime contractor to design,
develop, and fabricate the command and service modules of the Apollo space-
craft. North American was also assigned responsibility for design and
fabrication of the spacecraft launch-vehicle adapter; integration of test,
scientific, and other government-furnished equipment into the spacecraft;
assembly and test of the spacecraft; and support of spacecraft preparation
for flight, 1In addition to the work of North American as the CSM prime
contractor, funding for this activity includes the effort related to the
development, procurement, integration and installation of flight experiments
and experimental hardware into the CSM.
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In FY 1965, definition of the detailed design requirements for the Block
I and Block IX CSM was completed. The Block I configuration is used in the
ground test program and initial unmanned and manned flights in earth orbit.
The Block II configuration is similar in most respects, but has upgraded
subsystems to provide a capability for lunar missions.

Delivery of ground test boilerplate CSM was completed in FY 1965. These
boilerplates are used in a comprehensive ground test program, including
structural, dynamic, water and land impact, flotation, acoustic, launch
escape, and integrated system and subsystem testing. Three boilerplate
CSM were used on micrometeoroid experiments flown on Saturn ]I launch ve-
hicles.

In FY 1966, a heavy ground test program is being conducted, using CHM
components and subsystems, boilerplate CSM, and five production-type CHSM
which are being delivered during the year. Testing is conducted at the
contractors' plants, the Manned Spacecraft Center (MSC), the White Sands
Test Facility (WSTF), and at other Government installations.

The first Block I flight CSM has been delivered to the John F. Kennedy
Space Center (KSC) for an unmanned flight test on a Saturn IB in calendar
year 1966. Five additional Block I flight CSM are in various phases of
assembly, systems installations, and checkout in preparation for shipment
to KSC. These CSM will be used for unmanned and manned flights on Saturn
IB and V launch vehicles during 1966 and 1967.

Manufacture of Block II CSM began in 1965 and Block II development tests
are underway. Block II CSM will be available in FY 1966 for an intensive
ground test program, including structural, environmental, and integrated
systems tests. A Block II CSM will undergo manned thermal-vacuum tests
at MSC. During the second half of FY 1967, the first Block II flight-CSM
will be delivered to KSC for checkout in preparation for flight. Ten
additional Block II flight-CSMs will be in the process of assembly, systems
installation, and checkout. These Block II flight-CSMs will be used in
earth-orbit rendezvous missions on Saturn IB and for lunar mission simulation
and lunar missions on Saturn V,

Lunar Excursion Module (LEM)

The Lunar Excursion Module study and design effort was initiated by
Grumman Aircraft Engineering Corporation (GAEC) in miu-FY 1963. As with
the CSM, funding is included for the effort related to the experiments and
related hardware that will be carried in the lunar excursion module. During
FY 1964, preliminary designs were established; mock-up reviews were held;
and subsystem development was started. Descent engine firings began. By
the end of the fiscal year, four heavy-weight propulsion rigs had been
delivered for use in the LEM test program.
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LEM design was established and frozen following detailed design, rewview,
and examination of a mock-up version at the Grumman plant. Major subsystem
development, fabrication, and testing are now underway. Ascent and descent
propulsion system tests are in progress at White Sands Test Facility (WSTF)
and Arnold Engineering Development Center (AEDC). A LEM test article (LTA)
has been delivered to Marshall Space Flight Center (MSFC) for vibration
testing with toth the Saturn IB and the Saturn'V. A second LTA was sent
to North American Aviation for structural tests with the LEM/S-IVB stage
adapter. Additional LTA, propulsion rigs, and test modules are in manu-
facture and checkout to meet ground test requirements. Assembly of the
first LEM flight article has begun.

In FY 1967, the major portion of the ground development and qualification
test program will be completed., LTA will be subjected to structural, thermal-
vacuum, and propulsion testing. Ground qualification testing of key systems,
including electric power, reaction control, communications, propulsion,
landing gear, and environmental control, will be concluded. During FY 1967,
the first flight LEM will be completed, delivered to KSC, and tested on a
Saturn IB launch vehicle. Ten additional flight LEM will be in manufacturing
and checkout. &y the end of the fiscal year, two of these LEM will be de-
livered to KSC in preparation for flight.

Guidance and Navigation (G&N)

The Guidance and Navigation (G&N) System for the Apollo command and
service modules and the lunar excursion module was designed by the Mas-
sachusetts Institute of Technology and is being built by the A.E. Elec-
tronics Division of General Motors and its subcontractors, Raytheon and
Kollsman Instrument. Block I G&N systems will be used for ground testing
and earth-orbital flights. Ground qualification testing and delivery of
flight units will be completed during FY 1966. Flight qualification of
the system and its use in manned Apollo Saturn IB flights will occur during
FY 1967.

Design and development of a lighter Block II G&N system, which will be
used on both the command module and the lunar excursion module for lunar
flights, will be completed during FY 1966. 1In addition, engineering models
will undergo extensive ground testing. Three Block II G&N units will be
delivered for CSM environmental and qualification testing. G&N systems
for initial Apollo Saturn IB flights will also be delivered during FY 1966.

Eight Block II command module and six LEM G&N systems are scheduled for
delivery in FY 1967. The intensive ground test program, leading to complete
system qualification and demonstration of reliability, will be underway
throughout the fiscal year,
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Integration, Reliability, and Checkout

The Automatic Checkout Equipment (ACE) for the Apollo spacecraft is being
designed, developed, fabricated, installed, and operated by the General
Electric Company. 1In support of the GE effort, equipment contracts have
been negotiated with the Control Data Corporation and Radiation, Inc.

The basic design of ACE ground stations was completed in FY 1964. Five
stations became operational during FY 1965; three at North American Awviation;
one at the Manned Spacecraft Center (MSC); and one at the Kennedy Space
Center (KSC). During FY 1966, three additional stations became operalional:
two at Grumman and one at KSC. Two more stations will be installed and
checked out by the end of this fiscal year. FY 1967 funding provides for
completion of two more ACE stations, making a total of twelve; operation
of all the stations; and related engineering changes and spare parts Lo
maintain the operational equipment.

In addition to ACE hardware and related support, funding is provided for
engineering support to MSC. This support includes spacecraft specification
maintenance and review; systems performance analysis; test planning and
analysis; reliability and quality assurance; trend analysis of failure
reports; critical parameter studies and technical problem analysis; mission
planning and analysis; post-flight data processing and analysis documentation;
simulation and training; and interface control. As the program progresses,
emphasis will shift to support of hardware verification, mission accomplishment,
and analysis of flight results. FY 1967 funding continues this effort at a
level consistent with the increased rate of hardware deliveries and frequency
of Apollo missions.

Support

Apollo spacecraft support funds cover the requirements for test operations
and support, including Little Joe II launch vehicles, logistic support:, in-
strumentation, and scientific equipment.

Funds are required to conduct spacecraft development tests at the lanned
Spacecraft Center (MSC), the White Sands Test Facility (WSTF), and other
government test laboratories, such as the Arnold Engineering Development
Center (AEDC). Testing at MSC facilities includes manned and unmanned thermal-
vacuum testing in the large environmental chamber, component qualification
and reliability testing, and electronic systems compatibility tests. The
FY 1967 effort will focus on Block II CSM and LEM qualification testing.

Spacecraft launch escape system tests, using Little Joe II vehicles, were
conducted at WSTF during FY 1965 and 1966, and propulsion systems testing
is in progress. LEM ascent and descent testing will be emphasized at WSTF
during FY 1966 and 1967. The LEM propulsion system and reaction control
system will also be tested under simulated space-environment conditions in
test cells at AEDC.
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Spacecraft support funding also provides for development and procure-
ment of spacesuits and related life support equipment, such as survival

equipment, personal hygiene systems, and bioinstrumentation.

Major effort

in FY 1966 and 1967 relates to development, manufacture, and test of a space-
suit and portable life support system for use on the lunar surface.

Logistic support funding for FY 1967 covers transportation of spacecraft
between installations, reimbursement to the Department of Defense for in-
spection services, and procurement of spacecraft fuels and propellants used

at MSC, WSTF, KSC, AEDC, and contractor sites.

Instrumentation and scientific equipment funding for FY 1967 provides
for development and procurement of specialized flight research and test

instrumentation for spacecraft development flight testing.

Typical in-

strumentation equipment includes signal conditioners, sensors, transducers,
telemeters, transmitters, transmitting antennas, and ground support equip-

ment.
seismographs, and radiation-measuring devices.

Saturn IB

Scientific equipment includes special cameras, magnetometers,

1965 1966 1967
1st stage (S=IB)....eeeesvnenns $74,432,000 $63,450,000 $56,200,000
2nd stage (S=IVB)......veeennenn 58,936,000 61,340,000 52,600,000
Vehicle instrument unit,,,..... 35,841,000 40,780,000 36,050,000
Ground support equipment,,,.... 40,999,000 24,170,000 7,430,000
H-1 engine procurement,,,,,.... 11,900,000 9,200,000 4,000,000
J-~2 engine procurement,,,,,.... 11,980,000 14,000,000 7,700,000
Vehicle support, . . ............ 28,602,000 61,245,000 52,420,000

Total e et $262,690,000 $274,185,000 $216,400,000

The two-siage Saturn IB is essentially an uprated version of the highly

successful Saturn I, which completed its flight series in July 1965.

Saturn IB provides the capability for earth orbital
craft, and also, in the unmanned flights, serves as
components, including the S-IVB stage which will be
V. The 1lst stage (S-IB), a modified version of the
I, is being developed by the Chrysler Corporation,

uprated set

The

flights of Apollc space-
a test bed for Saturn V
the 3rd stage of Saturn
lst stage of the Saturn
It is powered by an

of eight H-1 engines, produced by the Rocketdyne Division of

North American Aviation, and is capable of developing approximately 1.6

million pounds of thrust,
2nd stage (8-IVB).
of the Satura I, but has increased propellant capac

ity.

The Douglas Aircraft Company is developing the
This stage is similar in basic design to the 2nd stage
In addition, a

single J-2 engine, capable of approximately 200,000 pounds of thrust,
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1965 1966 1967
1st stage (S=IB)....veeevvenene $74,432,000 $63,450,000 $56,200,000
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Vehicle instrument unit,,,,.... 35,841,000 40,780,000 36,050,000
Ground support equipment, . ..... 40,999,000 24,170,000 7,430,000
H-1 engine procurement,,,,..... 11,900,000 9,200,000 4,000,000
J-2 engine procurement,_  ,..... 11,980,000 14,000,000 7,700,000

Vehicle support, .. .. 28,602,000 _ 61,245,000 __ 52,420,000

Total ., $262,690,000 $274,185,000 5216,400,000

The two-stage Saturn IB is essentially an uprated version of the highly
successful Szturn I, which completed its flight series in July 1965. The
Saturn IB prcvides the capability for earth orbital flights of Apollo space-
craft, and also, in the unmanned flights, serves as a test bed for Saturn V
components, including the S~IVB stage which will be the 3rd stage of Saturn
V. The lst stage (S5-IB), a modified version of the lst stage of the Saturn
I, is being developed by the Chrysler Corporation. It is powered by an
uprated set ¢f eight H-1 engines, produced by the Rocketdyne Division of
North Americen Aviation, and is capable of developing approximately 1.6
million pounds of thrust. The Douglas Aircraft Company is developing the
2nd stage (S-IVB). This stage is similar in basic design to the 2nd stage
of the Saturr. I, but has increased propellant capacity. In addition, a
single J-2 ergine, capable of approximately 200,000 pounds of thrust,
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replaces the six RL-10 engines capable of about 90,000 pounds of thrust.

The J-2 is produced by Rocketdyne. The Saturn IB payload capability through
the first five flight vehicles will be about 35,000 pounds in low-earth
orbit. The sixth flight vehicle will have a payload capability of approxi-
mately 36,000 pounds and the remaining flight vehicles will have a payload
capability of about 38,000 pounds.

The first Saturn IB launch is planned for calendar year 1966. In calendar
year 1967, four additional flights are planned which include long-duration
manned missions.

lst Stage (S-IB)

Development of this stage was initiated in FY 1963. Fabrication, assembly
and checkout of the flight stages is performed by the Chrysler Corporation
at the Michoud Assembly Facility, Louisiana. Ground testing is conducted at
the Marshall Space Flight Center. During FY 1964 and 1965, assembly of the
first six flight stages was in process and static firing of the first flight
stage was successfully conducted. Parts qualification testing is schaduled
for completicn during FY 1966.

Flights of the stage, planned for calendar year 1966, will verify the
systems design. The first flight stage was delivered to the Kennedy Space
Center (KSC) early in FY 1966. A second flight stage has completed static
test. Two more flight stages are scheduled to arrive at KSC by the end of
FY 1966, following completion of checkout and static test. Stages five
through eleven are in various phases of manufacture, checkout, and static
test. In addition, long-lead hardware for the twelfth stage is being pro-
cured during FY 1966.

FY 1967 funding provides for completion and delivery to KSC of the fifth
through eighth flight stages and completion of manufacturing, checkout and
static test on the ninth and tenth. By the end of the fiscal year, the
eleventh stage will be undergoing static test and the twelfth stage will be
in checkout.

2nd Stage (S-IVB)

Basic development efforts for this stage are funded in the Saturn V
project. Procurement and the engineering design effort and modifications
required to adapt the stage for use in the Saturn IB project are funded
in this portion of the budget. Design of the stage began in FY 1963.
During FY 1944 and 1965, fabrication of battleship, dynamic, structural,
and facility checkout ground test articles was completed. Ground testing
will be esseatially completed during FY 1966.
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Two flight stages completed static test at the Sacramento Operations Test
Facility and were shipped to the Kennedy Space Center. By the end of the
fiscal year, the third and fourth flight stages will be at KSC in preparation
for launch. The fifth and sixth stages will be through the assembly process.
The fifth flight stage will enter static test and the sixth will have com-
pleted in-factory checkout prior to static test. Five additional stages will
be in various phases of fabrication, assembly, and in-factory checkout:.

FY 1967 funding for the S-IVB will support continued production, test,
and delivery of flight stages, as well as pre-launch checkout at KSC. The
third and fourth stages, delivered to KSC in FY 1966, will be readied for
flight, The fifth and sixth flight stages will complete static test and
will be shipped to KSC for checkout and launch., The seventh and eighth
flight stages will be through manufacturing, checkout, and static test in
preparation for delivery to KSC by the end of FY 1967. The remaining flight
stages will be in various phases of fabrication, assembly, in-factory check-
out, and static test during FY 1967,

Vehicle Instrument Unit

Primary guicdance, control, measuring, and telemetry systems are contained
in the instrument unit (IU), which is being assembled and tested by Inter-
national Business Machines Corporation (IBM) in Huntsville, Alabama. The
components and configuration of the IU for the Saturn IB are essentially
the same as those for the Saturn V. The IU design, established during
FY 1965, will be verified during FY 1966 by extensive structural, dynamic
and vibration testing. Component qualification is also scheduled for
completion during FY 1966. In addition, IU Guidance and Control Laboratories
will be established for field support at the Kennedy Space Center. Four
Saturn IB fl:ight units will complete manufacture and checkout.

The fifth flight unit will be nearing completion of final assembly and
the sixth will be in structural assembly by the end of FY 1966.

FY 1967 funding provides for completion of final assembly, checkout, and
shipment of the fifth unit; assembly, checkout and shipment of the sixth,
seventh and eighth units; component fabrication and assembly of the ninth
unit; initiation of assembly of the tenth unit; and hardware procurement for
the last two units.

Ground Support Equipment

The automatic checkout equipment and procedures for the Saturn IB will
serve as a iest system for the Saturn V. Development of a checkout and

ED 2-9

799 - 342 O - 6€ - 4



flight hardware simulator (breadboard) was started in FY 1963 and was followed
in FY 1964 by initial procurement of hardware. During FY 1965, engineering
development was continued and components testing for automatic checkout. and
associated ground support equipment was underway. Mechanical support equip-
ment (MSE) and electrical support equipment (ESE) for Launch Complex 34 and
Launch Complex 37B are being delivered in FY 1966 in preparation for Saturn

IB launches.

FY 1967 funding covers engineering improvements and updating of MSE and
ESE. Engineering effort will be provided by the General Electric Company
on ESE and the Chrysler Corporation Space Division on MSE.

H~1 Engine Procurement
By the end of FY 1966 a total of 92 engines will have been delivered.

FY 1967 funds cover delivery of 22 engines in FY 1967, Estimates for
all fiscal years include the flight hardware as well as spares, suppork
hardware and services, and propellants for acceptance testing.

J=2 Engine Procurement

Fourteen ergines will have been delivered by the end of FY 1966 and work
will be started on engines to be delivered in FY 1967.

Delivery of six engines is required during FY 1967. Estimates for all
fiscal years include spares, support hardware and services, and propellants
for acceptance testing,

Vehicle Support

Vehicle support includes funds for studies, services, and equipment common
to more than one stage. FY 1967 funding provides for engineering services;
reliability tests; fabrication services; transportation; propellants; ex-
pendable supplies and equipment; and launch pad refurbishment. This funding
also covers contract administration, audit, quality assurance, and inspection
services performed by other Government agencies.

Saturn V
1965 1966 1967
1st stage (3=IC)iieceecnnssn $243,137,000 $227,500,000 $215,€600,000
2nd stage (3-II)eeeecococsen 190,192,000 255,800,000 257,700,000
3rd stage (3=IVB).civevoeenn 130,300,000 162,800,000 160,400,000
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flight hardware simulator (breadboard) was started in FY 1963 and was followed
in FY 1964 by initial procurement of hardware. During FY 1965, engineering
development was continued and components testing for automatic checkout. and
associated ground support equipment was underway. Mechanical support equip-
ment (MSE) and electrical support equipment (ESE) for Launch Complex 34 and
Launch Complex 37B are being delivered in FY 1966 in preparation for Saturn

IB launches.

FY 1967 funding covers engineering improvements and updating of MSE and
ESE. Engineering effort will be provided by the General Electric Company
on ESE and the Chrysler Corporation Space Division on MSE.

H-1 Engine Procurement
By the end of FY 1966 a total of 92 engines will have been delivered.

FY 1967 funds cover delivery of 22 engines in FY 1967. Estimates for
all fiscal years include the flight hardware as well as spares, support
hardware and services, and propellants for acceptance testing.

J=2 Engine Procurement

Fourteen engines will have been delivered by the end of FY 1966 and work
will be started on engines to be delivered in FY 1967.

Delivery of six engines is required during FY 1967. Estimates for all
fiscal years include spares, support hardware and services, and propellants
for acceptance testing.

Vehicle Support

Vehicle support includes funds for studies, services, and equipment common
to more than one stage. FY 1967 funding provides for engineering services;
reliability tests; fabrication services; transportation; propellants; ex-
pendable supplies and equipment; and launch pad refurbishment. This funding
also covers ccntract administration, audit, quality assurance, and inspection
services perfcrmed by other Government agencies.

Saturn V
1965 1966 1957
lst stage (S-IC)eeeevecarssn $243,137,000 $227,500,000 $215,600,000
2nd stage (S=II)..eeervaceee 190,192,000 255,800,000 457,700,000
3rd stage (S=IVB)...vvveones 130,300,000 162,800,000 160,400,000
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1965 1966 1967

Vehicle instrument unit.... $74,900,000 $72,500,000 $73,600,000
Ground support equipment... 63,254,000 104,500,000 73,800,000
F~1 engine procurement..... 68,100,000 67,400,000 85,800,000
J~2 engine procurement,.... 57,965,000 74,700,000 75,200,000
Vehicle support.....oevss.. 137,076,000 212,120,000 248,900,000

Total..iveveernnononnancns $964,924,000 $1.177.320,000 $1,191,000,000

The Saturn V is composed of three stages and an instrument unit. This
launch vehicle is capable of placing a payload of approximately 280,000
pounds into low earth orbit and approximately 95,000 pounds into a translunar
trajectory. The Boeing Company/Aerospace Group Division is fabricating the
1st stage (S-IC); North American Aviation, Inc./Space and Information Systems
Division, the 2nd stage (S-~II); and the Douglas Aircraft Company/Missile and
Space Division, the 3rd stage (S-IVB). International Business Machines/
Federal Systems Division is producing the Saturn V instrument unit and North
American Aviation, Inc./Rocketdyne Division is manufacturing the F-1 engine,
used in the lst stage, and the J-2 engine, used in both the 2nd and 3rd stages.

FY 1966 represents a period of intensive development ground testing of
Saturn V hardware. As an example, the S-IC all-systems stage has successfully
passed a number of static test firings at the Marshall Space Flight Center
(MSFC). In Auvgust 1965, the all-systems ground test stage was fired for
full-duration (2% minutes) at the thrust level of 7.5 million pounds. Heavy
emphasis is alsc being placed on the activation of Saturn V facilities, in-
cluding the S$-IC and S-II acceptance test stands at the Mississippi Test
Facility and Launch Complex 39 at the Kennedy Space Center (KSC).

The FY 1967 funding requirements for the Saturn V support a critical
period of continued ground testing, both development and qualification, and
the first Saturn V launches from Launch Complex 39, KSC. The initial un-
manned missions are designed to qualify the vehicle systems under actual
flight conditions.

Dynamic testing of the entire Apollo/Saturn V space vehicle, including
the three stages, the instrument unit, and the spacecraft, will be carried
out at MSFC. Static testing of lst and 2nd stages will be conducted at
the Mississippi Test Facility and 3rd stage testing will be conducted at
the Sacramento Test Operations site in preparation for shipment to KSC.

1st Stage (S-IC)

The Marshall Space Flight Center, with Boeing's assistance, will ccmplete
manufacture of the structural test components, the first ground test stage
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and the first two flight stages at Huntsville, Alabama. Boeing will manu-
facture two ground test stages and 13 flight stages at the Michoud Assembly
Facility, Louisiana.

During FY 1966, ground testing will continue. The two ground test stages
to be used for dynamic tests and facilities checkout have been completed by
Boeing. Assembly, checkout and acceptance testing of the first two flight
stages at Marshall Space Flight Center will be completed. By the end of
the fiscal year, a third flight stage will be in checkout at Michoud and
the fourth through seventh stages will be in assembly.

In FY 1967, funding will provide for the following activities: pre-
paration for launch of flight stages at the Kennedy Space Center; completion
of the structural, dynamic and Launch Complex 39 checkout ground test programs;
completion of assembly, checkout, and acceptance tests at MSFC and shipment
to Kennedy of the third flight stage; completion of assembly, checkout and
acceptance testing at the Mississippi Test Facility of the fourth flight
stages; various phases of manufacturing, checkout and test on the fifth
through tenth flight stages and hardware procurement for the eleventh through
fourteenth flight stages.

2nd Stage (S-1I)

In FY 1965, the battleship stage was completed and tests were started.
Common bulkhead tests were initiated and fabrication and assembly of the all-
systems and facilities checkout ground test stage, as well as the first three
flight stages, were in progress. Qualification and reliability tests for
stage componznts were also begun during this period.

FY 1966 activity is marked by an intensive ground test effort, Structural
and common bulkhead tests were conducted during the first half of FY 1966,
In addition, the all-systems stage was shipped to the Mississippi Test
Facility in preparation for facility and propulsion tests. As a result of
the structural failure of the S-II dynamics test stage, the all-systems stage
will subsequently be shipped to the Marshall Space Flight Center for dynamic
testing., The facility checkout stage is scheduled for delivery to KSi for
activation of Launch Complex 39. Fabrication and assembly of the first
S-1II flight stage will be accomplished. The second through seventh flight
stages will te in manufacture and checkout, and hardware procurement for the
eighth and ninth stages will be initiated.

FY 1967 funding provides for rigorous qualification testing of the S-1II;
delivery of the first three flight stages to KSC; preparation for launch
of two of the stages at KSC; completion of acceptance testing on the fourth
flight stage; continuation of fabrication, assembly, and checkout of the
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and the first two flight stages at Huntsville, Alabama. Boeing will manu-
facture two ground test stages and 13 flight stages at the Michoud Assembly
Facility, Louisiana.

During FY 1966, ground testing will continue. The two ground test stages
to be used for dynamic tests and facilities checkout have been completed by
Boeing. Assembly, checkout and acceptance testing of the first two flight
stages at Marshall Space Flight Center will be completed. By the end of
the fiscal year, a third flight stage will be in checkout at Michoud and
the fourth through seventh stages will be in assembly.

In FY 1967, funding will provide for the following activities: pre-
paration for Launch of flight stages at the Kennedy Space Center; completion
of the structural, dynamic and Launch Complex 39 checkout ground test programs;
completion of assembly, checkout, and acceptance tests at MSFC and shipment
to Kennedy of the third flight stage; completion of assembly, checkout and
acceptance testing at the Mississippi Test Facility of the fourth flight
stages; various phases of manufacturing, checkout and test on the fifth
through tenth flight stages and hardware procurement for the eleventh through
fourteenth flight stages.

2nd Stage (S-1I)

In FY 1965, the battleship stage was completed and tests were started.
Common bulkhead tests were initiated and fabrication and assembly of the all-
systems and facilities checkout ground test stage, as well as the first three
flight stages, were in progress. Qualification and reliability tests for
stage components were also begun during this period.

FY 1966 activity is marked by an intensive ground test effort. Structural
and common bulkhead tests were conducted during the first half of FY 1966.
In addition, the all-systems stage was shipped to the Mississippi Test:
Facility in preparation for facility and propulsion tests. As a result of
the structural failure of the S-II dynamics test stage, the all-systems stage
will subsequently be shipped to the Marshall Space Flight Center for dynamic
testing., The facility checkout stage is scheduled for delivery to KSC for
activation of Launch Complex 39, Fabrication and assembly of the first
S-11 flight stage will be accomplished. The second through seventh flight
stages will be in manufacture and checkout, and hardware procurement for the
eighth and ninth stages will be initiated.

FY 1967 funding provides for rigorous qualification testing of the S-II;
delivery of the first three flight stages to KSC; preparation for launch
of two of the stages at KSC; completion of acceptance testing on the fourth
flight stage; continuation of fabrication, assembly, and checkout of the
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fifth through seventh stages; initiation of fabrication on the eighth through
twelfth stages; and initial hardware procurement for the remaining three
stages.

3rd Stage (S~IVB)

The 3rd st:age of the Saturn V is the S-IVB stage, which is also used on
the Saturn IB. The stage used for the Saturn V vehicle has the capability
of engine restart to achieve lunar escape velocity. Although used on the
Saturn IB, basic development of this stage is funded in the Saturn V pro-
ject., By the beginning of FY 1965, qualification testing was in progress;
assembly of the battleship and structural test stages had been completed;
and the structural test program had been initiated. Structural assembly
of the all-systems, dynamics, and facilities checkout stages was also under
way.

In early FY 1965, the decision was made to modify the ground test program
by deleting the all-systems stage requirement and using the hardware as a
facility checkout stage. Facility checkout stage hardware was used tc meet
other requirements, such as the MSFC stage simulator. Ground test stages
were completed in time to support the Saturn IB requirements. The battleship
hot-firing test program at the Sacramento Test Facility was also initiated,
and fabrication of the first two Saturn V flight stages at Huntington Beach,
California, was started.

During FY 1966, the battleship testing was completed. Saturn V dynamic
testing at the Marshall Space Flight Center with the facility checkout stage
is in progress. Post-manufacturing checkout of the first two Saturn V flight
stages at Huntington Beach, California, and acceptance testing of the first
flight stage at Sacramento will be completed during FY 1966. Fabrication
and assembly of the four additional flight stages will also be underway
during this per:ilod.

FY 1967 funding provides for completion of the ground test program;
delivery of the first three flight stages to KSC; completion of fabrication
and assembly of the third, fourth, fifth and sixth flight stages; completion
of post-manufacturing checkout of the third, fourth and fifth flight stages
and acceptance ftesting of the third and fourth flight stages; initiation
of fabrication and assembly on the seventh through eleventh stages; ard
hardware procurement for the remaining four stages.

Vehicle Instrument Unit

The Saturn V instrument unit is essentially the same as the Saturn IB.
The units are assembled and given final checkout at the Huntsville, Alabama
facility of International Business Machines Corporation. Extensive testing;
structural, dynamic, environmental and vibration, is being conducted during
FY 1966.
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During FY 1967, Saturn V instrument unit manufacturing (fabrication,
assembly, and checkout) operations will be in full swing. Four units will
be delivered to> KSC. In addition three more units will be in Pprocess of
manufacture,

Ground Support Equipment

The General Electric Company is under contract for design, fabrication,
checkout, and logistic support of the Saturn V electrical support equipment
(ESE). The Boeing Company is contractor for a Saturn V equipment management
system which provides a master record for all vehicle ground support equip-
ment. Boeing is also responsible for the integration and logistic support
of all mechanical support equipment. The Radio Corporation of America is
providing the computer systems and Sanders Associates the display systems
for use at Launch Complex 39,

Fiscal years 1964 and 1965 funds were used for design and initiation
of long lead-time procurement of mechanical and electrical checkout equip-
ment for use at Launch Complex 39. 1In addition, installation and testing
of an electrical checkout equipment and flight hardware simulator (bread-
board) at Marshall Space Flight Center was in progress. Funds were also
used to develop and procure special test equipment and components, such as
hardware for the umbilical/swing arm test facility.

During FY 1966, the Saturn V breadboard at MSFC is being completed
(installation and checkout of the equipment) and is being used to test and
develop operating procedures for the electrical ground support equipment.

By the end of the fiscal year delivery, installation and checkout of the
Saturn V GSE for use on the first launch umbilical tower, the first high-bay
and the low-bay of the vehicle assembly building, the first firing room

of the launch control center, the first launch pad and the necessary support
areas will be nearly complete in preparation for the first Saturn V launch.
Delivery and installation of Apollo Saturn V =- peculiar equipment for the
second launch umbilical tower, high-bay areas, firing room and launch pad
will be well alcng. FY 1966 funds will also be used for logistic support

of certain ground equipment,

FY 1967 funding provides for completion of installation and checkout
of equipment in these areas and for delivery and start of installation of
equipment in a third launch umbilical tower, high~bay and firing room. In
addition, FY 1967 funding will cover engineering improvements, updating
and necessary changes and improvements to the mechanical and electrical
support equipment, and continuation of logistic support.

F-1 Engine Procurement

By the end of FY 1966 a total of 38 engines will have been delivered.
FY 1966 funding also covers hardware procurement for deliveries in FY 1967.
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During FY 1967, Saturn V instrument unit manufacturing (fabrication,
assembly, and checkout) operations will be in full swing. Four units will
be delivered to KSC. In addition three more units will be in Pprocess of
manufacture.

Ground Support Equipment

The General Electric Company is under contract for design, fabrication,
checkout, and logistic support of the Saturn V electrical support equipment
(ESE). The Boeing Company is contractor for a Saturn V equipment management
system which provides a master record for all vehicle ground support equip-
ment. Boeing is also responsible for the integration and logistic support
of all mechanical support equipment. The Radio Corporation of America is
providing the computer systems and Sanders Associates the display systems
for use at Launch Complex 39.

Fiscal years 1964 and 1965 funds were used for design and initiation
of long lead-time procurement of mechanical and electrical checkout equip-
ment for use at Launch Complex 39, 1In addition, installation and testing
of an electrical checkout equipment and flight hardware simulator (bread-
board) at Marshall Space Flight Center was in progress. Funds were also
used to develop and procure special test equipment and components, such as
hardware for the umbilical/swing arm test facility.

During FY 1966, the Saturn V breadboard at MSFC is being completed
(installation and checkout of the equipment) and is being used to test and
develop operating procedures for the electrical ground support equipment.

By the end of the fiscal year delivery, installation and checkout of the
Saturn V GSE for use on the first launch umbilical tower, the first high-bay
and the low-bay of the vehicle assembly building, the first firing roon

of the launch control center, the first launch pad and the necessary support
areas will be nearly complete in preparation for the first Saturn V launch.
Delivery and installation of Apollo Saturn V - peculiar equipment for the
second launch umbilical tower, high-bay areas, firing room and launch pad
will be well along. FY 1966 funds will also be used for logistic support

of certain ground equipment.

FY 1967 funding provides for completion of installation and checkout
of equipment in these areas and for delivery and start of installation of
equipment in a third launch umbilical tower, high-bay and firing room. In
addition, FY 1967 funding will cover engineering improvements, updating
and necessary changes and improvements to the mechanical and electrical
support equipment, and continuation of logistic support.

F-1 Engine Procurement

By the end of FY 1966 a total of 38 engines will have been delivered.
FY 1966 funding also covers hardware procurement for deliveries in FY 1967.
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FY 1967 estimates provide for delivery of 24 engines and procurement. of
additional long-lead hardware. These funds also cover procurement of spares,
support hardware, services, and propellants for acceptance testing of the
engines scheduled for delivery.

J-2 Engine Procurement

By the end of FY 1966 a total of 56 engines will have been delivered.
FY 1966 funding also covers hardware procurement for deliveries in FY 1967.
Funding in FY 1967 will provide delivery of 37 J-2 engines and the procure-
ment of long-lead hardware. Funds in all fiscal years cover spares, support
hardware, support services, and propellants for engine acceptance testing.

Vehicle Support

Vehicle support funds are required to provide services and equipment
that are common to more than one stage of the vehicle. Fiscal years 1965
and 1966 funding included instrumentation, recording and data reduction
equipment for the Saturn V dynamic test stand at Marshall Space Flight
Center; transportation costs which include use of marine vessels and
aircraft for movement of stages, engines and components; activation and
operation of the Mississippi Test Facility; operation of the Slidell
Facility; range safety and tracking devices; propellants; systems integration;
and computation services, engineering services, quality control and inspec~-
tion, contract administration, audit and property administration services by
other government agencies. In FY 1966 and 1967 initiation of S-11 testing
at the Mississippi Test Facility (MIF) will require increased plant and
technical support activities at that location, Funding also includes pro-
pellants used in testing the stages.

buring FY 1967, acceptance testing of S-11 stages will continue at MTF
and S-IC testing will begin. This activity will increase plant and support
and propellant requirements.

In addition, dynamic testing at MSFC will be in progress during FY 1967.
Systems integration will continue at essentially the FY 1966 level to insure
proper interface control of all stages, systems, and structures. Reliability
and flight evaluation programs will also be funded during FY 1967.

Engine Development

1965 1966 1967

H-1 engine...voveesvnennnnen $6,550,000 $6,450,000 $5,500,000

RL-10 engine....veeeeeneenas 14,470,000 1,900,000 -

F-1 engine...veeeceseeneesas 62,396,000 41,290,000 41,000,000

J-2 engine,...evivevencennes 49,102,000 41,750,000 37,900,000
Propellants and related

engine sSUPPOYC.vereeensoss 33,782,000 42,705,000 26,600,000

Total..v.vvieronronnanns $166,300,000 $134,095,000 $§111,000,000
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Funds in this project provide for the development of engines to be used
for Saturn launch vehicles. Procurement of the flight engines is funded
under the appropriate launch vehicle project.

H-1 Engine

The H-1 engine, which is being developed by the Rocketdyne Division of
North American Aviation, Inc., is used in clusters of eight per stage to
propel the first stage of the Saturn IB vehicle. This engine uses liquid
oxygen and RP-1 (kerosene) as propellants.

Developmeni: of the H-l1 engine was initiated by the Department of Defense
in September 1958 as a 165,000 pound thrust improved version of the Thor-
Jupiter engine. The responsibility for development of the engine was trans-
ferred to NASA in 1960. The 165,000 pound thrust engine was used successfully
in the first four Saturn I launches and a 188,000 pound thrust versior. of the
engine was usaed on the remaining six launches of the Saturn I. A 200,000
pound thrust version has been developed and will be used on the first five
Saturn IBs. A 205,000 pound thrust version will be used on subsequent
Saturn IBs.,

In FY 1965, the development program consists of testing, flight evaluation,
and production and launch support. This effort includes engineering capability
for design and development; ground test capability and retrieval, evaluation,
and reporting of Saturn IB flight data. Efforts are also being devoted to
calibrating and determining the reliability of the H-1 engine at the 105,000
pound thrust level for the sixth and subsequent Saturn IB flights.

The FY 1967 funding will provide for field support, including the static
tests required for quick-response to problems. This effort includes com-
ponent and engine system testing to supplement problem analysis for the
engine and ground support equipment. The flight-worthiness of the engine
for manned missions will also be verified periodically. In addition, the
FY 1967 funding provides for maintaining the test engines in a configuration
appropriate for solution of problems that are encountered. Updating and
improvement of procedures and evaluation of static test and flight data
will also be accomplished.

F-1 Engine

The F-1 erngine is being developed by the Rocketdyne Division of North
American Aviation at Canoga Park, California. The F-1 will be used in a
cluster of five engines in the lst stage of the Saturn V., Each engine is
capable of producing 1,500,000 pounds of thrust, using liquid oxygen (LOX)
and kerosene (RP-1) as propellants.
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Development of the F-1 engine began in January 1959 when a contract was
awarded to Rockatdyne for development, through preliminary flight rating
tests (PFRT) of a LOX/RP-1 rocket engine. Test firing of the F~-l engine
was accomplished in June 1961, Since that time, F-1 engines have achieved
rated thrust and duration (150 seconds) runs well over 400 times. The final
release of the design of the flight rating test engine was made in the first
quarter of FY 1364, and testing was completed in the second quarter of FY
1965. A comprehensive qualification test series was begun to qualify the
engine for mamned flight and is scheduled to be completed in the second
quarter of FY 1367.

During FY 1966 and FY 1967, about 700 separate engine system ground tests
will be performed. These tests are part of the approximately 1,600 planned
engine system tests that will be performed as part of the development
effort to reach required maturity before qualification of the engine for
manned flight. Major efforts for FY 1967 include: component qualification;
demonstration of recovery from induced combustion instability; high specific-
impulse performance and qualification tests operation and engineering support
for static and flight testing; and design and operational simplification to
improve engine-system flexibility. To maintain this extensive testing effort
in FY 1967, five new engines will be built; eight rebuilt; and the equivalent
of 2-1/2 engines in test components produced.

J-2 Engine

The J-2 engine is being developed by the Rocketdyne Division of North
American Aviation at Canoga Park, California, for use in upper stages of the
Saturn IB and Saturn V vehicles. This engine, using liquid hydrogen and
liquid oxygen as propellants, is designed to develop 200,000 to 205,000
pounds of thrust, In the Saturn IB vehicle, one J-2 engine will be used
in the 2nd stage (S-IVB). In the Saturn V, a cluster of five J-2 engines
will be used in the 2nd stage (S-II) and one J-2 engine will be used in
the 3rd stage (S~IVB).

Development of the J-2 engine began in September 1960 with the award
of the development contract to Rocketdyne. 1In QOctober 1962, the engine
achieved its first full thrust (250 second duration) run. The first 500-
second duration run, necessary to meet the requirements of the Saturn IB
and V, was successfully conducted in November 1963. Other accomplishments
during FY 1964 included demonstration of gimbal capability, nominal per-
formance, propellant utilization system, and the first PFRT-type engine
test.

During FY 1965, 465 ground tests were performed for a cumulative duration
of 44,152 seconds. During the same period, nine new engines were built
and 31 engines were rebuilt or overhauled. Accomplishments included com=
pletion of PFRT, demonstration of engine-vehicle interface, demonstration
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Development of the F-1 engine began in January 1959 when a contract was
awvarded to Rocketdyne for development, through preliminary flight rating
tests (PFRT) of a LOX/RP-1 rocket engine., Test firing of the F-l1 engine
was accomplished in June 1961, Since that time, F-1 engines have achieved
rated thrust and duration (150 seconds) runs well over 400 times. The final
release of the design of the flight rating test engine was made in the first
quarter of FY 1964, and testing was completed in the second quarter of FY
1965, A comprehensive qualification test series was begun to qualify the
engine for manned flight and is scheduled to be completed in the second
quarter of FY 1967.

During FY 1956 and FY 1967, about 700 separate engine system ground tests
will be performed, These tests are part of the approximately 1,600 planned
engine system tests that will be performed as part of the development
effort to reach required maturity before qualification of the engine for
manned flight, Major efforts for FY 1967 include: component qualification;
demonstration of recovery from induced combustion instability; high specific-
impulse performance and qualification tests operation and engineering support
for static and flight testing; and design and operational simplification to
improve engine~-system flexibility. To maintain this extensive testing effort
in FY 1967, five new engines will be built; eight rebuilt; and the equivalent
of 2-1/2 engines in test components produced.

J-2 Engine

The J-2 engine is being developed by the Rocketdyne Division of North
American Aviation at Canoga Park, California, for use in upper stages of the
Saturn IB and Saturn V vehicles. This engine, using liquid hydrogen anc
liquid oxygen as propellants, is designed to develop 200,000 to 205,000
pounds of thrust., 1In the Saturn IB vehicle, one J-2 engine will be usecd
in the 2nd stage {(S-IVB). In the Saturn V, a cluster of five J-2 engines
will be used in the 2nd stage (S-II) and one J-2 engine will be used in
the 3rd stage (5~IVB).

Development of the J-2 engine began in September 1960 with the award
of the development contract to Rocketdyne. In October 1962, the engine
achieved its first full thrust (250 second duration) run. The first 50C-
second duration run, necessary to meet the requirements of the Saturn IB
and V, was successfully conducted in November 1963. Other accomplishments
during FY 1964 included demonstration of gimbal capability, nominal per-
formance, propellant utilization system, and the first PFRT-type engine
test.

During FY 1965, 465 ground tests were performed for a cumulative duration
of 44,152 seconds, During the same period, nine new engines were built
and 31 engines were rebuilt or overhauled. Accomplishments included com=
pletion of PFRT, demonstration of engine-vehicle interface, demonstraticn
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of reliability, and demonstration of maximum mixture ratio capability. In
FY 1966, 790 ground tests for an approximate duration of 80,000 seconds

are planned. Ten new engines will be built and 33 rebuilt or overhauled.
The flight rating tests were completed early in the fiscal year. Testing
for qualification of the 200,000 pound thrust engine will be completed

in the second quarter of the fiscal year. The engine will make its initial
flight on a Saturn IB in FY 1966.

In FY 1967, 700 ground tests for an approximate run-time of 70,000 seconds
will be performed. Eight new engines will be built and 25 rebuilt or over
hauled. Qualification of a 205,000 pound thrust engine will be complated
in mid-fiscal year.

Propellants and Related Engine Support

Propellants and ancillary chemicals required for the contractor test
efforts are procured and provided as government-furnished material. The
primary products used are liquid oxygen, liquid hydrogen, kerosene, liquid
nitrogen, and gaseous helium, NASA procures propellants from both private
producers and from the Air Force under a NASA/DOD support agreement,

The FY 1967 engine development tests will require approximately 180,000
tons of liquid oxygen, 7,000 tons of liquid hydrogen, 14 million gallons
of kerosene, 37,000 tons of liquid nitrogen, and 44 million cubic feet: of
helium. Funds in FY 1967 will also provide for services and equipment
associated with contractor effort; and contract administration, audit,
property administration, and quality and inspection services provided by
government agencies.

Mission Support

1965 1966 1967
Operations.ieecicessanccaens $96,717,000 $104,180,000  $154,405,000
Systems engineering......... 19,925,000 26,000,000 26,000,000
Supporting development...... 53,900,000 32,205,000 32,895,000
Apollo applicationS......... === 48,000,000 41,910,000

Total..ouoesvonssosnnannans $170,542,000 §210!385!000 $255,200,000

Mission support provides for the over-all launch, flight, crew, anid
recovery operations; program~wide systems engineering; supporting develop-
ment necessary for the successful accomplishment of manned space flights;
and project definition experiment development, and maintenance of hardware
production capability for Apollo applications,
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Operations

Operations include the activation and operation of pre-flight and launch-
ing facilities, mission control, flight crew training and actual flight
operations, including recovery. As the frequency of Apollo flights increases,
more effort, materials, and supplies are required to support the operational
phase of the program.

FY 1966 funds are providing for the following activities: activation of
the launch operations and instrumentation facilities, and pre-flight activ-
ities required at the John F. Kennedy Space Center (KSC) in support cf the
initial Apollo Saturn IB missions; support of KSC contractor services, in-
cluding major items of equipment for these contractors, and reimbursement
to the Air Force; the mission control efforts for Apollo Saturn IB missions;
continued support of astronaut training and flight crew requirements;
operation and updating of mission simulators and trainers; mission planning
and analysis; contractor support in the development of real-time computer
programs for flight missions and flight monitoring; test evaluation and
procurement of retrieval and location equipment; remote-site operaticns;
and reimbursement to the Department of Defense for recovery support forces.

The FY 1967 funding provides for the increased operational services re-
quired to support Apollo Saturn IB manned flights and the initial Saturn
V missions. The requirements also cover the improvements necessary for,
as well as the increased cost of operating the Mission Control Center at
Houston, which will be supporting Apollo Saturn IB and Saturn V flights.
The funding also provides for the procurement and operation of three lunar
landing training vehicles for use by the astronauts.

Systems Engineering

Systems engineering provides for integrated technical support, review,
and analysis of manned space flight missions. These services include
the development of functional and performance standards for the program,
consistent with mission objectives; mission planning; test objectives and
integration; program and systems specifications; trajectory analysis;
checkout effectiveness; and technical documentation. Bellcomm and General
Electric are the principal systems engineering contractors.

During FY 1967, greater emphasis will be placed on a quick-response
capability for validation and analysis of flight data on a time scale
compatible with the increased frequency of Apollo missions. The FY 1967
funding also covers contract administration and related services of the
Department of Defense, as well as non-recurring maintenance and rehabil-
itation of government-owned industrial plants.
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Supporting Development

Supporting development involves individually selected engineering efforts
which support the Apollo Program and have potential use in advanced manned
missions., Individual tasks are initiated in support of the on-going pro-
jects and provide for the development of backup or improved hardware or
manufacturing, test, and evaluation techniques when a potential problem is
identified. The objective is improved performance, improved confidence,
and reduced cost., In addition to providing backups which could be sub-
stituted for their mainstream counterparts, supporting development also
provides for the development of long-lead systems for potential use in the
future. The character of the work varies with each task, depending on the
state of development of the hardware or technique, and is strongly in-
fluenced by the nature of the mainstream difficulty. 1In some cases, the
potential problem may be best overcome by developing new hardware or tech-
niques; and in other cases by modification of the mainstream approaches
through better definition of specifications.

Each task is planned so that the backup can be available for incorporation
into the mainstream projects on a schedule compatible with development and
operational milestones. Work initiated during previous years is resulting
in delivery of developed hardware during FY 1966. For example, a mechanical
damping device has been fabricated to control combustion instability; a
TV camera has been qualified for use on the lunar surface; and design in-
formation is available for any potential desired increase in spacecraft
shielding. During the last few months, development was started on a basic
small-thrust engine that can be used, with minor variations, on the Apollo
spacecraft and the upper stage of both the Saturn IB and Saturn V. This
versatility will permit an optimum production rate for the basic engine,
which will lower unit costs and increase reliability. During FY 1967,
work in support: of Apollo will be largely concerned with backup hardware,
including the small-thrust engine, with the performance potential for
desired Apollo mission objectives. The major portion of the funds will
be used to complete the development of Apollo-type hardware which can re-
place mainstream counterparts with minimum disruption., For example, coating
material for both heat protection and temperature control will be qualified;
antenna perfornance will be demonstrated in preparation for production hard-
ware; and astronaut equipment, such as a portable tape recorder, will be
qualified for use on the lunar surface.

Apollo Applications
In FY 1967, no new manned programs are planned for initiation. However,
planning is directed toward maximum utilization of the inherent capabilities
of the current Apollo Saturn space vehicles, facilities, and government-

industrial teams.

The FY 1966 applications effort is devoted to continued project definition.
This effort provides the detailed planning options necessary for conducting
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applications missions beginning as early as mid-1968, if early success in
the Apollo program makes this possible. FY 1966 funding is providing for
definition of payloads, space vehicle modifications, detailed mission and
support plans, and payload integration.

Apollo applications missions are being planned to permit extended lunar
exploration and long-duration earth orbital operations--both low-altitude
and synchronous. Early applications missions would utilize the basic
Apollo Saturn space vehicle configuration, while later missions would in-
corporate the subsystem modifications essential to refined mission require-
ments. The planning for exploitation of this capability is based on the
principle of holding open as many options as feasible until the Nation is
in a position to select the next major space effort.

To hold these planning options open, FY 1967 funding maintains the con-
tinuity of the production capability of the basic Apollo spacecraft and
Saturn launch vehicles and continues project definition and payload de-
velopment.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF MANNED SPACE FLIGHT ADVANCED MISSTIONS FROGRAM

PROGRAM OB.JECTIVES AND JUSTIFICATION:

The objective of the Advanced Missions program is to examine advanced
manned space flight mission concepts. Included are: logical extensions of
the national space capability through analysis of present hardware systems
for growth potential; development of requirements for future systems; pro-
vision of guidance for research and technology activities; provision of
technical information and cost data upon which future program decisions can
be based; and initiation of the definition, preliminary design and speci-
fication of probable future missions.

SUMMARY OF RESOURCES REQUIREMENTS :

1965 1966 1967
Advanced missions studies....... §26,000,000 $10,000,000 $8,000,000
TOtAleeeeeesooesovasooovonsnsa $26,000,000 $10,000,000 gﬁ,OO0,00Q

Distribution of Program Amount by Installation:

John F, Kennedy Space Center,

NASA. i eeerneoseessssesssssss $500,000 $600,000 $600,000
Manned Spacecraft Center...... 9,625,000 3,600,000 2,600,000
Marshall Space Flight Center.. 5,473,000 5,500,000 4,500,000
Langley Research Center....... 1,200,000 - -
NASA Headquarters......... cene 8,930,000 300,000 300,000
Western QOperations Office..... 272,000 - -——

BASIS OF FUND REQUIREMENTS :
Advancea Missions_Studies
1965 1966 1967
Advanced studieS....eveeveercnns $26,000,000 $10,000,000 $8,000,000

Advanced studies provide the basis for the plénning and selection of future

manned space flight missions.

earth orbital, lunar, and planetary missions.

Specific areas of investigation include manned
FY 1965 studies concentrated
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on the uses of Apollo-developed hardware in extending manned exploration of
the moon and near-earth environment and led to the pre-development effort

now underway for Apollo applications. During FY 1965, no funds were allocated
for planetary studies and only a modest number of studies beyond Arpollo
applications were implemented in the earth orbital, lunar, and supporting
vehicle systems areas.

During FY 1966, advanced studies are continuing to stress potential activ-
ities in the earth orbital and lunar exploration areas and include vlanning
studies in the planetary/interplanetary category. Completed manned earth
orbital mission studies have confirmed the feasibility of earth orbiting space
stations. Alternate configurations, which make maximum use of current, as
well as basically new, spacecraft configurations, have been examined. Addi-
tional studies of candidate scientific and technological experiments for the
space stat:ions are also being conducted.

The FY 1967 effort will be directed toward preliminary systems definition
of the more promising space station concepts. Configurations under review
include a long-term station not requiring resupply, using the present family
of subsystems and launched with a Saturn V, and an optimized space station
capable of supporting planetary flight. Preliminary systems definition will
also be conducted on a ferry/logistic system for use with these concepts.
Particular attention will be given to the description and definition of
experiment: modules which can be used in conjunction with the various space
station concepts and which can be operated by the crew of the space station.
In addition, efforts will continue on the selection and description of
candidate experiments for advanced missions, and the constraints ofi these
experiments on the space station and the logistic system will be assessed.
The ultimate growth capability of such a space station into a planetary
mission module will be considered and a new and larger spacecraft with
inherently greater experimental man-hour capabilities will be studied.

Manned lunar mission studies are directed toward identifying and defining
the most effective exploration systems, Included are studies of both improved
Apollo~type and direct flight systems, alternate shelter and mobility concepts,
and definition of orbital and surface experiments,

The FY 1967 effort will emphasize the definition of an extended lunar
exploration plan and the accompanying conceptual designs. The results of
comparative evaluations of shelter and mobility concepts, as well as various
modes of payload delivery to the lunar surface, will be combined with the
recommendations of the scientific community to formulate a comprehensive
lunar exploration effort. This work will provide the basis for decisions
concerning the initiation of program definition for an advanced lunar ex-
ploration system.

Manned planetary mission studies have established the feasibility of a
number of mission modes and system concepts for Mars and Venus flybys and
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Mars landing missions. Although the flyby missions may be considered within
the reach of Apollo-based technology, it appears that effective accomplishment
of the Mars landing mission will require improved levels of technology. The
complexity of the missions and the extensive resources required for such
undertakings require detailed analysis of the various options before a pro-
gram is initiated.

FY 1967 planetary mission studies will provide more detailed analysis of
system feasibility, system concepts, and technologicel requirements. Major
emphasis will be placed on manned planetary spacecraft concepts that can be
applied to the broadest range of missions and launch dates. The studies
recognize the requirement for ummanned programs to provide the scientific
and engineering data essential for the design of future manned systems.
Studies of objectives, schedules, and costs will be necessary so that the
most promisirng system concepts can be identified for detailed engineering
design.

Launch vehicle studies to support earth orbital, lunar, and planetary
manned missions will also be conducted during FY 1967. These studies will
stress preparation for systems definition of improved Saturn vehicles, as
well as reusable transport concepts. The related requirements for oper-
ational and support facilities will also be studied.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS PHYSICS AND ASTRONOMY PROGRAM
PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Physics and Astronomy program is to increase our
knowledge of the space environment of the earth, the sun and its relation-
ship to the earth and the interplanetary medium, and the fundamental physical
nature of the universe. 1In order to achieve this objective, research pro-
grams have been undertaken to intensively study the upper atmosphere, the
ionosphere, the earth's magnetosphere, the region beyond the boundaries of
the magnetosphere, solar radiation and the solar wind and their interactions
with these regions, cosmic rays from beyond the solar system, radiation from
stars and other celestial bodies in areas of the spectrum which cannot be
observed from the earth's surface, and the geodetic figure of the eaxth.

While the objective of the program has been divided into three major
areas, they are by no means independent of each other. Knowledge gained in
one area contributes to the understanding of the others. Many studies con=-
tribute directly to knowledge in all three areas. - The practical applications
of the knowlaedge gained in this program can be clearly demonstrated in terms
of support for other national programs such as meteorology, communications,
manned space flight, and cartography. However, the program is primarily
intended to be a basic research program dedicated to the expansion of human
knowledge., As such, it is integrated with the programs of educational and
scientific research institutions throughout the United States and in many
foreign countries. Substantial efforts are made to insure that the results
of the research are made generally available on a basis that will make the
knowledge most useful to facilitate future advancements in technology,
scientific research, and education.

S RY._OF RESO S S :
1965 1966 1967

Supporting research and

technology/Advanced studies.. $21,057,000 $23,800,000 $22,900,000
Solar observatories............ 16,597,000 24,500,000 11,900,000
Astronomical observatories..... 32,644,000 24,600,000 29,200,000
Geophysical observatories...... 30,352,000 28,600,000 23,400,000
Explorers............. P 21,565,000 21,400,000 23,000,000
Sounding rockets............... 16,867,000 18,500,000 19,000,000
Data analysi€............couuu hadudes 2,100,000 2,000,000

Total..........coivinnnnn.. $139,082,000 $143,500,000  $131,400,000

R) 4-1

799 - 342 O - 66 - 6



Ristribution of Program Amount by Installation:

1965 1966 1967

Marshall Space Flight Center.. $755,000 $62,000 $25,000

Goddard Space Flight Center... 110,244,000 108,498,000 100,961,000

Jet Propulsion Laboratory..... 334,000 452,000 500,000

Wallops Station............... 1,090,000 2,550,000 3,400,000

Ames Research Center.......... 1,557,000 2,586,000 2,563,000

Flight Research Center........ 10,000 5,000 15,000

Langley Research Center....... 2,226,000 2,272,000 1,100,000

NASA Headquarters............. 22,866,000 27,075,000 22,836,000

BASIS OF FUND REQUIREMENTS :
Supportine Research and Technology/Advanced Studies
_1965 1966 1967

Particles and fields............ $6,714,000 $6,900,000 $6,900,000
Ionospheres and radio physics... 988,000 1,300,000 1,300,000
Interplanetary dust and

cometary physics.............. 833,000 1,200,000 1,200,000
Solar physics...cvvvtiiinnnnnnn. 2,382,000 2,800,000 2,800,000
Astronomy and geodesy........... 2,926,000 3,300,000 3,300,000
Spacecraft technology........... 300,000 350,000 350,000
Interdisciplinary space science. 2,179,000 2,850,000 2,850,000
Advanced studies................ 450,000 1,200,000 1,000,000

Manned space science............ . 285,000 3,900,000 3,200,000
$21,057,000 $23,800,000

The objectives of the Supporting Research and Technology program are to
provide a sound theoretical base for the flight programs; to initiate devel-
opment of instrumentation for future experiments; to provide laboratory data
as a basis for evaluation of flight data; to conduct ground based ballocn
and aircraft observations for correlation with flight program results; and
to provide scientific experiments and scientific support for the manned space
flight program.

2,900,000

Particles and Fields

Work in this area concerns the development of new instruments for measuring
the direction, magnitude and time variations of magnetic fields and for meas-
uring the energy, direction and mass of charged particles., It also consists
of theoretical research and ground and balloon-borne observations which will
aid in the interpretation of space measurements,
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS BPHYSICS AND ASTRONOMY PROGRAM
PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Physics and Astronomy program is to increase our
knowledge of the space environment of the earth, the sun and its relation-
ship to the earth and the interplanetary medium, and the fundamental physical
nature of the universe. 1In order to achieve this objective, research pro-
grams have been undertaken to intensively study the upper atmosphere, the
ionosphere, the earth's magnetosphere, the region beyond the boundaries of
the magnetosphere, solar radiation and the solar wind and their interactions
with these regions, cosmic rays from beyond the solar system, radiation from
stars and other celestial bodies in areas of the spectrum which cannot be
observed from the earth's surface, and the geodetic figure of the earth.

While the objective of the program has been divided into three major
areas, they are by no means independent of each other. Knowledge gained in
one area cortributes to the understanding of the others. Many studies con-
tribute directly to knowledge in all three areas. The practical applications
of the knowledge gained in this program can be clearly demonstrated in terms
of support for other national programs such as meteorology, communications,
manned space flight, and cartography. However, the program is primarily
intended to be a basic research program dedicated to the expansion of human
knowledge. As such, it is integrated with the programs of educational and
scientific 1research institutions throughout the United States and in many
foreign countries. Substantial efforts are made to insure that the results
of the research are made generally available on a basis that will make the
knowledge most useful to facilitate future advancements in technology,
scientific research, and education.

SUMMARY OF RESOURCES REQUIREMENTS :
1965 1966 1967

Supporting research and

technology/Advanced studies.. $21,057,000 $23,800,000 $42,900,000
Solar observatories............ 16,597,000 24,500,000 11,900,000
Astronomical observatories..... 32,644,000 24,600,000 9,200,000
Geophysical observatories...... 30,352,000 28,600,000 23,400,000
EXplorers...ooveeieeenenienns 21,565,000 21,400,000 23,000,000
Sounding rockets............... 16,867,000 18,500,000 19,000,000
Data analysis............ Ceeaes - 2,100,000 2,000,000

§ o oF- 1 $139,082,000 $143,500,000  $131,400,000

RD 4-1

799 - 342 O - 6 - 6



Distxibutiopn of Program Amount by Installatjion:

Marshall Space Flight Center..
Goddard Space Flight Center...
Jet Propulsion Laboratory.....
Wallops Station...............
Ames Research Center..........
Flight Research Center........
Langley Research Center.......
NASA Headquarters.............

BASIS OF FUND KEQUIREMENIS :

Supporting Research apnd Technolosy/Advanced Studies

Particles and fields............
Ionospheres and radio physics...
Interplanetary dust and
cometary physics..............
Solar physics....oovivviennennnn
Astronomy and geodesy...........
Spacecraft techmnology...........
Interdisciplinary space science.
Advanced studies................
Manned space science............

$21,057,000

1965 1966 1967
$755,000 $62,000 $25,000
110,244,000 108,498,000 100,961,000
334,000 452,000 500,000
1,090,000 2,550,000 3,400,000
1,557,000 2,586,000 2,563,000
10,000 5,000 15,000
2, 226,000 2,272,000 1,109,000
22,866,000 27,075,000 22,835,000

1965 1966 1957
$6,714,000  $6,900,000 36,900,000
988,000 1,300,000 1,300,000
833,000 1,200,000 1,200,000
2,382,000 2,800,000 2,800,000
2,926,000 3,300,000 3,300,000
300,000 350,000 350,000
2,179,000 2,850,000 2,850,000
450,000 1,200,000 1,000,000
285,000 3,900,000 __3,200,000

$23,800,000 $22,900,000

The objectives of the Supporting Research and Technology program are to
provide a sound theoretical base for the flight programs; to initiate devel-
opment of instirumentation for future experiments; to provide laboratory data
as a basis for evaluation of flight data; to conduct ground based ballcon
and aircraft observations for correlation with flight program results; and
to provide scientific experiments and scientific support for the manned space

flight program,

Particles and Fields

Work in this area concerns the development of new instruments for measuring

the direction, magnitude and time variations of magnetic fields and for meas-

uring the energy, direction and mass of charged particles.

It also corsists

of theoretical research and ground and balloon-borne observations which will
aid in the interpretation of space measurements.



leadtimes to meet a variety of scientific mission objectives, as well as for
specialized explorers to conduct experiments requiring unique spacecraft
designs. Also included are studies aimed at defining the role of man in
astronomical observations from space and in defining systems concepts for
carrying out these observations.

Interplanetary mission studies include the development of a concept and
preliminary design of a Galactic Pioneer capable of extending interplanetary
exploration cut beyond the orbit of the planet Jupiter. Also included are
studies leading to the development of small probes capable of transmitting
signals and & limited amount of data back to earth from distances as close
as 0.4 AU to the sun. Studies of scientific payloads for these small probes
include solar corona studies, interplanetary plasma studies, and comet
simulation studies.

Manned Space Science

Manned Space Science includes the planning, design and development of
scientific investigations; procedures and equipment for manned orbital space
experiments, analysis of data collected from these experiments; and support-
ing activities including the selected scientific training of astronauts.
Studies in the fields of solar physics, ionospheres, astronomy, relativity,
gravity, and interplanetary particles and fields are among the scientific
investigations being developed for Gemini and Apollo missions,

Applied research on the space enviromment is undertaken to meet spacific
needs for information on space phenomena in the design and development of
safe and reliable manned space flight systems. Environmental data is
supplied for the Apollo program, including information regarding solar
flares and the resulting solar proton radiation, other space radiation,
meteoroids, and micrometeoroids, Theoretical and laboratory studies are
conducted to evaluate the potential hazard which these space phenomena may
present to manned space flight, Fiscal year 1967 funds will be utilized
to continue work begun in prior years,

olar QObs ies
1965 1966 1967
Orbiting Solar Observatory (0S0):
Spacecraft........ .. i, $4,814,000 $6,013,000 $6,300,000
Experiments..............oou.n. 4,383,000 3,687,000 2,100,000
Subtotal 0SO.......cveuvenn... $9,197,000  $9,700,000 $11,900,000
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Ionospheres and Radio Physics

Ionospheres and radio physics involves ground-based observations, theoret-

ical studies and instrument development relating to the ionized regions of
the atmospheres of the earth and other planets and of interplanetary space.

Interplanetary Dust and Cometary Physics

Interplanetary dust and cometary physics involves the study of extra-
terrestrial particulate matter; its behavior, structure, composition, aad
origins; and its significance in providing information on the physical
properties of the solar system and the galaxy.

Solar Physics

Solar physics involves ground, aircraft, and balloon-borne observations;
theoretical studies; and instrumentation development related to orbital
observations of the sun.

Astronomy and Geodesy

Astronomical research and technology efforts include theoretical studies
of stellar astirophysics; laboratory spectroscopy; research on optical mate=~
rials; advanced development of instruments; and ground-based balloon ard
aircraft observations. Work is also being done leading to the development
of extremely precise gyroscopes which could be used in a zero G satellite
for tests of Einstein's Theory of Relativity. Theoretical studies in
celestial mechanics and geodesy are also included.

Spacecraft Technology

Studies of materials and techniques suitable for future interplanetary
spacecraft, which would make close approaches to the sun or operate at
great distances from the earth, are being conducted. 1In addition, work is
being initiated in improved electronic and power supply components for
explorer satellites,

Interdisciplinary Space Science

This area provides for support of the Space Science Board and for raesearch

fellowships administered by the National Academy of Science, which provide
an opportunity for selected fellows to work with scientists at the Goddard
Space Flight Center in theoretical and laboratory research.

Advanced Studies
Studies to establish the concepts, characteristics and feasibility of
future earth orbital and interplanetary missions are funded in this area.

Earth orbital mission studies include feasibility studies of small modular
scientific satellites which could be assembled with comparatively short
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1965 1966 2267

Advanced Orbiting Solar
Observatory (AOSO):

Spacecraft............ et $5,831,000 $10,497,000 m--
Experiments......covvvevnnnann. 1,569,000 3,324,000 -
Ground operations............... === 972,000 ==
Subtotal AOSO. .. .uveeneennrnns $7,400,000  $14,800,000 ---
Total 0SO and AOSO............ $16,597,000  $24,500,000  $11,900,000

Delta (Launch Vehicle

Procurement Program)............ 000 (8),000,000) ($1,700,000)

Total (including Launch
Vehicles) ($17,358,000) ($25,500,000) g$13&600,0002

The objective of the Solar Observatory program is to promote advancement
in the study of solar physics through the use of current space techniques.
These techniques permit expansion of scientific solar research by eliminating
the atmospheric distortions which are normally prevalent with ground-based
observations. Accordingly, freedom from atmospherically scattered light is
obtained and many more decades of the electromagnetic spectrum can be
observed. The solar observatories are designed to provide a thorough in-
vestigation of the sun, the rapid changes, as well as the long-term changes
in solar radiation during a solar cycle and to probe into the underlying
causes of these changes by analyzing regions of activity. The Orbiting
Solar Observatories operated during the period of minimum solar activity
with the flight of 0SO I and 0SO II in 1962 and 1965 respectively. Contin-~
uous program effort will be pursued with 0SO into the period of maximim
solar activity in 1968-69.

Orbiting Solar Observatories are stabilized platforms capable of pointing
scientific instrumentation to an accuracy of greater than 1 arc minute at
the center of the solar disc in order to study the solar ultraviolet light,
gamma rays and X-rays, which are absorbed in the earth's atmosphere. Orbiting
Solar Observatories are scheduled to be launched between 1965 and 1969 at
approximately nine month intervals., This will give reasonable assurance of
continuous coverage of solar phenomena as the sun reaches the period of
maximum activity.

The first solar observatory, 0SO-1, was launched on March 7, 1962, and
provided over 2,000 hours of observation of the solar spectrum in the ultra-
violet and X-ray regions. Orbiting Solar Observatory-II was successfully
launched on February 3, 1965, All spacecraft systems operated at or above
their design goals and the spacecraft was commanded '"off" after more than
nine months of near-perfect operation. All but one of nine experiments pro-
vided data during the more than 4100 orbits the spacecraft covered during its
useful lifetime., These data are currently being analyzed and publication of
scientific results is expected shortly.
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Orbiting Solar Observatory-C, the third solar observatory, was launched
August 25, 1965, Unfortunately, a malfunction in the third stage of the
Delta launch vehicle prevented the booster from placing the spacecraft into
orbit. Using spare experiments from the 0SO-C, a re-flight of the mission
is now scheduled for the middle of 1966. Experiment selection through the
seventh 0SO mission has been completed., Selection of proposed experiments
for the last 0S50 in the current series (0SO-H) will take place shortly after
July 1, 1966,

Management responsibility for the 0S0 project has been assigned to the
Goddard Space Ilight Center, The spacecraft are being procured through
contracts with the Ball Brothers Research Corporation.

Fiscal year 1965 funds provided for completion, launch, data acquisition
and analysis of 0SO-II which was launched February 3, 1965, and for comple-
tion and launch of the third observatory in August 1965,

In addition, FY 1965 funds were utilized for initiation of experiment
development for & follow-on observatory.

Fiscal year 1966 funds provide for continuing work on the fifth observa-
tory, for completion of the hardware and launch of the fourth observatory,
and for initiation of work on the three follow-on spacecraft and experimental
packages, Fiscal year 1967 funds will provide for completion of data analysis
on 0SO-II and the fourth observatory, launch and initial data analysis on the
fifth observatcory, and for continuing hardware effort on the follow-on
0S0's.

Fiscal year 1964 and prior funding for the 0SO project, including launch
vehicles, was $40,715,000. Fiscal year 1968 and later funding required to
complete this eight flight program, including launch vehicles, is estimated
at $24,800,000.

t i s a
1965 1966 1967
Spacecraft and support......... $23,170,000 $17,205,000 $23,100,000
Experiments.............0... .. 9,474,000 1,395,000 6,100,000
Total Spacecraft and Support. $32,644,000 $24,600,000 $29, 200,000

Atlas-Agena (Launch Vehicle
Procurement Program)......... (9,072,000) (16,703,000) (9,057,000

Total (including Launch

Vehicles)............. ..., (§4li716!000? (841,303,000) ($38,257,000)

The Orbiting Astronomical Observatory (OAO) is designed to provide a
precisely stabilized observatory above the atmosphere so that fundamental
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information about the universe can be obtained through astronomical observa-
tions particularly in those extensive regions of the electromagnetic spectrum
which do not penetrate the earth's atmosphere; and through high resolution
observations in the visible and shorter wave length regions of the electro-
magnetic spectrum which are disturbed when they pass through the earth's
refracting and scattering atmosphere. The OAO program is developing a
standardized spacecraft that can be precisely stabilized to 0.1 arc second
for long obsexrvational times, and can carry a wide variety of telescopic
instruments weighing up to 1,000 pounds, The first five observatories will
carry instruments of increasing capability, starting with exploratory sky
mapping surveys and low resolution instruments and progressing to larger
apertures, high resolution, and capability of viewing faint celestial objects.

The first OAQ (OAO-Al), to be launched in early 1966, will carry ultra-
violet photometers and spectrometers developed by the University of Wisconsin
for studies of stars and nebulae. 1In addition, there is a package of three
astronomical instruments designed for sky surveys in the X-ray and gamma ray
spectral regions. These have been developed by Lockheed Research Laboratories,
the Goddard 5pace Flight Center and the Massachusetts Institute of Technology.

The second OAO (OAO-B), scheduled for flight in early 1967, will carry a
36 inch aperture telescope designed to obtain spectrophotometric data on
stars, nebulas and galaxies in the ultraviolet region of the spectrum with a
capability of resolution up to 2 angstroms.

The third 0AQ (OAO-A2), to be launched in 1967, will consist of the re-
furbished prototype spacecraft carrying Smithsonian Astrophysical Observatory
and University of Wisconsin experiments., The Smithsonian experiment consists
of four telescopes with television imaging photometers to map the sky in the
ultraviolet. The Wisconsin experiment will duplicate the scientific instru-
ments developed for OAO-Al, but will be programmed to view other sky wregions,

The fourth OAO (OAO-C), to be launched in 1968, will consist of a 32 inch
aperture reflecting telescope combined with a grating spectrograph to study
the composition and physical condition of interstellar material and to obtain
high dispersion ultraviolet spectra of stars with resolutions up to 0,1
angstrom. This observatory will also carry telescopes developed by the
University College, London, England, with the University of Leicester to
study the X-ray emission of stars and nebulae. These will probably be the
first focusing collimators to be used for studying galactic X-rays,

The OAO-D observatory is planned for launch in late calendar year 1969.
This observatory will be utilized primarily for observing very faint celestial
objects by guest observers, The lifetime of this observatory will thus be
utilized in a variety of short-term viewing programs, just as ground observ-
atories are now used,

Management responsibility for the OAO project has been assigned to the

Goddard Space Flight Center. The spacecraft are being developed under prime
contracts with the Grumman Aircraft Engineering Corporation.

RD 4=7



Development of the OAO was initiated in 1960, This development required
major advances in the state-of-the-art, especially in spacecraft stabilization
and control, and command and data handling. After great effort, major com-
ponent development problems were solved and the prototype OAO was ready for
qualification in FY 1965. These extensive systems tests took place throughout
FY 1965 and were performed with outstanding success. Also, FY 1965 funds
provided for the assembly and integration of the OAO-Al flight observatory,
and for manufacture of the components for OAO~B. The contracts for refur-
bishment of the prototype spacecraft (0OAO-A2) and for the OAO-C, a new
spacecraft, were awarded in late FY 1965. Fiscal year 1965 funds provided
for continuation of work on all experiments through OAO-C, and included the
initiation of the repeat Wisconsin experiment for OAQO-A2,

In FY 1966 the functional and environmental flight acceptance tests of
the OAO-Al observatory were successfully completed. Fiscal year 1966 funds
will provide for final preparations, launch, and initial flight operations
and data analysis of OAO-Al. Fiscal year 1966 funds will also provide for
assembly and initial flight acceptance tests of the spacecraft and flight
experiments £oxr OAO-B. The prototype telescope for OAO-B has been success=-
fully qualified in FY 1966, Also, FY 1966 funds provide for refurbishment
of the OAO-A2 spacecraft and for the manufacture of components for QAO-C
spacecraft, as well as continued support for manufacture of experiments for
these missions,

Fiscal year 1967 funds will provide for continued data analysis of OAOQ-Al,
and will provide for completion of flight acceptance tests, launch support,
operations and initial data analysis for the OAO-B mission. The refurbish-
ment and flight acceptance test of OAO-A2 observatory will be performed, and
the manufacture and assembly of the flight spacecraft and flight experiment
for OAO-C will be completed. Fiscal year 1967 funds will also provide for
initiation of tthe OAO-D observatory, deferred from FY 1966. The FY 1967
funding level represents a buildup toward the level required to support a
schedule of one OAOQ flight per year.

Fiscal year 1964 and prior year funding, including launch vehicles, was
$129,040,000, Fiscal year 1968 and later funding required to complete five
missions is estimated to be $66,300,000 including launch vehicles.

Geophysical Observatories
1965 1966 1967
Spacecraft. ...ceviiieeniannnan, $19,961,000 $16,971,000 $14,531,000
Experimentis......ccvveeenunnannn 10,391,000 11,629,000 8,869,000

Total Spacecraft and Support. $30,352,000  $28,600,000  $23,400,000

Thor-Agena (Launch Vehicle
Procuremsnt Program)......... (2,164,000) (3,795,000) (3,595,000)
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1965 1966 1967

Atlas-Agena (Launch Vehicle
Procuremeni: Program)....... 000 (6,271,000) (3,154,000

Total (including Launch

VehicleS) . ..overernrnennnns ($34,650,000)  ($38,666,000)  ($30,14%,000)

The Orbiting Geophysical Observatory program has as a prime objective the
accomplishment: of a series of scientific measurements required to correlate
the geophysical phenomena occurring in the near-earth environment with the
effluent activity of the sun and interplanetary space. There is increased
evidence that this environment has a fine, highly-variable structure of
electromagnetic fields and particles which is strongly dependent on events
or processes coccurring at different locations, Correlative measurements
aboard the same satellite obtained over a variety of spatial locations are
required if we are to understand this enviromment. Successful accomplishment
of the OGO program will undoubtedly contribute substantially to this under-
standing and to evaluation of the hazards of manned space travel. There
remains, always, the possibility of the discovery of new physical phenomena
having potential application to the advancing of earth-bound technology.

Support of these scientific objectives requires the development of space-
craft capabilities to accommodate the many diversified instruments used for
the correlative studies, 1In essence, this requirement establishes the need
for an orbital laboratory-type environment where viewing directiomns, electric
power, thermal control, and data handling systems are shared by many experi-
menters in investigating related problems,

To achieve the planned scientific objectives, OGO missions are scheduled
alternately for low altitude, nearly=-polar orbits, and highly-elliptical,
low inclination orbits at approximately nine month intervals.

The 0GO-I mission, launched in 1964, identified design problems with
appendage deployment which were corrected on the OGO-II mission launched in
1965, However, the nature of the 0OGO-I problem prevented detection of an
anomalous behavior of the earth horizon sensors to cold clouds which was
discovered on the OGO-II flight, Corrections for the OGO-II problem are
being incorporated on 0GO-B which will be the third OGO mission. In addi-
tion to verifying the functional and operational aspects of the OGO spacecraft
design, the OGO-I and II missions have provided significant scientific data.
Twenty-five preseantations of OGO-I results have already been given by the
experimenters at various scientific symposia and the number of papers pre-
sented, or currently planned for either presentation or publication, is over
forty-five.

The next mission will be OGO-B which is in the final phase of environ-
mental testing, Orbiting Geophysical Observatory=B carries essentially the
same complement: of experiments as 0GO-I and will be placed in a similar
highly=-elliptical orbit during the second quarter of 1966,
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The fourth (0GO-D) and fifth (OGO-E) missions are both scheduled for
launch in 1967, The OGO-D is in the final stages of integration and will
continue the low earth studies started by OGO-II. Fabrication of spacecraft
assemblies and experiments for the OGO-E mission is underway.

Procurement has been initiated for refurbishing of the prototype space-
craft for the 0GO-F mission, to be launched in 1968, for which an experiment
has been evaluated,

Management: responsibility for the OGO project has been assigned tc the
Goddard Space Flight Center. The spacecraft development and fabrication is
under contract to Thompson Ramo Wooldridge Corporation,

Funding prior to FY 1965 provided for design and development of the basic
spacecraft; fabrication and testing of a prototype; and fabrication, inte=
gration, and test efforts on three flight spacecraft; development and
initiation of fabrication of experiments for the first four missions.

This effort was continued in FY 1965 with the launch of the first OGO
(0GO~A) . The appendage release system redesign was incorporated in 0GO-C
and final preparations made for launch of this mission. Fabrication of
spacecraft for the OGO-D and E missions and initiation of OGO-E experiment
development was started. The OGO-1 data analysis was supported. To
accomplish the program within available manpower resources at the Goddard
Space Flight Center, missions 0GO-D and beyond were rescheduled from
approximately six month intervals to nine month intervals. As a consequence,
selection of experiments for OGO-F was delayed until FY 1966, 1In addition,
the spacecraft contractor was assigned the added responsibility of experi-
ment handling and testing for the later missions.

Fiscal year 1966 funds provided for the launch of 0GO-C (I1); continuation
of data analysis for OGO-1 and OGO-11; final preparations for the launch of
0GO-B; continuation of work on OGO~-D and E; and initiation of OGO-F experi-
ment development,

Fiscal year 1967 funds are for completion and launch of OGO-D; continuation
of observatory testing and launch preparations for OGO-E; and refurbishing
the prototype spacecraft for OGO-F, They will also provide for continued
support of data analysis for the first four OGO missions; the completion of
OGO-E experiment development; and support of experiment development for the
OGO-F mission.

Fiscal year 1964 and prior year funding for OGO was $122,712,000, includ-

ing launch vehicles. Fiscal year 1968 and later funding needed to complete
six missions is estimated to be $27,300,000, including launch vehicles.,
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Explorers

1965 1966 L967

Geophysical and interplanetary

explorers........oeevviiinnn. $16,570,000 $13,120,000 $12,300,000
Astronomy explorers............ 1,100,000 5,030,000 9,100,000
Geodetic explorers............. 3,895,000 3,250,000 1,600,000

Total Explorers.............. $21,565,000 $21,400,000 $23,000,000
Scout (Launch Vehicle

Procuremerit Program)......... (3,527,000) (6,300,000) (3,829,000)
Delta (Launch Vehicle

Procurement Program)......... (10,450,000) (4,817,000) (11,683,000)
Thor Agena (Launch Vehicle

Procurement Program)......... 8 000 6 000 _(2,913,000)

Total (including Launch

Vehicles) . ..oviviveiin.., ($44,381,000) ($39,263,000) ($41,425,000)

The Explorer satellites are the smallest of NASA's scientific spacecraft,
being launched on Scout, Delta and Thor Agena launch vehicles, Explorers
are specifically designed to provide for specialized scientific investiga-
tions and are flown in orbits especially selected for the investigations
involved. ‘These Explorer spacecraft and their experiments, developed by
various NASA centers, industry, universities and cooperating foreigr coun-
tries, are used for investigations of the earth's environment, solar-
terrestrial relationships, solar-interplanetary relationships, astronomical
observat:ions, and for geodetic measurements.

The shorter development times associated with these small spacecraft is
reflected in the large number of successful missions accomplished (31) from
the foundingz of NASA through 1965. These mi§§ions have provided substantial
portions of our present knowledge about the earth's environment, including
the ionosphere, the atmosphere, micrometeoroid environment, the radiation
belts, the earth's magnetic field and some of the principal effects of solar
radiation on the atmosphere. As a result of these efforts and othex related
investigations, the picture of the interactions between solar activity, the
interplanetary medium, and the immediate environment of the earth is becoming
clearer,

While Explorer spacecraft do not possess the stabilization and control
feature, or the high data rates, required for detailed and comprehensive
astronomical investigations of the Sun, stars and planets, they do provide
an effective and economical means of making exploratory measurements in the
radio, X-ray and ultraviolet regions. The first Radio Astronomy Explorer
is under development for launch in 1967 to study planetary and celestial
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low frequency radio sources., Development of a small X-ray Astronomy Explorer
is being initiated to exploit the recent discovery of stellar X-ray sources,

In November 1965, the first Geodetic Explorer was launched marking the
commencement of a cooperative geodetic program with participation by the De-
partment of Defense, the United States Coast and Geodetic Survey, universities
and other research organizations in the U.S. and cooperating foreign coun-
tries. Explorer XXIX (Geos A) is the first of two similar active satellites
in the program containing apparatus for optical and electronic geodetic
measurement techniques. A passive satellite consisting of an ECHO tyne
balloon with beacons, designated PAGEOS-A, will be launched into a higzh
altitude circular orbit in 1966 to supplement the active satellite program.
Comparison studies are planned to evaluate the various techniques employed
and to provide a check on the accuracy of individual measurements. he
program is planned to continue.

In FY 196Z the major emphasis in the Explorer program was on the develop-
ment of Interplanetary Explorers and on the joint Canadian=-US Satellite for
Ionospheric Studies. Fiscal year 1965 funds also provided for the initiatiom
of the Radio Astronomy Explorer (RAE) and the OWL Explorers, a pair of
satellites designed to make simultaneous measurements of high latitude
geophysical phenomena in out ~of -phase orbits, Development efforts on active
and passive geodetic satellites, initiated in prior years, were also continued.

In FY 1966 increased emphasis is being given to Astronomy Explorers with
major funding of the RAE and initiation of the X-ray Astronomy Explorer. A
Scout launch vehicle was also provided for the launch of a Solar Explorer
developed by the Naval Research Laboratory. Development of Geophysical
and Interplanetary Explorers is being continued at a reduced level of effort,
and the Geodetic Satellite program is being continued at a level effort,

The FY 1967 program provides for further reduction of the level of effort
in Geophysical and Interplanetary Explorers, providing only for continuation
of launches of Interplanetary and Energetic Particles Explorers and inter-
national cooperative programs in the 1968-1969 time period. The program in
Astronomy Explorers will provide for continuation of observations into the
1968-1969 time period with emphasis on X-ray and radio observations of the
Sun., Geodetic investigations will be continued using the four satellites in
the currently approved program.

Sounding Rockets

1965 1966 1967

EXPETimMentS, v v v neennennenn.. $7,403,000 $6,700,000 $6,700,000
Rocket dewvelopment............. 594,000 852,000 1,024,000
Attitude control systems....... 1,018,000 3,543,000 3,400,000
Engineering support............ 476,000 442,000 440,000
Test and evaluation............ 209,000 246,000 250,000
Ground instrumentation......... 3,332,000 3,004,000 3,233,000
Rocket procurement............. 3,835,000 3,713,000 3,953,000

Total......ooviniinnnnen., $16,867,000 $18,500,000 $19,000,000
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Sounding rockets have proven to be the only effective means of making
scientifically valuable studies of the upper atmosphere at altitudes above
20 miles and below the perigee altitudes of earth satellites, These rockets
are relatively small and inexpensive vehicles, capable of carrying wide
varieties of instyumentation for the study of the atmosphere, ionosphere,
energetic particles, astronomy and solar physics., The relatively low cost
and short lead times make research with sounding rockets extremely useful
for carrying ouft new experiments and testing new instruments soon after the
ideas are developed by the nation's scientists,

Sounding rockets have been used to measure atmospheric density and tem-
perature; to analyze the various gases present in the upper atmosphere, and
responses of the atmosphere to varying solar activity. Chemicals released
from sounding rockets for wind and temperature measurements launched irom
various sites all over the world have improved our knowledge about the
dynamics of the ionospheric region. Recoverable sounding rocket payloads
have been used to collect extraterrestrial dust originating in meteor streams,
comets, and asteroids. Noctilucent clouds formed by the condensation of ice
about this dust have been probed by flights from Sweden and Ft. Churchill,
Canada; interplanetary dust has been sampled by rockets recently over White
Sands, New Mexico,

The aurora and airglow have been investigated by rocket probes cont:aining
spectrophotometers, filter photometers, and particle detectors,

Ionospheric experiments have been carried out with sounding rockets and
have proved extremely valuable both for scientific investigations of the
physics of the ionosphere and for calibrating instrumentation on satellites
already in orbit by simultaneously measuring the same region of the ionosphere,
Instruments have been developed to measure electron concentrations and tem-
perature, electromagnetic waves, ionic and neutral mass spectra, magnetic
fields, and E region currents. Flights to measure these parameters have been
made from many launching sites with a wide global distribution.

Sounding rockets are now being effectively utilized for astronomical
observations of the sun and the stars in the X-ray and ultraviolet regions
of the spectrum made possible due to the development of improved attitude
control systems.

Management responsibility for sounding rocket support activities has been
assigned to the Goddard Space Flight Center. Rocket experiments are managed
at several NASA centers, with NASA Headquarters retaining responsibility for
experiments developed at universities, by researchers in industry, at other
agencies and in other countries.

About 125 major sounding rockets of the Nike Cajun/Apache, Aerobee and
Javelin types, and 12 of the Arcas type were launched during 1965 from sites
in the United States, Canada, Brazil, India, Surinam, New Zealand, Norway,
Pakistan, anc from shipboard launchings from a converted Navy aircraft
transport. This Mobile Launch Expedition, planned as part of the International
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Year of the Quiet Sun, provided a very successful series of launchings into
the atmosphere and ionosphere in geographical regions which could not be
reached by land-based rockets. A large volume of new and useful data about
the "equatorial electrojet," a system of electrical currents circulating in
the ionosphere near the geomagnetic equator, and on other ionospheric
phenomena was obtained during this expedition,

Sounding rocket projects are planned to be continued in FY 1966 and 1967
in many areas where experimentation has begun, including atmospheric and
jonospheric measurements, cosmic dust collections, chemical releases in the
upper atmosphere; and X-ray, ultraviolet and infrared observations of celes-
tial sources and the sun. Increases in the program for FY 1966 and FY 1967
are largely due to the development and increased use of improved attitude
control systems and to an increased use of the larger, more expensive vehicles
to carry stabilized payloads, as well as heavier payloads, with several in-
struments for a number of simultaneous measurements.

ta alysis

1965 1966 1967
Operation of the data center ... —— $300,000 $600,000
Research tasks ceececencacccencs ——- 1,800,000 1,400,000
Totral O D % &8 00 82 8 Q6O 00 E SR OE S il §-2-!L00!000 ’;- 000 ()0(:!=

A National Space Science Data Center has been established at the Goddard
Space Flight: Center to provide for the collection, cataloging, storage and
dissemination of reduced data from space sciences flight experiments. Data
collected will be made available at a cost commensurate with reproduction
and distribution cost to those interested in using the data for further
research. To encourage the full use of the data obtained on NASA flight
programs, support will be provided for scientific research efforts which
make use of the data. Proposals for research are being competitively
evaluated, and support is being provided for those efforts which can be
expected to contribute the most to the total advancement of knowledge in
space science. Fiscal year 1967 funds will provide for operation of the
Data Center at a level consistent with the input of reduced data and for
support of data analysis efforts.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF SFACE SCIENCE AND APPLICATIONS LUNAR AND PLANETARY PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Lunar and Planetary program is the scientific explora-
tion of our solar system utilizing unmanned and manned spacecraft and earth-
based research. Immediate objectives include the exploration of the moon,
the planets Venus and Mars, and the intervening interplanetary space. The
fulfillment of long range objectives will see the eventual exploration of the
outer planets and their moons, comets, asteroids and corresponding planetary
and interplanetary deep space environment. The ultimate achievement of these
objectives will provide data to better explain the origin, history and
mechanisms cf development of our solar system and may provide evidence of the
existence of forms of life elsewhere in the solar system.

The lunar program consists of three types of missions. The first of these,
the Ranger program, has now been completed, yielding over 17,000 photographs
of the lunar surface. The photographs have provided a much better uanderstand-
ing of the nature of the surface of the moon. However, information such as the
composition and bearing strength of the lunar surface is dependent upon the
next series of missions to the moon. The Surveyor program is intended to
soft land a series of unmanned spacecraft with a complement of instruments
on the surface of the moon for making first hand observations and obtaining
physical mezsurements of that body. Many of the difficult developments
required have been completed and its first flight is planned for later this
year. After landing, each Surveyor spacecraft will survey the immediate
area to determine the suitability of that site for later manned missions.

The Lunar Orbiter program was conceived and initiated to supplement the
information obtained by Ranger and to work in a team relationship with
Surveyor in conducting scientific investigations, and locating and certifying
suitable landing sites for Apollo. The Lunar Orbiter will be capable of
photographing all regions of the moon and therefore, will be a useful tool
in continuing lunar exploration. Scientific instruments and techniques are
also being developed for lunar studies utilizing man's capabilities and the
payload returrn capabilities of the Apollo program.

The Planetary and Interplanetary programs have experienced a high degree
of success with the Mariner II flyby of Venus, the Mariner IV photographic
mission to Mars and the most recent successful launching of the Pioneer VI
spacecraft to an orbit around the sun. Each of the planetary missions have
yielded a wealth of scientific information. Mariner II provided new data
on the physical characteristics of the atmosphere of Venus. Matriner IV
produced the first close up photographs of the Mars surface and, in addition,
performed many important scientific measurements permitting a considerably
better understanding of the nature of that planet. Pioneer VI and additional
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Pioneer launches during FY 1966-1968 are planned to measure interplanatary

phenomena at extended distances from earth.

The next steps in the evolution

of planetary exploration will be fly-by missions to Venus and Mars in 1967

and 1969 respectively utilizing the Mariner IV design.

Development efforts

will also be continued leading to the detailed exploration of these planets
under the Voyager program now being planned for a first operational mission

during the 1973 Mars opportunity.

SUMMARY OF RESOURCES REQUIREMENTS :

1965 1966 1967
Supporting research and
technology/Advanced studies.... $24,140,000 $38,600,000 $40,100,000
Ranger....coveveeesoonrosnroonsean 11,037,000 1,000,000 ---
Surveyor.....ec.... e etareannas . 81,814,000 111,637,000 90,400,000
Lunar orbiter...... cesesesenrans 49,500,000 52,400,000 24,600,000
Mariner...ceeeeeeesee e ceaana 17,368,000 18,000,000 26,100,000
Voyager. .c.couvseeassanes Cersene . 7,168,000 17,000,000 10,000,000
PioNEer.e.ceeeeocrorooctososonca . 15,000,000 12,700,000 6,700,000
Total..vieeneonne thessseesseess $206,027,000 $251,337,000 $197,900,000
Distribution of Program Amount by installation:
1965 1966 1967
Manned Spacecraft Center....... $2,608,000 $14,400,000 $15,200,000
Marshall Space Flight Center... 435,000 375,000 300,000
Goddard Space Flight Center.... 1,267,000 1,164,000 1,200,000
Jet Propulsion Laboratory...... 126,580,000 156,607,000 136,700,000
Ames Research Center........... 15,734,000 12,763,000 7,000,000
Langley Research Center........ 50,050,000 53,115,000 23,200,000
Lewis Research Center.......... 97,000 - ---
NASA Headquarters.............. 9,256,000 12,913,000 14,300,000C

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technologv/Advanced Studies

1965 1966 1967
Lunar and »planetary science..... $12,285,000 $12,000,000 $1%,000,000
Advanced technical development.. 6,151,000 6,800,000 ¢,800,000
Advanced studies.........cu00en 2,059,000 2,500,000 «,500,000
Manned lunar science............ 3,645,000 17,300,000 16,800,000
Total...vevierrronennoennnonnnns $24,140,000 _$38,600,000 $40,100,000
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Activities funded under Supporting Research and Technology provide for
essential support of approved flight missions as well as the necessary
feasibility studies and other advanced work required to establish future
missions.

The Lunar and Planetary Science program provides the means of developing
new concepts and ideas for scientific investigation of the moon and planets
to the stage where they can be proposed as flight experiments for future
missions. The activities which are performed provide scientific data for the
design and calibration of flight experiments and for the analyses of the
results of experiments already performed. Laboratory, theoretical, and
observational research in this area is being performed at NASA centers, other
government facilities, universities, and industrial concerns.

The moon and planets are being observed with optical and radio instruments
in order to ottain information needed for the design of spacecraft and the
selection of experiments for lunar and planetary flight missions. The nature
and bearing strength of the lunar surface and the variation of pressure with
altitude in the Martian atmosphere continue to be the most important problems
currently under investigation. Adequate knowledge of the characteristics of
the lunar surface is essential for safe manned exploration and for the
successful performance of soft landing unmanned scientific payloads. The
characteristics of the Martian atmosphere have become of increased concern
during the past year due to the occultation experiment of Marimer IV which gave
the surface pressure, a value near five millibars. A series of spectroscopic
observations completed during 1965 gave values between 10 and 15 millibars.
Both of these values are dependent on assumptions, K which may or may not be
valid. It is therefore planned to conduct more comprehensive and definitive
studies on this problem in 1967, the next period of closest approach of the
planet Mars.

The Advanced Technical Development program involves the development of
equipment and technology needed for flyby, orbiting, and landing missions to
Mars and other planets. Successful completion of these missions requires
equipment which will be extremely reliable and able to survive both a
rigorous sterilization and long exposure in a deep space environment., It must
also make the greatest possible use of the capability of the improved launch
vehicles whick will be available in a few years. In the FY 1966 program
primary emphasis has been placed on the areas of communications, power manage-
ment and the sterilization of spacecraft components to prevent contamination
of Mars. Mariner IV data on the atmospheric pressure on Mars has confirmed
the need for the increased attention given in FY 1966 to landing technology
to ensure safe landing on the surface of the planet. The FY 1957 funds will
enable the continued effort in support of Mars exploration. Efforts will
continue on communications, power, and sterilization, and will also place
emphasis or: high impact technology. With the identification of technology
requirements for a Jupiter mission, derived in the advanced studies area,
plans will be made to develop this technology in FY 1967.
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Planning for the future in Lunar and Planetary programs requires the
continued study of advanced missions. The cataloging of possible missions to
the planets is a continuing process as new flight techniques and increased
booster capatilities evolve. Fiscal year 1966 funds were utilized in
surveying the potential of trajectories which swing-by one planet enroute to
a different target planet, in terms of the reduction of trip time to the
target and ernergy required. Included in this survey were Mars, Venus,
Mercury, Jupiter, Saturn, and other outer planets. 1In FY 1966 spacecraft
conceptual design studies were initiated to meet the most important lunar and
planetary scientific objectives. Highest on the list after Venus and Mars are
flights to Jupiter. Some work was also conducted in regard to missions to
comets and asteroids. Fiscal year 1967 funds will be used to continue the
surveying of possible missions and the generation of concepts for the explora-
tion of the Mocn, Venus, Jupiter, comets, and asteroids. In addition, a
preliminary study will be conducted to determine the feasibility of a
planetary probe to Saturn.

The planning of scientific investigations and the design and development of
equipment for manned lunar missions is accomplished by the Manned Lunar Science
program, Early manned missions to the moon will stress the observation of
natural phenomena, collection of representative samples and emplacement of
monitoring equipment. To achieve these goals a lunar surface experiment
package capable of conducting geophysical investigations and the environmental
measurements; geological surveying systems; equipment and procedures for
sampling lunar surface material; and earth-based laboratories for the analysis
of return lunar surface samples are being developed. Applied research on the
lunar enviromment is currently underway in order to meet specific needs for
information about lunar phenomena required to design and develop safe,
reliable manned space flight systems. Lunar mapping required in the planning,
development, training and execution of manned and unmanned missions is also
being undertaken.

Surveyor
1965 1966 1967
Spacecraft........... e cenes $74,479,000 $105,400,000 $82,800,000
Experiments....veueuvrennnneenns 2,523,000 3,437,000 4,000,000
Ground operations.........ic0... 4,812,000 2,800,000 3,600,000

Total Spacecraft and Support.. $81,814,000 $111,637,000 $9C,400,000

Atlas-~Centaur (Launch Vehicle
Procurement Program)........ (40,064 ,000) (50,000,000) (5C,000,000)

Total (including Launch
Vehicles)...veivirennannonnn ($121,878,000) ($161,637,000) ($14C,400,000)
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The Surveyor system is being developed to soft land an unmanned spacecraft
on the lunar surface and make measurements of the nature of that body. A
successful landing will yield significant information on landing technology
and the surface characteristics which affect the landing. After landing on
the surface, e¢ach Surveyor spacecraft will survey the immediate area as a
possible site for later manned landings.

The major objective of Surveyor is to provide the information which will
assure the high confidence required before manned landings can be attempted.
Since the Surveyor design concepts are basically the same as those being
used on Apollo, the successful landing and operation of a Surveyor in the
lunar envirorment will demonstrate the overall feasibility of later manned
landings and many Surveyor spacecraft elements which are also basic to the
Apollo Lunar Excursion Module (LEM); e.g., radar altimeter, radar doppler
velocity sensors, closed-loop terminal guidance system, variable thrust rocket
engines, leg-type landing gear, S-band communications, and tracking tc
lunar distances. Data obtained on surface characteristics such as roughness,
bearing strength, and dust coverage will have direct application in the
planning for manned missions.

The Office of Space Science and Applications, NASA Headquarters, is
responsible for overall management of the Surveyor program. Responsibility
for project management is assigned to the Jet Propulsion Laboratory. The
Surveyor spacecraft system is being developed by the Hughes Aircraft Company.
Major subcontractors are Thiokol/Elkton for the main retro-rocket, Thiokol
Reaction Motors Division for the vernier propulsion system, and Ryan Electronics
for the attitude and velocity-sensing radars.

Effort during 1965 was devoted primarily to conducting the tests required
to confirm the design of the spacecraft and to identify and correct any
existing weak areas. While significant progress was made, including the
first successful descent test using the Surveyor closed-loop landing system
(radars, vermiern engines, and interconnecting control circuits), delays
were encountered which made desirable an overall review of how Surveyor could
best meet the needs of the Apollo program. Of major concern were the problems
associated with developing the 2200 pound spacecraft for missions A through D
while simultaneously uprating the design to 2500 pounds for missions I, F,
and G. It was concluded that every effort should be taken to maximize the
probability of early success with the 2200 pound spacecraft, especially since
a significant portion of the data required by Apollo can be obtained with the
lighter design. The additional information attainable with the 2500 pound
spacecraft may be necessary in the event of encountering a lunar surface
which is marginal for manned landings. It would be obtained after the suc-
cessful accomplishment of the preliminary lightweight missions. Based on the
above, the program was redirected whereby missions E, F, and G were converted
from 2500 to 2200 pound spacecraft.

Fiscal year 1966 funds are being used to complete testing and to launch
the first flight spacecraft (Mission A). Assembly and testing of the second
flight spacecraft will also be completed. Hardware has been ordered through
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mission G, and a reliability improvement program implemented. Effor: is
being continued at a modest level on design and development of pacing items
for the 2500 pound spacecraft, now planned for flights H through J.

Fiscal year 1967 funds will be used to launch missions B, C, and 1), The
spacecraft for missions E, F, and G will be assembled and placed under test.
Detailed engineering and hardware procurement will be undertaken for three
2500 pound spacecraft. Prior to FY 1965, funds in the amount of $216,433,000
were applied to the Surveyor program, including launch vehicle procurement.
Funding for FY 1968 and to completion is estimated to be $157.1 mill:on.

Lunar Orbiter

1965 1966 1967
Spacecraft....ccivieieeriinnncraean $48,756,000 $49,020,000 $20,300,000
Experiments...... cheeaaen Creeasen --- 140,000 2,300,000
Ground operationS............. . 744,000 3,240,000 2,000,000

Total Spacecraft and Support... $49,500,000 $52,400,000 $24,600,000

Atlas-Agena (Launch Vehicle
Procurement Program)........ . (9,102,000) (17,059,000) (4,567,000)

Total (iacluding Launch
Vehicles)..ovoeuivneenanenes.  (858,602,000) ($69,459,000) ($29,167,000)

The Lunar Orbiter will team with landed Surveyors to conduct unmanned
scientific investigations of the moon prior to the Apollo period. The Orbiter
will photograph the lunar surface in both medium and high resolution. High
resolution Orbiter photographs from a single Lunar Orbiter mission will be
comparable in quality to the final Ranger pictures, but will cover a much
greater area, =quivalent to a belt of terrain about one mile wide extending
from Washington to Los Angeles. The medium resolution photographs w:ll
overlap to provide stereo coverage, and in combination with the high
resolution photographs, which are taken simultaneously, will permit topographic
mapping of extensive portions of the moon. The selenodetic data which will
be obtained -from the Lunar Orbiter flights will be significant and useful:
analysis of orbits will give more precise knowledge of the lunar gravitational
field, which is related to its mass distribution, surface shape, internal
structure, and possible seismic activity. The improved gravitational and
shape data will benefit Apollo guidance calculations.

The Lunar Orbiter is an attitude stabilized spacecraft, relying primarily
on solar panzls to supply power. Its design and development made maximum use
of existing technology; much was developed under the Ranger, Mariner, and
other earlier NASA and Department of Defense space programs. The Lunar
Orbiter must perform more maneuvers than Ranger or Mariner. Following launch,
the spacecraft propulsion system is required to function three or four times--
one or two midcourse maneuvers to ensure proper lunar intercept, a firing to
reduce velocity to inject the spacecraft into an elliptical orbit about the
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moon, and a final firing to lower the perilune of the orbit to as low as 28
miles from the lunar surface. The attitude control system must mairtain a
Sun-Canopus orientation to provide communications and solar power, and must
reorient the spacecraft to set the camera axis vertical each time a strip
terrain is to be photographed.

The Boeing Company is the spacecraft systems contractor under the
management of the Langley Research Center. The Radio Corporation of America
is providing the power system and much of the communications system and
Eastman Kodak is developing the photo system. The Lewis Research Center is
responsible for the launch vehicle system and the Jet Propulsion Laboratory
will manage the tracking and data acquisition system,

The first: flight spacecraft and the ground test spacecraft have been
assembled and are being tested. The balance of this fiscal year's funds will
provide for assembly of all five flight spacecraft, completion of prototype
testing and the launching of the first flight spacecraft.

The funds requested for FY 1967 will provide for three additional launches,
support post-launch operations, initiate data analysis for the first four
missions, and provide for the payment of performance incentive fee to the
systems contractor.

Fiscal year 1964 and prior year funding for Lunar Orbiter, including launch
vehicles, was $30,268,000. About $3,300,000 will be required in FY 1968 for
mission operations and data analysis.

Mariner
1965 1966 1967
Spacecraft......... e cera $10,487,000 $11,260,000 $16,000,000
Experiments......cvevevuncnene 2,274,000 3,400,000 4,000,000
Ground operations......... oo 4,607,000 3,340,000 6,100,000
Total Spacecraft and Support. $17,368,000 $18,000,000 $26,100,000
Atlas-Ageria (Launch Vehicle
Procurement Program)......... (4,583,000) (2,544 ,000) (7,267 ,000)
Total (including Launch
Vehicles)..ivovvvnnnenrenns ($21,951,000) ($20,544,000) ($33,367,000)

The objectives of the Mariner program are to conduct initial investigations
of the planets Venus and Mars, and to develop the medium size (400-800 pound)
fly-by spacecraft and instruments required for such exploration. Accomplish-
ments to date include the December 14, 1962, Mariner II fly-by of Venus which
provided the first direct temperature and magnetic field measurements from neacr
the planet. This was followed by the Mariner IV flight past Mars on July 14,
1964, that resulted in the first close-up view of the planet showing a
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cratered surface similar to that of the moon. Mariner IV further detected
a negligible magnetic field around Mars and found the atmospheric pressure
considerably lower than had been previously believed. 1In addition to the
information gained at encounter, the Mariners provided almost a year's
accumulation of data on the interplanetary environment including energetic
particle flux, magnetic fields and micrometeorite distribution.

Although the Mariner IV spacecraft is presently beyond the limits of
telemetry communication, its carrier signal is still being received firom
over 210 million miles distance, and it is still believed to be operating
properly. Attempts will be made to re-establish two-way communications when
the spacecraft approaches the earth in 1967. 1f these attempts are success-
ful, additional valuable information on the space environment and its effects
on spacecraft systems will be obtained.

With the postponement of first Voyager flights until 1973 necessitated by
the reduced funding level, additional Mariner missions are under development
to obtain additional planetary data during intervening opportunities. The
additional Mariner missions consist of one flight to the planet Venus in
1967 and two flights to Mars in 1969. The Venus mission will be conducted by
modifying the spare spacecraft from the Mariner IV project to perform a
Venus fly-by using the Atlas-Agena launch vehicle. The 1969 Mars missions will
be planetary fly-bys using the Atlas-Centaur launch vehicle. The Mars 1969
spacecraft will be based on the Mariner IV design modified to carry improved
experiments and make the maximum possible contribution to the Voyager program,

Overall management of this prograin is the responsibility of the Of:lice of
Space Science and Applications. Project management responsibility has been
assigned to the Jet Propulsion Laboratory. The Lewis Research Center is
responsible for the launch vehicles.

Fiscal year 1965 funding supported pre-launch, launch, and the major
portion of the in-flight operations for the Mariner 1964 missions. Fiscal
year 1966 funding covered operations immediately preceeding and through the
Mars encounter of Mariner IV. Most of the experiment data analysis and
publication of final project reports will be completed with current f:iscal
year funds. In addition, work is being initiated on the Mariner 1967 Venus

and Mariner 1969 Mars missions.

Funding requested for FY 1967 will provide for activities associated with
the return of Mariner IV and related data analysis; the modification of the
spare Mariner IV spacecraft for the Venus mission, its testing and preparation
for launch; completion of systems design and initial fabrication of the
prototype and flight hardware for the 1969 Mars mission.

Funding for the Mariner program in FY 1964 and prior, including launch

vehicles, amounted to $173,216,000. Planned funding for FY 1968 to completion
through the 1969 Mars missions is $88,800,000,
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Voyager

1965 1966 1367
Mission design................. . $1,661,000 $2,000,000 1,500,000
Spacecraft SYStem...........o... . 4,718,000 8,000,000 500,000
Capsule system..seveeereonnnsnnns . 789,000 7,000,000 8,200,000
Total............. cerecesiecnae $7,168,000 $17,000,000 _§10,DO0,000

The capability for detailed study of the near planets is being developed
through the Voyager project, now planned for flight missions to Mars bzginning
in 1973. The primary objective of these missions is to obtain detailed infor-
mation on atmcspheric, surface, and body characteristics, with special emphasis
on the possible existence and nature of life on the planet. A secondary
objective is to further our knowledge of the interplanetary medium between the
planets Earth and Mars by conducting scientific and engineering measurcments
while in transit.

To meet the above objective, a spacecraft is required having the capability
to orbit the planet and land a scientific payload on the surface. As presently
conceived, this spacecraft would consist of three modules; the bus-orbiter
module, the retro-propulsion-module, and the entry capsule module. Definition
studies have indicated the desirability of launching two of the Voyager
spacecraft on a single Saturn V launch vehicle to take advantage of this
vehicle's weight lifting capability and planned reliability. Although the
system is being developed to explore the planet Mars, it will provide a basic
capability which can be applied to the future exploration of other planets
by automated spacecraft.

Overall management of this program is the responsibility of the Office of
Space Science and Applications. The Jet Propulsion Laboratory has been
assigned management responsibility for Voyager project.

Based on ccnceptual studies carried out in FY 1964, a project definition
effort was initiated in FY 1965 directed toward a decision for initiation
of flight hardware development in FY 1967. This schedule would have made
possible first flights at the 1971 Mars opportunity. However, first flights
have been rescheduled for the 1973 Mars opportunity. The additional time
will be used to further define the mission, the spacecraft system specifica-
tions and the capsule system. Particular emphasis will be placed upon the
capsule. This additional effort should make possible a more sophisticated
capsule landing system for the 1973 mission than had previously been planned

for 1971.

Fiscal year 1965 funds provided for the initiation of spacecraft system
definition effort which included the selection of three industrial contractor
teams to conduct preliminary design studies of the bus-orbiter and retro-
propulsion-mocules. Capsule design studies were conducted in-house by the Jet
Propulsion Laboratory supported by the Langley and Ames Research Centers.
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Fiscal year 1966 funds are being applied to completion of the contractor
design efforts and continuation of the in-house design studies, with
particular emphasis on the capsule system design problems.

The funding requested for FY 1967 will be used to continue the overall
mission design studies, the capsule design studies, and supporting activities
leading to detailed system design and breadboard tests planned to be initiated
in FY 1968.

Pioneer
1965 1966 1967
Spacecraft........iiiiiiiiinann $13,189,000 $6,300,000 $4,300,000
Experiments....coveeeeneeeennens 1,456,000 5,200,000 1,500,000
Ground operations...... ceeenees 355,000 1,200,000 900,000
Total Spacecraft and Support. $15,000,000 $12,700,000 $6,700,000
Delta (Launch Vehicle
Procurement Program)......... (3,521,000) (5,583,000) (1,001,000)
Total (including Launch
Vehicles)........ creeen s ($18,521,000) ($18,283,000) ($7,701,000)

The objectives of the Pioneer project are to investigate the interplanetary
environment and the propagation of solar and galactic phenomena through this
medium. Correlation with similar measurements performed near the earth with
satellites are required to attain the full objective. Pioneer spacecraft
will be laurnched during the period of increasing solar activity over the
next several years.

The current series of Pioneers weigh about 140 pounds and are launched
with the Thrust-Augmented Improved Delta. The first of these Pioneer VI, was
successfully launched in December 1965. Four additional Pioneer spacecraft
are scheduled to alternate between missions towards and away fron the sun,
approaching as close as 0.8 A,U. and going as far away as 1.2 A.U. from the
sun, (1 A.U, is equal to the mean earth to sun distance, 92,900,000 wmiles.)

The Pioneer experiments are designed to measure the solar wind flux, mag-
netic fields, and the electron density in space; the energy spectra, fluxes,
and direction of arrival of solar and galactic cosmic rays will also be
observed. To perform these measurements special care is being taken in the
design and construction of the Pioneer spacecraft to make it magnetically
clean; the residual spacecraft magnetic field is less than one one-hundred-
thousandth of the earth's field. Instrumentation to measure micrometeorite
impacts will also be included in third, fourth and fifth Pioneers of the

current series,
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Responsibility for overall management of this program rests with the
Office of Space Science and Applications, with the Ames Research Center
responsible for project management. The spacecraft are being procured
through contract with Thompson-Ramo Wooldridge Corporation. The Jet
Propulsion Latoratory is responsible for tracking and data acquisition
systems management and the Goddard Space Flight Center for launch vehicle
systems management.

Fiscal year 1965 funds provided for assembly and testing of the prototype
spacecraft, and the fabrication, assembly and initial tests for the first
two flight spacecraft. Fiscal year 1966 funds cover the final testing,
launch and post-launch operations for the first flight spacecraft, the final
testing and launch preparation for the second spacecraft, and the assembly
and initial testing of the subsystems for the third, fourth and fifth space-
craft.

Funds requested for FY 1967 will support the launch and post-launch opera-
tions for the second spacecraft, final testing and launch preparation for the
third spacecraft, and integration and acceptance tests for the fourth space-
craft. Funding for FY 1964 and prior, including launch vehicles, amounted to
$23,219,000. It is now estimated that $9.0 million in FY 1968 will complete
funding for the first five missions.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS SUSTAINING UNIVERSITY PLOGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The basic objective for the formation and continuing development of the
Sustaining University Program is NASA's desire to strengthen the universities
while seeking their help in accomplishing the Agency's mission. NASA sup-
ports the training of graduate students in space-related disciplines, the
construction of urgently needed facilities at universities engaged to a
significant degree in space-oriented research or research potentially ap-
plicable to the space program, and the conduct of a variety of multidis-
ciplinary research. Attainment of this objective will help replenish the
national manpower supply of highly trained people, make available suitable
laboratory facilities in which space-related research may be conducted
efficiently, and broaden the national base of research upon which techno-
logical progress ultimately depends.

SUMMARY OF RESOURCES REQUIREMENTS:

1965 1966 1967
Training...vsovesesssensssssess $25,000,000 $25,000,000 $22,000,000
Research facilities........... 10,000,000 8,000,000 7,000,000
Research...uicuivescossnssennens 11,000,000 13,000,000 12,000,000
Total.eeiveeososoesnnnnnnens $46,000,000 $46,000,000 $41,000,000

Distributioa of Program Amount by Installation:

Jet Propulsion Laboratory... $3,000 -—- -
Lewis Research Center....... 11,000 -—— -—-
NASA Headquarters 45,986,000 $46,000,000 $41,000,000

BASIS OF FUND REQUIREMENTS :

Training
1965 1966 1967
Training....vcieeeeceeesonsncss $25,000,000 $25,000,000 $22,000,000

The objective of the training grants program is to increase the supply
of scientists and engineers highly trained to meet the challenge of national
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space goals. By providing opportunities for predoctoral graduate research
training, many qualified students are being trained to provide staff leader-
ship for space-related activities in the nation's industries, government
‘research centers, and universities. The result is more effective research
in industry and laboratory, and a regenerative training process in the
universities. The university phase is sustained by the Summer Faculty
Fellowships for young staff members ¢: unusual »romise.

The predoctoral research training is designed to yield 1,000 Ph.D.'s
annually in science and engineering from an annual input of about 1,300
candidates. Most of these graduates will devote their careers tc some
aspect of the space program. In September 1965, some 1,275 students
began their tenure as NASA sponsored trainees. About 1,335 students will
begin their three-year training in September 1966, and it is planned to
start another group of about 1,000 in 1967.

Since the inception of the program, 104 students have received the Ph.D.
degree. The academic fields in which the degrees were earned are: 56 in
the physical sciences, 31 in engineering, 12 in the life sciences, and 5 in
other specialized areas with emphasis on space-related problems. Since
receiving their degrees, the students have made the following career choices:
(a) university research and/or teaching - 65; (b) postdoctoral fellowships
or Fulbright awards - 15; (c) employed in government laboratories - 4; (d)
employed in industrial laboratories - 20.

In addition to the predoctoral program, a limited number of speciall
training activities will be supported. These activities will be directed
toward select groups who will make unique contributions to the space effort.
The Summer Faculty Fellowship Program provides an opportunity for about 150
young college or university faculty members to participate in ongoing re-
search projects at a NASA center and concurrently engage in related seminar
or classroom discussions at a nearby university. Six NASA centers and
twelve universities will participate in this program in 1966.

In addition to summer training for faculty, NASA will sponsor a few summer
programs for exceptionally talented undergraduates who are to be chosen on a
national basis to participate in an exploratory program in space science or
in space technology. In FY 1966 three programs will be supported involving
about 150 undergraduate students, Subject to the availability of funds,

NASA plans to continue to sponsor these types of specialized training pro-
grams in FY 1967,

Research Facilities

1965 1966 1967

Research facilities.eeeivueeacas $10,000,000 $8,000,000 $7,000,000

RD 6-2



The objective of this portion of the program is to provide needed lLabora-
tory space for those universities already heavily committed to the space
program,

For the nation to reap the maximum benefit from university participation
in the space program, adequate facilities in which to perform latoratory re-
search and to develop experimental packages are needed on campus. Good
faculty researchers cannot participate fully in programs which keep them
off campus and away from their students. However, sufficient facilit:les
made available on campus allows not only for full faculty participation,
but also provides excellent opportunities for students to work together
with their professors on important space projects. Existing academic
buildings, in addition to being overcrowded with the burgeoning student
population, are not equipped nor suitable for these space program efforts,
hence new campus facilities are urgently needed.

To date a total of seventeen buildings spread throughout the nation's
universities have been completed under this program. These completed fa~-
cilities represent one-half million gross square feet of new area in use
or planned for university space research. The facilities completed to
date typify the two general types needed by universities in order to con-
tribute their unique input of knowledge and trained individuals to NASA's
programs. Highly specialized facilities are provided specifically fo:
certain types of research, such as that involved with propulsion or the
preparation of experiments to be carried on satellites. The rocket test
stand facilities constructed at Purdue University with a NASA facilit:ies
grant are an example of this type of real property which is not normaily
associated with university buildings, but which is essential to conduct
modern research while training future scientists and engineers in such a
fundamental aerospace field as propulsion. The other general need toward
which NASA facilities are directed is illustrated by the space sciences
laboratories built by the University of Pittsburgh. These facilities
provide at Pittsburgh, for the first time, a suitably designed and equipped
building in which investigators from many departments in the Universi:y
can work together on the complex problems inherent in space ventures. 1In
the Pittsburgh building, the professors and staff responsible for passing
along to the community they serve the useful technology resulting from
the space program,work alongside the professors and staff producing the
knowledge and interpreting the research results. This particular project
points up a prime objective of NASA facilities grants, that is, to provide
facilities which are urgently needed and involve the largest possible pro-
ductive segment of the University in the space program.

In responding to the space-oriented research facilities needs of the

nation's universities, NASA has funded grants in most of the major geo-
graphical areas of the country, and has cooperated with the other agencies
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in the federal government charged with assisting universities in their build-
ing program. Cooperative projects have been undertaken with the National
Science Foundation, the National Institute of Health, and the Office of Edu-
cation. Each of these agencies has its separate responsibilities to higher
education, and when facilities projects have encompassed more than one of
these responsibilities, the agencies have acted in concert without duplication
of effort. Despite these combined efforts, the total needs of universities
for adequate space in which to conduct graduate training and research are so
numerous that many have remained unsatisfied.

The FY 1967 request of $7 million will permit acquisition of about two
hundred thousand (200,000) square feet of new laboratory space,

Research

1965 1966 1967

RESEATCH.svvvseunrsneeensseneens  $11,000,000 $13,000,000 $12,000,000

The purpose of research grants is to expand and improve the capabilities
of the nation's universities to conduct research in space and aeronautical
science and technology.

Research grants are awarded to:

Universities not currently participating in the national space pro-
grams. Such grants provide research opportunities which will encourage
the development of new research talents and interests responsive to pro-
ject or discipline challenges likely to be encountered in the exploration
of space and;

Universities deeply involved in the space program, to augment and fill
gaps in existing work and to consolidate related research activities,

Although the size, scope, and specific nature of each grant differs
according to the capabilities of each institution, there is a general
pattern common to all of them. This pattern has the following charac-
steristics:

Attention is concentrated on an individual or group which serves as
a focal point for space-related activity in the university,

The funding and research descriptions are flexible enough to permit
shifts of emphasis within the program to areas of greatest import.ance
as the research progresses.,

The choice of specific method of attack rests with the university
and the individual investigators, thus affording the institution an op=-
portunity to utilize its resources in the most efficient manner and assuring
the continued flow of research ideas.
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Forty multidisciplinary research grants now exist in 40 universities,
located throughout the country. Each university has different assets and
capabilities, and our relationship with each varies accordingly. Through
the support of quality work at selected institutions not currently partic-
ipating in space research, the number of universities involved in space
related problems is permitted to grow. By providing new opportunities to
these institutions to work with us, many excellent research programs have
emerged, new talents and skills have been developed, and new ideas have
been brought to our attention. The net result is a broadening of our
national base of research participation.

To the university already heavily involved in space-related research,
this program provides an opportunity to make more efficient use of its
assets by augmenting existing work, filling gaps in research programs, and
consolidating related work. More importantly, however, it provides an
opportunity for the development of multidisciplinary approaches to broad
problems which require a focusing of talents from several different disci-
plines. Many of the scientific and technological problems facing NASA
require an understanding of the behavior of large and complex systems that
resist piece-meal attack, and their solution demands the concerted and
cooperative effort that universities can provide by bringing together their
many specialists from varied technical and scientific disciplines.

For the continuation and growth of these special purpose research
programs in FY 1967, approximately 71 projects will be supported at a
cost of $12 million. Sixty five of these grants will be for the contin-
uation of projects supported in FY 1965, and the remainder will be to
universities participating in this program for the first time.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS LAUNCH VEHICLE DEVELOPMENT PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The purpose of the Launch Vehicle Development Program is to ensure a
timely and economical availability of launch vehicle capability to me2t un-
manned mission requirements. Continuing Advanced Studies of mission require-
ments defines needs in terms of improved vehicle performance. As the mission
requirements exceed present vehicle capability, these performance increases
are translated into required systems improvements, configuration chanzes, im-
proved operating techniques, new stages, and new launch vehicles or combina-
tions thereof. If major development is required to meet new mission -eeds,
implementation of the development would be within the Launch Vehicle Develop-
ment Program. The Scout and Delta programs, generated and implemented in
this fashion, were completed in FY 1963. The Centaur development prozram is
expected to be completed in a similar manner in FY 1967.

SUMMARY OF RESOQURCES REQUIREMENTS:

1965 1966 1957
Supporting research and tech-
nology/Advanced studies...... $7,100,000 $4,000,000 $4,000,000
Centaur development............ 89,400,000 51,300,000 29,700,000
Total......... Cre et $96,500,000 $55,300,000 533,700,000

Distribution of Program Amount by Installation:

John F. Kennedy Space

Center, NASA........... e $1,321,000 $820,000 $710,000
Marshall Space Flight Center. 152,000 10,000,000 .--
Goddard Space Flight Center.. 1,557,000 250,000 ---
Electronics Research Center.. 100,000 200,000 250,000
Langley Research Center...... 735,000 570,000 610,000
Lewis Research Center........ 91,302,000 42,820,000 31,550,000
NASA Headquarters............ 1,333,000 640,000 610,000

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology/Advanced Studies

1965 1966 1957

Advanced studies.............. $842,000 $500,000 $510,000
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1965 1966 1¢67

Supporting research and

technology:
Propulsion................. $2,729,000 $1,245,000 $€00,000
Guidance, control and

navigation............... 285,000 200,000 £00,000
Instrumentation and

electronics.............. 285,000 20,000 -
Structuires and materials... 229,000 605,000 =00,000
Vehicle engineering........ 130,000 1,430,000 1,900,000
FLOX. .o ottt it iiieanannans 2,600,000 --- -

Total . oot i it i e $7,100,000 $4,000,000 $4,000,000

The purpose of Advanced Studies is to define vehicle requirements for
future missions and to establish the methods by which needed performence, be-
yond current capabilities, can best be developed. These studies also provide
indications of those areas of research and new technology development which
may be most fruitful in terms of future mission benefits. The Suppoiting
Research and Technology efforts are directed toward developing the new tech-
nology and techniques shown to be needed by the Advanced Studies. This facet
of the program also provides for demonstration of new technology pricr to
full scale development efforts.

The FY 1966 and FY 1967 studies and technology efforts have been focusing
on high-energy mission requirements for a small energetic (kick) stage as an
addition to existing launch vehicles. The FY 1967 kick stage efforts will be
directed at mission analyses, investigations of subsystem alternatives and
vehicle adap:ions, and program planning.

Studies are being conducted in the FY 1966 program on solid propellant
performance prediction, operational hazards of electrostatic charges on ve-
hicles, improved destruct systems, feasibility of adaptation of the Surveyor
retromotor for use as launch vehicle stage propulsion, strapped down inertial
guidance and radio guidance feasibility, fluorine hazards and comparison
studies of high and low thrust for high velocity missions. Work will con-
tinue in FY 1967 on solid propellant prediction efforts, fluorine safety and,
for the overall Launch Vehicle and Propulsion Programs, studies of advanced
mission requirements, vehicle alternatives and program analysis.

The FLOX technology effort directed toward verifying the feasibility of
adding liquid fluorine to the Atlas propellant system for performance im-

provement was completed with FY 1965 funds.

Centaur Development

1965 1966 1967

Vehicle development........ e $§77,206,000 $40,480,000 $17 ,(100,000
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1965 1966 1967

Supporting services............ $4,200,000 -—-- ---
Instrumentation................ 100,000 ——- ---
Atlas boosters....... e 4,250,000 - ---
RL-10-A3 engine improvements... 500,000 $10,000,000 $12,000,000
Propellants........coovvvuvennnn 3,144,000 820,000 700,000

Total.....iiiiniieennennnan $89,400,000 $51,300,000  $29,700,000

The Atlas/Centaur is under development as a high-energy upper stage vehicle
burning liquid hydrogen and liquid oxygen that will provide the required capa-
bility for NASA's unmanned lunar and planetary missions. The Centaur program
has provided techniques for the handling, storage and use of liquid hydrogen
in the space environment. Another feature of the Centaur vehicle is its
utilization of an all-inertial guidance system through the complete mission
profile.

This development program, initiated by the Advanced Research Projects
Agency of the Department of Defense and transferred to NASA in 1959, consists
of eight flight tests of the Centaur vehicle. Six of these flight tests have
been completed.

After the failure of the first flight test, AC-1, on May 8, 1962, an ex-
tensive evaluation was made of the entire program by NASA and the various
contractors. A basic reformation of the program was accomplished. With the
exception of AC-5, which was destroyed when the Atlas booster failed shortly
after launch, all subsequent flights have met all major development test ob-
jectives. The failure of AC-3 to achieve orbit occurred after all mejor test
objectives had been met. The most recent success was AC-6, launched
August 11, 1965, carrying a 2,084 pound dynamic model of the Surveyor into a
simulated lunar intercept trajectory. AC-6 then successfully performed a
retromaneuver so that the spacecraft stabilization system would not lock on
the Centaur vehicle as a reference point. Flight data indicated that all
planned flight events were nominal, and the injection was so accurate that a
mid-course correction would not have been required to achieve lunar impact.

The last two development launches will demonstrate the parking orbit or
two-burn capabilities of the Centaur vehicle. This is to be accomplished by
first launching the vehicle into a 90 nautical mile parking orbit. The Centaur
engines will be stopped for a 20 to 25 minute coast period, and then the engines
will be restarted to burn until the required velocity is attained for a simu-
lated lunar transfer trajectory.

General Dynamics/Convair is the prime contractor for the Centaur stage.
This stage uses the RL-10-A3 engines developed under contract with Pratt and
Whitney Aircraft Corporation, and a guidance system developed by Minneapolis-
Honeywell as a subcontractor to General Dynamics. NASA has subsequently con-
tracted directly with Minneapolis-Honeywell for the guidance system.
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The Lewis Research Center has been assigned management responsibility of
the Centaur project. The RL-10-A3 development and improvement programs are
under the direction of the Marshall Space Flight Center. Integration of the
engines with the Centaur vehicle is under the management of Lewis Research

Center.

Funding for FY 1967 is for completion of the developmental effort on the
Centaur vehicle and improvement effort on the RL-10-A3 engines.
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RESEARCH AND DEVELOFPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF SFACE SCIENCE AND APPLICATIONS LAUNCH VEHICLE PROCUREMENT PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Launch Vehicle Procurement program is to provide
launch vehicles and launch support for unmanned space missions. In addition
to the purchase of vehicle hardware, this program includes a broad spectrum
of supporting activities required to meet each specific mission objective.

The launch vehicles currently procured through this program are: Scout, Delta,
Thor=-Agena, Atlas-Agena, and Centaur.-

Launch Vehicle Procurement is presented as a separate program, which is
consistent with actual vehicle procurement practices, i. e., vehicles are
ordered in specific quantities. However, in order to identify the amount of
launch vehicle funding related to each of the various flight projects for the
purpose of identifying total project requirements, such amounts are also shown
with the applicable project presentation as a parenthetical notation.

To establish the quantity of vehicles to be ordered the following factors
are considered: (1) the current and projected inventory; (2) vehicles ordered
but not delivered; (3) current and projected launch schedules; and (4) procure-
ment leadtimes required for vehicle delivery. Procurement of vehicles is
adjusted to maintain minimum inventories; however, maintenance of some inven-
tory level is necessary to provide the flexibility to meet changing requirements.

In addition to vehicle hardware procurement, the purchase of services
associated with the launch of each mission is included in the Vehicle Pro=-
curement program. The costs of trajectory studies, mission modifications
to the vehicle, launch crews, propellants, and other similar support are also
included.

The Sustaining Engineering and Maintenance effort associated with each
vehicle provides the means for keeping the operational vehicles and ground
support equipment up-to-date to ensure high performance and reliability.
This goal is achieved through product improvement programs, maintenance of
ground support equipment, vehicle system engineering, and other suppcrting
services. The cost of this part of the procurement program is not clearly
identifiable with a specific mission and therefore these costs are not
included in the parenthetical notations shown with each project.
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SUMMARY OF RESOURCES REQUIREMENTS :

SCOULssresrssseesssssocsacsssasae
DeltAeeseseoerssescnnssnscstonsas
AgeNacesscrsscscsssescsssssecones
CentaUrosessoesssessccscsscossasne

AtlaS-.-.-.....-....oa.....»-.-

TOtaln....................-. §154!487!000

1965 1966 1967
$13,287,000 $11,700,000  $10,400,000
32,374,000 27,900,000 22,900,000
55,040,000 71,100,000 54,700,000
44,814,000 64,000,000 64,000,000
8,972,000 4,000,000 —em

$178,700,000

Distribution of Program Amount by Installation:

John F. Kennedy Space Center,
NASAcesceoseossscssccsscnses
Goddard Space Flight Center..
Pacific Launch Operations
Officeecseccescocococesanace
Langley Research Centerseessee
Lewis Research Centereeesecsecse
NASA HeadquarterSseecesesccsecsse
Western Operations Officess.e

$1,353,000
19,496,000

99,000
13,737,000
107,673,000
12,129,000

$2,507,000
18,580,000

11,600,000
137,023,000
5,625,000
3,365,000

$152,000,000

$§3,319,000
22,205,000

10,400,000
115,821,000

255,000

The overall mission plan for launches during this period is:

Vehicle

SCOULeeversesscacsasssersssasns
DeltAeccecacssccssasesceanana
Agenaececscececscscsscscsscssns
AtlaSececsceceveccenesacscnae
CentauUresecesssccscccscscssnsse

TOtal-.....................

BASIS OF FUNL REQUIREMENTS :

VehicleSecseeeooencccsnssscccnas
MOtOYSescsoesccossosssssansssvsns
Logistics end Oothereessescssscss
Sustaining engineering and
MAintenarnCEecessssoscosconsce

Calendar Calendar Calendar
Year Year Yearr
1965 1966 1967

4 3 8
6 6 9
4 7 11
1 - -
2 4 b
u 20 EY
Scout Procurement
1965 1966 1967
$1,962,000 $3,600,000 53,600,000
3,279,000 1,928,000 2,500,000
546,000 2,172,000 300,000
7,500,000 4,000,000 4,000,000
$13,287,000 $11,700,000 _}0 4Q0!000

TOtal-......-...-.....-...-




The purpose of the Scout Procurement program is to provide a reliable,
relatively inexpensive vehicle for general space research., It is the smallest
of the basic NASA family of launch vehicles and meets the requirements for a
variety of small sized payloads for orbital, probe, and re-entry missions.

The Office of Space Science and Applications has assigned management of
the Scout project to the Langley Research Center. Ling-Temco-Vought is the
prime contractor for the production of Scout vehicles. There are two launch
sites capable of launching the Scout vehicle: the Western Test Range in
California, and Wallops Island, Virginia.

The logistic support of these launch sites has been integrated into a
single effort within this program.

The first operational Scout vehicle was launched April 23, 1962, There
have been 40 launches through the end of calendar year 1965 for a wide variety
of NASA, Department of Defense, Atomic Energy Commission, and international
missions.

The FY 1967 funds for Scout Procurement will be utilized to initiate new
procurements of Scout vehicles and launch services. Funds will be applied to
continued procurement of first, second, third, and fourth stage motors to meet
CY 1967 launch requirements. Funding is also provided for other support
requirements, such as adaptation of the Scout vehicles to satisfy spacecraft
and other mission peculiar requirements.

To adequatiely provide Sustaining Engineering and Maintenance support for
Scout missions,; funds are required for continued effort in the areas of envi-
ronmental testing, data reduction and analysis, engineering support, mainte=-
nance of ground support equipment at the two launch sites, publication of
manuals, and other similar support.

Delta Procurement

1965 1966 1967
Delta StageSeessceccsscesssacees $ 6,678,000 $10,300,000 $ 8,725,000
Thor bOOSterSeceeeccessscecsscae 10,200,000 9,144,000 9,000,000
PropellantSecececsscscassocaces 200, 000 595,000 695,000
Third StageSecececsssescscaonns 554,000 861,000 480,000
Sustaining engineering and
MaintenanCeessscesscensesaones 14,742,000 7,000,000 4,000,000

Totaleiseseseocvassaesosses $32,374,000 $27,900,000 $22,900,000

The purpose of the Delta Procurement program is to provide a reliable
launch vehicle for a wide variety of medium size satellites and small space
probes.
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The Office of Space Science and Applications has assigned management of
the Delta project to the Goddard Space Flight Center. The prime contiactor
for the Delta launch vehicle is the Douglas Aircraft Corporation. Thor
boosters are procured through the Air Force.

To date, the Delta vehicle has been launched only from the Eastern Test
Range at Cape Kennedy. A second launch site capability is scheduled For com~
pletion in the Spring of 1966 at the Western Test Range in California, with
an ensuing first Delta launch planned shortly thereafter. Launch ser-ices
associated with the Delta vehicle are procured on an annual basis, and FY 1967
funds are planned to support requirements at both launch sites. Included in
the FY 1967 request are funds to continue procurement of Thor boosters, Delta
second stages and third stages to meet launch schedule requirements for the
Delta vehicle,

Fiscal year 1966 Sustaining Engineering and Maintenance funds (aloag with
the related funds for Construction of Facilities) will complete the establish=-
ment of the Western Test Range launch capability, and the improvement of the
Delta vehicle to provide increased payload volume and weight.

Fiscal year 1967 Sustaining Engineering and Maintenance funds are planned

to continue maintenance and updating of ground support equipment, mission
analyses, performance studies, and miscellaneous minor improvement efforts.

Agena Procurement
1965 1966 1967

Agena productiOnesecssesesssese $15,756,000 $12,666,000 $11,339,000
Agena mission modifications.... 12,949,000 31,049,000 14,613,000

Thor procurementosscscsccssasesse 4,111,000 3,796,000 3,885,000
Atlas procurementecececcscecans 14,948,000 17,073,000 17,734,000
PropellantSessecescasssccassans 577,000 516,000 1,129,000
Sustaining engineering and

maintenarncCeeessecscasaseonese 6,699,000 6,000,000 6,000,000

TOta]..-.-..‘.....o.-....... $55,040’000 §l1,100,000 354,700,000

In combination with Thor and Atlas boosters, the Agena seconc stage is
employed extensively by NASA. The restartable Agena stage provides considerable
latitude in mission capability among the various earth orbital and lunar or
planetary missions.

The Agenz was developed by the Air Force as a second stage for use in
its programs. Early in 1960, NASA decided to use the Agena in combination
with the Thor and Atlas boosters rather than develop a similar stage. However,
each Agena stage must be modified to meet the specific mission requirements.
NASA missions utilizing the Thor=Agena vehicle are presently planned to be
launched into polar or near=polar orbits from the Western Test Range.
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NASA uses the Atlas-Agena for its unmanned lunar and planetary explora-
tion missions, such as Ranger, Mariner, and Lunar Orbiter; and to launch
heavier scientific and applications satellites such as the Geophysical Obser=-
vatories, the Astronomical Observatories, and the Applications Technology
satellites. The Atlas-Agena is normally launched from the Eastern Test Range
to support NASA missions, although capabilities for its launch exist at the
Western Test Range.

The Office of Space Science and Applications has assigned project manage-
ment to the Lewis Research Center. The prime contractor is the Lockheed Missiles
and Space Corporation. Thor and Atlas boosters are procured through the Air
Force.

Funds requested for FY 1967 will provide for continued procurement of the
basic Agena stages, Atlas and Thor boosters, and the adaptation of the Agena
stages for mission peculiar requirements. The necessary Atlas, Thor and Agena
launch support, i.e., launch services, propellants, etc., will also be provided.

Fiscal year 1967 Sustaining Engineering and Maintenance funds are planned to
continue efforts in shroud improvement, modifications and improvements to
launch pad ground support equipment at both launch sites, and miscellaneous
engineering support services.

Centaur Procurement

1965 1966 1967
Vehicle productionessececesceses $27,828,000 $39,100,000 $35,381,000
Atlas procurementscececscssesess 5,496,000 6,470,000 9,769,000
RL-10 engine procurementes..e.oe 4,700,000 3,200,000 3,10C,000
PropellantsSicessesssssceccccess 2,040,000 1,230,000 1,75C,000

Sustaining engineering and
MainNtenancCeeeseecccssccssconse 4,750,000 14,000,000 14,000,000

Totalesossecoososcocescacenns §44!814!000 §64!000!000 §64!00Q!000

The Centaur vehicle is a high performance, general purpose launch vehicle
for use on urnmanned lunar, planetary, scientific, and applications missions
which exceed the capability of the Atlas=~Agena vehicle, The present frocure-
ment of operational Centaur vehicles is programmed to meet the requirements of
the Surveyor ummanned lunar surface exploration project, and the Mariner
unmanned plarnetary exploration project.

As with the Centaur development project, the Office of Space Science and
Applications has assigned project management to the Lewis Research Center, and
the prime contractor is General Dynamics/Convair, San Diego, California. Pratt
and Whitney Aircraft Corporation of East Hartford, Connecticut and West Palm
Beach, Florida is an associate contractor for the 15,000 pound thrust liquid
hydrogen engines, and Minneapolis-Honeywell of St. Petersburg, Florida is an
associate contractor for the Centaur guidance system.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS BIOSCIENCE PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The Bioscience program continues to have two primary objectives. The first
is the search for extraterrestrial life, with the primary emphasis directed
initially to the planet Mars. The specific aims of this objective include:
(a) physical and chemical evaluation of the martian surface as a possible
environment for life; (b) determination of whether or not life exists, or has
existed, on Mars; (c¢) if life in some form exists, determination of its
characteristics; and (d) if no life exists on Mars, investigation of the
pattern of chemical evolution in order to evaluate the probability of its
future occurrence either spontaneously or by contamination. The search for
life on Mars is being implemented in two ways. Since-a determination of the
existence of martian life requires at least the landing of life-detection
experiment packages, the feasibility of conducting such studies using an
Automated Biological Laboratory is being studied. Such an integrated system
will be capable of performing various experiments in a sequential fashion
rather than having completely discrete experiments aboard. The concept of
such a system includes the ability to reprogram its analyses, repeat various
experiments; and perform necessary computations on the data it obtaims. 1In
addition, a program of planetary quarantine effort was established to minimize
the possibility that terrestrial organisms could contaminate Mars and thus
destroy its scientific value as a means of testing the various hypothesis
regarding the existence of extraterrestrial life. The Voyager spacecraft will
provide the first capability for landing a sterilized scientific package on
the surface cof Mars. Continuous effort will be made before initiation of the
Voyager flights to assure an adequate understanding of and solution tc the
very complex problems associated with this effort before commitment tc flight
hardware procurement.

The second objective is directed towards attaining a thorough understanding
of the effects of the space environment on terrestrial organisms. Its imple-
mentation includes ground-based experiments and the Biosatellite project. The
Biosatellite will study the biological effects of weightlessness, the effects
of an environment disassociated from the influence of the earth's rotation,
and the combined effects of radiation and weightlessness. Nineteen experiments
have been assigned to the respective payloads of the Biosatellite spacecraft.
Each of the three principal payloads has a backup in the event of failure.

If the flights are successful, the backup spacecraft can be utilized to repeat
the experimert's for confirmation of the results.
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A supporting program of basic and applied research is being conducted in
conjunction with and support of the Bioscience program objectives. TlLis
effort includes such work as structural and chemical analysis of terrestrial
fossils as a means of tracing the history of life on earth in order to improve
our capability of looking for life or its precursor chemicals on the moon and
planets, the development of automatic systems for conducting chemical urinary
analyses during flight, analysis of perception in relation to continual trans-
formations of the visual scene of the perceiver, and the development and
miniaturization of a biological telemetry device which may be utilizec for
telemetry of biological activity aboard space vehicles.

SUMMARY OF RESOURCES REQUIREMENTS :

1965 1966 1967
Supporting research and
technology..... tesesseas s .. $12,501,000 $15,100,000 $14,700,000
Biosatellite.ii.eeererenerannes 16,000,000 21,600,000 20,000,000

Totalueeneerrnoeaennonsoonnsan $28,501,000 $36,700,000 $35,400,000

Distribution of Program Amount by Installation:

Goddard Space Flight Center.. $385,000 $420,000 $420,000
Jet Propulsion Laboratory.... 1,519,000 2,337,000 2,500,000
Wallops StatioN...eeesescasse 60,000 100,000 ..00,000
Ames Research Center......... 17,392,000 22,599,000 21,900,000
Langley Research Center...... - 30,000 30,000
NASA Headquarters......ee.... 9,145,000 11,214,000 10,450,000

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

1965 1666 1967
Pl Exobiology..eviiineanenenn chena $4,900,000 $5,000,000 $5,000,000
Environmental biology...... vere 2,800,000 2,800,000 2,300,000
Behavioral 5iology.cececeessess 2,100,000 2,100,000 2,..00,000
Physical biology....covvenens . 1,900,000 1,900,000 1,900,000
Automated biological 1aboratory -—-- 1,000,000 1,000,000
Planetary quarantine........... —-- 1,000,000 1,000,000

' | Bioscience investigations for

&\ manned Mi3SioNS.eeeeeeesacens 801,000 1,300,000 900,000
Total...... ceciiesaeas e $12,501,000 $15,100,000 514,700,000
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Exobiology

The Exobiology program supports the search for extraterrestrial lire,
including ground-based studies regarding the origin of life on earth, with
particular emphasis on the possibility that some form of life may exist on
the planet Mars. The ground-based studies are directly relevant to the search
for extraterrestrial life since the data derived from these studies may lead
to the formation of testable hypotheses regarding the origin and nature of
long-evolved or incipient planetary life. 1In addition, the development of
spacecraft experiment packages for biological exploration of the planets may
be affected by these investigations as well as by studies of the planetary
atmospheres and surfaces and fly-by missions by spacecraft such as Mariner IV,

An analysis of fossil remains in ancient terrestrial rocks has provided
data of great interest in tracing the history of terrestrial life. One study
employing high resolution mass spectrometry has provided quantitative indica-
tions that when molecules associated with life are analyzed in recent and
ancient sediments, the quantities of these molecules decrease at a predictable
rate as the age of the sediments increases., This techmique is applicable to
the geochemical analysis of Apollo lunar samples, the analysis of organic
matter in meteorites, and the automated analysis of life-related compounds on
Mars.

Proteins and their amino acids are universal components of all terrestrial
organisms, and the most commonly abundant organic chemical components of
living things. Although about 60 amino acids are known to exist, 18 are
constituents of our contemporary biota. Of these, about half remain stable
for millions of years. These facts suggest that gas chromatography, mnass
spectrometry, and the application of classical chemical techniques may be
utilized in the biological exploration of Mars,

The develcpment of a completely automatic soil processor capable of
analyzing surface planetary substances such as soil, dust, and debris provides
another way of seeking to detect and analyze extraterrestrial biological
activity. This device is based on the property of organic chemicals generated
by living matter to twist a beam of plane polarized light as the light passes
through. All living species select, contain, and produce optically active
substances. The property is retained in recent biological residues and in
ancient orgaric deposits.

The moon is considered by many biochemists to represent a unique oppor-
tunity for study of prebiological chemistry and to provide an indication of
organic chemistry that would probably have existed on the earth prior to the
origin of life, maintained in ''cold storage' for millions or billions of
years. This is amenable to study by means of samples returned by Apollo
missions or in-situ study by automated analytical equipment.
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Environmental Biology

Research in the Environmental Biology area is concerned with the biological
effects of the space environment on various living earth organisms, ircluding
man. Ground-based bedrest experiments with men were made for the primary
purpose of determining the extent and cause of musculo-skeletal changes that
occur with prolonged bedrest. Studies associated with these experiments
indicated that definite cardiovascular deconditioning occurs after 30 days
of bedrest and that almost complete recovery can be achieved by two weeks of
ambulatory activity.

Research on the effects of stress on the cardiovascular system during
simulated space flight has shown that cardiac rhythms (pulse and pressure)
have been seriously altered by high noise levels and changes in light
intensity.

The metabolic effects of prolonged weightlessness will be studied in the
Biosatellite and other manned and unmanned space missions by a system under
development by the Jet Propulsion Laboratory. This system will provide for
in-flight analyses of physiologically significant urinary biochemical
constituents. The system will be automated and will have a functionirg
capability of about 45 days. Once every six hours, samples of urine will be
analyzed and the results telemetered to the experimenter providing hin with
information regarding the well-being of the subject relative to skeletal,
muscular, and general nutritional status as these are affected by space
flight.

Other studies have extended our knowledge of the envirommental extremes
which organisns can endure and still survive. Organisms obtained from such
earth habitats as hot springs, deserts, and cold arctic tundra have been
grown under circumstances usually considered lethal. The data resulting from
these studies are of interest in considering the possibility of life in the
reducing atmosphere of Jupiter.

Behavioral Biology

Recent research has emphasized ground-based studies preparatory to in-
flight experiments on the effects of zero gravity and other conditions
peculiar to the space environment on the behavior of organisms. Emphasis
has been placed on the capacity of organisms to adjust to alterations in
gravity, particularly the determination of responsiveness of gravity receptors
to transient and prolonged stimulation. Additional studies have been con-
ducted on the orientation of biological organisms in time and space ir the
absence of terrestrial cues.

Research has involved neurophysiological, biochemical, and behavioral
analyses which have further elucidated brain-behavior relationships of impor-
tance to organisms in environmental adaptation. These studies have emphasized

those neurobeliavioral relationships which maintaip activation and alertness.

Other research has been concerned with problems of information storage and
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retrieval in living systems, using biochemical biophysical, and electio-
physiological approaches. Related studies on processes such as attention,
discrimination, perception, and motivation, as well as complex sensori-motor
functions have been productive of new insights into the mechanisms of behavior
and their interactions with the space environment.

Physical Biology

The Phy51ral Biology program supports research in comparative physiology,

blO ~-instrumentation and Wolécular biology. Research in comparative physiology
incTudes studies on living organisms which specifically lend themselves to

anestlg ations Lndgﬁbltlng blologlcaI vehicles, on the nutritional rqulre-

nves L’ >
meng§ﬁ9f lellguggggg}Sms for prolonged space travel, and on physiological
phenomena and dynamics of various systems. Nutritional studies have shown
that men can live on chemically-defined liquid diets for at least six months
without apparent ill effects. The dynamics of the body temperature regulatory
system, the blood flow (cardiovascular system), and the hormonal system are
being studied by physical modeling and analysis in an attempt to understand
the mechanics of these systems under normal conditions as well as in stress

situations.

Various types of biological instrumentation are being developed to measure
and analyze various biological, biochemical, and biophysical phenomena. In
biological telemetry, work is proceeding on the development of a multichannel
sensing implantable device in order to measure, simultaneously, a numter of
biological and behavioral activities. In electron microscopy, the development:
of superconducting lenses may make it possible to observe microscopic material
for longer periods of time.

In the area of molecular biology, research is being conducted on biological
systems at the molecular and cellular levels., In work on the coding of amino
acids during protein synthesis, it has been calculated that the numerical
possibilities of amino acids sequence in DNA (deoxyribonucleic acid) are of
such magnitude that they can account for the evolution of all living forms.

Automated Biological Laboratory

In order to conduct life detection studies on Mars, it will be necessary
to develop an automatic, highly reliable, technically sophisticated biological
experiment system. The concept of an Automated Biological Laboratory (ABL)
is based upon the conviction of biologists that no single life detectcr will
provide results capable of unambiguous interpretation. The concept approach
being investigated through a feasibility study with the Aeronutronics Division
of the Philco Corporation envisions a system which can look for many charac-
teristics of life at one time, and which has the capability of reprogramming
its analyses, repeating its experiments, performing the necessary computations
on the resulting data, and transmitting this data to earth,

This integrated experiment system could perform scientific explorations
designed to determine the physical and chemical characteristics of Mars,

detect the existence of macromolecules, directly determine the existence and
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characteristics of 'life'", and take pictures, both macroscopic and mi.cro-
scopic, through the light spectra from infrared through the visible and into
the ultraviolet,

The aeronutronics' study established the feasibility of the concept of an
integrated package of biological experiments, and presented a pcssible design
for an ABL based chiefly on the current state of technology. The study also
resulted in the suggestion that thirty five experiments could be included on
the first ABL. These experiments would only require twenty seven instruments,
however, since several of the instruments could perform multiple experiments.

Planetary Quarantine

The search for extraterrestrial life has the prerequisite that no terres-
trial organisms must be conveyed to the planets prior to the time scientific
payloads are landed. It is also highly important that life detection instru-
ments are devoid of earth organisms when they land on the planet. Otherwise,
they would detect the life they carried when operated on the planets, 1In
order to achieve the goal of preventing the transmission of earth organisms
to the planets, various methods have undergone rigorous and intensive study.
Current evidence indicates that neither cold, vacuum, ultraviolet, nor solar
radiation will reduce microbial life to acceptable levels.

Since the only two agents that kill microbial life, both on the surfaces
and in the interiors of solids, are heat and ionizing radiations, anc since
radiation as a sterilizing agent is expensive, complex, and dangerous, the
planetary quarantine program is seeking to utilize heat as the primary means
of spacecraft sterilization. As a result, it is necessary to develop space-
craft parts that will withstand the heat required. A related requirement
is that the quantity of biological loading on the spacecraft at the time it
is ready for sterilization must be limited. Research indicates this may be
accomplished most effectively by applying heat or a decontaminate to the
spacecraft parts and then assembling them in ultraclean rooms. Subsequently,
terminal sterilization will be accomplished by heating the spacecraft in dry
nitrogen for a period of time proportional to the number of living organisms
on board, Finally, it will be necessary to protect the sterile spacecraft
from recontamination during launch from the earth by enclosing the sterile
landing capsule in a hermetically sealed canister which would be remcved when
the spacecraft has reached outer space.

Bioscience Investigations for Manned Missions

For Gemini and Apollo earth-orbiting missions, experiments are in the
development or flight stage; three of these have already flown, yielcding
significant results., The synergistic effects of radiation and weightlessness
on human white blood cells were demonstrated during the GT-3 flight. Vision
experiments conducted on GIT-5 and GT-7 showed that the visual performance of
the astronauts did not decline during the period of flight and that the ground
observations made from orbital altitudes were within the predicted renge of
statistical probability. Two unique experiments being prepared for Apollo
earth-orbital development flights deal with cell microscopy and stimulus-
response relationships of the gravireceptors under conditions of acceleration
and weightlessness,
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Promising experiments have been identified, and preliminary mission param-
eters, and spacecraft requirements for a manned zero-gravity laboratory are
in the process of definition for the post-Apollo time period. Other manned
projects under study concern the use of spacecraft for the sterile collection
and return of lunar samples for biological analyses on earth, and bioscience
problems associated with manned interplanetary missions.

Biosatellite
1965 1966 1967
SPACECTAfl s eeereecennennnsnaeess $10,980,000 $12,334,000 $12,900,000
ExperimentS..cecesscencseacasosanas 4,936,000 8,641,000 7,100,000
Ground operationS....eeesoeecoscacs 84,000 625,000 700,000

Total Spacecraft and Operations. $16,000,000 $21,600,000 $20,700,000

Thor Delta (Launch Vehicle
Procurement Program)............ (2,500,000) (9,500,000) (4,500,000)

Total (including Launch
Vehicles)....ovevveeeraaesea.. ($18,500,000) ($31,100,000) ($25,200,000)

The Biosatellite represents the first systematic effort to investigate the
effects on biological systems of such unique aspects of the space environment
as weightlessness, the effects of combined weightlessness and radiation, and
the removal of living systems from the direct influence of the =arth's
periodicity. The experiments will study biologic functions at the cell,
tissue, organ, and organism levels in a wide variety of plants and animals.
In order to accommodate the various experiments, three missions are required.

The first flight will investigate the biological effects on seedlings,
plants, and simple forms of life of weightlessness, and the effects on plants,
animal cells, and insects of the combination of weightlessness and radiatiom.
It will have a duration of three days. The second flight, scheduled for 30
days, will investigate the effects of weightlessness on a primate's general
metabolic behavior and performance, and cardiovascular and nervous systems.
The 21-day flight consists of general biology experiments to determine the
effects of weightlessness on plant growth and development, growth of isolated
human cells, gross body composition and function in mammals, and circadian
(24-hour) rhythms indigenous to the organism,

The Biosatellite will be launched from Cape Kennedy by the two-stage,
thrust-augmented Thor Delta launch vehicle, The experiments will be contained
in the re-entry vehicle while other supporting equipment will be placed in
the adapter section. The adapter will be separated from the re-entry vehicle
prior to the retro maneuver. Recovery of the spacecraft will be by the United
States Air Torce using aerial recovery techniques. A backup recovery method
will employ various water recovery techniques. The recovered capsule will be
delivered to the laboratory at Hickam Air Force Base, Honolulu, within six
hours for post-flight examination of the experiments.
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It is anticipated that the Biosatellite flights will result in data which
will have a wide range of applicability. The testing of biological hypotheses
in the areas of genetics, developmental biology, environmental physiclogy, and
general metabolism will be one result of these flights. The Biosatellite
should also provide valuable data pertaining to biological requiremerts for
prolonged manned space flight, and the possibility of delayed effects appearing
in later life or subsequent generations of animal subjects, with possible
applications to man. Also, these flights should result in the develcpment and
test of new instrumentation techniques, surgical preparations, and other pro-
cedures and devices which may have medical and other applications to human
beings.

Fiscal year 1964 and prior years funding for this six flight program
amounted to $10,412,000. Funding for FY 1965 provided for design, fabricaticn,
and testing of the spacecraft, and continued funding for experiment development.
Funding for FY 1966 provides for fabrication and testing of the spacecraft,
subsystem ard system acceptance and qualification tests of the prototype
vehicle, assembly and functional testing of the 3-day and 30-day flight
vehicles and continued funding for experiment development with primary
emphasis on the 3-day flight. Funding for FY 1967 will emphasize fabrication,
qualification, and systems testing of the 30-day and 2l-day spacecraft, and
continued funding on experiment development for these two spacecraft. Funding
requirements for FY 1968 to completion including launch vehicles are estimated
to be $15,628,000.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS METEOROLOGICAL SATELLITES PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objectives of the Meteorological Satellites Program are: (1) to
develop a satellite capability for global and local readout of cloud cover
day and night, global quantitative measurement of temperature, wind, mois-
ture, and other meteorological factors as a function of height under contin-
uous and variable time scales; (2) to develop and implement for the Depart-
ment of Commerce, Environmental Science Services Administration (ESSA), the
Tiros Operational Satellite (TOS) System; (3) to develop a meteorological
soundings system to explore and study the atmosphere in the region 20 to 60
miles above the earth; (4) to develop the necessary meteorology-related
spacecraft technology and supporting equipment; and (5) to explore the use of
manned spacecraft for meteorology.

Objectives (1) and (2) are accomplished by the Tiros/TOS Improvement,
Meteorological Flight Experiments and Nimbus projects; objective (3) is
accomplished by Meteorological Sounding Rockets; and objectives (4) and (5)
are accomplished by the Supporting Research and Technology/Advanced Studies.

Ten Tiros spacecraft, including Tiros X funded by ESSA, have been suc-
cessfully launched since April 1960 providing cloud cover and meteorclogical
data for research and operational use. Tiros IX and X were launched in 1965.
Tiros IX, a research and development satellite in a 'wheel" configuration,
was essentially the prototype spacecraft for the TOS System to be operated by
ESSA starting in 1966. Tiros X was launched into polar orbit insteac of a
sharply inclined orbit to provide more global coverage.

Nimbus I, successfully launched in August 1964, had an active life of
about one month due to failure of the solar array drive mechanism. 7Three ad-
ditional flights are planned, one each in 1966, 1967 and 1969. These flights
will test: (1) improved power supply and data acquisition systems; (2) ini-
tial sensors for obtaining vertical measurements of meteorological dsta; and
(3) sensors and systems to provide full global daytime and nighttime cloud
cover data for operational use by utilizing both direct readout capalility
and stored data for release to data acquisition stations. Research &nd
application of meteorological sensors on non-meteorological satellites is
conducted in the Meteorological Flight Experiments project with present effort
directed to tests on the Applications Technology Satellites (ATS). Approxi-
mately 50 large research rockets and 100 small developmental sounding rockets
are launched per year at the current level of effort to explore the region 20
to 60 miles above the earth and to obtain meteorological data from this
region. In addition, the project includes field experiment support 1.0 acquire
atmospheric. data in the 20 to 60 mile region with cooperating foreign coun-
tries. The investigation of scientific techniques; design and development
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of advanced components for general application; improved component reliabil-
ity and lifetime; study of data acquisition techniques; and feasibility
studies on future spacecraft design and capabilities are conducted under
Supporting Research and Technology/Advanced Studies.

SUMMARY OF RESOURCES REQUIREMENTS :

Supporting research and tech-
nology/advanced studies..,...
Tiros/TOS improvementS.........
Meteorological flight
experimernt:S. ..o ceeresaanese
Nimbus...ei eneevenneseccncanss
Meteorological soundings......

Total..vv ivneeee crenens PN

Distribution of Program Amount by Installation:

Marshall $Space Flight Center.
Goddard Swace Flight Center..
Wallops 5StatioNeecscessoevcns
Electronics Research Center:.

Langley Research Center..-...
NASA HeadquarterS....... ceeae

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology/Advanced Studies

Synchronous meteorological
satellite,.iveunceocnceansone
Sensor requirements and
evaluation..esesecesecccnsens
Meteorological component
development..cseecesosassoces
Meteorological sensor
development.ciscocceessosoose
Advanced systems and components
Advanced studi€S...eaececacccne
Applications for manned space
missions.,......

® e 0000 s s 000 .

1965 1966 1967
$7,311,000  $8,300,000  $9,100,000
4,100,000 3,700,000 2,600,000
1,200,000 3,900,000 5,500,000
16,000,000 20,000,000 23,400,000
2,380,000 3,000,000 3,000,000
$30,991,000  $38,900,000  $43,60C,000
$120,000 $170,000 $17C,000
29,505,000 35,400,000  39,30C,000
. 180,000 140,000
175,000 450,000 500,000
425,000 630,000 630,000
766,000 2,070,000 2,860 000
1965 1966 196
e $145,000 —n-
$2,554,000 2,635,000  $2,335,000
2,215,000 2,044,000 1,795,000
1,276,000 496,000 690,000
975,000 1,680,000 2,080,000
-—- 100,000 100,000
291,000 1,200,000 2,100,000
$7,311,000  $8,300,000  $9,100,000
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) The objectives of the Supporting Research and Technology/Advanced Studies
are: (1) to develop and evaluate components for potential meteorologi:al
satellite system application; (2) to design and develop satellite sensors for
the detection and controlled acquisition of meteorological data directly

from the atmosphere and from other sources; (3) to investigate scientific
techniques and tools for the systematic observation, analysis and subsa2quent
interpretation of meteorological atmospheric phenomena; (4) to optimiz=
satellite performance and information retrieval techniques through advanced
system analyses; and (5) to conduct advanced studies on future meteorological
satellite systems and components, The results obtained from this endeavor
contribute both to achieving the research and development goals of NASA and to
the develcpment of the operational meteorological system for ESSA.

Project direction is assigned to the Office of Space Science and Applications
at NASA Headquarters, with implementation by Headquarters, Goddard Space
Flight Center, Electronics Research Center, and Marshall Space Flight Center.

Funds were expended in FY 1965 and prior years for the design and evalua-
tion of electronic and mechanical instrumentation packages to convert, amplify
and process data that will be acquired by advanced optical and infrared sensors,
Significant advances were achieved in developing engineering prototypes of
separate satellite cameras to achieve automatic day-night coverage; tc obtain
panoramic high resolution data; and to provide real-time readout by ccntinuous
image dissection. New strides were made in satellite data storage techniques;
data compaction studies were initiated to gain greater data capacity. Advanced
satellite control and stabilization methods were investigated, leading the way
to vastly improved meteorological instrument platforms. Funds were also util~
ized for new developments in rocket wind measurements, on initial efforts
to measure strarospheric temperatures and the thermal structure of the atmos-
phere, and in the study of microwave sensing techniques and sferics measuring

_techniques. A feasibility study of a synchronous meteorological satellite and
studies of necessary camera resolutions for highly eccentric and synch.ronous
orbits were also conducted.

In FY 1966 efforts are continuing in many of the above areas, such as an
improved automatic picture transmission (APT) camera and storage system, and
improved elements for the interrogation, recording and location subsysitem
(IRLS) for processing meteorological data from remote instrumented platforms.
Research has been continued into the relationship between the heat energy
budget of the earth and large scale atmospheric phenomena, and into continued
development of an interferometer, spectrometer and other instruments (.0
measure the structure and radiation of the atmosphere. Techniques are being
developed to measure the intensity and location of sferics signals, and the
atmospheric density by measurement of the refraction of starlight.. The flight
model of a rocketborne ozonesonde is being completed. Advanced simuliited and
scaled down systems are being completed for the optimization of satellite
control and power components with emphasis on long life and reliable operatiomn,
Studies are also being performed in the area of meteorological experinents
for manned earth orbiting satellites, An advanced mission study will be
undertaken to determine the system parameters of future operational missions
for meteorological satellites.
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In FY 1967, funds are required for design and development work on 1remote
microwave radiation sensors to take advantage of recent break-throughs in
frequency-multiplier components at experimental millimeter wavelengths in the
electromagnetic spectrum, Prototypes of advanced new cameras on which work
was initiated in prior years will be qualified for space flight. Advanced
satellite control techniques, to replace present reaction wheels and asso-
ciated gas-fed nozzles with passive gravity reacting masses and improved
momentum damping techniques, will proceed beyond initial study stages. The
design of a flexible automatic computerized telemetry system will begin a
two-year development period, providing an extremely versatile method of
collecting several types and rates of envirommental data aboard the satellite
for transmittal to the ground., Microminiaturized transmitters and re:eivers
will be produced for various satellite needs, and will significantly advance
the present capabilities for very low power, high reliability, and comnpact=-
ness in physical size. Solid state devices will be investigated as a possible
replacement for some of the pick-up tubes presently used, and will result in
improvements in life and reliability. Advanced mission studies will »e con-
tinued on future operational meteorological systems, leading towards a second
generation operational satellite system,

Applicaticns for manned space missions include the study and development
of scientific investigations and advanced remote sensing equipment for manned
orbital spacecraft. These experiments will be utilized for the observation
of atmospheric phenomena and its effects on the terrestrial environment.
Several investigations of this type have taken place on manned Gemini flights.
Studies of experiments for Apollo manned orbital missions were initiated in
FY 1965 and FY 1966 to select experiments to take full advantage of manned
space flight missions and capabilities. Fiscal Year 1967 funds will be used
to continue this effort.

Tiros/T0S Improvements

1965 1966 1967
Spacecraft.civieeeenecsrencsonas $1,400,000 ——- -
Ground SUPPOTt.iscasseoovoarooss 1,250,000 $400,000 -——
TOS iMpProvementS...eseeeeseson - 1,450,000 3,300,000 $2,600,000
Total Spacecraft and Support.. $4,100,000 $3,700,000 $2,600,000
Delta (Launch Vehicle Procure-
ment Program).......covceveees (400,000) (---) (---)
Total (including Launch
Vehicles) . vveiieeerenneonns ($4,500,000) ($3,700,000) ($2,600,000)

The successful launch and operation of Tiros IX has demoanstrated the
feasibility of obtaining nearly global cloud coverage of the sunlit portion
of the earth on a daily basis. The objectives of the continuing Tircs re-
search and development project are to provide developmental support for the
TOS system.
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During 1965, the ninth and tenth Tiros satellites were successfully
launched. Tiros IX demonstrated the capability of a cartwheel configured
spacecraft to provide global daylight cloud cover pictures on a daily basis.
Tiros IX has definitely established the feasibility of the cartwheel concept
for the Tiros Operational Satellite (TOS) system. With Tiros IX data, ESSA
routinely prepared daily global cloud maps for use in operational weather
forecasting. Tiros X, which was the first Tiros spacecraft funded by ESSA,
was launched in July 1965 to insure that there would be satellite coverage
during the 196% hurricane season. These satellites, together with Tiros VII
and VII1 which continue to operate in orbit, have made possible world -wide
cloud coverage since February 1965.

The Tiros Operational Satellite (TOS) improvements effort initiated in
FY 1965 provides for the research and development of components and sub-
systems towards meeting the stated evolutionary requirements of the 708
system, The requirements include the following objectives: (1) increased
reliability, (2) extended life, (3) expanded semnsor capability, and (4)
improved opercational capability. Attainment of these objectives will result
in less frequent satellite replacement and a more economical operational
system. Presently, two separate TOS spacecraft are required, ome to provide
global cloud cover data and another to provide local cloud cover data. The
major objective of our TOS improvements effort has been directed towards the
incorporation of both of these capabilities into a single spacecraft by com-
bining a tape recorder with automatic picture transmission (APT). The next
step beyond this is the effort to replace the camera systems with the High
Resolution Infrared Radiometer (HRIR) to give TOS a nighttime global cloud
cover capability. A feasibility study has already been completed covering
the synchronization of the radiometer scan with spacecraft rotation t.o pro-
duce good quality cloud pictures. A further effort to extend the HRIR capa-
bility to both day and night (only the latter was demonstrated by Nimbus I)
is already uaderway. This is the program to attain the desirable obiective
of a single operational spacecraft with both day and night global cloud cover
capability. '

The Office of Space Science and Applications is responsible for the overall
management of this project. Responsibility for project management is assigned
to Goddard Space Flight Center. The major spacecraft contractor is Radio
Corporation of America,

The FY 1964 and prior year funding for the currently approved 10 :light
program, including launch vehicles, amounted to $43.5 million. The 1.965
funds were utilized to complete funding for the development and launch of
Tiros IX, ground operations to support Tiros VII, VIII, and IX in orbit, and
improvements to the TOS system, The FY 1966 funds are being used to incre-
mentally fund for the APT with recorder developments, ground operations to
support Tiros VII, VIII, IX, and X, and improvements to the TOS system., The
FY 1967 request will continue funding of TOS improvement subsystems.
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Meteorological Flight Experiments

1965 1966 1667

Meteorological flight
eXPETIMENES v et veeneerannens .. $1,200,000 $3,900,000 $5,500,000

The objective of the Meteorological Flight Experiments effort is tc con-
duct meteorological research and development on non-meteorological satellites
and space vehicles., Meteorological experiments will be conducted on 4pplica=-
tions Technology Satellites to: (1) evaluate feasibility of the operation of
meteorological sensors and components aboard gravity gradient stabilized space-
craft at medium and synchronous altitudes; (2) test new camera systems and
techniques aboard both spin stabilized and gravity gradient stabilizecd space-
craft; (3) demonstrate new concepts in weather data collection via syrnchronous
satellites; and (4) evaluate the utility of weather data dissemination via
synchronous altitude satellites. The spin scan camera experiment plamnned for
the first ATS, ATS-B, will investigate the meteorological utility of c¢loud
photographs taken from synchronous altitude to detect and track storms,
particularly short-lived phenomena such as thunderstorms, waterspouts and
tornadoes. Experience derived from this initial experiment will be used to
develop new sensors and techniques for obtaining cloud data from synchronous
altitude on ATS-C, D, and E,

The Office of Space Science and Applications is responsible for the overall
management of this project, Responsibility for project managemernt is assigned
to Goddard Space Flight Center,

This project was initiated in FY 1965. Fiscal Year 1965 funding was
utilized to procure and modify high and low resolution cameras and provide
for ground equipment and integration support for the experiments for ATS-A.
Fiscal Year 1966 funds are being used to procure vidicon cameras for ATS-A,
to procure image dissector cameras for ATS-C, flight hardware for the weather
data dissemination (WEFAX) experiment, and to provide ground support >f the
spin scan carera experiment on ATS-B. The FY 1967 funds are required to
complete procurement of the high and low resolution cameras for ATS-A, the
image dissector or equivalent spin scan camera, and Omega Position Location
Experiment (CPLE) spacecraft hardware for ATS-C; to initiate the camera and
WEFAX hardware development for ATS-D and E; and to incrementally fund the
unique ground equipment, plus operations and data evaluation for the ATS
meteorological experiments. It is anticipated that these experiments will
help to defire the configuration of a synchronous meteorological satellite.
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Nimbus

1965 1966 1967
Spacecraft.ciececeescconcessons $9,032,000 $11,795,000 $9,500,000
ExperimentS.sccecescesaccacsaass 3,891,000 4,825,000 9,900,000
Ground operations and support.. 3,077,000 3,380,000 4,000,000

Total Spacecraft and Support. $16,000,000 $20,000.,000 $23,40,000

Thorad=-Agena (Launch Vehicle S
Procurement Program)......... (3,898,000) (3,742,000) (5,331,000)

Total (including Launch o
Vehicles).seeuveneronnnnnes  ($19.898.000) ($23,742,000) (328,731,000)

The objectives of the Nimbus project are: (1) to develop a spacecraft
with adequate power supply and stabilization to test a number of meteorolog-
ical sensors; (2) to develop a variety of meteorological sensors o obtain
day and night cloud cover and to obtain atmospheric data such as pressure,
temperature, wind, and water vapor at various altitudes over the globe; and
(3) to test these sensors and associated data acquisition and handling
techniques prior to recommending their use on the operational systems funded
by ESSA. The data obtained are made available for meteorological research
and operationzl use to the ESSA and other domestic and foreign weather
services. The Nimbus spacecraft is larger than the TIROS or TOS and is
oriented to view the earth at all times; thus, it provides a basic satellite
system for testing a variety of subsystems sensors and meteorological
experiments.

The succes&ful launch of Nimbus 1 on August 28, 1964, proved the basic
spacecraft configuration and the usefulness of the meteorological sensors
tested which included three vidicon cameras for global daytime cloud cover
data, a high resolution infrared radiometer (HRIR) for global nightime cloud
cover and the automatic picture transmission (APT) system for direct trans-
mission of realtime daylight cloud cover pictures to small local weather
stations. A failure in the solar array drive reduced power which caused the
termination of useful data after approximately one month of successful
operation. A new experiment, a Medium Resolution Infrared Radiometer (MRIR)
will be flowri, in addition to improved versions of the sensors tested on
Nimbus I. The MRIR experiment will permit a full global study of the earth's
heat balance, and represents one of the most significant meteorological
experiments so far undertaken. In addition to the MRIR, the Nimbus C space-
craft will test vidicon cameras and a High Resolution Infrared Radiometer
(HRIR) for global and local cloud cover data, both day and night. Niwmbus C
will provide ESSA in nearly realtime HRIR data for operational purposes and
initiate experimentation with nighttime direct local readout of HRIR data
through local APT ground stations. Modifications have been made to the solar
array drive mechanisms in the spacecraft,
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The current Nimbus program includes the development of two additional
spacecraft (Nimbus B and D) scheduled for launch in 1967 and 196% respectively.
Significant spacecraft and meteorological sensor advances are being developed
for testing on these flights such as: (l) a 50-watt radioisotope the:rmo-
electric generator (RTG) which will demonstrate the feasibility of RTG long
life power supplies for meteorological satellites; (2) new experiments for
determining the temperature profile and the water vapor content of the atmos=
phere such as spectrometers developed by NASA and ESSA; (3) a sensor :o
measure the solar flux in the ultraviolet spectral region to determine its
influence on the upper layers of the atmosphere; and (4) initial experimenta-
tion in collecting, recording, and relaying data from a number of sensors
placed on and above the earth's surface to record atmospheric and meteorolog-
ical data. These Nimbus flights will test the initial sensors for ob:aining
vertical measurements of meteorological data such as temperature and water
vapor content, and test sensors and systems to provide full global daytime
and nighttime cloud cover data for operational use by direct readout and also
by stored data for release to data acquisition stations.

The Office of Space Science and Applications, NASA Headquarters is respon-
sible for the overall management of the Nimbus project. Responsibility for
project management is assigned to the Goddard Space Flight Center. Taie major
contractors are General Electric for integration and test of the spacacraft
and for the controls subsystems and the Radio Corporation of America for
camera subsystems,

Fiscal Year 1964 and prior years funding including launch vehicles amounted
to $107.3 million. Fiscal Year 1965 funds were utilized to complete the
Nimbus C spacecraft, incremental funding of the Nimbus B spacecraft, experi-=-
ments, and related ground operations and support. Fiscal Year 1966 funds
are being utilized for final preparation, launch and ground operations for
Nimbus C, incremental funding to continue the Nimbus B spacecraft, experiments,
ground operations, and support efforts, and to initiate definition and design
studies of the Nimbus D spacecraft and experiments, Fiscal Year 1967 funds
are required for ground operations and support of the Nimbus C spacecraft to
be launched in 1966; to continue the development of the Nimbus B spacecraft;
and more advanced experiments and initial hardware development for the
Nimbus D spacecraft. TFunding requirements including launch vehicle procure-
ment for FY 1968 to completion of this four spacecraft flight pragram are
estimated to be $56.2 million,

Meteorological Soundings

1965 1966 1967

Large research sounding rockets. $1,920,000 $1,920,000 $1,920,000
Sounding rocket system devel-

OPMEINE e s s evoneeneonnasacnsssss 425,000 630,000 630,000
Field experiment support........ 35,000 450,000 450,000

Total..i v eoveaneenneeeeans §2!380!000 $3,000,000 ggAOOO,OOO
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The objectives of Meteorological Soundings Program are to: (1) develop
the systems and techniques for exploration of the region 20 to 60 miles above
the earth; (2) investigate the structure and characteristics of the upper
atmosphere; and (3) provide for the exchange of data obtained from this
region among cooperating countries. Research indicates that this region may
act as an impcrtant link between the sun's energy and the dynamics of the
weather of the lower atmosphere.

The objective of the large research sounding rockets effort is to develop
and improve sensors and techniques for obtaining meteorological data on the
composition, structure and behavior of the atmosphere in the region 40 to 60
miles above the earth. The objective of the small sounding rocket system
development effcrt is to develop a reliable, inexpensive, simplified system,
including the rocket, sensors, and data acquisition techniques, for obtaining
similar data in the region 20 to 40 miles above the earth. The field experi-
ment support effort provides for the sounding rocket experiments :in coopera-
tion with other countries. NASA is cooperating with several foreign coun-
tries in assisting them to establish meteorological rocketsonde facilities.
Through this support, useful data are obtained over the territories of co-
operating foreign countries on a cost-sharing basis, involving no exchange of
funds.

Fiscal Year 1964 and prior year funding amounted to $4.1 million of which
$3.5 million was utilized for large research rockets and $600,000 for small
rocket development,

During FY 1965, 49 large research rockets were launched consisting of 26
grenade experiments, 13 sodium vapor trail and 10 pitot-static tube experi-
ments. In Januwary 1965, Point Barrow, Alaska was established as a launch site
and provided measurements of the atmospheric structure during the Arctic night
for comparisorn with measurements at other sites with which they were coordi-
nated. Eight of the pitot-static tube experiments were launched from ship-
board in the South Pacific off the coast of South America spaced from the
equator to 60°S latitude to provide for the first meteorological measurements
above 30 miles in this area. In the small meteorological sounding project,
100 small developmental sounding rockets were launched to provide upper atmos-
phere data and to test several developments, such as a new parachute configu-
ration, a ruggedized transmitting tube and an improved temperature sensor. In
addition, stucies were conducted on the design and performance of rocket motors
and on the development of consumable rocket motor casings.

In FY 1966, approximately 50 large research rocket launches are planned.
These launches will continue the study of the relation of the Arctic atmos-
pheric structure to that in the sub-Arctic, mid-latitudes, and the tropics
during various seasons including the time of greatest frequency of nocti-
lucent clouds. Flight tests will be conducted with a new payload to measure
the amount of ozone in the upper atmosphere. Also, the funds will be utilized
to continue the development of the small sounding rocket system involving
the launch of about 100 small developmental sounding rockets, flight test of
various paylosd components and research to improve rocket performance and
reduce falling mass hazard. An international cooperative field experiment
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project was injitiated with Argentina and Brazil for the establishment of two
launch sites in South America and the coordination of meteorological launches
from these sites with launches in North America.

In FY 1967, funds are required to provide for the launch of approximately
50 large research rockets and 100 small developmental sounding rockets, devel-
opment and inprovement of sounding rocket systems and initiation of design
and development: efforts on an advanced system. Also, funds are required for
the continuation, extension and development of field experiment projects
jointly with countries in South America, Europe and Asia to study and observe
the upper atmosphere through the coordinated launches of small develcpmental
sounding rockets,
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF SPACKE SCIENCE AND APPLICATIONS COMMUNICATION AND APPLICATIONS
TECHNOLOGY SATELLITES PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The previously separate Communication Satellite Program and the Applica-
tions Technology Satellites Program are combined into one program entitled
Communicatioa and Applications Technology Satellites. The objectives of the
combined program are to; (1) assure that technology required for establish-
ment of future communication, navigation, and other applications satellite
systems is developed, (2) study requirements for, and technically assess the
applicability of satellites to the future needs of communication, navigation,
and other promising applications systems, and (3) fulfill NASA's responsi-
bilities under the Communications Satellite Act of 1962,

Serving as relay stations at altitudes that are within line-of-sight of
distant points on the earth's surface, communications satellites offer micro-
wave communication over long distances, not presently attained by high
frequency radio. They therefore offer the potential for providing all types
of telecommunications services on a world-wide basis. Studies are underway
to determine the need for an improved world-wide navigation system, traffic
control, search and rescue, and communication systems for aircraft and ships,
Satellites offer great potential in this area. Applications Technology
Satellites offer the potential of testing and evaluating advanced subsystems
applicable o communications, meteorology, navigation and other purposes;
testing and evaluating satellite structures and stabilization systems
peculiar to communications, navigation, and other satellite endeavors; and
offer the potential for determining the radiation levels and the long term
effects of this environmment on spacecraft components at different altitudes,
particularly the synchronous altitude where very little environmental data
exists,

The Echo, Relay, and Syncom projects are completed except for cont:inued
data reduction and analysis activity. Five Applications Technology Hatellites
launches are planned for the 1967-69 period, one at 6,500 mile altitude and
four at synchronous altitude,

SUMMARY OF RESQURCES REQUIREMENTS :

1965 1966 1967
Supporting research and tech-
nology/Advanced studies....... $2,124,000  $4,500,000  $,600,000
EchO I:[-.oloncocloo"o'ccc.-noc- 325’000 === bt
Relay.................-......... 462,000 200’000 -
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1965 1966 1967

SYNCOM.eeeeseoosnrscassroacssanne $168,000 $100,000 -——
Early gravity gradient test

satellite.cscssesncecscnsans 5,000,000 -—- -
Applications technology

satellites..cvsvecocccnscans 22,695,000 28,000,000 $21,800,000

Total.eueeeeoonsconooconsssas $30,774,000 $32,800,000 $26,400,000

Distribution. of Program Amount by Installation:

1965 1966 1967
Goddard Space Flight Center... $24,414,000 $31,092,000 $25,107,000
Jet Propulsion Laboratory..... 396,000 648,000 193,000
Langley Research Center....... 215,000 --- ---
NASA HeadquarterS...eeeeesesses 5,749,000 1,060,000 1,100,000

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology/Advanced Studies

1965 1966 1967
Communication and navigation.... $874,000 $1,700,000 $1,200,000
Applications technology.....eees 700,000 2,000,000 2,100,000
Advanced mission studiesS........ 550,000 800,000 500,000
Data analysis...lﬂl..l......'..‘ === === I.OOJQOO

Totaleeeeseeoooeeoooceocascans $2,124,000 §4!500!000 $4,500,000

The supporting research and technology effort is being conducted in four
areas namely, (1) communication and navigation, (2) applications technology,
(3) advanced mission studies, and (4) data analysis.

There are no additional passive communication satellite launches planned,
however, a modest effort will continue in FY 1967 as in past years, on
materials, structures, and erection system development for advanced passive
satellites, ©Passive satellite technology is being continued because such
satellites have unlimited multiple access and frequency response capabilities,
inherent long life, and high reliability, Investigation effort will continue
in FY 1967 on active satellite systems capable of linking terminals of greatly
reduced size and cost, making possible communications with over-ocean aircraft,
ships at sea, and small land stations. Investigations will continue on the
effect of scattering of electromagnetic waves by earth's atmosphere and space
environment; results have and will make important contributions to the Inter-
national Telecommunications Union Conference on Space Communicaticns. Measure-
ment techniques have been developed for measuring radio reflectivity
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characteristics of large inflatable structures on the ground so that their
potential usefulness in space can be predicted. In FY 1967 these techniques
will be used 0 measure small segments of new and improved passive satellite
materials and structures, and on advanced antenna designs to determine their
characteristics,

Navigation traffic coordination satellite system conceptual studies funded
in prior years indicated that satellites could assist over-ocean aircraft and
ships at sea f:0 obtain more precise position information under all weszther
conditions, and could aid air-sea traffic control, and coordination of
emergency rescue operations. As a result interagency review of existing
and future agency needs is continuing., We will analyze and compare véarious
navigation traffic coordination systems (including those involving satellites)
to determine the course of our future research and development efforts in this
area. In FY 1967, studies will be conducted in the navigation-traffic control
area to determine the feasibility of incorporating position-fixing experiments
on future NASA satellites to establish the operational capabilities of the
more promising techniques.

Past investigations of multiple beam forming, electronically steersble
spacecraft antenna array techniques have yielded promising results. laboratory
models of promising arrays are now being developed for experimental purposes
to determine their potential for space applications such as multiple access
communications with small mobile terminals, and possibly direct broadcast
satellites, Efforts in FY 1967 will be continued in the area of attitude
measurement and control devices. Attitude measurement devices such as
starfield readers, RF sensors, and non-RF sensors and control devices such as
gravity gradient. components, momentum wheels and small thrusters will be
investigated. Effort will be continued on the design and preliminary develop-
ment of a spaceborne millimeter propogation experiment for Applications
Technology Sat:ellites. The frequency range 10 to 100 gigacycles per second
is of great interest because the lower frequency bands are crowded.

Studies on long-lived, fully stabilized spacecraft having a large space
erectable antenna which can be pointed precisely to selected geographic areas
on earth will be continued. Active and hybrid gravity gradient stabilization
control systems will be considered. Feasibility studies on voice broadcast
and TV broadcast. satellites will be continued in FY 1967. A feasibility study
will also be conducted in 1967 to determine satellite system comncepts and
approaches tco provide wide band communications between interplanetary probes
and earth terminals via satellite relays; provide aids to interplanetary
navigation amd tracking; and provide spacecraft-to-spacecraft communications
and global navigation aids.

There is a new SR&T item in FY 1967 to cover data analysis in three projects
otherwise completed by FY 1967, namely Echo II, Relay, and Syncom. In order
to completely ascertain spacecraft performance and economic factors, there
must be available spacecraft reliability, degradation, and lifetime data.
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Therefore, it is desired to delineate this phase of the effort in FY 1967,

and close out the research and development spacecraft phase of the projects
at the end of FY 1966. Funding requirements beyond FY 1967 will depend on

the lifetime of the spacecraft.

Echo II

1965 1966 1967

Ground operations and support.... $325,000 --- -—-

The Echo II project consisted of design, development, launch, anc evalua-
tion of a 135 foot large inflatable passive communication satellite. Other
than a low level effort in experiments on Echo II, the project was completed
in FY 1964. Fiscal year 1965 and prior year funding, including laurch vehicles,
amounted to $20,1 million. No funds are required for FY 1966. A minimal
amount of funds are required in FY 1967 for continued data analysis. This
requirement. is included in the SR&T line item,

Relay
1965 1966 1967

Ground operations and support.... $462,000 $200,000 --—

Project Relay consisted of the design, development, launch, and evaluation
of two intermediate altitude active communication satellites. This project
demonstrated the capability to reliably and economically perform narrowband
and wideband communications, including telephone, digital data and IV demon-
strations, between widely separated ground stations for long periods of time.
In addition, Relay satellites are equipped to measure levels of radiation in
the space enviromment and the effects of radiation on certain critical
components,

Relay I was successfully launched in December 1962, as was Relay II in
January 1964, The FY 1965 and prior years funding for the two launches
including launch vehicles amounted to $40.2 million., Fiscal year 1966 funds
are being used for continued data reduction and analysis, A minimal amount
of funds are required for FY 1967 for continued data analysis. This re-
quirement is included in the SR&T line item.

Syncom
1965 1966 1967

Ground operations and support.... $168,000 $100,000 =

Project Syncom consisted of the design, development, launch, and evaluation
of synchroncus altitude active communication satellites. This project demon-
strated the capability of reliably and economically performing communications

experiments from synchronous orbits including telegraph, digital data, and TV

demonstraticns.
ED 11-4



Three Syncom spacecraft have been launched: Syncom I in February 1963 was
unsuccessful; Syncom II in July 1963 was successful in achieving the desired
inclined synchronous orbit; and Syncom III was successfully launched into an
equatorial synchronous (stationary) orbit. Syncoms II and III continue to
function satisfactorily. Syncoms II and III were turned over to the Department
of Defense on April 1, 1965. The FY 1965 and prior years funding for this
three flight program including launch vehicles amounted to $30.8 million.

Fiscal year 1966 funds are being used for continued data reduction and analysis.
A minimal amount of funds are required for FY 1967 for continued data analysis.
This requirement is included in the SR&T line item.

Early Gravity Gradient Test Satellite

1965 1966 1967

Spacecraft..vciieeecossscesocnsosns $5,000,000 -—- ~———

The Early Gravity Gradient project consists of the design, development, and
flight testing of a gravity gradient stabilization system, The primary
objective of this effort is to demonstrate a gravity gradient stabilization
subsystem ir. support of the advanced Defense Communication Satellite Program
in the near synchronous altitude region, provide data to support: the selec-
tion of design parameters, and assess the feasibility of gravity gradient
stabilizaticn for advanced space systems, NASA and DOD entered into an
agreement whereby the Air Force Space Systems Command will be responsible
for the procurement of flight hardware, and will flight test the gravity
gradient system as an integral part of the initial Defense Communications
Satellite flights. NASA will continue to monitor this effort and provide
technical assistance to the Air Force. Fiscal year 1965 funds of $5.0
million are available to the Air Force to cover the costs of the spacecraft.
No FY 1966 or subsequent year funds are required for this project by NASA,

A flight test is scheduled for 1966 by DOD,

Applications Technology Satellites

1965 1966 1967

SPACECTALE s e e rerecasenennnsssssas  $20,695,000 $24,850,000 $17,800,000
Operational SuUppPOTL..ceccecececccss 2,000,000 3,150,000 4,000,000

Total Spacecraft and Support... $22,695,000 $28,000,000 $21,800,000

Atlas-Agena (Launch Vehicle
Procurement Program)....ceceees (4,404 ,000) (8,240,000) (12,803,000)

Total (including Launch
Vehicle) .veeeveoaocencseesease ($27,099,000) ($36,240,000) ($34,603,000)
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The objectives of the Applications Technology Satellite project are (1) to
design, develop, flight test, and evaluate a spacecraft capable of performing
communications, meteorological, gravity gradient stabilization, scientific and
other technological experiments in a 6,500 mile circular orbit, (2) to perform
communications, meteorological, scientific and other technological experiments
utilizing a spin stabilized spacecraft in synchronous orbit, and (3) to perform
communications, meteorological, scientific and other technological experiments
utilizing gravity gradient stabilized satellites in synchronous orbit. The
basic spacecraft will weigh about 650 pounds. Five launches are schecduled--
one in 1966 and one in 1968 in synchronous orbits utilizing spin stab:ilized
satellites; one flight planned for 1967 in the 6,500 mile circular orbit
primarily to evaluate the gravity gradient stabilization system; and two
flights in syachronous orbit using gravity gradient stabilized spacecraft
scheduled forxr 1968 and 1969.

The Office of Space Science and Applications, NASA Headquarters, is
responsible for over-all management. Responsibility for project management is
assigned to Goddard Space Flight Center. The major contractors are Hughes
Aircraft Company for spacecraft development, and General Electric Corporation
for gravity gradient stabilization system development.

Funding for this project commenced in FY 1964 with $16.8 million. Funding
through FY 1956 has provided for continuation of development including
assembly of the first spin stabilized synchronous spacecraft, its experiments
and their integration; parts fabrication and prototype model assembly of the
second spacecraft and its experiments; and procurement of common compcnents for
the remaining spacecraft. Funding in FY 1967 will provide for the first
launch, completion of the second spacecraft and its experiments, and prepara-
tion for its launch. This funding will also provide for fabrication of the
third spacecraft and its experiments and for continuation of development on
the fourth and fifth spacecraft. Operational and data analysis efforts on
the first launch will be initiated. Funding requirements, including launch
vehicles, for FY 1968 to completion of this five flight program are estimated:
to be $35.1 million.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY BASIC RESEARCH FROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The purpose of the Basic Research Program is to initiate and admirister
fundamental research in the physical and mathematical sciences. This re-
search will provide an understanding of phenomena which is necessary for
other NASA programs for the development of current and future aircraft and
spacecraft. This basic research is carried out in NASA's Research Centers
with some contract assistance by universities, industrial laboratories and
other Government laboratories. Fundamental knowledge in many fields is
essential for NASA's programs to advance in an orderly manner and on a
scientific basis. Basic research in NASA has, therefore, to cover a wide
range of disciplines, and varies from very fundamental studies into the
nature of the atomic nucleus and its internal energies to more &gpplied re-
search in materials for applications such as the supersonic transpori: or
entry vehicles. Much of the Basic Research Program cannot be specifically
identified with current NASA projects. Its broad objective is to increase
man's knowledge and understanding of the physical laws of nature and of their
mathematical expression, definition, and interpretation.

The Basic Research Program is concentrated in four disciplinary areas:
Fluid Physics, Electrophysics, Materials, and Applied Mathematics.

The understanding and prediction of the tremendous heating lcads ex-
perienced by space vehicles during reentry into the earth's atmosphere
from missions to the moon and beyond has been an important part of the re-
search program in fluid physics. This research, which had been extended
to studies involving entry into the atmospheres of other planets, has
succeeded in the past year in unifying predictions of frictional hea:ing
so that any gas, characteristic of any atmosphere, can be handled by the
same simplified analysis. Similar research is being pursued on othe: gas
dynamic aspects of atmosphere entry and will lead to the design of efficient
heat protection and atmosphere braking systems for interplanetary spacecraft.
Fluid physics research also encompasses fluids having properties very much
different from the atmospheric gases, as for example, magnetic liquiis.
Liquids reacting to magnetic fields may lead to unique space power systems,
and provide a means for studying and controlling fluids in "zero gravity"
situations.

Electrophysics encompasses theoretical and experimental phys:ics rzsearch
devoted to exploring and explaining the bulk and atomic behavior of solids,
liquids, and gases subjected to gravitational, electric, magnetic, aad
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nuclear force fields. It is designed to increase our understanding of
physical phenomena, information which is essential for advances in tech-
nology areas such as electronics, space power, and propulsion. For ex-
ample, an experimental investigation using the nuclear magnetic resonarnce
technique has been under way to determine the presence of hydrogen nuclei
in various atoms. The equipment sensitivity has been so improved that
extremely small quantities of hydrogen may be recognized. Since hydrogen
is a constituent of water, this now becomes a means of determining whether
trace amounts of water may be present in rock and soil samples frcm the
moon and planets. The. presence of water may indicate the existence of
some form of life.

The demands of the manned and unmanned space programs are putting un-
precedented requirements on all classes of materials. Designers are calling
for lightweight structural materials, chemically stable and radiation r1re-
sistant coatings, high temperature and high strength materials for propulsion
systems, high temperature ablatives for thermal protection, versatile clec-
tronic materials, and high temperature bearings and lubricants. New ap-
proaches and concepts are required to meet these requirements. The goal
of basic materials research is to understand how and why materials can be
strengthened by alloying additions and fibrous reinforcements and made
resistant to all the components of the space environment. The behavio:r of
well characterized materials in electrical fields is also being studied so
that better electronic devices may be developed for space communication and
circuitry.

Applied mathematics is concerned with research in mathematical techniques
relevant or necessary for application to scientific or technological pro-
blems which arise in carrying out any part of the NASA functions. Such
mathematical research performed preliminary to the physical operation of
which it is an abstract model can usually result in considerable economies
of total operation, and often is the only feasible approach to the problem.
Recent examples of this have been the successful Ranger and Mariner flights
which attainec their objectives as scheduled. These results could nevar
have been achieved through non-mathematical experimentation, but had t>
follow procedures dictated by previous extensive mathematical research,

SUMMARY OF RESOURCES REQUIREMENTS:

1965 1966 1967
Supporting research and
technology..coeevevocsans $21,231,000 $22,000,000 $23,000,000
Total..iveeeernencnnnenss $21,231,000 $22,000,000 QE},OOOIOOO



Distribution of Program Amount by Installation:

1965 1966 1967
Marshall Space Flight Center.. $916,000 $815,000 $850,000
Goddard Space Flight Center... 257,000 117,000 120,000
Jet Propulsion Laboratory..... 5,792,000 5,056,000 5,400,000
Ames Research Center.......... 1,966,000 1,910,000 2,100,000
Electronics Research Center... 95,000 595,000 1,000,000
Flight Research Center........ 3,000 30,000 30,000
Langley Research Center....... 1,901,000 2,119,000 2,200,000
Lewis Research Center......... 2,234,000 2,731,000 2,800,000
NASA Headquarters....ieeeeeesss 7,503,000 8,627,000 3,500,000
Western QOperations QOffice..... 564,000 ~-—- -

BASIS OF FUND REQUIREMENTS:
Supporting Research and Technology

1965 1966 1967
Fluid physicS.eeeveeeeeenneesses $7,803,000 $8,043,000 $3,200,000
ElectrophySiCEeseeesnesssorcoans 4,039,000 4,404,000 4,800,000
Materials...ieesceeeacsosssnssnses 8,034,000 8,193,000 3,500,000
Applied mathematicS.......0eveen 1,355,000 1,360,000 __ 1,500,000
Total..eosvevuaeonnnorsnnsenns, 921,231,000 $22,000,000 $23,000,000

Fluid Physics

The efficient design of spacecraft configurations and heat protection
systems, of nozzles for air-breathing and rocket fueled propulsion systems,
and the ability to solve the communications blackout reentry problem, all
depend on a knowledge of non-equilibrium flow processes, i.e., on flows
in which the time for temperature-induced chemical reactions occurring in
the gas is of the same order as the time for the gas to flow along the body.
Thus, an important part of the FY 1967 research program in fluid physics
is concerned with the determination of chemical reaction rates in flow
situations of interest., These rates will be determined primarily in chemical
shock tubes a: temperatures up to 15,000° F, as well as in '"in situ' rozzle
flows.

Non~equilibrium flows occur in regions of reduced pressure and density
or at moderate altitudes. However, at very high altitudes, e.g., at 100
miles and above, the density of air is so low that inter-particle collisions
which cause chemical reactions and normal gas-dynamic effects are almost
non-existent, This so called '""free-molecule' flight regime is of great
importance in predicting such phenomena as the drag and heating of satellites,
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orbital lifetimes of satellites, the heating and thrust loss from control
rockets in space, and the contamination of the lumar surface by rocket
exhausts, ALl of these phenomena are directly influenced by the energy
and momentum transferred by a particle to a surface during impact, by
adhesion to the surface, and by the surface material and surface concdition.
By means of a laboratory research program, gas-surface interactions will
be studied intensively in FY 1967 both theoretically and in molecular-beam
devices designed to duplicate the density and energy of space conditions.
These studies will lay the foundation and provide the interpretive dzta
for possible future flight experiments to investigate the phenomena with
actual satellites.

Another research area that will receive increased attention during the
next fiscal vear is the flow of '"strange fluids", i.e., fluids having
viscous, elastic and magnetic properties that differ greatly from thcse of
conventional liquids and gases. These fluids are more than scientifijic curi-
osities and are being studied with aerospace applications in mind. Visco-
elastic studies include, for example, the flow of blood in parts of the
circulatory system, and the fascinating phenomenon of greatly reducec drag
of liquid and polymer mixtures when flowing through a channel. Additionally,
the physical properties of magneto-fluids are being investigated in crder
that such fluids can be considered as a base for new space power generating
systems.

Considerable progress has been achieved during recent years in developing
electromagnetic gas accelerators, demonstrating that electromagnetic inter-
action on ionized gases may become a powerful investigative technique in
future high temperature gas technology. More fundamental research in plasma
physics is needed, however, because the properties of plasmas depend sensitiv-
ely on interactions with electric and magnetic fields, in addition to their
dependence on temperature and pressure as in real gas dynamics.

In FY 1967 increased emphasis will be placed on the investigation of
plasma properties in their functional relation with system parameters.
Chemical phenomena under the extreme (high and low) environments of tem-
perature and pressure will be expanded, as will chemical kinetics as applied
to propulsion systems and aerodynamic braking in planetary atmospheres.

The classical principles of fluid physics will be utilized to explain fund-
amental biological and physiological processes to generate new concepts in
organic physics.

Electrophysics

The electrophysics program consists of in-house and external experimental
and theoretical investigations into the interactions of particles and force
fields. The program includes tasks in classical and quantum physics in
areas of nuclear, atomic and molecular physics, solid state physics, and
theoretical physics.
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Research is being conducted on the determination of the behavior of the
positron in the earth's gravitational field. A positron, a form of aati-
matter, can combine with an electron whereby the pair is annihilated and
energy in the form of a gamma ray, that is an electromagnetic wave, is
released. Using a preliminary experimental arrangement the lifetime of
negative helium ions could be measured. After this feasibility study,

a larger experimental apparatus was constructed. This newer equipment

is being checked first by measuring well known electrons; then the positrons'
gravitational characteristics will be determined. If the experiment is suc-
cessful, information on possible antigravity in nature will be obtained.

A comprehensive analvsis has been made of the scattering of alpha particles
(helium) fron the nuclei of tin atoms containing even numbers of protons.
Such experiments yield information on the excitation of the nucleus and in
particular on interactions with individual particles in the nucleus. The
results demonstrate that presently known theory adequately describes these
experiments. This work is part of a comprehensive program aimed at under-
standing nuclear interactions and structure,

A much more accurate measurement has been made of the lifetime of the
positive pi meson or pion ~-- a fumdamental particle of nature. The pion
is believed to be responsible for binding particles together to form the
nuclei of atoms. The lifetime of the free pion is one of its characteristics
which determines its ability to perform this function.

In FY 1967 increased effort will be made in nuclear physics research.
Experimental and theoretical investigations will be conducted to obtain more
detailed information on nucleon-nucleon reactions. The data from this work
will contribute to our understanding of collisions between solar protf.ons
and materials of the spacecraft structure. The information is needed to
improve the design of the shielding material thus preventing radiation
damage to equipment on the spacecraft. Furthermore, at the Electron:cs
Research Center, a research program concerned with a better understanding
of the fundamental energy exchange processes in crystalline solids will be
pursued; and the emission, absorption, and scattering of electromagnetic
waves will be studied. Such information provides the base of knowledge
required by the Electronics and Control Program to improve reliability and
useful life of critical components. It will also lead to better signal
sources for space communications.

Materials

Understanding why materials behave as they do in mechanical, chemical,
radiation, and thermal environments is the goal of the materials resecarch
program. The scope ranges from solid state physics - the nature of s0lid
matter - to the application of such fundamental knowledge to advanced
materials for NASA's future missions as well as defining corrective actions
for current material problems. For example, the premature failure of titanium
oxidizer tanks and titanium structural members may well be avoided as a result
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of the recently initiated research effort on stress-corrosion cracking.
When chosen for use in these applications, it was believed that titanium
was immune to stress-corrosion cracking, a kind of unheralded and often
catastrophic fracture at normal stresses in certain corrosive environments.
Recent failures, however, show that some titanium alloys will crack in
nitrogen tetroxide and even in water. Research will be conducted both in-
house and by contract to establish the extent and gravity of the problem
and to find solutions, both short range and long range.

Another example of basic research motivated by current deficiencies
in materials is the research on polymers for use at low temperatures.
Glass reinforced propellant tanks require the use of a liner to minimi:e
the loss of hydrogen through the walls of the tank by permeation. Polvmeric
materials are being studied for such applications; however, they are subject
to cracking at low temperatures. Basic studies to understand the relat:ion-
ship between the structure of polymers and their properties at cryogen:.c
temperatures are under way. This understanding should provide the nec--
essary information for synthesizing and processing polymers for use at
very low temperatures.

Considerable progress is now being made in obtaining simple anc trouble-
free lubrication systems for advanced space vehicles. The ideal systen
would be one in which the bare metals slide upon one another withcut b:nding
or wearing. It now appears that this is possible if the distribution and
arrangement of the metal and impurity atoms is controlled by alloying,
mechanical working, and heat treatment, Current research should establ.ish
the guidelines to be followed in performing these operations.

Advanced aircraft engines on the other hand can continue to use liquid
lubricants provided they are protected from oxidation and thermal decomn-
position at temperatures several hundred degrees higher than those used in
current commercial power plants. Current research at NASA Research Centers
and in several research contracts is emphasizing several alternate techniques
for preventing degradation. One technique is to use inert gases to protect
the lubricant. Another involves the 'once through' concept which consists
of continuously feeding fresh lubricant into the bearings in a very low but
adequate flow rate.

Fundamental research in electronic properties of materials for circuitry
in communications devices will be continued. The creation of new electrical
devices based upon current understanding of materials behavior is facing
diminishing returns. There is, therefore, an urgent need to accelerate the
fundamental studies of all material phenomena. Research is being increased
both at the Centers as well as on contract to obtain more knowledge of the
mechanisms of such phenomena as diffusion, sputtering and electron and ion
emission from solids and electron-lattice, and electron-defect interact:ions
in crystals. The role of impurities and alloying additions on semiconductors,
electrical insulators and ferroelectric materials is also being pursued.
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In FY 1967 the general field of solid state physics will be expanded
with particular emphasis on electronic properties. This is a vital area
and one in which the Electronics Research Center will contribute heavily.

Applied Mathematics

Research in applied mathematics is concerned with the development
of improved mathematical techniques for the solution of physical problems.
The problems which may arise in aerospace science or engineering usually
require the solution of non-linear differential equations. Fast and simple
solutions are desired for planning experiments and predictive evaluation
of results,

Research will continue in aerodynamic mathematics for predicting gas
flow around or within a body moving at hypersonic speeds, and for deter=-
mining optimum aerodynamic shapes of aircraft wings and bodies in super-
sonic and hypersonic air-flows. Gravitational and orbital mathematics
will be used to determine more accurately what trajectories could produce
a successful lunar orbiting vehicle, as well as to make progress in the
continuing problem of more accurate and economical predictions of orbits
and positions of earth satellites and other space vehicles. Granis and
contracts in mathematical research are also planned for investigation of
methods for sclving equations of heat-flow in reentering spacecraft,
supersonic aircraft, and turbine blades, and for studying programs for
optimum performance of aircraft using the calculus of variations. Studies
will also continue in the theory of plates and shells of various shapes
at various temperatures as a mathematical basis for safe and efficient
design of advsnced or proposed aeronautical and spacecraft structures.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The basic objectives of the Space Vehicle Systems program, namely to
identify and solve critical design problems associated with space flight and
advance the state-of-the-~art, require that there be a continual shift in
emphasis dictated first by the progress and direction of the overall NASA
space program, secondly by the revelation and investigation of new findings
and concepts, and also by the necessity for developing immediate solutions to
pressing technical problems on current NASA and military space vehicles.
Conversely, the program is planned and implemented to provide much of the
research that. establishes the feasibility and influences the course of the
overall NASA space program.

To cope with the technical problems associated with space vehicle launch,
ascent through the atmosphere, flight in space, entry, and landing, the
program encompasses the technical areas of Aerothermodynamics, Structures,
Space Environmental Factors, Design Criteria, and Flight Experiments. The
first three, coupled with related Flight Experiments, comprise the bzckbone
of the research and technology effort. The area of Design Criteria represents
the effort required to digest the vast quantities of technical information
flowing from the research effort and from operational experience and present
it in compact, simplified, and authoritative form that can be used by the
designer.

In the area of spacecraft aerothermodynamics a highly significant accomplish-~
ment was realized during FY 1966 in the second successful Project Fire flight.
That experiment determined very accurately the peak heating environment due
to both convective and radiative heating processes for a blunt ballistic type
of vehicle entering the earth's atmosphere at lunar return speeds of about
37,000 feet per second. The two Project Fire flights have now effeciively
defined the earth entry heating enviroument for Apollo. Emphasis will be
placed during the coming year on consolidating and building on the n:aw
findings of Project Fire to develop improved knowledge of the extrem2 heating
environment associated with entry from planetary flight, involving speeds of
50,000 feet per second and greater. In closely associated research on
structures, attention will be directed to advanced ablative thermal protection
systems that will be required for such an environment, and work will proceed
toward the cevelopment of techniques for anchor-point experiments in flight
at these extreme speeds which are beyond the reach of laboratory facilities.

RD 13-1



Research emphasis in aerothermodynamics and structures will also be
directed toward advanced manned space flight in near-earth regions, as
exemplified by the lifting-body class of maneuverable entry vehicles.
Attention will be focused especially on the flight problems in the critical
terminal approach and landing phase using the M-2 and HL-10 test vehicles and
on the technology of efficient, readily refurbishable ablatively protected
structures. Increased attention will also be given to new concepts of
maneuvexrable entry vehicles that incorporate propulsive lift for terminal
descent and landing.

Considerably greater emphasis will be given in FY 1967 to parachute and
decelerator technology for several important applications. New developments
in steerable parachutes and paragliders with non-rigid structural elements
may provide reliable, controlled descent and touchdown capabilities on land
for current manned spacecraft types such as Apollo. The thin atmocspheire of
Mars has placed new demands on parachute technology for lowering instrument
payloads to the surface at impact velocities low enough for them to suivive
and operate. In this application principal needs are for reliable dep-oyment,
structural integrity with light weight, and stable descent at the low
atmospheric densities anticipated. Flight experiments will be needed to
verify ground-based research,

In the areas of space envirommental factors and in space structures,
several notable accomplishments were made during FY 1966. Major strides
were made toward determining the penetrating meteoroid environment: in near-
earth space through the successful launching of three Pegasus spacecraft by
Saturn I launch vehicles. These three large-area spacecraft together with
the earlier smaller Explorer XVI and XXIII satellites are providing quantities
of statistical meteoroid penetration rate data in structural specimens up to
16 mils in thickness. These data have already been of great value in the
Apollo program and will help define the design environment for the Manaed
Orbiting Laboratory. An essential and closely related part of the meteoroid
technology research effort involves the tying together of flight measurements,
laboratory impact and penetration measurements, and ground-based observations
of natural meteors. A substantially augmented ground-based program is needed
and is planned for FY 1967. Additional flight experiments are also needed to
extend the thickness range of structural specimens subjected to meteoroid
penetration in near-earth orbits and to extend the penetration measurements
to the vicinity of Mars and into the asteroid belt where the population of
penetrating meteoroids may be much greater than near the earth.

Toward this end research has already produced a notable advance in
technology toward the development of the very high quality penetration and
impact sensors that will be required.

Research will be continued on the effects of high-energy space radiation
on spacecraft materials and components, solar radiation effects and
temperature control, the storage of cryogenic liquids such as liquid hydrogen
for long periods of time in space, and the behavior and control of flvids in

the weightless state.
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In launch vehicle aerothermodynamics and structures,technology res=zarch
will be continued on a wide variety of problems of importance to current
types of launch vehicles such as base heating associated with large multiple
rocket installations, intense acoustic noise, structural loads, more advanced
and efficient structural designs, and dynamics of large space vehicle

structures.

Special attention will be given to the exceedingly difficult

technical problems involved in the recovery and reuse of launch vehicle
stages, both from the standpoint of devising techniques for the recovery of
existing types of vehicles and from the standpoint of completely different
types of advanced vehicles designed from the outset for reuse.

SUMMARY OF RESOURCES REQUIREMENTS :

Supporting research and

technology.eseseooseocsococnsns

Project Fire,..oeeeeeeccsncenons
Lifting bocy flight and landing

testS.I.....l..l.l.'....ll..l..
Scout reentry project.....cc.eene

Project Pegasus (Saturn-launched

meteoruid experiment)..........

Small space vehicle flight

experiments.ccveceeenne.. eseses

Scout launched meteoroid
experiments..cveeeeeccscctocncs

Total.eevevesesesassoansnsns eee

Distribution of Program Amount by Installation:

Manned $pacecraft Center.......
Marshall Space Flight Center...
Goddard 3pace Flight Center....
Jet Propulsion Laboratory......

Ames Research Center....... sees
Electronics Research Center....
Flight Research Center.........
Langley Research Center........
Lewis Research Center.,...,.....

NASA Headquarters........ ceseens
Western Operations Office......

1965 1966 1967
$25,707,000  $26,000,000 $28,700,000
1,811,000 500,000 —--
1,400,000 1,000,000 1,000,000
400,000 3,000,000 4,800,000
13,690,000 2,500,000 ———
1,010,000 2,000,000 1,500,000
175,000 - -==
$44.193,000 $35,000,000  $3¢_.000,000

1965 1966 1967
$629,000 $435,000 $670,000
16,444,000 4,201,000 4,096,000
1,231,000 1,751,000 2,081,000
3,599,400 3,718,000 4,200,000
3,354,000 3,076,000 3,475,000
.- 250,000 250,000
1,825,000 1,010,000 %,010,000
10,593,800 11,466,000 1,282,000
2,407,831 3,087,000 3,223,000
3,473,969 6,006,000 3,713,000
635,000 --- -
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BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

1965 1966 1967

Spacecraft aerothermodynamics.... $5,723,000 $6,191,000 $5,346,000
Spacecraft StruCtUreSecsicsocesees 5,819,000 6,201,000 €,710,000
Launch vehicle aerothermodynamics 1,488,000 855,000 1,300,000
Launch vehicle structures........ 3,398,000 2,554,000 3,264,000
Space vehicle environment

factorS.icieeeeeensrssscncssonens 8,039,000 7,974,000 1C, 805,000
Advanced space vehicle concepts.. 606,000 500,000 -
Space vehicle design criteria.... 634,000 1,725,000 __ 1,275,000

TOtaleesevuenennesseannenaaannss $25,707,000 $26,000,000 $28,700,000

Spacecraft Aerothermodynamics

Research in spacecraft aerothermodynamics is concerned with atmospheric
heating, flight performance, stability, and aerodynamic control associated
with hypervelocity entry of vehicles into the atmospheres of the earth and
other planets. The program also seeks to devise new concepts of vehicles and
flight techniques to enhance our space flight capabilities by sophisticated
use of planetary atmospheres for maneuvering and braking. A closely related
objective is that of advancing the technology relating to the terminal
descent and landing of both manned and unmanned spacecraft.

In addition, the program provides technological support in the solution of
specific problems encountered in vehicle development projects of NASA and the
military services. The program also provides the institutional support for
the Jet Propulsion Laboratory wind tunnels.

A major accomplishment of the past year was the successful flight of Fire
II and the analysis of reentry heating data from both flights of Project Fire
at speeds of about 37,000 feet per second. The data indicate that at speeds
of this magnitude most radiative component of the aerodynamic heating is
associated with radiation in the very short wave length ultraviolet part of
the energy srectrum, This new finding has already had a significant impact
on theoretical and ground-based experimental research. New efforts will be
made to understand the exact nature of the physical and chemical processes
governing the production and absorption of the radiant energy. Such an under-
standing is essential to the extension of our knowledge of aerodynamic heating
to higher speed regimes of 50,000 feet per second and greater associated with
atmospheric entry from planetary flight. Such high speeds are beyond our
capacity for direct simulation in the laboratory, hence ground-based research
will need support and confirmation by flight experiments which will be directed
toward determination of both the heating environment and the performance of
thermal protection systems. Since recovery of the experiment payload appears
essential, work will be carried out on developing both the flight and recovery
techniques for such applications.
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An important area to which substantial effort will be directed in FV 1967
is the technology of advanced manned spacecraft having substantial maneuvering
capability in the atmosphere. The ability to produce appreciable aerodynamic
lift, and the ability to control the amount of lift and drag, promises large
benefits, which include: greatly reduced peak g-loads on crew and passengers;
widened, less critical entry corridors; greater lateral flight range which
provides a larger number of potential landing sites, and thus improved over-
all operational flexibility; and precision in returning from orbit. W:.th
these end objectives in mind, emphasis was placed during the past year on
(1) development and construction of the M2-F2 and HL-10 manned low-speacd
flight research vehicles now entering the flight test phase, (2) laboratory
research on the hypersonic performance and heating of the lifting-body vehicles
of the M~2/HL-10 class configured to have good flight characteristics at low
speeds, (3) generalized mission and preliminary design studies involving
lifting-body types of vehicle for guidance of research planning, and (i)
preliminary investigation of lifting entry configurations radically different
from the M-2 or HL~-10. This research will be continued at the Langley and
Ames Research Centers in FY 1967. Some of the advanced configurations to be
investigated may possess better hypersonic performance than the M-2 or HL-10
class of vehicles, while others may have potentially better airplane type
landing capability. Some concepts will incorporate parachute and propilsive
lift for soft vertical landing. The Flight Research Center will be heavily
involved with the flight test program on the M2-F2 and HL-10 vehicles
during FY 1967.

In the area of terminal descent and landing increased emphasis will be
given to parachute and decelerator technology with special reference to
(1) the soft landing of instrument packages on Mars, (2) terminal descent
over land areas with control of the flight path for manned ballistic or semi-
ballistic entry vehicles, and (3) recovery of launch vehicle stages. In the
Mars landing application, the very thin atmosphere of Mars compared to that
of the earth requires the deployment of large lightweight parachutes at
relatively high speeds at very low atmospheric densities. Research information
is required to assure high reliability of deployment, provide accurate informa-
tion on aerodynamic forces, and provide for stable descent with the proper
terminal or inpact velocity. Because of the dynamics involved scaling from
small models is difficult and a program of flight tests at relatively large
scale is needed to verify and extend ground-based research. Attention will
also be given to the aerodynamic problems and performance of high-speed
auxiliary deceleration devices, including towed ballutes and inflatable or
otherwise extendable skirts, for increasing the frontal area and hence the
drag of the basic planetary entry vehicle to increase the transit time
through the thin atmosphere and reduce the speed for terminal parachute
deployment:.

In the applications to manned spacecraft and to booster recovery technology
requirements are generally similar, and will involve the study of advanced
controllable gliding types of parachute configurations such as the so-called
limp paraglider which uses no rigid structural members, and investigation of
the deployment of large parachutes beyond the present state-of-the-art for
heavy payloads.
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Spacecraft Structures

The objective of this program is to identify and solve critical spscecraft
structural problems through analytical and experimental research. Major
elements of the program include: advanced structural concepts and materials
applications, protection against entry heating and space environmental
hazards, determination of critical loads and structural response, protection
against vibration environments and landing impact, and prolonged storzge of
cryogenic liquids in space.

In the realm of advanced concepts, requirements for future systems are
anticipated, and pertinent advances in structures and materials technclogy
which may have been developed independently are combined to evaluate their
feasibility and usefulness in practical applications. A current example is
a contract and in-house study of inflatable lunar shelters at the Langley
Research Center. Preliminary work has indicated a promising potential that
such shelters may provide a shirt-sleeve environment, complete life support
and communication facilities, internal temperature control, and meteoroid
protection,

Another advanced concept being studied under contract concerns large orbit-
ing antennas for unmanned scientific missions. In this case, requirements from
other disciplines associated with radio astronomy are blended with advances in
space structures to provide the technology necessary for lightweight, large
area antenna systems.

Expanded effort will be directed in FY 1967 to the problems involved with
improved structures to withstand atmospheric entry. One area is associated
with refurbishable earth entry vehicle structures. As the frequency and
magnitude of earth orbital operations increase, economic advantages may be
gained by reuse of spacecraft if the critical areas of the structure could
be readily restored. Current spacecraft and their heat shields are normally
integral structures which do not facilitate repair or replacement of damaged
components. Various concepts for providing refurbishment without sacrificing
structural efficiency will be investigated.

Another area of emphasis concerns planetary entry structures for use in
conjunction with the exploration of Mars. As mentioned previously, current
estimates of the Martian atmosphere indicate that the atmospheric preissure is
so low compared with that of earth that satisfactory terminal conditions
cannot be achieved with comventional vehicles. Consequently, it is necessary
to rely on very lightweight vehicles with large frontal areas in orde: to
minimize impact velocity and enhance capsule survival. Research at the Jet
Propulsion Laboratory and the Langley Research Center is endeavoring :o
isolate and resolve the structural problems of such vehicles in order to
permit them to be designed with confidence.

RD 13-6



Among other important problems, increased emphasis is required during
FY 1967 in the area of high frequency vibrations to provide more adequate
analytical and experimental techniques for coping with the extremely complex
problems encountered in the wide variety of vibration environments ericountered
by spacecraft:. In another area, storage of cryogenic propellants, the
technology for tank structures and insulation, is well advanced for short-time
storage in launch vehicles. Increased research is required for prolonged
storage of cryogenic liquids, such as liquid hydrogen, in spacecraft. Planetary
missions will involve storage periods of years rather than hours or cays. The
significant advantages of liquid hydrogen as a propellant cannot be {fully
realized unless further advances are made in cryogenic tank structures and
thermal protection systems. These investigations at the Lewis Research Center
and the Marshall Space Flight Center will be extended in FY 1967.

Launch Vehicle Aerothermodynamics

This program is concerned primarily with heating, acoustic, aerodynamic
and recovery problems associated with present and future launch vehicles.

Considerable research has been accomplished on the measurement of temper-
atures in the base area of both model and full scale clustered rockets to
determine the heating caused by the jet exhaust and the burning of erntrained
gases in the base area of the vehicle. However, a sound understanding of the
problem and adequate prediction and control of launch vehicle base heating
have been severely hampered by the lack of basic information on the nature of
the complex flows in the base region. The situation has been aggravated by
inadequate tiechniques for measuring the flow fields with the accuracies
required. An electron gun technique recently developed under the ausipices of
the Marshall Space Flight Center appears to offer considerable promise for
mapping the flow density and temperature in the base region for high altitude
flight regimes., In FY 1967 this technique will be employed in several
experimental investigations using scaled models of clustered rocket nozzle
arrangements, Hopefully, this will lead to improved means of predictiing the
base temperatures on actual launch vehicles and in controlling the flow to
reduce base {emperatures in critical hot spots. Also in FY 1967 efforts
will be continued to develop techniques applicable to inflight flow measure-
ment on launch vehicles early in the launch trajectory after lift off,

A better understanding of the base flows will likewise generate improved
understanding of factors affecting noise pressures in the base region. In
FY 1967 research will be augmented at the Marshall Space Flight Center on
sound pressures experienced on the vehicle and on the surrounding terrain
during operation of large scale clustered rocket motors. Through this researckh
to better understand the noise source, and continued research on atmospheric
factors influencing sound propagation, greatly improved accuracy should be
possible in predicting sound levels at all distances and azimuths surrounding
launch vehicle rocket engine firings for both static tests and actual. launches.
This will be of considerable value in planning and scheduling engine firings
to avoid or reduce disturbances to adjacent communities and nearby buildings,
or to alert certain areas where noise levels are expected to be high. Also
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in FY 1967 research will be emphasized on the substantially magnified sound
pressures on launch vehicles in regions of separated flow behind vents and
protuberances of various kinds.

The research effort on launch vehicle aerodynamics in FY 1967 will continue
to be largely concerned with investigation of specialized problems with exist-
ing launch vehicles or those under active development, and with investigation
of future launch vehicle concepts, many of which involve recovery. Racovery
injects a completely new dimension to the aerodynamics, flight control and
heating of launch vehicles, irrespective of whether the recovery mode ranges
from that of a first stage landed in the ocean by parachutes, or of a second
stage from orbit to a landing on land by lifting surfaces. There are a large
number and variety of advanced launch vehicle concepts and recovery modes,
many of which have commonality in technology with manned spacecraft as well
as hypersonic cruise and supersonic transport aircraft. A modest effort has
been expended in FY 1966 to exploit the latter technologies as applied to
launch vehicles, while at the same time emphasizing studies to evaluate the
many possible concepts, sizes and configurations of future launch vehicles to
identify those of greatest interest for concentrated research investigatioms.
This effort will be expanded in FY 1967.

Launch Vehicle Structures

The primary objectives of this program are to explore and evaluate advanced
structures and materials concepts for launch vehicles, to provide improved
methods for determining the loading and response of vehicle structures, and to
develop more reliable means of predicting and confirming the strength of
launch vehicles.

Primary structural design conditions for most launch vehicles are associated
with atmospheric wind loadings, i.e., ground winds prior to launch and flight
winds after launch at altitudes up to about 50,000 feet. Progress is being
made at the Ames and Langley Research Centers in experimental studies of
ground wind loadings on full scale vehicles for comparison with wind tunnel
data, and techniques for simulating atmospheric turbulence in wind tunnel
tests are being evaluated. These efforts will continue in FY 1957 with the
objective of providing more precise methods which are needed for predicting
ground wind loads. The efforts to develop an accurate system for measurement
of flight wird conditions have resulted in radar/spherical balloon system now
in routine use at the Kennedy and Pacific launch sites. The roughened, two-
meter, spherical balloon wind sensor developed at the Marshall Space Flight
Center has demonstrated stable ascent through the atmosphere and rapid response
characteristics previously unattainable with other techniques.

Without comprehensive detailed design studies, it is often difficult to
evaluate the merits of existing or potential advances in structural concepts
and materials applications as applied to launch vehicles. Techniques for
rapid evaluation of these merits are being investigated under contract. The
techniques under study show significant promise for defining the relative
payoffs, e.g., weight and cost savings, to be expected from a wide renge of
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advanced structures technology. Such definition will provide guidance for
future research which would be applicable either for modification of existing
vehicles or fcr the development of new launch vehicles. Recovery and reuse
of launch vehicles create a number of formidable structural/material problems.
Although the technology being developed for reusable manned spacecraft will be
applicable, certain problems unique to the reuse of the larger and less dense
structures of launch vehicles must be studied. Particular attention will be
focused during FY 1967 upon substantially different configurations for future
generations of launch vehicles.

A general purpose computer program is being developed for the analysis of
complex space vehicle structures. This program will be standardized such
that it can be used by all of the NASA Centers. It will be available to
industry so that the result may improve the structural analysis capability
of industry on the whole. It may eliminate also to a large extent the need
for special purpose programs that are now constantly under development, and
serve as an effective means of communicating structural information between
NASA contractors and NASA Centers. Since the program will provide substantial
improvement in structural systems analysis, it might be used also by other
industries imvolving structural design. It should be completed and put into
general use by the end of FY 1967.

Space Vehicle Environmental Factors

This research program is concerned with the vehicle design problems
incurred by the enviropment of space. The objective of the program is to
determine in detail the nature of the space environment from the vehicle
design standpoint, to investigate the effects of the environment on space-
craft, and to find solutions for related technical problems. The scotre of
the research effort includes high energy radiation effects and shielding,
the meteoroid environment and impact hazard, thermal radiation and temperature
control, high vacuum technology, and the behavior and control of fluics under
zero gravity conditions.

Research is being performed to determine radiation effects on engireering
properties of sensitive spacecraft materials, devices, and components and
to increase the understanding of the basic mechanisms for radiation damage
to permit development of improved radiation resistant materials and spacecraft
components. Completion of new radiation facilities at the Langley Research
Center and the Goddard Space Flight Center will result in increased emphasis
on in-house research during FY 1967. The new Space Radiation Effects
Laboratory at: Langley, operated by the Virginia Associated Research Center
under contract to NASA, will become the principal center for NASA experimental
research on high energy proton and electron radiation effects., Increased
funds are required in FY 1967 for the operational support of the laboratory,
as well as for support of increased applied radiation research at Langley.
Radiation environmental testing and simulation techniques, and ccrrelation
of damage by the various types of radiation will receive increased emphasis
at the new Goddard Space Flight Center radiation facility.
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In connection with the protection of man and equipment from the effects of
high energy radiation in space, theoretical and experimental studies are being
performed to provide data on the shielding effectiveness of materials with
special emphasis on the secondary radiation produced within the shielding
material. A continuing effort in shielding research will be required, with a
general increase in research devoted to advanced shielding concepts. Research
in an advanced and promising shielding concept which uses a combination of
both magnetic and electrostatic forces to deflect charged particles, such as
protons and electrons, offers promise of very large savings in shield weight
for extended missions.

A broad research program including both laboratory and flight experiments
is under way to obtain definitive data on the characteristics of meteoroids
and their hazards to spacecraft. A major milestone has been accomplished in
the launching of three large area Pegasus meteoroid detection satellites.
These spacecraft are providing definitive data in near earth regions on
meteoroid penetration of much thicker structural material specimens taan any
previously flown. However, it is now clear that data on still thicker materials
are needed fcr support of future long duration manned missions where the
probability cf encountering larger meteoroids is much greater than in short-
duration flights. Such measurements must be made with high statistical
reliability, and emphasis will be given to the continued development of
improved meteoroid flight sensors. In addition to flight experiments, the
Harvard College Observatory and Smithsonian Astrophysical Observatory under
NASA contract are studying natural meteors entering the earth's atmosphere using
radio reflection and optical techniques. Such observational measurements
yield data or. the near earth meteoroid population for the larger meteoroids.
Increased emphasis will be placed in this area of research since an urgent
need exists to develop means of correlating these data with the flight
measurements of actual meteoroid penetrations to provide design data for the
widest possible range of meteoroid sizes. Laboratory research on hyper-
velocity impact will also be continued and expanded since this phenomenon
must be better understood before the desired correlation can be accomplished
with confiderice. One of the important and currently uncertain factors involved
in impact theory and in correlation of ground observations and flight data
is particle density. At the Ames Research Center preliminary laboratory
simulations of meteoroid entry into the atmosphere have shown that meteoritic
rock undergoes foaming and a radical change of shape at high heating rates.
This new finding, which has been injected into the meteor observational
program, indicates that present deductions of meteoroid density hased on
measured meteor velocities and decelerations in the earth's atmosphere may be
in error.

Laboratory hypervelocity impact research is still limited by the inability
to simulate meteoroid sizes and velocities simultaneously. Continued
emphasis will be given to the development of promising techniques for
achieving better simulation, along with improvement of present ia-house
equipment to keep pace with new developments in this area.
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The zero gravity fluid behavior program will continue to be concerned
primarily with research on fluid dynamics as in fuel tanks under near :ero-
gravity conditions with particular emphasis on effects of attitude cont:rol
maneuvers on behavior of the liquid vapor interface, response to cutflow
disturbances and fluid collection and interface formation times. The results
of such research is important to any on-board fluid system. Much of the
research in this area will be performed in the new 400-foot drop tower facility
at the Lewis Research Center. While similar studies with very small models
in the 100-foot Lewis drop tower facility have led to good qualitative under-
standing of the phenomena involved, the experiments in the new facility will
result in data for larger size models giving much greater confidernce to
extrapolations to full size flight systems.

The exchange of heat to and from vehicles in space is solely by thermal
radiation. Since the radiative characteristics of spacecraft surfaces are
known to be altered by solar ultraviolet and other space radiations in
combination with space vacuum conditions, accurate quantitative temperature
predictions for long duration flights are difficult. Present design
techniques include iterative or multiple trial processes involving tests in
large facilities where adequate simulation of the solar spectrum is difficult,
Testing of spacecraft thermal control coatings in space and in the laboratory
will continue along with the development of new more stable coatings. Methods
will be develcped to measure the spectral reflectance of materials over a wide
range of conditions, along with the development of new computer programns to
apply such data to extensive inter-reflection between surfaces of complex
spacecraft shapes. Research on new thermal radiation sources will continue,
as will research in the area of thermal scale modeling. The Mariner IV space-
craft configuration was selected for an experimental evaluation of scale modeling
techniques., Results obtained in testing of a half-scale thermal model of the
Mariner IV have been most encouraging with respect to the application of these
techniques which could reduce significantly the future requirements for large
solar simulation facilities.

In the testing of spacecraft and materials under simulated combined thermal
and vacuum environmental conditions of space, a series of new problems has
developed due to an unpredicted contamination of surfaces in vacuum chambers.
This contamination produces unwanted changes in the thermal balance of space-
craft under test and adds to the difficulty in analyzing effects due to ultra-
violet and other radiations. This and other problems associated with the
creation, maintenance and measurement of simulated space vacuum will te under
continued study in FY 1967.

Space Vehicle Design Criteria

Space vehicle failures have occurred because of the application of inadequate
or inappropriate design conditions or procedures. Moreover, the problem of
retrieval of information applicable to the design of future space vehicles
continues to grow more complex as the mass of new technical information
resulting from research studies, vehicle project development and operating
experience increases. The objective of this program is to assist project
managers and designers by providing them with technical information suitably
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filtered from the total mass of data available and arranged in useful forms
for uniform application to design. Attainment of this objective entails
identification of design problems that must be considered to ensure tke
flight worthiness of space vehicles, formulation of existing technical
information bearing on these problems into authoritative guides to design,
dissemination of these guides in an orderly and usable set of design criteria
documents to NASA and industry users, and updating as required.

This effort encompasses the preparation of design criteria in the technical
areas of environment; structures; propulsion; and stability, guidance and
contrel. The work effort is being carried out at seven of the NASA Centers,
at the Jet Propulsion Laboratory, and by contract with several aerospace
companies and consulting firms. To provide focal points for detailed control
and guidance of the program effort, three of the NASA Centers functior. as lead
Centers: Langley Research Center - Structures Criteria; Lewis Research Center -
Propulsion Criteria; and Electronics Research Center - Guidance and Control.
Fiscal year 1967 funds will provide for continuing contract effort by the
lead Centers and other Centers necessary for the timely formulation of design
criteria in each technical area where criteria are to be established.

In calendar year 1965 criteria monographs pertaining to solar electro-
magnetic radiation, buckling of thin-walled cylinders and aerodynamic and
ground wind loads were issued to industry and interested government agencies.
In addition to the monographs issued, work was continued or initiated on
approximately forty-five drafts of planned monographs.

The continuation of this program in FY 1967 should reduce the chances of
failure in the future, and ensure an optimum balance between reliability

and performance as permitted by the latest available knowledge and experience.

Lifting Bodvy Flight and Landing Tests

1965 1966 1967

Flight vehicle and support services.. $1,400,000 $1,000,000 $1,000,000

The lifting body class of reentry vehicle configuration has received
considerable research attention because of the improved atmospheric maneuver-
ing performance over that of ballistic and semi-ballistic vehicles of the
Gemini and Apollo type. This research leads to widened reentry corridors,
reduced g-loads on crew and passengers, and greater lateral ranging ability
with consequently improved operational flexibility and precision in return
from orbit. The lifting body types of vehicle also offer the capabil:.ty
of horizontal landing at prepared land sites.
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One of the most important questions with such vehicles is that of terminal
approach and landing, investigation of which is the objective of the current
flight research project being carried out at the Flight Research Center on
the Ames M-2 and Langley HL-10 configurations. These test vehicles were
constructed by the Northrop Corporation to NASA specifications. They are
built of aluminum using conventional airplane-type construction and adapting
off-the-shelf components such as landing gear, control systems, hydraulic
systems, ejection seats, etc., and incorporate a ballast feature by which
large changes in weight can be made covering a wide range of platform loadings.
The M-2 has reached the flight test stage after being thoroughly tested in
the Ames 40~ x 80- foot wind tunnel. The HL-10, delivered in January -1966,
will reach flight readiness in the spring of 1966 after undergoing similar
40- x 80~ foot tunnel tests. They will be carried by a B~52 (the same air-
craft used for launch of the X-15) to an altitude of 40,000 feet and a speed
of about Mach number 0.8 and released to glide back to earth.

The funds in FY 1967 will provide for the continuing aggressive and
extensive flight test program, in which both NASA and USAF test pilots will
participate, covering a wide range of vehicle loading and operational
conditions.

Scout Reentrv Project

1965 1966 1967
Spacecraft and support.....svevecese $400,000 $3,000,000 $4,800,000
Scout (Launch Vehicle Procurement
Program)...oeseeessesencessososoas (2,260,000) ( ---) _(:,800,000)

Total (including launch vehicles). ($2,660,000) ($3,000,000) ($5,600,000)

The objective of this project is to support the advancement of atmosphere
entry technology by performing critical anchor point experiments in hyper-
velocity reentry flight. Emphasis is on the technologies of aerothermodynamics
and high temperature structures and thermal protection systems with the aim
of correlating, verifying, and extending research results obtained ia laborato:y
facilities.

In heat shield technology an experiment will be flown to a reentry speed of
about 27,000 feet per second to determine the performance of an advanced low-
density pherolic nylon heat shield material of particular interest to ballistic
and semi-ballistic entry vehicle application. The flight will subject the tesrt
heat shield tc a high intensity, short duration heat pulse with the objective
of verifying the prediction of the performance of the material based on a very
thorough latoratory determination of its physical and chemical properties and
its performance in arc jet tests.
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Further heat shield material experiments are being devised to determine
in a similar way the behavior of several promising ablation materials of
especial interest for lifting entry vehicle applications. These materials,
of which silicone elastomers are one example, have characteristics suited to
long duration, relatively low level heating, with short duration high heating
rates superimposed during maneuvers. Problems associated with ease of
refurbishment are an important consideration, and spacecraft recovery is an
essential feature of these flight experiments to study at first hand aeat
shield damage and its repair.

In the area of aerothermodynamics, two flight experiments will be conducted
to provide basic data on the heating rates associated with turbulent boundary
layers at high Mach numbers and Reynolds numbers, and to investigate factors
which affect transition from laminar to turbulent flow under these coanditions.
The data are important in predicting heating rates and skin friction on a
variety of advanced vehicles, including lifting reentry vehicles, ballistic
missiles, hypersonic cruise aircraft and certain classes of reusable launch
vehicles. The data cannot be obtained in ground test facilities and anchor
point data from flight experiments are needed to resolve disagreements among
various theories used to predict turbulent heating rates,

At speeds associated with entry into the atmosphere of Venus and reentry
into the earth's atmosphere on return from planetary flight, characteristically
45,000 to 50,000 feet per second and higher, critical flight experiments will
be needed to provide anchor point data on both the heating environment and
the behavior of thermal protection systems in this extreme heating environment.
Such experiments, for which spacecraft recovery is essential, are difficult
to devise and will require long lead time for their development. Intermediate
steps will be necessary. To this end, configuration and instrumentation con-
cepts will be developed, along with a velocity package, for launch to intermediate
reentry speedls of around 36,000 feet per second by Scout launch vehicles.

Small Space Vehicle Flight Experiments

1965 1966 1967
Spacecraft and SUPPOTt.cevivrsrvernn $1,010,000 $2,000,000 $1,500,000

Planetary Entry Technology - One of the most critical problems associated
with the exploration of Mars by unmanned spacecraft is that of terminal descent
and noncatastrophic landing on the surface. The very low density of the
Martian atmosphere will require the use of large, lightweight parachutes that
can be deployed with high aerodynamic and structural reliability at relatively
high speeds and low dynamic pressures. While several promising parachute
concepts have been identified, their opening and structural loading character-
istics under the expected conditions have not been established and cannot be
established by ground tests alone. The problems will therefore bde studied by
means of high altitude flight tests under conditions that closely simulate
planetary atmospheric conditions. A series of scaled-model tests will be
carried cut using Nike rocket launch vehicle, coupled closely with larger scale
experiments, lofted by balloons and rockets launched at high altitudes.
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Heat Shield Materials Technology - As discussed under Scout Reentry Heat-
ing Experiments flight measurements of the performance of ablative heat shield
materials constitute a continuing program to provide critical anchor point
data and to improve understanding of the complex ablative process. The Scout-
launched experiments provide data at speeds corresponding to actual spacecraft
reentry speeds. A vital link between the Scout experiments and ground-based
research is provided by flight tests using the smaller low-~cost Pacemaker
rocket system to provide flight data at conditions that can be closely
approximated in laboratory facilities and therefore afford direct comparison.

An important aspect of the heat shield materials technology program is
recovery and examination and analysis of specimens after flight test. Research
into recovery concepts and instrumentation aids will be conducted in this

program during FY 1967.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

QFFICE OF ADVANCED RESEARCH AND TECHNOLOGY ELEQIBOHIQE SYSTEMS PFOGRAM
BROGRAM ORJECTIVES AND JUSTIFICATION:

The purpose of the Electronics Systems Program is to insure the aveilability
of electronic technology capable of satisfying the stringent reliability and
performance requirements of future space and aeronautical systems and related
support functions. The scope of the program extends from conceptual systems
research, including performance predictions derived from studies of ccntrol
and information theory, through the development and evaluation of advanced
electronic techniques and components, the elements common to all operating
electronic systems, The efforts of this program are motivated by the
performance demands of future missions and the operational limitations of
today's equipnent. Typical general objectives are: (1) attainment of the
extended operating lifetimes and reliability requirements of future space
missions, and () performance and adaptability of instrumentation, commu-
nications, data processing, control and guidance subsystems. The program
utilizes both analytical and experimental research approaches prosecuted in
industrial, university, and government laboratories. Flight experimerits are
performed, when necessary and prudent, to circumvent the limitations cof the
earth=bound laboratory research programs.

SUMMARY_OF RESOURCES REQULREMENTS :

1965 1966 1967
Supporting research and
technology.....covvvvnuns $23,222,000 $30,000,000 $34,000,000
Flight projects..... N 2,400,000 2,300,000 2,800,000
Total.....ovviennnnenrnns $22,622,000 $32,300,000 $36,800,000
Ristxibytion « t sta
1965 1966 1967
Manned Spacecraft Center...... $465,000 $525,000 $450,000
Marshall 3pace Flight Center.. 3,685,000 4,003,000 4,:00,000
Goddard Space Flight Center... 2,967,000 2,975,000 2,960,000
Jet Propulsion Laboratory..... 2,727,000 3,566,000 3,290,000
Ames Research Center..... e 3,480,000 3,718,000 4,1.00,000
Electronlcs Research Center... 2,178,000 5,110,000 10,000,000
Flight Research Center........ 1,038,000 698,000 660,000
Langley Research Center....... 6,660,000 7,260,000 7,420,000
Lewis Reszarch Center......... 400,000 539,000 40,000
NASA Headquarters............. 2,022,000 3,906,000 3,.80,000
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BASIS OF FUND REQUIREMENIS :

Suppoxting Reseaxrch and Technology
1965 1966 1957

Guidance systems............ .o $4,523,000 $6,050,000 $6,25J,000
Control systems................ 5,351,000 6,000,000 6,152,000
Communications................. 4,190,000 4,800,000 5,600,000
Tracking and data acquisition.. 2,860,000 3,550,000 3,702,000
Data handling and processing... 3,172,000 3,650,000 4,153,000
Instrumentation..........ccu... . 3,126,000 3,950,000 4,153,000
Electronic techniques and

components........oiiinnuannn -—= 00,0 4,009,000

Total......ovveiiininnnnnennn $23,222,000 $30,000,000  $34,000,000

Guidance Systems

Guidance System research and technology efforts are directed towari
identifying requirements and characteristics of future space guidance and
navigation systems, and developing sensors, components and subsystems capable
of attaining advanced performance goals. Systems and trajectory analyses
provide the framework for examining sensor, instrumentation and data
processing trade~off assessments for future space missions and for thz
development of guidance equations, navigation logic and advanced systams
concepts., From these analyses, the research objectives leading to advanced
sensors, reference elements and associated instrumentation components are
derived. The program emphasizes research in inertial, optical and elactro~
magnetic phenomena to develop the sensors and techniques directly related to
space guidance and navigation.

In the area of inertial guidance components, new activities, designed to
improve component performance and reliability, will be concentrated in the
Guidance Laboratory at the Electronics Research Center. A typical example
of this work is the laser gyro. This device makes use of laser beams to
sense inertial quantities; additional research is necessary to realizz its
operational potential. Proper mixing of gases to control the laser modes of
oscillation and the ultimate means for replacing gas lasers with solid state
lasers are the areas of endeavor to be explored during the next phase of its
development.

In view of the fact that the sun, celestial and planetary bodies provide
the primary targets for space navigation and attitude reference, expansion
of research on passive electromagnetic sensors, particularly that related to
improved detectors, no-moving=part and lightweight tracking devices is planned
for this fiscal year, primarily at the Electronics Research Center.

Increased efforts in active radar and laser devices are required to effect
future rendezvous and planetary letdown portions of manned and unmannad
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missions, This area of technology has not heretofore received proper emphasis
due to limitatjions of available personnel and facilities at the Centers. The
major increase in this effort will be in the Guidance Laboratory at the
Electronics Research Center.

Current and continuing efforts in this program will provide the components
and technology necessary to support the development of future guidance and
navigation systems. Planned efforts will derive the requirements for edvanced
research and specify characteristics and components to meet the demands of
long term space missions for interplanetary exploration and travel.

Control Systems

The research efforts sponsored by the Control and Stabilization program
provide the techmnological -base for future aerospace vehicle control systems.
Areas of study include manned and automatic flight control systems, spszcecraft
attitude stabilization and control, and the development of mathematical tools
for system analysis and synthesis. Specific objectives include: more precise
mathematical descriptions of manual and automatic control performance, the
development ard application of modern control theory to future system problems,
and the advancement of the state-of-the-art of control and display system
components.

During the coming year, intensive efforts will continue in the area of
mathematical modeling of both automatic and manual control performance. Past
efforts have provided quasilinear descriptions of a pilot's control perform-
ance and the techniques capable of limited application. These models Lave
been shown to be valuable in both the analysis and design of vehicle centrol
systems, They have been used in system designs for the supersonic trar.sport,
for manually controlled launch vehicles, and for lifting body research
vehicles, The efforts in FY 1967 at the Ames Research Center will extend
and ‘refine the applications of these techniques, and in addition will
concentrate heavily on describing, mathematically, .the control functior. in
terms that include decision making, time varying, and adaptive characteristics
of the human's control performance.

The effort in the area of system synthesis is illustrated by a problem in
optical technology, the pointing of extremely narrow beam laser telesccpes,
System studies indicate requirements to point these beams with accuracies of
up to 0,01 arcseconds of angle, a requirement far exceeding existing ccntrol
capability. System studies have generated potential means of accomplitshing
this goal. 1In the coming year effort will be directed by the Langley
Research Center toward the component development necessary to demonstrate
the concept feasibility.

During the past year, the component development program efforts have been
devoted to advancing the state of the art of display media through the
development of X-Y, vertical scale, and alphanumeric electroluminescent
displays, and development of electromechanical components such as brushless
DC motors, and momentum exchange devices., Other components under development
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include a display for aircraft zero-zero landing research, an optical system
for pilot remote visibility, satellite attitude control hardware, both active
and passive, such as nutation dampers and a dual redundant attitude control
valve, and television simulation displays. A significant FY 1967 expansion
in control ccmponents will provide an important payoff in realizing analytical
concepts developed over the last few years. The primary expansion is at the
Electronics Fesearch Center; other Centers will maintain essentially the same
level of effort as in the past,

Communications

The commuriications subprogram provides a firm technology base upon which
to refine present systems and to build future generations of deep space
communications systems. Research efforts contributing to this firm tech-
nological base are in the microwave, submillimeter and optical frequency
domains.

Micxrowaves

Extremely high data rates (107 to 1012 bits/sec) are required for real time
transmission of high resolution photography and telemetry for scientific pur-
poses from the outer planets. Deep space communication data rate is directly
related to the power of the spacecraft transmitter tube, and consequently,
our research in microwave tubes for spacecraft is oriented towards higher
powered tubes. Mariner IV, using a ten=watt tube, transmitted at 8-=1/3 bits/
sec from Mars. A 20-watt tube has been developed by Watkins-Johnson for the
Langley Research Center. A 1,000-watt tube would improve our communication
data rate by 100 times over the Mariner 10-watt tube.,

Efforts tc be undertaken in FY 1967 at the Electronics Research Center
include studies and laboratory experiments to develop the technology required
for space~qualified 500-to 1,000-watt tubes for future missions,

Reentry communications is the subject of an intensive research effort.
Upon reentering the earth's atmosphere, a spacecraft is enveloped in a plasma
sheath which causes a blackout in communications., The Langley Research Center
is conducting a Reentry Attenuation Measurements (RAM) flight project to
provide basic data concerning the plasma sheath and to test the water injec-
tion method cf alleviating the effects of the plasma, A further discussion
on RAM appears in the Flight Projects section, A major break=-through in both
understanding and eliminating the effects on communications of plasma is
necessary in order to provide reliable communications and tracking for lunar
and interplanetary mission reentry velocities of 36,000 to 70,000 feet/sec.
Research will continue in this area during FY 1967 at the Langley Research
Center with major emphasis on evaluating results of flight data,

Advanced electronics devices which utilize the plasma engulfing the
spacecraft are being investigated by the Electronics Research Center for
communicating through the blackout period of reentry, Techniques to maintain
communications while entering the atmospheres of other planets will also be
studied during FY 1967.
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Millimeter/Submillimeter

Advances in technology are handicapped by the lack of stable, efficient
sources. At the present time deep space communication using these frequencies
is not possible., Successful development of suitable sources in this freauency
region will make the millimeter-submillimeter region useful for future deep
space communications. Research being initiated by the Electronics Research
Center should yield this capability in the future. Preliminary studies have
shown that atmospheric attenuation in this region may be serious enough to
require the use of orbiting relay stations to convert from submillimeter to
microwave frequencies for retransmission to the earth station. Results of
studies by the Mission Analysis Division concerning efficient, long life
orbiting communication relay stations will be used to guide the resezrch
effort in FY 1967.

Optical

Electro=-optical systems show promise of improving data rate capability
from deep space by as much as three orders of magnitude over that posisible at
microwave frequencies., To realize these high data rates reduires comnsiderable
improvement in both laser and optical technology. For example, 30 to 60 inch,
diffraction=limited, lightweight, space telescopes with surface tolerances of
.000002 ¢m are required for optical communications, but are not in existence
today. Studies are under way to select and develop optimum detection tech-
niques for the ground terminal, The Electronics Research Centex, foi which
a Space Optics Laboratory is included in this year's facility request:, will
be the majox research facility for the implementation of the total optical
program.

Techniques to remotely monitor and control surface characteristics and
the alignment of large primary segmented mirrors in space are under itudy at
the Langley Research Center. The segmented approach to achieving laige
lightweight diffraction-limited optical telescopes will be applicable to
both optical communications and astronomy. This effort will continue¢ in
FY 1967.

Tracking and Data Acquisition

Tracking and data acquisition systems capabilities are generally con-
strained by the physical characteristics of the system components. 'fo
provide means of circumventing these limits, research in this program
includes: investigations of multiple ground antenna arrays, large l:ight-
weight spacecraft antenna development, and optical tracking.

Increased data rates can be achieved by increasing the effective area of
ground antennas. Antennas larger than 210 feet are confronted with severe
structural, mechanical and cost problems. The alternative of arraying many
smaller antennas effectively increases the area while simultanecusly reducing
structural design and fabrication problems. However, the electronic problem
of phase locking low level signals is introduced and must be solved.
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Stanford Research Institute, Research Triangle Institute, and Electronic
Communications Inc. have completed antenna array studies for the Langley
Research Center and for the Goddard Space Flight Center. Experiments zre
being formulated during this fiscal year for arraying of two 15-foot aritennas
at the Goddard Space Flight Center to further identify scientific and cpera-
tional problems peculiar to arrays of this type., These experiments will be
undertaken in FY 1967 with major emphasis on the phase locking of the indi-
vidual signals and the identification of operational problems.

Increasing the size of spacecraft antennas is another approach used for
improving data rates, but prelaunch antennas sizes larger than 15 feet are
impractical. Therefore, means to erect large antennas in space are being
investigated., A nine-~foot, deployable antenna developed by Goodyear for the
Jet Propulsion Laboratory has been successfully tested and will be used in
FY 1967 as a laboratory instrument to further refine deployment techniques.
In FY 1967 the Jet Propulsion Laboratory plans to complete a computer program
which will allow theoretical evaluation of perturbations and modificat:ons
to the antenna reflecting surface. These investigations, augmented by addi-
tional studies at the Electronics Research Center, will seek the capab:ility
to erect 20 to 30 foot antennas on unmanned spacecraft providing potent:ial
data rate improvements of two orders of magnitude over present capabil:ties.

Additional efforts will be directed towards achieving large aperturcs at
optical frequencies, Tracking and pointing accuracy techniques are problems
associated with large ground and airborne optical systems. The Goddard Space
Flight Center and the Langley Research Center will continue studying this
problem, Tests will be initiated by the Langley Research Center and the
Electronics Research Center this fiscal year to determine the atmospheric and
space environmwent effects on coherent optical transmission. These efforts
will be continued in FY 1967,

Data Handling and Processing

The rapid evolution of spacecraft technology and the accompanying increase
in data gathering capacity of on-board systems continue to tax the data
processing capability, Even though significant advances have been made in
the technology of both spacecraft and ground data handling techniques and
systems, additional research in advanced components and software is required
to keep pace with our data sensing ability.

In FY 1967, work at the Goddard Space Flight Center will continue to
develop techniques and systems for computer checking of vehicle readiness
in the prelaurch phase and to program and monitor launchings from earth,
other celestial bodies, or from orbit, including margin testing and predic-
tion of incipient failures; adaptive control of trajectory selection based
on predicted partial failure; and continuous assessment of system status.
Work in this area has resulted in development of a command and control link
which allows more completely automated sequencing and programming of space-
craft checkout, and calibration of scientific experiments., As an example of
the growth in the complexity of spacecraft systems and experiments, the
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Explorer XVII launched in 1963 had approximately fifteen functions commandable
from the ground, while the Radio Astronomy Explorer (RAE) to be launched in
1967 will have over ten thousand.

Advances in ground computer processing of TV pictures from Mars have
resulted from past research in this subprogram. Similar efforts have been
started in on-board picture storage and compression, and will continue and
expand in the next several years.

Investigation of coherent optical phenomena for improvement of data storage
and manipulation will be expanded in FY 1967 at the Electronics Research Center.

High capacity on-board data storage devices are required to serve as
temporary repositories for the large amounts of data gathered by TV systems.
A single high quality TV system may generate several million bits of iaforma-=
tion each second. Since this far exceeds the capability of present and near
future data transmission links at planetary distances, methods are reqiired
to store the data until it can be transmitted. The Jet Propulsion Laboiratory
has demonstrated the feasibility of a small magnetic tape data storage unit
which will store one hundred million data bits in several cubic inches, 1In
FY 1967 research will continue to develop a working device as well as to
investigate other methods for data storage in devices having no moving parts.

Compression of data aboard a spacecraft is a continuing goal of data
processing research required to match the amount of scientific data collected
with the current and projected data transmission capability. One such system,
developed by the Goddard Space Flight Center for the Interplanetary Monitoring
Platform satellite, makes use of the mathematical properties of histograms or
bar graphs, Data gathered by particle sensors is coded in a form which can
be represented by such a graph. Special on-board computing circuits calculate
the pertinent mathematical properties and transmit only these properties to
earth. From these properties ground-based computers may then reconstruct the
graph. By this process, only one-tenth of the data has to be transmitied.

During FY 1967, emphasis will be placed on perfecting such concepts and
extending them to a broader spectrum of experiments.

Instrumentation

The expansion of aerospace scientific knowledge is strongly dependent upon
the advancement of instrument technology and the development of new measure-
ment methods. Scientific instruments are essential to sense and measule
fundamental astrophysical, engineering and bio-medical parameters.

The principal goals in instrumentation research are to increase accuracy,
to extend the measurement range, to improve energy and signal conversion, to

reduce size and power consumption, and to eliminate synergistic effects,

Solid-state electronic components have permitted the development of novel
circuit designs and new instrument transducers of improved sensitivity. One
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example is the design of a miniature accelerometer based on semiconductor
piezo resistive properties. A theoretical and experimental study of the
stress sensitivity and the effect of mechanical strain on semiconductor
diodes and transistors, performed by the Research Triangle Institute under
the direction of the Langley Research Center, has resulted in the development
of a miniature accelerometer with high frequency response and using a unique
stress sensitive transistor in the form of a silicon needle. This transducer
will find a wide variety of aerospace applications and the principle lends
itself to other applications for measuring pressure, stress, and vibration.
Further work is required to refine the design of the accelerometer and to
eliminate side effects of temperature.

An import:ant feature of aerospace investigations is the acquisition and
transmission of pictures, In this process, optical signals are usuzally
converted into electronic signals by means of imaging devices. 1In an effort
to overcome some of the deficiencies of presently used vidicon tubes, micro-
miniature techniques are being explored and have made possible the development
of a phototransistor sensor. Progress made since last year has led to the
design of a small solid-state TV camera using a 50 x 50 matrix of photo-
transistors in an area %" x %" which operates at low voltage without the
complexity of beam scanning. This camera has been developed and demonstrated
by Westinghouse, under the direction of the Marshall Space Flight Center.
Refinements of the camera to provide more densely spaced sensing elements
and permit non-mechanical, opto-electronic coupling into readout electronics
require further investigation during FY 1967.

The higher measurement accuracies required for aerospace exploration are
limited by the error introduced by the necessary conversion of original
analog signals for long distance transmission by digital telemetry. Digital
transducers have received increased attention to minimize such errors, to
simplify circuitry, and achieve better compatability with digital telemetry.

As an example of current efforts, the Dynamics Research Corporation, under
the direction of the Marshall Space Flight Centexr, has done some preliminary
work based on the birefringent behavior of optical media under stress, Polar-
ized light channeled through various optical paths will produce digital
outputs which reflect the applied stress in digital form. Such digital
sensing devices with no mechanical moving parts, promise to provide consid-
erable system simplification and measurement reliability and are planned to
be supported at the Marshall Space Flight Center and expanded at the
Electronics Research Center in FY 1967,

Force, pressure, acceleration, and vibration are frequently measured with
strain gages made of metal foil strips which change their electrical resist-
ance when their lengths change due to applied stress, Solid-state strain
gages have been developed which are many times more sensitive than metal
foil gages, but heretofore have been temperature limited. Experimernts per-
formed at the Langley Research Center have recently shown that exposure to
controlled radiation reduces the temperature sensitivity of certain semi-~
conductor strain gages to a level comparable with metallic foil type gages.
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Since their high sensitivity is not affected, strain measurements many times
smaller can now be performed under environmental conditions where temperature
changes are experienced. Work in FY 1967 is required to increase the range
of measurement and to investigate additional materials.

Electronic Techniques and Components

The Electronic Techniques and Components subprogram, first established in
FY 1966, is directed to perform the research necessary to determine future
requirements to extend the state-of-the=-art; and to provide the necessary
supporting research and technology for electronic and electromechanical com-
ponents and their materials. The subprogram supports in-house and contractual
research in electronic components, including high temperature and radiation
tolerant devices; electromechanical components such as solid-state relay and
interconnection concepts; and methods and techniques for qualification and
standardization of components designed to explore means for improving and
assessing the reliability and quality of materials, parts and devices.

A particularly critical problem in the microelectronics area today is the
interconnection and assembly problem. A contracted study has resulted in
recommendations for research in this area. The Electronics Research Center
will evaluate the results of this study and orient its investigations to
those recommendations offering the greatest potential for increased reliability
and performance as part of their FY 1967 activities.

Strong emphasis was placed in electronic component research in FY 1966;
efforts were centered around high temperature component development and
materials technology. These efforts were concentrated at the Electronics
Research Center and will be expanded in FY 1967.

The problem of assembling electronic components is of great concern to
spacecraft systems and is one of the most important in terms of potential
reliability improvement. The Jet Propulsion Laboratory has developed an
outstanding capability in new assembly methods for integrated circuits in
space applications, 1In FY 1966, a technique developed at the Jet Propulsion
Laboratory was committed for use on the plasma experiment of the Orbiting
Geophysical CObservatory (OGO-E). As we probe deeper into space with more
complex experiments and spacecraft, this problem will be of even greater
concern. Additional support in advanced assembly concepts will be required
in FY 1967.

Since the near earth radiation environment is now fairly well known, it is
important to determine what effects this environment has on electronic circuit
devices. A Goddard Space Flight Center sponsored study indicates that state-~
of ~the-art integrated circuits withstand the radiation environment with little
degradation. These efforts will be continued in FY 1967 with emphasis on
determining the performance capabilities of the newer class of microelectronic
devices in the radiation environment.
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Since power in spacecraft is at a premium, minimization of power consump-
tion is an important objective. The Langley Research Center has initiated
efforts to develop low power logic functions and a differential amplifier in
microelectronic form. This effort will continue in FY 1967. The development
of computer techniques for use by engineers in analyzing the design and
performance of electronic circuits for spacecraft applications will be con-
tinued as a means for achieving improved performance and efficiency as well
as increased reliability in space systems.,

t jects
1965 1966 1967
Radio Attenuation Measurements
(RAM“C) v i vv i eieeiiana i nn $900,000 $1,300,000 $1,300,000
Small Flight Projects:
(SCANNER) . ¢t v e vt vennnnsncens 1,500,000 1,000,000 -—-
(Sextant Experiment)........ - = 500,000
Earth Coverage Horizon
Measurement........oooveuves - - 1,000,000
Total Flight Projects....... $2,400,000 $2,300,000 $2,800,000
Scout (Launch Vehicle
Procurement Program)........ === (1,400,000) -.(800,000)
Total (including Launch
Vehicles) .....ccvvvvvinnenn. ($2,400,000) ($3,700,000) ($3,600,000)

These projects provide the verification of experimental results obtained
in laboratory investigations and acquire data essential to the development of
advanced sensors and systems of improved performance and reliability., Brief
descriptions of these projects are provided in the following paragraptis.

Radio Attenuation Measurements (RAM)

Project RAM was designed to acquire an understanding of the plasma
generated by a spacecraft reentering the earth's atmosphere and to determine
means of eliminating a communications blackout caused by this plasma.

RAM A and B thus far have shown the relative merits of material addition,
magnetic fields, aerodynamic shaping, and higher radio frequencies as methods
of overcoming the blackout problem in the velocity range up to 18,000 feet
per second.

The major objective of Project RAM C is to obtain reentry communications
measurements in the velocity range of 25,000 to 27,000 feet per second. At
these velocities the dominant ionization and recombination processes include
not only those experienced in the low velocity range of RAM A and B flights,
but also processes observable only in the medium and high velocity regzimes.,
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Two flights will be made by the Langley Research Center from Wallops
Station. The first, RAM C-A, will test the material addition and X*band
telemetry concepts as methods of overcoming the blackout problem. The
second, RAM C-B, will be a plasma diagnostic experiment designed to yield
measurement.s 0f free-electron and ion concentrations at various positions
along the spacecraft.

Launches are scheduled in the third quarter of calendar year 1966 for
RAM C-A and the first quarter of calendar year 1967 for RAM C-B. Provisions
are made for an additional launch for calendar year 1967 in the event the
results from the first or second launch make it advisable.

Horizon Definition Research (SCANNER)

The SCANNER project has the objective of making detailed measurements,
from high altitudes, of the natural radiation gradients which define the
earth's horizon. These data are essential to the development of accurate
horizon sensors. The project is an extension of current laboratory research
on horizon characteristics. Two experiments will be performed by the Langley
Research Ceater from suborbital ballistic trajectories using the Trailblazern
II launch vehicle. Flight #1 is scheduled for August 1966 and Flight #2 is
scheduled for November 1966.

Sextant Experiment

Simulation studies at the Ames Research Center, which have included
participation by Astronauts, have demonstrated the feasibility of making
manual sextant sightings for spacecraft navigation., These studies will be
extended to experimental manual navigation measurements by Astronaut:s in
manned spacecraft, These experiments will provide knowledge of the effects
of the spacecraft environment, including window optical distortion and
actual celestial targets, on sighting accuracy capability. The performance
will also be directly compared with that of the more sophisticated primary
navigation equipment to determine the potential of manual navigation
techniques and instruments for primary as well as backup navigation use.

Earth Coverage Horizon Measurement

This project will extend limited measurements attained through Project
SCANNER and supporting X=15 flights to a comprehensive measurement of the
earth's horizon radiance profile over a broad range of seasonal and climatic
variations, Advanced studies have been initiated in FY 1966 to identify
suitable flight experiments and techniques. In FY 1967, these studies will
be broadened and completed, and the operational requirements for the planned
project defined. The Langley Research Center is directing the initial phases
of the effort.

RD 14-11

799 - 342 O - 5€ - 18



RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY HUMAN FACTOR SYSTEMS PROGRAM

PROGRAM OBJECIIVES AND JUSTIFICATION:

This program has four major objectives: (1) to determine man's rea:tions
to the unique environments of space and aeronautical flight; (2) to define
the essential requirements for sustaining and protecting man in these 2nvi-
ronments; (3) to develop the technology necessary to provide suitable life
support and protective systems; and (4) to integrate man's capabilities with
those of machines to obtain composite systems of superior performance.

The scope, as well as the success, of future manned space missions will
depend upon the support and effective utilization of man for extended »deriods
of time. Equally important are man requirements and proper utilizatioa in
future aeronautical systems. The understanding of man's performance caipa-
bility and psychophysiological limitations directly affect design considera-
tions and are essential to insure the effective integration of man as a
functional part of the total system. Continuity of effort and timely progress
in this program are essential. The increasing priority of certain laggzing
investigations and technological developments is reflected by the requasted
funding increases in the various sub-programs.

This program is accomplished through a multi-disciplined approach in-
cluding researchers in nearly cvery field of medicine, biology, psychology,
engineering, physics and electronics located in NASA centers, Departmeit of
Defense aerospace medical facilities, universities and industry generally
located throughout the country.

SUMMARY OF RESOURCES REQUIREMENTS:

1965 1966 1967
Supporting research and
technology........ooviivvn.. $12,160,000 $13,000,000 $15,500,000
Small biotechnology flight
projects.....covieiiinnnnn. 1,160,000 1,900,000 1,500,000
Total.....ooviiiiiiinninnnnn $13,320,000 $14,900,000  $17,000,000

Distribution of Program Amount by Installation:

Manned Spacecraft Center..... $365,000 $795,000 $1,100,000
Marshall Space Flight Center. 355,000 310,000 300,000
Goddard Space Flight Center.. .- 25,000 ---
Jet Propulsion Laboratory.... 100,000 100,000 ---
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1965 1966 1967

Ames Research Center......... $4,233,000 $5,224,000 $5,830,000
Electronics Research Center.. 60,000 359,000 700,000
Flight Research Center....... 1,750,000 1,500,000 1,250,000
Langley Research Center...... 4,053,000 4,246,000 5,000,000
Lewis Research Center........ 232,000 125,000 --—
NASA Headquarters............ 2,172,000 2,216,000 2,820,000

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology

1965 1966 1967
Human research and performance. $3,879,000 $5,102,000 36,080,000
Life support and protective
SYSLEMS .t viverennenrnnneens 5,503,000 4,496,000 5,800,000
Man-systems integration........ 2,121,000 2,902,000 3,120,000
Advanced corncepts.... ..o 657,000 500,000 500,000
Total., ... e nneeneeneneonns $12,160,000 $13,000,000 $15,500,000

Human Research and Performance

Long term manned space flight will expose man to environmental conditions
quite different from those on earth. The objective of this research is to
understand the physiological and psychological reactions of man to these con-
ditions and to predict their effects on his performance and well being. The
environmental phenomena considered range from zero gravity to solitary con-
finement and include electromagnetic and particle radiation, magnetic fields,
acceleration Forces, artificially produced atmospheres, temperature, humidi-
ty, and vibration.

During the past year, continuing progress has been made in radiobiology
research. The predominating ionizing radiation particles of interest to us
in space are protons. Preliminary experiments indicated that at the lethal-
dose level, the biological damage mechanism of proton radiation for small
animals is somewhat similar to that of gamma radiation. However, additional
experiments over many energy levels are required for validation, along with
interaction with other parameters such as heat, varied oxygen levels, and
vibration. Measurements of dose distribution from the skin inward to a
depth of 25 cm with 730 Mev protons shows approximately a 40 percent increase
in dose at about 5 cm inside the body. This increase is due to the produc-
tion of secondary radiation in tissue.

In the area of vestibular research, NASA has a substantial program to
investigate the functioning of the primary balance mechanisms, the vestibu-
lar organs within the inner ear, and to determine what changes will occur in
their functicning under zero-G conditions. The perception of orientation
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and coordination of body movements occur within the general framework of
man's relationship to the force of gravity. Since the interactions between
the balance mechanisms and the normal one-G environment are so important,
there is a need to know in detail what the results will be when this gravity
framework is removed for long periods of time. If it is found that man can-
not adapt to long term weightlessness, one engineering solution will be the
rotation of the spacecraft. If this is necessary, the effects of different
levels of rotation must be known. This is being studied at the Naval Aero-
space Medical Institute by exposing both animal and human subjects to various
rotating environments and studying the relationships between functional dis-
turbances produced by the varying force fields and vestibular integrity.

A more fuadamental approach to this problem is being studied at the Ames
Research Center. There NASA is studying the output of a portion of the inner
ear in various accelerations. Flight hardware for this experiment to measure
this output in an animal in zero-G is nearing completion; it is scheduled for
flight on Apollo 205.

Cardiovascular Research

There is concern that in long term space flight, man may suffer a decon-
ditioning of the cardiovascular system. The Ames Research Center is carrying
on various research projects in the cardiovascular field in order to deter-
mine if deccnditioning will occur in stressed conditions. One of the
research tasks in this area is concerned with evaluating the changes in the
part of the work resulting from changes in gaseous, chemical, and thermal
environments. The essence of this work indicates that changes in cardiac
performance measured on the isolated heart are small in response to a range
of temperatures and changes in oxygn tension which cause serious disturb-
ances to the central nervous system.

Metabolism and Nutrition

Recent manned space flights have indicated that metabolic changes espe-
cially dehydration, or possibly alteration of water balance have occurred.
The Ames Research Center is carrying on research to determine the basic
mechanism of dehydration and at what levels functional deterioration begins.
In addition to the above work, Ames is also looking into alteration of the
metabolism of fats, carbohydrates and proteins under stressed conditions.

Microbiology

There is a possibility that changes in susceptibility or resistance to
infectious agents may occur under those environmental conditions to be found
in space travel. A contract was recently granted to the Naval Medical Re-
search Institute in order to conduct work in this area. Animals will be
maintained in hypobaric chambers with selected artificial atmospheres, and
they will be compared to control groups under normal conditions.
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Life Support and Protective Systems

Life Support and Protective Systems are those systems necessary to main-
tain man in an unstressed condition, sustain human life, and prevent physi-
cal injury in the hostile enviromment of space.

Present spacecraft utilize relatively short duration life support systems
in which the food, water and gases for the atmospheres are stored, aad the
waste is chemically treated and stored. Significant reduction in systems
weights, which is essential to the economic feasibility of long duration
manned space flight (e.g., to the planets), is possible by developing regen-
erative systems. Regenerative life support systems will supply man's re-
quirements (food, water, oxygen) by regeneration from his own metabolic and
waste products.

The Langley Research Center has developed and has begun testing loosely
coupled components of a partially regenerative system in a life support test
bed. Oxyger. is removed from carbon dioxide, and fresh water from cabin con-
densation, urine, and wash water. Components will be studied individually
as to efficiency, problem areas, and reliability, as well as collectively
while sustaining four men for 100 days. Several new approaches to handling
the different elements of the regenerative process are being investigated
and will be developed into broad based form for study in the test bed.

Two separate contractors are studying, for the Ames Research Center, tech-
niques available for a closed regenerative life support system recycling all
elements including food. A breadboard of this system of choice will be con-
tracted for study in FY 1967.

One promising development in advanced space suits is the metal extrave-
hicular suit being developed for the Manned Spacecraft Center under a con-
tract with Litton Industries. The concept uses constant volume joints to
increase mobility and eliminate ''spring back'" effects.

By FY 1957, this metal suit will have reached such a state that additional
effort will be needed for the further development and integration o the
ancillary equipment with the protective shell, such as thermal control, life
support, etc.; with additional effort, these items can be incorporated in
suits for test.

Man-Systems Integration

In manned flight systems, mathematical modelling of man and analytical and
experimental data on human performance in aircraft and space vehicles are
developed, collated and evaluated to provide a basic library of man-machine
information for advanced system technology. For manned and unmanned flight
systems, the role of man as a major sub-system is studied in the ground sup-
port activities as well. Simulation studies are performed to provide design
data and to validate design concepts under realistic conditions to further
the understanding of the integration of man into aerospace systems.
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A typical study involves the use of an advanced design multi-man capsule
which will be mounted on the motion generator at Ames. The internal atmos-
pheric environment, rates of acceleration and vibration, seating and working
space layouts, and displays and controls will be modifiable to simulate var-
jous internal vehicle configurations. This capsule will be used to study
the effects of these factors on pilot performance and to define human :iactors
design criteria for aircraft flight control characteristics such as those
involved in V/STOL, conventional jet, supersonic and hypersonic transport
and private planes. Similar factors will be studied in manned bocsters and
space vehicles to define the optimal role of man in launch, orbit imsertion,
rendezvous and docking, mid-course flight, lunar and other extraterrestrial
de-orbit and landing.

Another typical study is concerned with astronaut extravehicular activi-
ties to determine appropriate tasks for man outside of the space vehicl.e.
His effectiveness in maintenance and repair of vehicles and satellites,
transfer of personnel and cargo between vehicles, and assembly and support
of large vehicles in space are pacing items for reduced costs and increased
reliability of these vehicles. The interaction of space suits, astronaut
maneuvering units, and life support systems must be studied to determine
design needs.

Substantial reductions in cost and human error can result from stud:ies of
optimum crew sizes and task requirements for earth and lunar grourd
support activities, and orbital launch. Minimum crew skills needed to
achieve checkout, launch, and mission control must be determined as soon as
possible in order to be available in time to influence planning and design
of future systems. The analysis of performance and shelter of astronauts
and astronaut scientists on the moon is a continuing effort.

Advanced Concepts

Research on advanced concepts in any field is essential to solving the
next generation of problems in a particular field. In human factcrs re-
search, many of these problems are likely to involve ways of further inte-
grating man into the operational systems of future aircraft and spacecraft.
Several interesting possibilities have arisen in recent years, some showing
enough promise to warrant serious study. The following example is repre-
sentative:

An investigation is being made through the Applied Physics Labcratory
of Johns Hooskins University which is exploring advanced non-
anthropometric space suit technology utilizing prosthetic type pro-
visions aloag with the usual space suit arm and glove provisions.
Non-conventional propulsion might be feasible as opposed to walking.
Conceptual designs which appear feasible and practical will be sub-
jected to further evaluation through components mock-up and testing.
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Small Biotechnology Flight Projects

1965 1966 1967

Small biotechnology flight
ProjectsS. . iv.ieini e, $1,160,000 $1,900,000 $1,500,000

In many fields of aerospace technology, there are problems that cannot be
solved in the laboratory at all but must be solved in flight. Apparent: solu-
tions to many other problems can be found on the ground but must then be
evaluated in Elight before they can be accepted. This small-flight projects
program serves these essential purposes for the Human Factors Systems re-
search program.

One example of our current flight experiments is the aircraft pilot's
stress study at the Flight Research Center. The aviators are outfitted with
the bioinstrumentation for various physiological parameters. The actual
collection of the biomedical data to determine baselines of various physio-
logical functions under stress is funded as a flight project.

An example of a flight experiment which requires the space environment and
is the outgrowth of laboratory benchwork is an experiment at Ames on the be-
havior of the otolith organ, the organ of balance located in the inner ear.
For this flight experiment, the nerve impulse signals from individual nerve
fibers of frog's otolith are tapped. The frog's otolith is similar to man's.
The action of the otolith under weightlessness will be measured by recording
its nerve impulses to give an indication of the adaptiveness of this organ
to weightlessness. This experiment is scheduled for Apollo 205.

An experiment currently being built for the Electronics Research Center

for flight on Apollo is a nephelometer to measure the concentrations and
size of dust particles in the spacecraft atmosphere under weightlessness.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF ANVANCED RESEARCH AND TECHNOLOGY SPACE POWER AND ELECTRIC
PROPULSION SYSTEM:S PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The space power and electric propulsion gystems program provides research and
technology to evolve new and improved methods of power generation and
electric propulsion for space applications. The program includes work aimed
at more efficient and practical use of nuclear, solar and chemical energy for
the generation and utilization of electric power in space; as well as the
development of the technology of electric thrustors powered by either solar or
nuclear power systems.

All space vehicles require electric power for operation of such equipment
as communications, telemetry, guidance, stabilization and scientific instru-
ments. The power level and duration varies widely (watts to megawatis and
hours to years) depending on the purpose of the vehicle, but the trend is
toward the higher power levels and longer mission durations. This trend
results frow the availability of larger launch vehicles such as the 5aturn
and from the desire to undertake more ambitious programs. All power system
experience to date has been at relatively low power levels, less than 1
kilowatt, and the vast majority of applications have involved solar cell and
battery systems. This experience has shown that current solar cell and
battery systems will require major improvements in performance, particularly
at the higher power levels and that advanced systems that are more compact
and indepencent of the sun will be required.

Electric thrustor systems offer promise of significant savings in space-
craft weight, trip time or increased payload. The power required ranges from
watts for attitude control systems to megawatts for manned interplanetary
propulsion systems. Solar cells appear to be satisfactory power sources for
the lower power thrustors. Work is needed on the system aspects of electric
thrustors in anticipation of several early applications.

SUMMARY OF RESOURCES REQUIREMENTS :
1965 1966 1967

Supporting research and
technology.ceseeseessscenssees - $36,770,000 $38,200,000 $37,000,000

Space elecktric rocket test (SERT) 2,300,000 3,000,000 -
SNAP-8 development...veieeseeres 19,150,000 4,000,000 5,500,000

Total‘....o......-.......-..... §58:220’000 §4SIZOOIOOO §_Zg-2 500 OCLQ_




RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE POWER AND ELECTRIC
PROPULSION SYSTEM:3 PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The space power and electric propulsion gystems program provides research and
technology to evolve new and improved methods of power generaticn and
electric propulsion for space applications, The program includes work aimed
at more efficient and practical use of nuclear, solar and chemical energy for
the generation and utilization of electric power in space; as well as the
development of the technology of electric thrustors powered by eithe: solar or
nuclear power systems,

All space vehicles require electric power for operation of such ejuipment
as communications, telemetry, guidance, stabilization and scientific instru-
ments. The power level and duration varies widely (watts to megawatts and
hours to years) depending on the purpose of the vehicle, but the tread is
toward the higher power levels and longer mission durations. This trend
results from the availability of larger launch vehicles such as the Saturn
and from the desire to undertake more ambitious programs. All power system
experience to date has been at relatively low power levels, less than 1
kilowatt, and the vast majority of applications have involved solar cell and
battery systems. This experience has shown that current solar cell and
battery systems will require major improvements in performance, particularly
at the higher power levels and that advanced systems that are more compact
and independent of the sun will be required.

Electric thrustor systems offer promise of significant savings in space-
craft weight, trip time or increased payload. The power required ranges from
watts for attitude control systems to megawatts for manned interplanetary
propulsion systems. Solar cells appear to be satisfactory power sources for
the lower power thrustors. Work is needed on the system aspects of electric
thrustors in anticipation of several early applications.

SUMMARY OF RESOURCES REQUIREMENTS:

1965 1966 —__ 1967

Supporting research and
technology..eeeseereennaeesass - 936,770,000  $38,200,000  $37,000,000

Space electric rocket test (SERT) 2,300,000 3,000,000 .-
SNAP-8 development...seeueeceesees 19,150,000 4,000,000 5,500,000

Total.eesooecnoevososssosnsonna $58,220,000 §45,200,00Q $42,500,000
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Distributicn of Program Amount by Installation:

1965 1966 1967
Manned Spacecraft Center....... $53,000 $100,000 $650,000
Marshall Space Flight Center... 2,415,000 2,010,000 1,650,000
Goddard Space Flight Center.,... 3,512,000 4,260,000 3,990,000
Jet Propulsion Laboratory...... 5,607,000 4,491,000 6,050,000
Ames Research Center.....ceeeees 191,000 110,000 50,000
Electronics Research Center.... --- 50,000 300,000
Langley Research Center........ 1,324,086 846,000 700,000
Lewis Research Center.......... 43,516,700 28,768,000 26,065,000
NASA HeadquartersS....ceceeeesss 1,351,214 4,565,000 3,045,000
Western Operations Office...... 250,000 -- ---

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology

1965 1966 1967
Nuclear-elecktric power........... $13,106,000 $14,000,000 $13,180,000
Electric propulsion...ccseaseuese 9,919,000 10,000,000 9,850,000
Solar power generation........... 7,911,000 9,050,000 9,000,000
Chemical power generation........ 5,834,000 5,150,000 4,970,000

Totaleciseseesenonnsneasansesss $36,770,000 $38,200,000 $37,000,000

Nuclear-Electric Power

The primary objective of the Nuclear Electric Power Generation Technology
program is to provide a broad design basis for the energy conversion equip-
ment to be used in the advanced nuclear electric power generating sysit:ems
needed for future space missions. Close coordination and cooperation is
maintained with the reactor technology program of the AEC.

The contractor and in-house effort in the program are concerned with the
technology associated with (1) the Rankine cycle alkali metal turbogenerator,
(2) thermionic direct conversiom, (3) the Brayton gas turbogenerator, and
(4) magnetohydrodynamic (MHD) systems. The Rankine cycle and thermionic
conversion systems offer the most promise of attaining the light weights needed
for electric propulsion systems. The nuclear thermionic concept which is in
an early stage of research has few moving parts, and with its inherent
redundancy and small radiator area, may ultimately prove to be the better
system for many applications. The Brayton cycle conversion system potential
advantages and applications are discussed as a part of the solar power section
since the sare equipment is being investigated for both the solar and nuclear
energy sources. MHD conversion systems are of interest as a possible longer
range alternate to the high temperature turbine-generator and thermionic
approaches.
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The Rankine turbogenerator program in FY 1966 obtained much useful
information on heat transfer, working fluid properties, cavitation phenomena
and high temperature refractory materials. In addition, performance aad
operating evaluations of such components as the turbine, condenser radiator,
pumps, etc., are currently underway and progressing toward the design and
fabrication of prototype high temperature components for ground testinz. The
present component testing is concerned exclusively with lower temperature
non-refractory alloy test components. The component test programs will be
continued in FY 1967. 'Dry" vapor performance testing of the two stag:
potassium turbine at General Electric will be completed by the end of FY 1966,
Facility and test unit construction materials limit operating temperatuare to
a maximum of sbout 1600°F. A 2000 hour endurance run to evaluate erosion
damage is alsc scheduled to be completed in FY 1966. 1t is planned to extend
endurance testing in FY 1967 to 5000 hours if the test data continue to be
favorable., This turbine program will also begin design and fabrication of a
three stage turbine unit. Single tube boiling and condensing heat transfer
programs are scheduled to be completed in FY 1966. In FY 1967, reiractory
metal and boiler and flight-type condenser studies will begin.

After externsive studies, an advanced tantalum base alloy, T-111, was
selected to be the construction material for a two-phase potassium corrosion
loop which will operate at a boiling temperature of 2100°F. The loop
components (pump, boiler, condenser, instrumentation) were successfully
endurance tested during FY 1966 at rated temperature for 2500 hours as part
of a component. development and evaluation program. The T-111 loop is
scheduled to begin operation in FY 1967 and will be directed toward a 10,000
hour test objective.

During FY 1966, considerable progress was made on determining the suit-~
ability for high temperature operation of various electrical insulators, magnetic
materials, electrical conductors and bore seal materials. During FY 1967
tests of promising materials will be extended to longer times and higlter
temperatures, and geometries representative of prototype electrical hzrdware
will be fabricated.

The present phase of the advanced Rankine turbogenerator program has been
conducted with stainless steel or superalloy components. Although these alloys
simplify test operations considerably, they are useful only to about 1600°CF,

In FY 1966, a design study of a versatile test rig capable of testing refrac-
tory alloy components such as turbines, boilers, condensers, etc., is being
performed. Fabrication of the test rig is planned to begin in mid FY 1967.

This will enable component tests to be performed at about the 2000°F t:emperature
expected to be required for suitably lightweight systems.
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The major technological obstacle associated with the nuclear thermicnic
conversion approach is the attainment of fuel materials that will be
dimensionally stable at the very high temperature (> 3000°F) and uranium fuel
burnup conditions required for efficient, long life operation. The AEC and
NASA are conducting coordinated nuclear fuel research programs aimed at:
investigating two broad classes of materials: the uranium oxides at General
Electric, Vallecitos, and the uranium carbides at General Atomic. Fuels
testing will continue during FY 1967 at the NASA-Plum Brook Test Reactor.

In addition to the fuels research effort, tests of electrically-heat:ed
thermionic diodes assembled with fueled or unfueled emitters will continue
in FY 1967, During FY 1966, significant improvements in converter operating
life continued to be made. However, performance degradation with time
remains a problem. Other thermionic research includes investigations of
electrical insulator and metal ceramic joining alloys aimed at developing
materials and weldments which will maintain satisfactory electrical and
structural properties in a nuclear reactor at the high temperatures and for
the long periods required. FY 1967 programs will be conducted to further
improve diode performance and simplify diode design configurations,

During FY 1965, cold gas tests of radial-flow turbomachinery intendad for
use at low power levels achieved the high efficiencies that were predic:ted by
design studies. Similar development and test programs on low power axial
flow gas cycle turbomachinery are being conducted in FY 1966. The testing of
"hot" gas bearing-supported radial and axial flow turbomachinery units will
begin in FY 1966 and will be continued in FY 1967. Particular emphasis in
this program continues to be on component efficiency and reliability.

The Jet Propulsion Laboratory (JPL) is continuing an analytical and
experimental prcgram on a liquid metal magnetohydrodynamic (MHD) conversion
system, Basic feasibility of the direct current (DC) generator component of
such a system was demonstrated with room temperature test components.

In FY 1967, JPL will investigate alternating current MHD generators. The
AC units are theoretically more efficient than the direct current devices and
will also reduce the power conditioning requirements to satisfy predicted
electrical lcad requirements. Test programs will continue in FY 1967 which
deal with methods of minimizing hydrodynamic losses in other system components
such as mixers, two-phase nozzles, separators, diffusers, etc.
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Electric Propulsion

The objective of this program is to provide the advanced technology lead-
ing to the development of electric thrustor systems for space propulsion.
Such thrustor systems when used in conjunction with lightweight solar or
nuclear power generation systems for prime propulsion, offer the potential
of substantial increases in payload reductions in vehicle weight, or reduc-
tions in travel time generally in proportion to the energy requirements of
the contemplated missions. Electric thrustor stationkeeping and attitude
control systems offer a primary advantage of reduced system weight when
compared with conventional chemical thrust systems for long duration epplica-
tions. These performance improvements result from the high specific impulses
developed by electric thrustors which convert electrical energy into Linetic
energy of a propellant. However, a major requirement that must be attained
for effective application is a capability for thousands of hours of reliable
operation. 1In addition, attainment of high overall thrustor system eificiency
is of major importance for prime propulsion applications because the total
power required for operation of the thrustor system, and thus the power plant
weight and the mission payload capability, is dependent on thrustor svstem
efficiency.

Electrostatic thrustor systems in which the propellant atoms (or heavy
particles) are electrically charged and then accelerated by an electrostatic
field, will continue to receive the major emphasis in FY 1967. 1Two tvpes,
the electron-bombardment and contact ion engines which differ basically in the
propellant charging or ionization technique, have made the most progress. 1In
the electron-bombardment thrustor the propellant atom is ionized by el.ectron-
collisions. The life of the cathode which produces the necessary electrons
is the major factor controlling the life of the thrustor. The cathode life
improvement program discussed last year has resulted in a successful 2600
hours test of a cesium thrustor. Further life tests with goals of 3500 and
8000 hours are being conducted in FY 1966. In FY 1967, emphasis will be
placed on full system testing including thrustor, feed system anc power
conditioning. In addition, system interaction problems which become
important as thrustor applications increase, such as ion beam impingment on
spacecraft structures and radio-frequency interference will also be studied
in FY 1967. Since studies of solar-powered mid-course propulsion for
planetary missions show potential, these efforts will continue. In addition,
scaling of thrustors to the 300 KW size required for future applications will
be continued at the Lewis Research Center.

In the contact ion engine, propellant atoms are charged or ionized by
coming in contact with a hot material, usually porous tungsten. In otder to
meet engine life requirements, over 99% of the propellant atoms must he
ionized., Previous difficulties in achieving the required ionization at
reasonable efficiencies and lifetimes led to a decision to deemphasizz contact

engine development and concentrate on the ionization problem in FY 1936.
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However, techniques of coating porous tungsten with iridium and rhenium were
evolved which, on a laboratory scale, show promise of permitting the desired
ionization and life expectancy., The performance of these improved ionizers
will be evaluated in FY 1967. Progress in thrustor technology has led to an
important decision to flight test a small (~15) contact ion thrustor
system on the initial Applications Technology Satellites (ATS) in anti.cipa-
tion of using similar systems on the later synchronous gravity-gradient
stabilized ATS flights. This first NASA utilization represents an initial
and important step in the transition of the status of electric propulsion
from an advanced idea to useful applications. Thrust vector control *through
electrostatic ion beam deflection will be incorporated on similar engines

in FY 1967 for evaluation.

A resistojet will also be considered for the ATS. This is one version of
an electrothermal engine which accelerates propellant by heating and sub-
sequently expanding the propellant through a conventional converging-diverging
nozzle system., System studies have shown the resistojet to be of interest
for cancelling aerodynamic drag of large spacecraft such as orbiting labora-
tories. Research in FY 1967 on this class of device will concentrate on
establishing long life and in investigating utilization of waste material
(i.e. excess water, etc.) from manned space station life support systems as
the propellant. Efforts to evaluate the replacement of the resistojet's
electric heater with radioisotope heat sources will also be carried out in
FY 1967.

The electromagnetic thrustors, which employ magnetic forces in the develop-
ment of thrust, offer the promise of superior performance and reduced
complexity over the entire range of specific impulse and consequently will
receive research emphasis in FY 1967. Efforts will in particular be made to
verify the performance of the promising MPD arc jet. Preliminary data of 70%
efficiency at a specific impulse of 4000 seconds has been reported. However,
the inadequacy of ground facilities to simulate the true space environment
causes an uncertainty in these data. A comprehensive effort will be con-
ducted in FY 1967 to eliminate these uncertainties.

Solar Power Generation

Solar photovoltaic cells are relatively low in weight and have proven to
be a practical and reliable source of spacecraft electric power at levels up
to several hundred watts, However, the availability of the Saturn class of
launch vehicles is making possible much larger spacecraft requiring sub-
stantially more onboard electric power. During the past year an in-house
program was started at the Jet Propulsion Laboratory and the Marshall Space
Flight Center, supported by contracted programs at the Boeing Company, the
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Ryan Aeronautical Company, and Electro-Optical Systems on the research and
technology problems related to very lightweight, kilowatt size solar cell
arrays. The investigation of such key problem areas as more economical solar
cell fabrication and assembly methods, array packaging and deployment and
lightweight structures and folding and unfolding mechanisms will require an
increased effort in FY 1967. Although improvements have been achieved,
significant weight penalties can still be attributed to the need to protect
solar cells from damage by the energetic particle radiation, micrometeoroid
and high temperature environments to be encountered by spacecraft operating
in space. A continuing effort is needed in these areas, as well as efforts
to improve cell efficiency and reduce cell weight.

The output ¢of the array is a direct current (DC) voltage which must be
changed (inverted) to alternating current (AC), transformed to higher or lower
voltages, regulated, filtered to suppress surges and distributed to the
various spacecraft loads. It is essential for the higher power systems that
the efficiency of the many electronic components and circuits used for these
purposes be improved while maintaining satisfactory reliability.

New work on power transistors to lower saturation resistance and increase
current and voltage capabilities is to be undertaken at the Electronics
Research Center. Work on integrated circuits at the Marshall Space Flight
Center and at. the Jet Propulsion Laboratory will be continued with emphasis
on higher power handling capability, larger area devices and improved inter-
connections.

The thermionic conversion of solar thermal energy appears particularly
promising as a source of electric power for spacecraft operating near to the
Sun., These systems make ise of solar concentrators and high temperature
thermionic generators which should be relatively unaffected by operation in
the high temperature and particle radiation environment near the Sun. Work
during the past year has resulted in improvements in thermionic diode operating
lifetime, pover density, and conversion efficiency. For example, one thermicnic
converter recently passed 10,000 hours operation and is continuing on test.

This is significant in that it is the first such device to demonstrate the
possibility of such operating lifetimes. Further improvements are needed in
uniformity of converter characteristics and in efficiency and power density,

and based or current experience appear possible with additional work. The

output voltage per converter ranges between 0.6 and 0.8 volt for operation at
1730°C but by reducing the internal voltage losses could be increased to about
1.2 volts with resulting improvements in conversion efficiency. Further research
is planned on the use of surface and plasma additives to reduce the internal
losses.,

Work is continuing on the Brayton cycle power conversion system technology
program initiated in FY 1963, using solar and nuclear power program funds.
The use of Brayton cycle conversion systems with solar power sources will
minimize solar concentrator size due to the cycle's inherent high efficiency.
In a like manner, the use of Brayton equipment with isotope power sources
will minimize the amount of scarce and expensive isotope, e.g. Plutonium 238,
required. Other significant advantages of importance to both solar and
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isotope power systems, such as reduced material compatibility problems, and
no zero-g problems are derived from the fact that the Brayton cycle uses an
inert gas, e.g. argon or neon as the working fluid. The first experimental
turbomachinery and heat exchangers have been fabricated, deliverad, and are
under test at the Lewis Research Center. Cold flow tests have verified
design performance. Hot flow tests have not yet been conducted.

Both of the above solar thermal systems (Brayton and thermionic) require
focusing concentrators (mirrors) to develop the high temperatures required.
The difficulties involved in fabricating large, lightweight mirrors (con-
centrators) possessing high surface contour accuracies require a continuing
effort leading to full size mirrors of 20 to 30 feet diameter weighirg less
than one pound per square foot (1 1b/ft2) and having an efficiency of greater
than 85% with a concentration ability of over one thousand to one.

Chemical Power Generation

The fuel cell power systems now under development for Gemini and 4pollo
can be expected to satisfy the need for on-board space electric power for the
two-week earth and lunar orbital missions for which they have been designed.
With technology improvements the usefullness of these fuel cells can be
extended to mission durations of 30 to 45 days. In addition, the finrst really
long duration missions may make use of fuel cells for a total life oif 90 days
and longer, Thus, there exists a need to extend the present techno.ogy
objectives from the 400 hour endurance characteristic of Gemini and npollo
to 1000, 2000, and eventually, 3000 hours while maintaining the high
reliagbilities required for manned missions. Of equal importance is tthe need
to extend standby life, to improve on orbital start and restart capability,
and to obtain lightweight, compact systems,

Work on the above problems is continuing using an Allis-Chalmers
fuel cell as an experimental system. Experimental modules have been tested
at the Manned Spacecraft Center. These breadboard units have been rin for
more than 1500 hours and have operated well under continuous as well as
start-stop conditions,

A reliability test program is needed to obtain parametric design data for
operating durations in excess of 3000 hours. Work to further improve
efficiency and complete the technology for low-temperature, in-orbit startup
is needed. In addition, there is a need to acquire the technology necessary
to support the development of larger fuel cell modules in the 3 to 5 kilowatt
size.

Primary and secondary (rechargeable) batteries are used for relatively short
duration applications, i.e. 34 hour Gemini mission, or in conjunction with
solar power systems when the spacecraft is periodically in the dark. To date,
spacecraft batteries have been relatively low power devices, which will not
be able to satisfy the fast recharge, high power and broad operating
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temperature range requirements of anticipated missions. Laboratory experiments
and ground based system experience indicate that it should be possible to
develop satisfactory units, However, such work is not being conducted as

part of specific battery development programs in support of approved missions.
Therefore, NASA has initiated a research and technology program aimed at
improving energy density, cycle life, capacity retention and resistance to

high temperature degradation. It is important that this program be strengthened
in FY 1967 in order to meet the anticipated needs in the 1970's for larger
batteries for orbital, lunar surface and planetary mission applications.

SNAFP -8 Development

1965 1966 1967

Development.seeeeseseenseensennanes  $19,150,000  $4,000,000  $5,500,000

The objective of this technology project is to conduct the ground develop-
ment of a 10,000 hour, 35 electrical kilowatt nuclear electric generating
system suitable for space applications in the 1970's and beyond. Principal
applications for SNAP-8 are large earth orbiting space stations, lunar
exploration, direct TV broadcast satellites, and manned Mars missions.

SNAP-8 is a joint NASA-AEC project with the AEC responsible for the reactor
and shield and NASA responsible for the power conversion system and full
power system integration. It utilizes a boiling mercury turbogenerator to
convert thermal power developed by a compact space reactor into electrical
power. The cesign approach places priority on reliability and ease of
development (maximum use of current state-of-the-art) and provides flexibility
to adapt to a range of potential missions with a minimum change.

During calerndar year 1965, NASA completed testing to determine performance
data of the first generation of major power conversion system components --
the system pumps, heat exchange components, and the turbine alternator. The
performance vas demonstrated to be satisfactory except for the boiler which
although periorming as required once it reached full thermal power, has been
giving erratic superheat performance during initial startup. A boiler re-
designed to investigate solutions to this problem is now in test. Endurance
development of the components has been started. Single unit endurance times
demonstrated to date range from 670 to 2600 hours. As part of the erdurance
test program, a complete mercury loop was operated for 670 hours, prcducing
electrical power within SNAP-8 specifications. This test was terminated by
failure of the first turbine after 830 hours of operation, but mecharical
design modifications have now been completed and turbine testing will be
resumed shortly. The SNAP-8 reactor completed 12,000 hours of operation,
8,800 of which were at system power and temperature. The reactor is undergoing
post-test examination.
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During FY 1966, NASA will continue with component performance and
endurance development testing and will complete preparations for the test of
a first breadboarded power conversion system utilizing FY 1966 funds authorized
and appropriated by the Congress.

During FY 1967, development testing of components will be continued and
tests of the first power conversion system will be initiated. Supporting
technology programs in heat transfer, materials, system dynamics and endurance
instrumentation which were delayed by the phase-out operations will be
initiated to provide the necessary basis for understanding system behzvior and
to improve performance as required.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PRCGRAM

PROGRAM OBJEC'TIVES AND JUSTIFICATION:

The mission of the nuclear rockets program is to provide the necessary
research, design, and engineering data, test hardware, and general techno-
logy required to develop nuclear rocket systems with power levels, operating
times, restart conditions, and specific impulse values suitable for advanced
space exploration missions. A program directed to meet these objectives
will assure availability of these advanced propulsion systems when they are
needed.

Through the use of nuclear rocket propulsion, significant performarnce
advantages accrue to many advanced space missions such as lunar base logis-
tics operations, deep space probing with heavy complex spacecraft, and manned
exploration of the planets. A number of studies have been conducted to
evaluate the potential of the nuclear rocket in its major applications. For
the manned Mars mission, the studies indicated that spacecraft departure
weight in earth orbit is substantially less with nuclear rocket propulsion
than with chemical propulsion, the weight differences ranging from 1 or 2
million pounds for favorable missions modes and times (low energy require-
ments) to many millions of pounds for less favorable mission oppcrtunities.

The major areas of effort are the research and engineering of the nuclear
reactor, the development of certain non-nuclear components, and the integra-
tion of the reactor and non-reactor components into a complete experimental
engine system.

The experimental ground test engine system is being investigated to pro-
vide an essential understanding of the interaction of components in nuclear
rocket engines and of the system performance characteristics. Progress in
the technology phase warrants the initiation of specific engine development
in FY 1967.

The nuclear rockets program is a joint AEC-NASA undertaking. To ensure
an integrated program, the Space Nuclear Propulsion Office, establishad
by interagency agreement between AEC and NASA, manages all aspects of nuclear
rocket propulsion work for the two agencies. Research and technology work
is conducted both in AEC Laboratories (e.g., the Los Alamos Scientic Labora-
tory) and NASA Centers (e.g., the Lewis Research Center and the Marshall
Space Flight Center), although the major portion of the work is condu:ted
by industry.
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SUMMARY OF RESOURCES REQUIREMENTS :

1965 1966 1967
Supporting research and
technology....ceoecevnn ceeneas $20,891,000 $21,000,000 $16,9C0,000
NERVA......, I 35,370,000 36,000,000 33,1¢0,000
NRDS operations...... tesessanea 739,000 1,000,000 3,000,000

Total.esieeseeaceossacasanens $57,000,000 $58,000,000  $53,000,000

Distribution of Program Amount by Installation:

Marshall Space Flight Center. $1,375,000 $1,125,000 $900,000
Jet Propulsion Laboratory.... 6,000 - ——-
Lewis Research Center........ 9,846,000 6,599,000 3,550,000
Space Nuclear Propulsion

Officeeeereesessnncns crenes 45,760,000 50,218,000 48,510,000
NASA HeadquartersS...sseecsese 13,000 58,000 50,000

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

1965 1966 1967

Rocket reactor research........ $13,069,000 $14,250,000 $11,700,000
Nuclear rocket engine

SYSEEMS. v evvevossassosnsnnnaa 6,269,000 5,150,000 3,950,000
Safetyiveiorvnsveneas ceeroses .o 500,000 500,000 250,000
Vehicle technology....... cevnan 1,053,000 1,100,000 1,000,000

Total.eweesoeae Cetescesannans §20!891!000 $21,000,000 $16,500,000

The supporting research and technology (SR&T) effort supplies four basic
needs: (1) general supporting research and technological data for current
projects; (2) necessary basic technology for the development of future
generations of nuclear rocket engines and vehicles; (3) feasibility analyses
of advanced nuclear propulsion concepts; and, (4) studies of the special
safety problems of nuclear rockets.

Rocket Reactor Research
This activity supports work in two general areas: first in the area of
advanced concepts and in the design studies of reactor concepts of interest

for future spplications; secondly, these funds provide for nozzle and pro-
pellant feecd systems for use in the ground test of Phoebus 2.
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Advanced concept work is concentrated on various types of cavity reactors,
in which the fissionable materials are in gaseous, liquid or dust form,
Primary in-house capability and research is centered at the Lewis Research
Center. Additionally, the capabilities of industry and universities are
applied through contracts and research grants. The emphasis is on labora-
tory research because propulsion systems and large scale experiments can-
not yet be defined due to a lack of basic information on feasibility and,
in some cases, a lack of basic research data.

NASA funds the development of a liquid hydrogen turbopump feed system
to be used in the testing of high-power (Phoebus 2) reactors at the Nuclear
Rocket Development Station. This system is based on the liquid hydrcgen
pumps and turbines developed for the KIWI test series.

Liquid hydrogen regeneratively cooled exhaust nozzles are also required
for the Phoebus 2 reactor program conducted by the Los Alamos Scientific
Laboratory. Development of such nozzles is underway in a contract let
during FY 1955,

Nuclear Rocket Engine Systems

This research provides information for specifying characteristics of
future generations of nuclear rocket engines as well as establishing a
general base of information on the design and operation of components
and engines. Engine component technology is the responsibility of NASA;
the in-house effort is conducted by the Lewis Research Center with other
work being accomplished under industrial and university contracts prin-
cipally under Lewis' direction.

Turbomachinery research is directed at the unique problems posed hy
application to a nuclear rocket engine, and is coordinated with turbo-
machinery research conducted for advancement of chemical rocket techmno-

logy.

Another important supporting effort in the nuclear rocket program is
provided by the nuclear cold flow rocket engine systems tests conducted
by Lewis in the Nuclear Rocket Dynamics and Control Facility. These
tests have included the first bootstrap starts of the nuclear rocket
engines, and start-up tests in which the turbopump was deliberately run
into stall to determine the start-up performance of a nuclear rocket
engine under such conditions.

Radiation effects work is conducted at Plum Brook as part of the engine
component research work to define the behavior of materials in combined
radiation, cryogenic, and vacuum environments. Such information supports
all phases of the nuclear rocket program and is essential for the design
effort,
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The combined environments of radiation, vacuum, extreme temperatures
and very high bearing speeds create difficult development problems in regard
to bearings, seals and lubrication. An inpile bearing test loop is in oper-
ation for research on bearing configurations in a combined radiation and
cryogenic environment.

Research ccntinuing through FY 1967 will include work on nozzles for
nuclear rocket engines., Analyses and research have been undertaken in
areas of refractory metals and coatings, fluid mechanics and heat transfer,
stress analysis and thermal fatigue.

In FY 1967 NASA will continue to support, although at a reduced level,
the National Bureau of Standards Cryogenic Engineering Laboratory in re-
search and engineering related to the use of liquid hydrogen. While this
support has come from the nuclear rocket program, the research has berefited
all programs fthat use liquid hydrogen (e.g., Centaur, Saturn, the J-2 engine,
etc.) by supplying basic property data and cryogenic engineering suppcrt.

Propellants and pressurants in support of the research and development
activities on turbopumps and nozzles for Phoebus reactor tests as well as
the Phoebus rz2actor tests themselves are provided by SR&T funds.

Safety

Safety work is an integral part of the overall nuclear rocket prog:am.
It includes effort on hydrogen safety by the Bureau of Mines aimed at
unique safety problems associated with handling large quantities of liquid
hydrogen in the nuclear radiation environment. Also included is work on
evaluation of countermeasure systems to assure sdfe disposal of nuclear
engines and operational safety analyses of nuclear rocket engines.

Vehicle Technology

This program provides information on new concepts relating to vehicle
staging and configuration for future applications of nuclear rocket engines
to spaceflight missions.

Modular vehicle concepts in which each module includes a nuclear rocket
engine and propellant tank has particular attraction since our basic tank/
engine design conceivably could satisfy a variety of missions from lunar
to planetary stop-over, merely by clustering as necessary the requisite
number of esgsentially identical modules. The modular studies initiated
in FY 1965 have defined a configuration in sufficient detail to point out
areas requiring advanced technology effort.

In FY 1965 rhe feasibility of designing and constructing a reasonably
close ground test version of a modular tank, which could be used for ad-
vanced technology development by means of cold-~flow testing is being in-
vestigated in depth.
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Examples of problem areas requiring advanced technology development. in-
clude long term storage of liquid hydrogen in space for periods exceeding
a half a year, and structural design of tanks for applications requiring
assembly into clusters, while in Earth orbit. Investigations in these
areas are coordinated with and complement other elements engaged in space
vehicle research. In addition, nuclear rocket engine-vehicle interactions,
and coupling requirements are also important and will receive continued
attention.

NERVA

1965 1966 1967

Engine systems development,...... $5,426,000 $5,600,000 $6,000,000
Component and subsystem develop-

117 ¢ o 12,444,000 11,800,000 9,600,000
Ground test and operations

SUPPOY L. eeervnnenenscrenronans 14,572,000 15,100,000 15,000,000
Propellants...oievecenaccaasonnns 2,928,000 3,500,000 2,500,000

Total..viveesenennenneossvonnns $35,370,000 $36,000,000 $33,100,000

The objective of the NERVA technology effort is to develop the technology
of nuclear rocket engine systems utilizing graphite solid-core reactorns.
Progress in the graphite reactor program has been very good. The NERVA
technology work is conducted principally under a joint AEC-NASA contract
by the Aerojet-General Corporation and Westinghouse Electric Corporat:ion.
Altitude equivalent performance levels in excess of 750 seconds specific
impulse at 55,000 pounds of thrust have been achieved for extended dura-
tions,

In view of the reactor progress, increased emphasis is being devoted to
the engine system phase. This effort includes the development of critical
non-nuclear components, such as the nozzle, turbopump and control system,
and the integration of these components with the reactor into meaning:ul
nuclear rocket engine systems tests. It is important to gain a thorough
understanding of the interactions of the various components during start-up,
full power operation, operation at off-design conditions, and during cool-
down periods. With this knowledge we can develop components and systems
leading to the development of operational flight engine systems with a high
assurance of success.

Engine system work includes investigations of engine system transient
start-up characteristics, steady state operating cycles, system dynamics
of engine throttling and shutdown, and investigation of engine restart:
characteristics.
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The development of test facility technology is necessary to provide confi-
dence in undertaking a future nuclear rocket engine development program.
The facility technology objectives include proof of the techniques for remote
testing of downward firing engines and the feasibility of remote handling
operations for engine system maintenance and disassembly.

Selected engine components are being developed in connection with the
engine systens evaluation program, but component development is limitad
to those major components which strongly influence system performance.
Valves and lines are facility or 'boiler plate'" types wherever possible,
For the ground test program, most components will not be qualified to the
high degree cf reliability necessary for flight operation. However, major
components such as turbopumps, nozzles with hot-bleed ports, and actuators
for engine reactor control will be of flight design and will be adaptable
to "flight" cperating conditiomns.

Significant accomplishments to date in the KIWI and NERVA projects include;
reactor start-up and stable operation using liquid hydrogen as a coolant;
demonstratior. of a satisfactory reactor design that avoids the flow-induced
vibration previously encountered; successful operation of a single reactor
for 16.5 minutes at design conditions; restarting a reactor and achieving
design power after a prior run at design power; automatic start-up of a
reactor from sub-critical conditions, thereby demonstrating the capability
to start the nuclear rocket automatically as would be required in a flight
system; completion of studies confirming the ability to cluster engines;
and the conduct of a Transient-Nuclear-Test with favorable results. Other
progress includes improvement in fuel element quality, and advances in
nozzle and turbtopump technology.

The program calls for the initiation of the NERVA engine development
phase in FY 1967. It has been determined that an engine designed for a
power level of 4,000 to 5,000 thermal megawatts giving a thrust of about
200,000 to 250,000 pounds could efficiently perform all these missions in
which nuclear rockets offer significant advantages. Such an engine system
will be based upon the high-power Phoebus 2 reactors techmnology being de-
veloped by the AEC's Los Alamos Scientific Laboratory.

The preceding discussion of NERVA has presented the project from an over-
all, integrated point of view. The following paragraphs discuss the project
from a different viewpoint, that of its major areas of work effort and fund
allocation,

Engine Systems Development
The objective of this phase of the NERVA project is to perform the
engineering, fabrication, and testing of experimental engine systems. The

program includes cold flow tests conducted in a non-nuclear engine simulator
as well as hot flow tests conducted with operating reactors, Characteristics
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evaluated in fthe cold flow simulator tests include the initial portiomn of
engine start-up with liquid hydrogen, flow stability, flow leakage, swvstem
pressure losses, and control response times. During FY 1967, the Cold
Flow Development Test System (CFDIS) will be modified to the ground experi-
mental engine (XE) cold flow configuration. The preliminary design and
systems analysis of the 200,000 to 250,000 thrust engine will be continued
in FY 1967. In addition, effort will be spent on studying concepts for
remote removal and installation of the engine from and into the test stand
and for remot2 disassembly and reassembly of components about the engine
external shield.

Component and Subsystem Development

Development of components and subsystems include those required for the
experimental engine systems and some required for the conduct of reactor
experiments. Principal objectives are the development of the liquid
hydrogen turbopumps, thrust chamber assembly, and engine controls. During
FY 1967, final assembly and shipment of XE~-1 components will be accomplished
and fabrication and acceptance testing of the thrust chamber assembly of
the second experimental engine (XE-2) will be completed. A pressure vessel
and a thrust chamber assembly will be fabricated for the engine and the ex-
perimental reactor program., In addition, a chamber gas temperature probe
will be fabricated and submitted for testing.

Ground Test and Operations Support

Overall, this phase of the project provides remote handling equipment,
checkout and test equipment, and maintenance equipment for all test
operations, including special test equipment for components associated
with the large engine. It also provides certain instrumentation for diag-
nostic and control purposes, for reliability and quality assurance testing,
and for operational safety monitoring. During FY 1967, the design criteria
and the design and fabrication of the required transport, handling, hot
disassembly and post~operative equipments for the experimental engines will
be completed.

The operaticn and maintenance instructions and acceptance test specifica-
tion for the experimental engine cold flow support equipment will be formu-
lated. 1In addition, design and procurement of storage equipment for the
various engirne and reactor test articles will have been completed during
FY 1967. Safety evaluation reports for the experimental engines (XE-1 and
XE-2) will be issued and the program comprehensive safety evaluations and
reviews and operational safety at the testing station will be continued.

Propellants
Funds provided under this heading will be used for procurement of pro-

pellants, primariiy liquid hydrogen, required in various NERVA testing
programs.
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Nuclear Rocket Development Station Operations

1965 1966 1967

General site support.....eeevesess $739,000 $1,000,000 $3,000,000

The mission of the Nuclear Rocket Development Station (NRDS) is to pro-
vide a site for ground static testing of the reactors, engines, and eventu-
ally, vehicles associated with nuclear rocket development. Management of the
Nuclear Rocket Development Station is assigned to the Space Nuclear Pro-
pulsion Office. The major users of the Station are Aerojet-General Corpo-
ration, Westinghouse Astronuclear Laboratory, and the AEC Los Alamos
Scientific Laboratory.

Maintenance, housekeeping services, and management functions must be
provided at this site. These funds provide for NASA's share of the gemeral
site operations, the major part of which is now funded by the AEC. Technical
support is not included under this category but is funded from the appro-
priate project category such as NERVA.

NASA's share of the NRDS Operations costs will increase by an amount of
$2,000,000 in FY 1967 over FY 1966. The major reason for this increase
is the additional maintenance support required for E-MAD and ETS-1 facil-
ities which will become operational in early 1967. Another element contrib-
uting to the increase is the raised level of housekeeping support associated
with experimental engine systems testing at NRDS which will be initiated
in FY 1967. The first test will be an XE cold flow test scheduled for
November 1966 followed by the first XE-1 power test in the summer of 1967.

General site support includes routine maintenance and operation of the
facilities; for example, custodial services, maintenance of roads, grounds,
and utility syvstems, furnishing of utilities, building operating supplies,
fire protection, and cafeteria services. Included also are the services
of a support contractor to maintain and operate plumbing, electrical,
carpenter, welding, and machine shops. Funds in this category also cover
costs of maintaining and operating support facilities and equipment.

RD 17-8

793 - 342 O - 66 - 21



RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY CHEMICAL PROPULSION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the chemical propulsion program is to provide a sound
base of techaology on which to develop propulsion equipment for the National
space program missions. This base must cover research examination of funda-
mental concepts, of engineering data, design, fabrication, and experimental
testing to prove that the basic technologies can be integrated to create
practical propulsion machinery. 1In addition, the program supports current
mission developments by examining special problems of a research nature.

Chemical propulsion systems are the mainstay of the transportation needs
of the space program, notwithstanding the special advantages of nuclear and
electrical propulsion. Among their applications are boosters, upper stages
and thrust augmentors for launch vehicles, escape stages, lunar and planetary
landing modules, and in-orbit maneuver, mid-course correction, attitude
control, rendezvous, de-orbit and propellant settling systems for spacecraft,
Chemical propulsion is also being applied to personal mobility devices, and
future lunar and planetary exploration vehicles., 1In addition, chemical pro-
pellants are used for a variety of auxiliary devices such as ignitors, and
stage separation systems. These applicaEions represent a tremendous range of
thrust levels, operating times, start and restart conditions, and propellant
handling problems. Furthermore, the continued exploration of space will re-
quire increased capacity and versatility of these propulsion systems, The
program of advanced research and technology to cover this array of applica-
tions and operating conditions must strike a balance between these complex
requirements and the difficulties of finding practical and reliable solutions
and must be managed with perception and perspective with regard to the
schedule of potential needs. Such a balanced program will assure continuer
advancement of the propulsion capabilities of the nation's space program.

The work in chemical propulsion covers both liquid and solid prop:2llant
systems, and in fact combinations of the two types, called hybrids. Very
advanced engine systems which use atmospheric air during flight through the
sensible atmosphere are being examined. The content of the program includes
not only the propulsion-oriented basic scientific and disciplinary tach-
nologies but in addition brings strong focus on the problems of design methods,
fabricati on and test procedures, practical operating limitations, and so
forth, through tests of quasi-prototype hardware systems. From this work is
gained an extremely valuable insight into developmental pitfalls and funding
and facility requirements of any new system contemplated. This attempt to
bridge the gap between academic research and technology investigations and
development is an important and valuable aspect of the chemical propulsion
program.
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NASA field centers have a profound capability in chemical propulsion with
high effectivity in covering the vast array of propulsion component and
system types. This work is carried out both in-house by highly talented
specialists using unique NASA facilities and by contract with industrial and
academic organizations. Such contracts are managed closely by NASA specialists
who are well versed in propulsion technology.

The requested funding of the chemical propulsion program in OART has been
increased in FY 1967 in anticipation of meeting new requirements for extended
orbital and lunar operations, planetary observation and landing missions.
This program, which provides the roadbed for NASA space ventures, needs now
to lay the groundwork for a new generation of high performance systems that
will permit the accomplishment of more ambitious missions with reduction in
cost of orbital, lunar and planetary space operations,

SUMMARY OF RESOQURCES REQUIREMENTS :

1965 1966 1967

Supporting research and

technology........... Ceeneeas . $24,762,000 $33,500,000 $33,500,000
M-1 engine project......... 0. . 24,910,000 2,000,000 -
Large solid motor project....... 26,800,000 4,200,000 3,500,000
Small chemical propulsion

flight projects....oeveeu. Ceen 30,000 - -

Total......coovevennnn e $76,502,000 $39,700,000 $37,000,000

Distribution of Program Amount by Installation:

John F. Kennedy Space Center,

NASA. ... iiivnnnn.. Ceeenas oo --- $250,000 $250,000
Manned Spacecraft Center...... === 500,000 500,000
Marshall Space Flight Center.. 3,721,000 4,800,000 5,500,000
Goddard Space Flight Center... 550,000 550,000 550,000
Jet Propulsion Laboratory..... 3,858,000 3,707,000 3,700,000
Ames Research Center.......... ==~ 540,000 500,000
Langley Research Center....... 1,369,000 2,877,000 2,900,000
Lewis Research Center......... 49,588,352 15,205,000 12,800,000
NASA Headquarters......... eren 11,972,422 11,271,000 9,300,000
Western Operations Office..... 5,443,226 --- -
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BASIS OF FUND REGUIREMENTS:

Supporting Research and Technology

1965 1966 1967

Liquid Rocket Research and

Advanced Technology........... $11,500,000 $12,720,000 $12,700,000
Liquid Rocket Experimental

Engineering......cocovv... een 6,075,000 12,235,000 12,250,000
Solid Rockeft Research and

Advanced Technology........... 4,995,000 5,045,000 5,050,000
Solid Rocket Experimental

Engineering....oveeveencoasns . 2,192,000 3,500,000 3,500,000

Total..... cheseeaan ches et . $24,762,000 $33,500,000 533,500,000

Liquid Rocket Research and Advanced Technology

This area of broadly based research-technology is applicable to all chemical
propulsion and is therefore of major significance in the program. It encom-
passes studies of future requirements, conceptual work on engine cycles and
systems to meet these requirements, examination of combustion processes and
instabilities, investigation of disciplinary engineering areas such as pump
design and related hydrodynamic behavior, examination of new materials and
methods of fabrication, development of new instrumentation or testing tech-
niques, compilation of engineering information for design, data tables, etc.
This work, covered by nearly 200 tasks, provides the technological base needed
for design and fabrication of new chemical propulsion systems.

Component and materials investigations include valves, seals, connectors,
refractory materials, fibers, and resins. New oxidizers and fuels in gelled
and in slush form are being characterized. A screening and developmen: pro-
gram has been under way for catalysts to use in liquid hydrogen-liquid oxygen
eungines as the primary method of ignition. The initial results have led to
consideration for J-2 engines.

The alloys of pyrolytic graphite utilizing zirconium and hafnium are being
manufactured by new processes which are the result of exploratory work sup-
ported by this office. Prior manufacturing processes were not rigorous enough
nor could they be controlled to the degree needed for making the alloy form.
Further, alloys of hafnium/tantalum have been manufactured under sponsorship
of NASA by the Illinois Institute of Technology Research. These mater:ials
are the forerunners of a new class of metal alloys which will be appli-
cable in the high temperature environment. The breadth of use can be
from aircraft turbo-machines to higher temperature rocket engines to the
external structure of hypersonic aircraft. The basic metallurgical te:ch-
nology is thereby adding to the industrial capability of the nation.
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Combustion instability has been a continuous problem of the liquid rocket.
Part of the problem has been in relating the theoretical parameters tc¢ designs
of hardware, This impasse is being attacked by a concentrated and corntinuing
effort, Engine dynamics, instability and propellant pumping also are being
investigated, The realm of work is broad-based, incorporating basic work in
fluid mechanics and aerothermochemistry, materials, and design technology.

The potent:ial of thrust vector control, using the fluid amplifier, is
being assessed for large engines. The system utilizes hot gas bled from the
combustion chamber and injected into the exit nozzle to create shock patterns,
thus applying a side thrust to the vehicle,

A typical supporting research problem is that of leakage detection. The
purpose of work on this problem is to establish and document all modern
methods and new laboratory methods into a standard., This standard will
utilize correct technical language, leakage units, and operating procedures
applicable to the field. This Leakage Detection Manual will be distributed
throughout NASA, the Department of Defense, and the aerospace industry. The
basic method, although the manual is not yet complete, is presently being
used in the Surveyor program.

Liquid Rocket Experimental Engineering

The liquid rocket experimental engineering program is divided into three
major categories: launch vehicle systems, space propulsion systems, and
auxiliary propulsion systems,

Launch Vehicle Systems ~ Advanced engine concepts which offer greater per-
formance capability than typical current engines have been under investigation
at low funding levels in the broad-based chemical propulsion research tech-
nology program. Two major concepts have emerged. The first concept involves
combustion at high pressures. This allows greater expansion in a conventional
nozzle within a limited envelope., The second concept uses a so-called plug
nozzle, again providing greater expansion within a limited volume but at
lower combustion pressures, Although these concepts represent rather dif-
ferent technical approaches, either has the prospect of significant increases
in performance capability when compared to current engines.,

The diverse technologies of each concept will be explored with scale model
hardware. Testing of various components such as pumps, injectors, combustion
chambers and nozzles and the assembly of these components for a breadhoard
engine test will demonstrate the concepts under study to provide design in-
formation for advanced engine developments of the 1970's. The scale of these
breadboard demonstrations will be such that the hardware concepts may also be
employed to uprate Saturn vehicles. Modular concepts are under study which
would allow use of a building block approach for application of a common
module to sew2ral vehicle sizes with considerable reduction in development
cost.
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This activity supersedes and benefits from the M-1 engine project. As it
became evident that post-Saturn vehicles would not be required until later
than had been anticipated when the M-1 was initiated, the M-l program was
first rescheduled at a reduced funding level. The project is now being ter-
minated in favor of the technological investigations of higher performing
advanced oxygen-hydrogen engines for the large launch vehicles. Before ter=-
mination of the M-1 engine program operational tests of large scale engine
components, including the oxygen~-hydrogen turbopump assemblies and the full
scale combustion chamber, will provide scaling correlation factors that will
apply to the development of large advanced engines of the future.

Experimental engineering work to be conducted in the next few years will
begin with expansion of the effort now underway in high pressure pumping.
Design studies for this fiscal year will define other components so that work
on high pressure and toroidal or annular combustion devices, aerodynamically
augmented plug nozzles, thrust vector control, etc.,, may be initiated. By the
turn of the decade, a sound basis is expected for specifying a new generation
of high performance engine systems,

Space Propulsion Systems - Solar probes, delivery of satellite spacecraft
to earth orbit, and planetary orbiting and landing missions impose unique re-
quirements on the propulsion system designed to perform these missions, Some
of these are long-term missions requiring six months or more for a one-way
trip. Most require very high energy release. Further, the acceleration that
must be imparted to a space payload places a premium on the performance of the
spacecraft system itself. Obviously, it is desirable to invest as little
weight in propulsion systems as possible in order to maximize the real paylcad.
The propellant. performance aspects include not only high thrust per unit mass
burning rate of propellants but also spontaneous ignitability, and for landing
maneuvers, throttling capability.

The high energy deep~-cryogenic fluorine~hydrogen propellant combination is
attractive for upper stage vehicles where storage time requirements are not
extensive., Work with these propellants is continuing with RL10 engines toward
demonstrating the performance capabilities of a pump-fed engine configuration.
Significant performance improvements are being measured in the current test
program following modifications of flight weight engine components criginally
designed for oxygen-hydrogen service.

Attention is also being given the fluorine propellant feed system area
through a program recently initiated to provide engineering criteria for the
design, fakrication, inspection and servicing of fluorine feed system com-
ponents such as flow lines, control valves and regulating equipment. Such
system criteria will serve as a model for criteria applying to other fluorine
containing oxidizers. For extended-time-in-space missions such as the planetary
missions, extended Earth-orbit missions, lunar extended-stay-time missions,
and planetary missions, there is a requirement for propulsion systems of low
weight using high performing propellants that can be stored in the space
environment. for extended time with minimum evaporative loss. To enhance space
storability, it is desirable to use oxidizer and fuel propellants with a
common liquid range at temperatures where heat gains or losses are minimal.
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High propellant bulk density is desirable to reduce the surface of tanks ex-
posed to radiation and to meteoroid impact and to minimize the insulation
required. The class of propellants that most nearly satisfies the requirements
includes oxygen-difluoride (OF2) or mixtures of oxygen and fluorine (FLOX) as
oxidizers; high performance fuels with similar liquid ranges include liquified
petroleum gases (LPG) and diborane (BpHg). While these propellants exhibit
lower specific impulse than combinations such as 0OgH2 or Fy-H2, the much
higher bulk densities (liquid hydrogen has a density about 7% that of water)
and overlapping liquid ranges are advantageous.

The space storable class of propellants involves very energetic oxidizers
which burn at exhaust temperatures between 7000 and 8000°F, significantly
higher than propellants currently in use. This fact poses a serious technical
problem since cooling at such exhaust temperatures is difficult, particularly
for the relatively small propulsion systems visualized for long-term missions
in the next decade, There are a number of technical problems to be solved.
Cooling techniques and materials of construction will be developed that will
contain these high temperature combustion products. An OF2-MMH progzram has
been initiated to investigate the general cooling problem representad by this
class of propellants. Problems of using oxygen difluoride in combination with
liquified petroleum gases in a pressure-fed proplusion system application are
being identified. A program to demonstrate the capabilities of a pump-fed
engine utilizing these space storable propellants will be pursued in FY 1967.
These programs will provide vehicle designers with information needed to assess
realistically the potential capabilities of propulsion systems of this type
and to lay the engineering foundation needed to promote orderly development ia
the future,

The majcrity of spacecraft systems currently under development use earth
storable propellants, i.e, those normally liquid on earth. Less complex
equipment associated with these systems would enhance mission reliability and
result in significant weight savings, which translate directly to increased
payload. Part of the space propulsion effort is directed towards this purpos=z.
It is anticipated that many of the hardware design improvements will also be
applicable tc those systems employing more advanced propellant combinations.

Auxiliary Propulsion Systems -~ These systems embrace three categories of
liquid propellants: monopropellants, earth storables, and cryogenics. 1In the
monoprope llant aréa research with a spontaneous catalyst is being put into
practice with specifications for catalyst production, hydrazine rocket engine
design, test program of flight type hardware, and a design handbook for engine
development.. Earth storable work includes continuation of engine designs for
greatly extended life capability over the engines now in spacecraft use,

In FY 1966 a project was initiated to demonstrate techniques for using
boil~-off or direct propellant supply from tankage of advanced oxygen-hydrogen
stages to provide auxiliary propulsion requirements. 1In FY 1967 breadboard
hardware will be built and tested to demonstrate the expected higher performance
and better system capability.
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Solid Rocket Research and Advanced Technology

By virtue of reliable performance, intrinsic simplicity, compactness, ease
of handling, ruggedness and early availability, the use of current and advanced
state-of-the-art solid propellant motors for space flight propulsion can pro-
vide booster and spacecraft operations at reduced cost, Exploiting the unique
advantages of solid-propellant motors will enhance the early and econcmic
accomplishmen: of NASA space missions.

The Solid Propulsion Technology program is designed to provide the tech-
nology base for producing flexible and reliable solid and hybrid propulsion
of high performance. Such an objective, of course, must be supported by
competency maintained on a long range basis, particularly in the fundamental
areas. Program flexibility is provided to allow pursuit of promising new
concepts as they appear.

High performance solid propellants are now becoming operationally available.
Such propellants are characterized by high flame temperatures, complex com-
bustion, and in some cases, poorly defined physical and chemical properties,
Efforts are being made to better understand the fundamental problems and to
define the kinetics of decomposition, chemical erosivity, instability char-
acteristics, propellant and metal combustion processes, two-phase flow
behavior, sensitivity, processing characteristics, and others. 1In addition,
there are a number of pressing technical requirements, for example: command
stop, start, and thrust variation in solid propellant space motors which will
receive research emphasis. Examination will be made of techniques fo: non-
destructive testing to assure structural integrity of the propellant :itself
in the large rocket motors projected for the future. Further supporting
research and technology to the Large Solid Motor Project will be required.

Hybrid systems offer advantages for certain missions, Problems in the
application of hybrid propellant systems must be resolved before these systems
can receive consideration for use,

Solid Rocket Experimental Engineering

This activity covers motors in three categories: launch vehicle, space-
craft, and awxiliary.

Launch Vehicle Motors = Launch vehicle motors are characterized by high
thrust, long burning time, and large size. Diameters may be greater than 20
feet, and lergths may exceed 100 feet. Thrust levels for this class of motor
are in the multimillion-pound region; burn times are generally two minutes or
longer., This class of motor finds application primarily as first stage
boosters of launch vehicles. The great weight and cost of these vehicles call
for the most reliable propellants and materials. The major test work on 260"
diameter, high-thrust motors is supported under the Large Solid Motor Project,
but three important related programs are pursued under the experimental motor
program. T
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The first is to devise instruments and systems for warning of potential
failure in solid propulsion systems used for manned vehicles; instrumentation
for interpreting the warning signals; and methods for terminating or reducing
thrust, so that, if necessary, a safe escape could be made by astronauts.

In prior years, a burn-through detection method was invented, and quench of
combustion was demonstrated in a medium size motor. In FY 1967, the program
will reach the point of system engineering for integration into the motor
processing and checkout complex, and this system will be tested in realistic
sub-scale motors, possibly of 120" diameter,

Second, a basic requirement for showing feasibility of the high-tihrust
motors is demonstration of vector control (steering systems). Initially, the
program to do this establishes the design of prototype systems, including
components such as hydraulic actuators and power supplies, so that a quanti-
tative evaluation of competing systems can be made, This has been done for
the secondary liquid injection system and is in process for an advanced
flexible nozzle concept. Work will be done on those systems or components
which are mcst attractive on the basis of reliability and cost effectiveness,
by demonstration in motor tests in the size range of 15-25 inch diameter
nozzles.

Third, methods for recovery and re-use of large motors are under investi-
gation with the objectives of establishing designs and materials for nozzles,
insulation and motor cases, so that multiple use can be made of each, and for
establishing techniques for recovering, refurbishing and re-qualifying the
major comporents of large solid propellant motors. The justification for the
effort grows from the large unit cost of the components of large motors.
Anaylsis indicates that more than 607% of the cost of large solid systems is
represented by non-expended components, potentially re-usable., Recovery will
be facilitated by the sturdy structures of large solid motors; metal thickness
ranges from 3/4" to 2%'"; ablative materials are 2'" to 3" thick.

The work in prior fiscal years has concentrated on analysis, small motor
testing, anc¢ dynamic modeling of water impact stresses, In fiscal year 1967,
effort will involve test operation of cold-flow and hot-flow laboratory models;
water impact testing of model motors, and assessment of the effects of water
exposure on nozzle, case and insulation materials.

Sounding rockets are another class of launch vehicle motors for which
appreciable improvement can result from technology investigations, Effort in
FY 1967 will start work on motors incorporating new propellants and advanced
structures. The designs will be governed by the goals of low cost, high
reliability, and simplicity of use, rather than high specific impulse or high
mass fraction. Two different classes of motor will be investigated, one for
small meteorological sounding rockets, one for higher probe missions.

Spacecrasit Motors - Solid motors for spacecraft application are generally
of intermed:ilate thrust, weight, and dimensions. In general, they are
characterized by sophisticated designs and will make use of new high energy
propellants, These motors are used primarily in the upper stages of small
launch vehicles, or for deep~space, volume-limited missions. They are stor-
able in space over extended periods of time, and require few subsystems or
auxiliary components to be developed.

RD 18-8

799 - 342 O - 6€ - 22



The high performance system engineering program is investigating prototype
motors with new high energy propellants and novel structural concepts. System
definition studies of the most desirable concepts were completed in prior
years and the process of motor manufacture and test will begin in FY 1967.
This will also require the manufacture of relatively large amounts of new
propellants. The test program will determine the effects of ignition at
simulated altitude, the effects of space enviromment, and burning character-
istics under spinning condition, in addition to the usual tests of propellant
and structure,

Variable mctors offer potential in special missions such as spacecraft
landing, orbit injection or payload attitude control and maneuvering. They
are characterized by greater mechanical complexity than the non-variable
solid rocket motor, and as a result, they require appreciable developm2nt of
structures and control,

The major effort on controllable motors is a program on hybrid propulsion
engineering (& hybrid motor uses a liquid oxidizer and a solid fuel),

In Fiscal Year 1967, the engineering, fabrication and test program will
continue with demonstrations of injector designs and material, nozzle and
motor case design; solid propellant processing methods and quality control,
and combustion dynamics and efficiency under start and stop transients.

Auxiliary Motors =~ The auxiliary motor class is represented by retro,
ullage and emergency escape motors, whose primary requirement is a high
degree of reliability and safety. This class of motors is well established
in NASA programs, fulfilling a requirement that cannot be efficiently met by
liquid propellant rockets.

System studies of advanced concepts have been made to define the materials,
designs and operational characteristics which have potential for major gains
in reliability, performance, and cost effectiveness. Motor test programs
started in FY 1966 will continue in FY 1967. The primary costs will be for
manufacture and test of motors which may contain a few hundred pounds of pro-
pellant (retro and ullage motors), to a few thousand pounds of propellant
(escape motors), Novel concepts of reinforcement to obtain high strength in
thin-wall grains may be introduced., Reliability will be established through
test firing under all environmental extremes. Finally, the program will
attempt to establish a relatively few designs which can be used for many
vehicles and missions.

Large Solid Motor Project

1965 1966 1967

Large solid motor project...... $26,800,000 $4,200,000 $3,500,000

The objective of the large solid motor project is to establish the prac-
ticality of wery large solid propellant rocket motors by demonstrating
technology and manufacturing methods and by providing estimates of their cost
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This project was initiated in June, 1963, when, with NASA coordination, the
Air Force let contracts to fabricate and test 260" diameter solid motors.

Acting on a DOD request, the NASA agreed to fund the program in FY 1965,
and in March of 1965 assumed complete responsibility for the program.

In February, 1965, the first major test under the program was successfully
carried out. A 156" diameter subscale motor delivered over three million
pounds of thrust and burned for about one minute. The next test was thae
static firing of the first 260" diameter motor in September, 1965. Th2 test
was successful in all respects. The average thrust was over 3,000,000 pounds
and a peak of more than 3,500,000 pounds was attained.

In FY 1965 NASA allocated $13.0 million to continue the contracts origin-
ally funded by DOD. The President's FY 1966 Budget did not provice funds to
complete the contyacted effort., After careful analysis of the possible al-
ternatives, it was decided that maximum benefit to the government would re-
sult from completion of the technical effort, and in March of 1965, the NASA
reprogrammed $13.8 million of FY 1965 funds for this purpose. Congressional
action on the FY 1966 budget included the addition of a $6.2 million author-
ization for the continuation of large motor work beyond the program then
current.

The next objective of the program will be to investigate and test addi-
tional motor fezatures which will be necessary for vehicle stage applications.
Of particular importance are the establishment of an efficient and reliable
thrust vector control system and development of failure warning and coribustion
termination systems., Subscale tests with 156" diameter motors will be made
prior to integration of such advanced components into 260" motor firings.

The ultimate objective of this program will be the fabrication and test
firing of 260" motors generating a thrust level of about 7,000,000 pounds for
two minutes, complete with all the basic design features necessary for vehicle
application. This would allow subsequent initiation of a motor development
program for any appropriate NASA vehicle program with high confidence in its
design, fabrication procedures, performance capability, and cost.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY AERONAUTICS PROGRAY,
PROGRAM OBJECTIVES AND JUSTIFICATION

The primary role of the Aeronautics program is to improve the efficiency,
utility, and safety of aircraft, General objectives are:

1. To provide leadership in the generation of advanced aircraft
concepts,

2. To secek technological advances needed to develop superior
aircraft,

3. To supply industry with advanced data for the design of
new aircraft,

The scope of the NASA aeronautical research program includes work in aero-
dynamics, structures, materials, air breathing propulsion, operatiomnal
aspects, including safety and noise, and pilot and aircraft integration.
Studies in :hese areas point to the most profitable paths for technological
advances in the future, For example, the XV-5A fan-in-wing aircraft, the
tilt-wing XC=-142A V/STOL transport, ang the variable-sweep concept for the
F-111 all appeared several years ago as NASA research concepts having great
promise, 1In rthe years between the first indication of the value of the
concept and the first flights of the vehicles, NASA aided in the detailed
formulation of the concepts and in substantiating the over=-all capabilities
of practical wehicles based on these concepts.

In addition, NASA has conducted extensive wind tunnel tests, simulator
programs, and flight investigations using appropriate testbed aircraft to
substantiate predicted performance and operational characteristics of these
vehicles and to aid in the solution of problems of a developmental nature.

In this regard, advanced technical development in support of military and
civil aircraft procurement continues to be conducted. This work is performed
in cooperation with government-sponsored contractors at the request of the
cognizant government agencies.

Research in Aeronautics in FY 1967 will include studies directed toward
improvement of subsonic aircraft; studies of new materials and structural
design concepts required to fabricate reliable lightweight structures suitable
for a long life under high temperature conditions for supersonic and hyper-
sonic aircraft; studies of air-breathing propulsion cycles and engine
components to increase efficiency and permit the design of efficien:t light-
weight engines for V/STOL aircraft, supersonic transport, and hypersonic
aircraft; and studies directed toward improving flight safety and increasing
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operational flexibility of present and proposed aircraft, especially under
adverse or "all weather" flight conditions.

Experimental research and development aircraft and engineering testpilot
proficiency aircraft considered necessary to carry out and support the

aeronautics effort are included under this program,

SUMMARY OF RESOURCES REQUIREMENTS :

Supporting research and
technology ..... et
X=15 research aircraft ........
Supersonic tranmnsport .....
V/STOL aircraft ........ ceraonn
Hypersonic ramjet experiment.,..
XB-70 flight research program..

Total ...... Ce st aeeeee s oo

Distribution of Program Amount by Installation:

Ames Research Center ....... .
Electronics Research Center..
Flight Research Center....... .
Langley Research Center......
Lewis Research Center...... .o
NASA Headquarters

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology

Aircraft aerodynamics..........
Aircraft loads and structures.,
Air breathing propulsion.......
Aircraft operating problems....

1965 1966 1967
$ 8,163,000 $10,261,000 $ 9,000,000
1,425,000 883,000 900, 000
19,953,000 14,056,000  14,10G,000
2,987,000 2,000,000 5,000,000
2,712,000 5,000,000 2,000,000
- 9,296,000 2,000,000
$35,240,000  $41,496,000  $33,000,000
1965 1966 1967
$ 6,167,000 $ 4,197,000 $ 5,400,000
--- 190,000 150,000
3,022,000 11,681,000 4,975,000
9,052,000 11,935,000 8,625,000
13,859,000 12,377,000 12,625,000
3,140,000 1,116,000 1,225,000
1965 1966 1967
$ 1,307,000 $ 2,277,000 $ 1,600,000
2,021,000 2,000,000 1,500,000
2,027,000 2,250,000 3,000,000
2,808 000 3,734,000 2,900,000
$ 8,163,000 $10,261,000 $ 9,000,000
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Aircraft Aerodynamics

Research orn the aerodynamics of aircraft is a continuing program toward
improvement of flight in the atmosphere. Generally, the problems are those
of maximizing aerodynamic efficiency, achieving satisfactory levels of
aerodynamic stability, and insuring adequate aerodynamic control over wider
ranges of operating conditioms.

For subsonic aircraft, further improvements in cruise performance, i.e.,
improvement in transonic drag rise characteristics, and reduction of boundary
layer losses, of second-generation jet transports and new V/STOL types will
be sought. Investigation of the stability and control for these types of
aircraft will be continued.

For supersonic aircraft, aerodynamic research on transport configurations
will be continued to improve the technology to extend the operating range of
efficient supersonic vehicles and to improve sonic boom characteristics.
Basic studies of configuration improvements and boundary layer phenomena at
supersonic speeds will be conducted. A basic ihvestigation of the stability
and control of maneuverable missiles will be continued.

The difficulty of the aerodynamic problems of flight increases greatly at
hypersonic speeds and altitudes, and increased research effort will be
directed to the aerodynamics of aircraft shapes at Mach numbers above 4 or 5.
This research is necessary to provide basic information for conceptual
studies and performance predictions of future hypersonic cruise vehicles and
recoverable reusable boosters. It will consist of investigation of flow
fields, boundary layer development, skin friction, and heat transfer for winged
configurations that include such practical features as air inlets and
stabilizing surfaces. The dynamic stability and control requirements of
hypersonic¢ aircraft concepts will also be investigated.

The take-off and landing characteristics of advanced supersonic and
promising hypersonic aircraft configurations will be assessed in large-scale
wind tunnels., The trim, speed stability, and lateral-directional character-
istics of various classes of aircraft with powered-lift systems for STOL
operation will be further explored and design criteria for control systems in
this mode of operation will be better established.

The funds requested are for contract studies, materials, models, and
special instrumentation utilized in the in-house research. They include
provision for wind tunnel support of projected NASA flight researxch programs,
Department: of Defense development of advanced aircraft and missiles systems,
and ajircraft related projects of other agencies of the govermment such as
the Federal Aviation Agency

RD 19-3



Ajrcraft Loads and Structures

A high degree of reliability and integrity is demanded of the airplane
structure by the operators and users which include the military services and
traveling public, Limitations of weight preclude the attaimment of this
reliability except to a limited degree by duplication of structural elements
or by designing to low working stresses. The over=all objective of structures
research is to achieve these dual and conflicting requirements of high
efficiency with great integrity.

An accurate knowledge of the loads imposed on the structures is of course
required for the attainment of these requirements. The important load
sources are atmospheric turbulence, airplane maneuvers, landing and take=off
and cabin pressurization. A research effort is being maintained to upcate
and improve the definition of the structural loads in keeping with intro-
duction of more advanced aircraft and changes in types of operation. The
heating cycles associated with supersonic flight introduce further complex-
ities in that this heating produces stresses in the structure which adc to
or subtract from the stresses due to loads and, therefore, must be acccunted
for in design. Current and planned research includes analytical studies
aimed at development of procedures for inclusion of thermal stresses ir
structural design and experimental evaluation of thermal effects using the
X-15 research airplane and the XB-70.

An improvement in structural efficiency can be obtained, particularly for
high strength materials, by the use of sandwich type structures in which the
conventional sheet and stringer is replaced by two thin sheets on each side
of a low density core, The attachment of the face sheets to the core ty
welding or gluing has presented serious manufacturing and cost problems. As
a result of the development of improved plastics in recent years a particu-
larly promising structural concept is the use of glass fiber fabric or metal
sandwich in which these newer plastics are used as the bonding agent.
Research is being undertaken to evaluate these new materials in structvral
concepts under realistic environments.

Exploratory research will continue on promising structural concepts which
may have merit for use in a hydrogen fueled hypersonic airplane. Formidable
structural problems are involved in such an aircraft as a consequence cf
aerodynamic heating. The current experimental and analytical research
represents an initial effort of a relatively long range program which will
ultimately serve as the basis for an efficient and reliable long range
hypersonic airplane, ’

Air Breathing Propulsion

Research in this program is directed toward increasing the performance of
current and future aircraft through improvement in airbreathing engine
components such as inlets, compressors, combustors, turbines, nozzles and
materials to provide higher ratios of thrust-to-engine-weight, higher ratios
of thrust-to-engine=-volume, and lower specific fuel consumption. The research
effort in this area also includes research on engine controls, lubricarts and
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fuels and the interaction effects of the propulsion system components on one
another and of the propulsion system on the aircraft,

Research on subsonic vehicle concepts including V/STOL aircraft is being
continued, Studies of the interaction of internal and external flows on the
thrust and drag of various inlet and afterbody nozzle combinations will
continue. One phase of this program is related to the increased net thrust
obtainable with properly designed and positioned afterbody fairings. Basic
studies emphasizing research leading to engines having high ratios of thrust-
to-weight and thrust-to-volume for V/STOL application is planned. The V/STOL
propulsion work is funded under the V/STOL project although the results are
generally applicable to other subsonic vehicles.

The supersonic propulsion system effort is directed toward the better
understanding of the operation of supersonic inlets, inlet distortion, and
compressor stall, and includes basic research studies of boundary=shock
interaction in regions of adverse pressure gradients as well as in the
transonic throat region. Much of the propulsion research results in the
supersonic speed regime are directed to the supersonic transport since this
vehicle requires a technically advanced propulsion system in terms of
efficiency in performance and weight as well as high reliability and long
life. The work directed to the problems of the supersonic transport, although
just as applicable to military vehicles, is described and funded under the
Supersonic Transport project. A substantial effort can also be anticipated
to aid the military services in the wind tunnel support of specific advanced
aircraft and missile propulsion systems.

The effort devoted to hypersonic propulsion systems contains inlet:
research to determine the fundamental effects of such parameters as wall
cooling, leading edge blunting, and fuel injection on the system periormance.
Since the supersonic combustion ramjet engine offers considerable promise at
speeds above Mach 7, basic studies will be conducted to improve the under-
standing of supersonic mixing and diffusion, ignition delay and combustion,
and dissociation and recombination., The work described under the Hypersonic
Ramjet Experiment project will provide research information from a complete
ramjet system as part of this over-all program, Adequate facilities are not
now available for propulsion research, therefore, development will be
undertaken of a new facility which will permit much needed propulsion research
to be conducted,

Aircraft Operating Problems

Research in this area is directed toward improving flight safety and
increasing the operational flexibility of current and proposed aircraft,
Research in the fields of sonic boom and aircraft noise are also included
in this progcam.

Piloted simulators and analytical techniques will be used to continue
studies of the effects of atmospheric turbulence and the influence of aircraft
structural flexibility on the pilot's ability to control the over-all system
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within aircraft operational constraints. Piloted simulators will also be
used to determine the instrument displays and piloting techniques required

to cope with large amplitude airplane oscillations and a variable stab:lity
airplane will be flown in rough air to evaluate stability and control charac-
teristics and piloting techniques for rough air flight, The feasibility of
several techniques to detect clear air turbulence (for example, lasers,
passive optical and microwave devices) will be investigated.

The jet engine noise problem is being given a high priority with a
continuing effort underway to obtain fundamental information on the gemnera-
tion and propazation of noise from exhaust jets and the compressor and fan
components of jet engines, leading to the design of acceptably quiet
propulsion systems. Flight tests using steep approach techniques will be
continued to determine the maximum operational glide slope for a variety of
transport airplanes in connection with landing approach noise abatement.
procedures and the related problem of aircraft safety during such steer
descents.

The greatest unknown factors with regard to the propagation of sonic¢ boom
pressure waves are those associated with the effects of various atmospleric
variables such as temperature, turbulence, wind shears and humidity. These
factors will be studied in an accelerated program which will also include
the response of building structures, humans, and window glass to sonic boom
pressure waves of various shapes and magnitude. The XB=70 will be utilized
to determine the effects of aircraft size and weight on sonic boom generation,

Turbojet ajinrcraft are still encountering serious difficulties in steering
during taxiing and in stopping on wet runways. Studies are underway at the
Langley Landing l.oads Track to investigate the effects of various runway
surface additives and tire trends on braking friction, and in FY 1967
these studies will be continued under full-scale operational conditions,
Full-scale tesis will also be made to determine the benefits, and information
for the practical design, of an air jet ahead of the tire to clear away
water and slush as a follow-up to the present exploratory studies.

A general purpose airborne simulator (a modified Jet=Star aircraft) will
be used in flight: tests to investigate the stability, control and perfcrmance
characteristics of a variety of advanced design airplanes, such as the
supersonic transport, and aerospace vehicles.

Preliminary work will be performed leading to a flight research program
utilizing the F=111 airplane. The flight program will provide information
on aerodynamic load and structural temperature distributions, aeroelastic
effects, and handling qualities of a full-scale variable-sweep aircraft
configuration.
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X-15 Research Aircraft

1965 1966 1967
Aerodynamics .....eivevencnnens $18,000 $267,000 $160,000
Loads and structures .......... 15,000 10,000 215,000
Propulsion ........cee00c0000cee - —— -
Operating problems ............ 1,392,000 606,000 525,000

Total ....v.vvisvennreonsonns 81,425,000 §883!OOO £900,000

The X~15 research program, conducted in cooperation with the Department of
Defense, is providing data on manned, maneuverable hypersonic flight. During
the course of the flight test program, through calendar year 1965, more than
150 flights have been made, including more than 115 flights at speeds greater
than a Mach number of 4. Of these flights, more than 75 have been mace at
Mach numbers above 5.

The X-15 remains the only research capability in the world for stucying
hypersonic flight in its true environment, Experimental results to date have
given basic insight into problems of aerodynamics, structures, propulsion and
operations during hypersonic flight. Of major importance, the X=15 results
have given, and will continue to give,confidence and guidance to research in
ground based hypersonic research facilities enabling exploration in depth of
many hypersonic flight problems,

In addition to a continuing program in basic hypersonic flight research,
the operational success of the X-15 program has opened its use to space
sciences as a carrier vehicle for certain experiments requiring its unique
performance capabilities. For example, research on horizon seekers for
satellites; high=speed high-altitude photography and stellar ultraviolet
radiation has been performed using the X~15 as a carrier vehicle,

In six and one-half years of flight test, from June 1959 to December 1965,
the X~15 program not only has contributed to the increased confidence of
designers of current high-performance aircraft, but has focused attention on
the areas which required additional research. The future program will be
directed toward these areas, to provide information for the next logical step
in our flight research program which is manned, maneuverable hypersonic
cruise flight,

Supersonic Transport

1965 1966 1967
Aerodynamics ........ 0000000 cen $640,000 $880,000 $1,300,000
Loads and structures ....... voe 214,000 110,000 700,000
Propulsion ......e.cc0vvvenceon 14,270,000 11,501,000 11,100,000
Operating prcblems ............ 4,829,000 1,565,000 1,000,000

Total ............ Ceeaaen e $19,953,000 $14,056,000 $14,100,000

RD 19-7



NASA's research effort and support for the national supersonic transport
(SST) program will continue in FY 1967 at about the same level as in FY 1966,
but with a substantial shift in emphasis, The Federal Aviation Agency and
its contractors will by then be carrying the major activity in prototype
configuration development, structural design, and development of the first=~
generation engines. NASA will maintain a major effort on advanced propulsion
systems and materials for advanced engines, expand its operational research,
carry major responsibility in noise and sonic boom research and niake available
its unique facilities and technical resources as needed during prototype
development.

A large part of the requested funds will be used in the field of propul-
sion for continuing contract research on engine components and materials
started in FY 1965 and 1966, 1In FY 1967, however, the contracted res:zarch
program will be reduced and at the same time, the in-house effort. will be
increased to provide research information required for second-gemneration SST
engine develoosment,

Compressor and fan component research will be directed toward reduced
weight and increased performance through utilization of such concepts as
supersonic inflow compressors and variable geometry features., Turbina
studies will 5Se toward more effective cooling and stress alleviation techniques;
promising configurations of rotating elements will be fabricated and cvaluated
experimentally. Combustor research will include consideration of advanced
annular and swirl-type combustor cans, as well as integration of combustor and
turbine stator o permit increased turbine inlet temperatures. Lubrication
systems, lubricants, bearings, and seals research will also investigate
various means of increasing operating temperatures, with emphasis on :increasing
the fatigue life of the bearings themselves,

Inlet research will be continued to provide design informatior. app.icable
to both two-dimensional and three-dimensional types. Inlet=~engine flow
dynamics and inlet control systems will receive particular attention. Because
of the large effect of exit nozzle performance on over-all flight
efficiency, the effort in this area will be increased to determine performance
limits and to find more effective methods for nozzle cooling.

The engine materials research will be aimed generally at metals with
higher heat capability and longer fatigue life. Chromium, nickel and cobalt
alloys will be investigated along with coatings to elimimate oxidation at
higher operating temperatures. Methods for exploiting metal phase chinge and
superalloy purification will be explored to achieve the long life desired in
a commercial supersonic transport engine.

In the field of airframe structures, structural dynamics problems siuch as
vibration and flutter will receive increased emphasis. Studies will te
continued on establishing the characteristics of appropriate titanium alloys
and other materials under realistic loads and temperature environments for
the SST.
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In the supersonic transport operating problems field simulation and flight
studies will be made of the low-speed approach and landing problems of
proposed configurations to define the ranges of airplane characteristics
acceptable to rhe pilot and to devise means of achieving these characteristics.
Following further definition of the handling qualities requirements forx
normal operating conditions for low-speed approach, additional restrairts of
adverse weather operation will be considered by analysis and ground sinmulation.

In the field of airframe aerodynamics, the optimization of performance,
stability, and control characteristics over the entire operating speed range
of the SST will be pursued. This continuing effort will be closely associated
with the wind tunnel and related investigations carried out in the development
of the SST prototypes, and with parallel investigations of sonic boom
generation and propagation.

V/STOL Aircraft

1965 1966 1967
Aerodynamics ......ceccv0ecann . $1,533,000 $740,000 $1,600,000
Loads and structures .,......... 99,000 8,000 200,000
Propulsion ...., e rterreaenens .o 449,000 314,000 1,000,000
Operating problems ...... cer s 906,000 938,000 2,200,000

Total ... ciiiinenrassensnns §2.987IOOO §21000!000 :§25000!000

A major part of the increase in funding in FY 1967 will result from
studies of a new VIOL research airplane capable of providing more accurate
information on the influence of all-weather landing operation capability on
the design of high-performance tactical V/STOL types. A feasibility study
will be initiated to determine the characteristics required of such a research
airplane and to identify existing conventional high-performance aiccraft which
could be modified to provide the vehicle needed. Wind tunnel studies will be
undertaken to determine the effectiveness of the modifications proposed.
Actual modification of the existing vehicle, which the Air Force has agreed
to provide from its inventory, may begin. Related flight studies of the
requirements for pilot displays to effect safely such VIOL all-weather landing
operation, begun in FY 1966, will continue using the NASA Bell 2043 heli-
copter; a flight investigation of an advanced landing approach aid for STOL
aircraft, recently initiated using a conventional transport airplane, will
be extended in FY 1967 to more realistic approach conditions following
procurement of a suitable STOL aircraft,

A substantial increase in effort is expected on short~haul (primarily
commercial) transport research, based in large part on anticipated recommenda-
tions made as a result of current NASA-sponsored feasibility studies by three
U,S, aircraft manufacturers. This research will include wind tunnel
investigations, simulation, and flight studies.
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Other wind tunnel research studies will continue aimed at providing basic
information on such effects as aerodynamic interference and hot gas ingestion
for representative military fighter and transport V/STOL configurations,

Basic propulsion studies will be increased substantially, emphasizing reseaxch
leading to engines having high ratios of thrust-to-weight and thrust-tc-
volume,

Flight and simulator research will also continue to provide more detailed
information on the design requirements for satisfactory handling qualities of
V/STOL aircraft, including helicopters. In addition to the NC-130C boundary
layer control STOL aircraft and the X-14A and YHC-1A variable-stability VTOL
research aircraft, the new X-22A tilt-duct and XV-5A fan-in-wing VTOL
airplanes will be utilized to provide information on more realistic corfigu-
rations and to provide correlation with wind tunmnel and simulator predictions,

Based in part on requirements of the military services, it is planned that
the wind tunnel and flight effort on compound helicopters started in 1$66
will be increased; such programs will usually be conducted jointly witl the
services. Specific evaluation of structural dynamics and handling quality
advantages or problems associated with the promising hingeless rotor ccncept
will continue using the NASA XH-51N research helicopter.

Hypersonic Ramjet Experiment

1965 1966 1667

PropulSion .......eeeevverennn $2,712,000 $5,000,000 $2,00,000

A feasibility study and design competition is nearing completion between
the Garrett Corporation, the General Electric Corporation, and the Marcuardt
Corporation, to determine an optimum configuration for a liquid hydrogen
fueled ramjet engine capable of being operated between Mach 3 and 8. 1In this
speed regime, using a convertible combustion arrangement, both subsonic and
supersonic combustion systems can be studied.

Upon complef:ion of the current phase I studies, an evaluation will te made
to select one or more of the study phase contractors to continue with
detailed design, experimental wind tunnel verification, fabrication, ard
proof test of the selected concepts, This second phase of the program is
expected to require 29 months for completion.

Since the research ramjet must be designed for the most severe anticipated
operating conditions, structures must be capable of withstanding stagnation
pressures approaching 5,000 psi and active cooling concepts must be devised
to maintain structural integrity at stagnation temperatures of 4,7000R.
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XB-70/SST Flight Research Proiject

1965 1966 1967
Aerodynamics ........ it aaans -—- $5,146,000 -
Loads and structures .......... - 600,000 ——
Propulsion ........cveevuunn . --- 850,000 —-
Operating problems ,......... .o === 2,700,000 $2.000,000
Total ...... et saeseas RPN - $9,296,000 _$2,000,000

NASA, by virtue of its statutory responsibility for aeronautical research
and technology within the United States Government, has the responsibility
to provide the research information and advanced technology needed for design,
development contruction, and flight test of the prototype supersonic transport.

The use of the USAF XB-70 aircraft as a research tool will be supported
jointly by the USAF and NASA. It will provide NASA with the ability to
validate its basic aerodynamic theories and experimental results obtained in
ground facilities to account for, as examples, effects of vehicle si:ze
(Reynolds Number) on skin friction and heat transfer, effects of elastic
structure deformation on aerodynamics and the effect of heat soak on this
deformation, effects of vehicle inertia combined with low damping (h:gh
altitude) on vehicle control requirements, effects of vehicle size on sonic
boom generation and propagation, inlet control system requirements and many
others. All of these problems have _and will continue to be the subject of
ma jor research efforts in analysis and ground based facilities; the ¥B-70
program will provide vital guidance and assessment of the soundness of these
programs, assuring that major programs such as the supersonic transport will
proceed on a sound basis.

The NASA portion of the XB-70 program is being conducted in two distinct
phases. The first phase, which began in FY 1963, consisted of installation
of instrumentation in the two XB-70A aircraft during manufacture and the
acquisition of certain data of interest to NASA during the USAF flight test
program. The second phase, beginning in FY 1966, consisted of contiruation
and expansion of the initial program and the initiation of research which
could not be accommodated during the initial USAF flight program. Ir. the
first phase of this program, NASA funded only the costs associated with
the instrumentation and data acquisition required for those measurements of
interest to MASA. The major cost, that of operating the aircraft, was
funded by the United States Air Force. In the second phase, which will be
greatly accelerated in FY 1967, NASA will fund the costs associated with
NASA's research program utilizing the XB-70 aircraft.

This program is obtaining results which are important to the Federal
Aviation Agency in its role as manager of the United States Supersonic
Transport program., The FAA is kept informed on the progress of the program
on a continuing basis,
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF TRACKING AND DATA ACQUISITION TRACKING ANl DATA
ACQUISITION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The purpose of this program is to provide tracking and data acquisition
support to meet the requirements of flight projects. Responsive and efficient
support is provided for all NASA projects, and as mutually agreed, for projects
of the Department of Defense, other government agencies, universities, private
corporations, international organizations, and other countries engaged in
mutual research endeavors.

Suppert is provided for manned and unmanned flights; for spacecreft, laurch
vehicles, sounding rockets, and research aircraft; for Earth orbital and sub-
orbital missicns, lunar and planetary missions, and space probes.

Types of support provided include tracking to determine the position and
trajectory cf vehicles in space, acquisition of data from scientific experi-
ments and or. the engineering performance of spacecraft and launch vehicle
systems, transmission of commands from ground stations to spacecraft,
communication of information between various ground facilities and mission
control centers, and processing of the data acquired from the space vehicles.
Without this vital support, the space research program would noi: be possible.

Tracking and data acquisition support is provided by a world-wide network
of ground stations (including Department of Defense stations and instrumented
ships), and by general purpose facilities in launch areas. These stations are
linked together by a network of ground communications which provides the real-
time information necessary for critical decisions. Facilities also are
provided to process into meaningful form the large amounts of data which are
collected from flight projects.

Tracking and data acquisition facilities are used for support of current
missions. At the same time, they must be augmented to meet the requirements
of missions in the immediate future. Concurrently, planning must proceed for
projects which are even further in the future, and equipment and techniques
must be developed to assure a sound technological approach for the support
of the more complex mission requirements of the next generation.

The Research and Development appropriation provides funds for (a) the
operation and maintenance of the world-wide facilities, (b) the procurement
of equipment and modifications to adapt the facilities for new and changing
flight project requirements, and (c) the development of advanced tracking
and data acquisition equipment and techniques. The subsequent sections
describe plans and related funding requirements to continue the Tracking and
Data Acquisition program in each of these areas during FY 1967.
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SUMMARY OF RESOURCES REQUIREMENTS :

1965 1966 1967
OperationS.....eovvnseencecens .o $95,254,000 $129,600,000 $199,000,000
Equipment.........vuus cireenae . 144,482,000 87,665,000 66,500,000
Supporting research and
technology.ieeeeesennerennns .. 13,500,000 13,800,000 13,800,000
Total....... Cerresaer e ne $253,236,000 $231,065,000 $279,300,000
Distribution of Program Amount by Installation:
1965 1966 1967
Marshall Space Flight Center.. $2,000,000 $1,500,000 $1,500,000
Goddard Space Flight Center... 179,252,000 155,950,000 199,600,000
Jet Propulsion Laboratory..... 55,769,000 53,500,000 55,600,000
Wallops Station.......eoceevee 5,100,000 5,835,000 6,400,000
Flight Research Center........ 1,900,000 1,880,000 2,100,000
Langley Research Center....... 2,200,000 2,000,000 2,100,000
NASA Headquarters............. 7,015,000 10,400,000 12,000,000
BASIS OF FUND_ REQUIREMENTS :
Operations
1965 1966 1967
Manned space flight network..... $23,118,000 $37,000,000 $60,000,000
Satellite network.....vecveevaees 25,063,000 29,000,000 33,700,000
Deep space Nnetwork....cooouv.e .o 19,040,000 26,500,000 32,800,000
Other instrumentation......... .. 5,930,000 6,600,000 7,000,000
Communications...eeeeeereerceaes 17,478,000 24,000,000 57,000,000
Data processing.....eeeeeus.. oo 4,625,000 6,500,000 8,500,000
Total.veviessesoenensrsnncnan . $95,254,000 $129,600,000 $199,000,000

Manned Space Flight Network Operations

The Manned Space Flight Network, originally configured to support the
Mercury program, is now actively supporting the Gemini missions. The network
for Gemini support consists of seven primary land stations located at Cape
Kennedy, Florida; Bermuda; Grand Canary Island; Carnarvon, Australia; Hawaii;
Guaymas, Mexico; and Corpus Christi, Texas; two ships, the Rose Knot Victory
and the Coastal Sentry Quebec; and six secondary land stations located at
Kano, Nigeria; Tananarive, Madagascar; Canton Island; Point Arguello,
California; White Sands, New Mexico; and Eglin Air Force Base, Florida.
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Concurrently with providing full operational support for the Gem:ini
program, the Manned Space Flight Network is being augmented for the Apollo
program. Not only are significant equipment additions being made to existing
stations, but land stations, ships, and instrumented aircraft are being added
to the network,

The Mannzd Space Flight Network, as presently planned for Apollo, will
consist of ten stations with 30-foot antennas, three stations with §5-foot
antennas, one transportable station with a 30-foot antenna, five ships, eight
instrumented aircraft, and three Deep Space Network stations with 8f-foot
antennas for backup during lunar missions. Staffing of stations and training
of operating personnel are well under way to assure that the network will be
ready to support Apollo missions beginning in early 1966.

A significant increase in operations costs will occur in FY 1967 as the
network will be required to support both the Gemini program and increased
activity in the Apollo program. Approximately one-half of the increase will
be for the coperation and maintenance of the Apollo instrumentation ships and
aircraft which are under the responsibility of the National Range Division of
the Department of Defense. Also in FY 1967, most of the new stations being
constructed for support of the Apollo program will become operational. At
existing stations, manning levels will increase due to Gemini/Apollo flight
activity and the more advanced equipment required for the Apollo progzram.
Additional funds will also be required for computer programming, network
engineering, and logistic support associated with the new equipments and the
increasing level of flight activity.

Satellite Network Operations

The Satellite Network includes the electronic stations of the Space
Tracking and Data Acquisition Network (STADAN) managed by the Goddard Space
Flight Center, and the optical camera tracking stations operated by the
Smithsonian Astrophysical Observatory (SAO). The STADAN stations provide a
tracking and data acquisition ground system which tracks, determines the
status of each satellite, commands the satellite functions, and acquires
stored or real-time data from the satellite. The optical camera tracking
stations provide specialized services in precision orbital determination on
certain satellites of scientific interest as well as backup support to STADAN
during launch ‘and early orbit tracking of all satellites.

The STADAN stations operate on a 24-hour day, seven-days per week basis.
The workload of the network will continue to increase in FY 1967. Not only
will more satellites be supported, but they will be more complex and carry
more experiments which will result in an even greater increase in the control
functions and data output to be handled by the stations. Impacting the work-
load in FY 1967 will be initial flights of the Applications Technology
Satellite ancl the Biosatellite projects, and additional flights of the Orbit-
ing Geophysical Observatory, the Orbiting Astronomical Observatory, and the

Orbiting Solar Observatory.
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Increased operational costs in FY 1967 are due to the higher staffing
levels and logistic support required to meet the greater workload anc to
operate facilities which are being installed at Goldstone, California;
Rosman, North Carolina; and Toowoomba, Australia for support of the
Applications Technology Satellite project.

Deep Space Network Operations

The Deep Space Network's primary function is to provide tracking and data
acquisition support for unmanned lunar and planetary space flight. The net-
work provides tracking data which are used to determine and make mid-course
corrections to spacecraft trajectories, acquires engineering telemetry data
concerning performance of the spacecraft as required, transmits commaads to
the spacecraft to execute the above functions, and records the scientific
data which are acquired from the spacecraft. Three stations in the n2twork,
one each in Australia, Spain, and California, will provide a backup capability
for the Apollo manned lunar missions.

The control center for the Deep Space Network is the Space Flight Operations
Facility (SFOF) located at the Jet Propulsion Laboratory in Pasadena, California.
The SFOF receives information transmitted via ground communications f:rom
stations of the Deep Space Network, processes the data, and displays the
resulting information so that mission directors and associated projeci: personne..
can analyze real-time mission performance, make critical decisiors concerning
functions which must be executed by the spacecraft, and transmit instiuctions
to the stations for commands that must be sent to the spacecraft.

The flight missions of the Lunar Orbiter, Surveyor, and Pioneer projects
will continue through FY 1967. In addition, a Venus fly-by mission is
scheduled for launch in late FY 1967. To meet the flight schedule, the Deep
Space Network and the SFOF must support two or more missions simultanecously.

At the beginning of FY 1967, the Deep Space Network will comsist of two
operational 85-foot antenna facilities, S-band equipped, at each of the three
longitudinal locations required to maintain continuous surveillance of a
lunar or planstary mission. Staffing at all stations will increase tc¢ meet
flight mission requirements. Stations with heavy workloads will require
additional work shifts. The prototype 210-foot antenna facility at Gcldstone
will become operational during the first part of FY 1967, and will recuire
single-shift staffing. The SFOF also will require additional staffing and
computer capacity to handle the projected workload in FY 1967.

Other Instrumentation Operations

Instrumentation systems are operated in support of sounding rocket programs
conducted at Fort Churchill, Canada, and Wallops Station, Virginia, and for the
flight research programs at the Flight Research Center, California. General
purpose tracking, telemetry, data acquisition, recording, timing, plotting, and
communications systems are provided as well as special purpose optical and
sound ranging (acoustical) equipment for specific missions.
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The instrumentation required for support of missions launched from Wallops
Station is operated by NASA contractors and by other government agencies
such as the Weather Bureau, the National Bureau of Standards, the U,S, Navy,
the U,S., Air Force, and the Military Sea Transportation Service. Funds
required in FY 1967 reflect approximate costs which are being experienced in
the current year with a slight increase for additional engineering effort
needed in the areas of data analysis and computation, instrumentation
development, trajectory determination and impact prediction, and quality
assurance.

Effective January 1, 1966, management responsibility for the Fort Chaurchill
facility was transferred from the U.S. Air Force to the National Research
Council of Carnada. Instrumentation at Fort Churchill is contractor operated
and is funded jointly by the National Research Council and NASA as a cooperative
effort. Costs to NASA will continue in FY 1967 at about the same level as
the current year.

The Flight Research Center's Aerodynamic Test Range includes three sites
located in the Nevada and Eastern California area. The site at Edwards Air
Force Base is staffed by NASA personnel augmented by some contractor p=rsonnel.
The Ely and Beatty sites in Nevada are contractor operated. Among the programs
to be supported in FY 1967 will be the Lunar Lander Research Vehicle, the
Lifting Reentry Research Vehicle, the space sciences experiment program using
the X-15, the XB-70 flight program, and various small aircraft research
projects including the studies on laminar flow.

Communications Operations

NASA's tracking stations and control centers are linked together by a
single operational communications system operated by the Goddard Space Flight
Center. Communications switching centers have been established at. major
locations such as Goddard, London, and Australia, to maximize circuit sharing.
Requirements in most cases are being met by providing alternate voice/data
circuits instead of straight voice circuits, thereby reducing the total
number of circuits needed.

In the early Mercury missions, considerable reliance was placed on high
frequency radio communications. As a result, network communications were
limited and not of satisfactory reliability. Although this situation has
improved with Gemini, it is still not possible to transmit sufficient voice,
telemetry, and tracking data from remote stations to the Mission Control
Center or to provide sufficient reliable voice up-data and commands from
the Control Center to the spacecraft in real time.

In the Apollo program, the increased complexity of the missions and the
number of vehicles to be supported have dictated the requirement for vesting
complete responsibility for real-time mission control directly in a centrally
located facility. To achieve the required centralized control, the remote
sites must have sufficient communications with the central facility in terms of
both reliability and capacity to provide flight control functions through remote
operation from the central location.
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The FY 1967 budget reflects the cost of providing the quality and volume
of communications service necessary to meet the requirements of the Apollo
program. Communications requirements will be met through the leasing of
services provided by communications satellites as well as through conventional
circuits. - Communications service via satellite will be provided to six
tracking stations: Carnarvon, Australia; Canary Island; Ascension; and the
three Apollo insertion/injection ships. Fiscal year 1967 also reflects the
cost of leasing the approximately seventy voice/data circuits, twenty-four
teletype circuits, and two wideband channels required for Apollo.

Data Processing Operations

Information received in the form of tracking and telemetry from satellites
and space probes must be processed into a form that is useful to both those
performing the real-time control of the space vehicle and those responsible
for analyzing the scientific data acquired by the spacecraft.

Tracking data are processed to provide orbital elements which are used to
supply stations with predictions on future passes of the spacecraft and to
provide position information that can be used by the scientific expecimenters
to determine where in the trajectory the scientific measurements wer: made.

Telemetry data must be processed to separate the information from the
various scientific experiments aboard the spacecraft, to consolidate
information from each experiment, to apply the necessary scaling faciiors and
calibrations of the measuring instruments, and to correlate these measurements
with the position data mentioned above. Processed data presented to the
experimenters are the primary objective of the spacecraft missicns which
are undertaken to explore and understand space.

The increased number of spacecraft to be supported in FY 1967, in
conjunction with the greater number of experiments carried per satellite,
particularly in the observatory satellites, will result in a large irncrease
in the telemetry data processing workload. Funds also will be required in
FY 1967 to handle the projected increases in computer programming anc
orbital computations associated with such complex upcoming projects &s the
Orbiting Astronomical Observatory.

Equipment
1965 1966 1967
Manned space flight network..... $98,348,000 $50,300,000 $2€¢,500,000
Satellite network.e.ooeeeesoeonns 17,995,000 15,800,000 14,500,000
Deep space NetworK.....eoeeeeeses 15,168,000 9,900,000 10,500,000
Other instrumentation........... 4,300,000 4,065,000 4,500,000
CommunicationS..ceeesscvsersones 4,755,000 5,100,000 7,500,000
Data processing....ceeeeeessceses 3,916,000 2,500,000 3,000,000
Total.veierrveecnsaeasassonoes $144,482,000 587,665,000 $66,500,000
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Manned Space Flight Network Equipment

The Manned Space Flight Network is now supporting the Gemini Program in
the areas of tracking, telemetry, command, and communications. Procurement
and manufacture of equipment needed to meet the greatly increased requirements
for support of the Apollo Saturn IB and Saturn V programs were initiated in
FY 1964 and continued in FY 1965 and 1966. Funds are required in FY 1967
to incorporate additional capabilities in the network for support of the
Apollo lunar missions and to meet costs of installing equipment at the
stations and integrating hardware and facilities as a compatible, unified
network.

The augmentation of the network for Apollo will provide the ground
instrumentation support necessary to fulfill the presently defined Apollo
program requirements; however, specific mission definition and assoc:ilated
tracking and data acquisition requirements definition are continuing efforts,

During the past year, the Air Force negotiated and awarded the contract
for modification and equipping of the eight Apollo/Range Instrumentaf:ion
Aircraft. These aircraft, initially authorized in FY 1965, will provide
voice communications with the astronauts and telemetry coverage during
injection of the Apollo spacecraft into the translunar trajectory and during
the reentry into the earth's atmosphere. The negotiated value cof the
contract is substantially greater than forecast. The FY 1967 budget includes
funds to cover the additional costs of this contract.

Fiscal year 1967 funds are also required for additions to the memcry
capacity of the on-site data processing equipment. A review of flight control,
command, and display requirements has indicated that the memory capacity must
be expanded by 50 per cent to cover the rendezvous, lunar landing, and Earth
return phases of the lunar missions. Equipment and modifications to provide
the necessary augmentation of memory capacity will be incorporated at 13
land stations for Apollo support.

Equipment. must be added to the existing network control centers tc enable
operational control of the network during non-mission periods and simulations,
and to provide the capability to assess network performance during mission
periods. Funds required in FY 1967 are primarily for equipment to be installed
for Apollo support in the Manned Space Flight Network control center at the
Goddard Space Flight Center.

A review of airfield capability by the Air Force has indicated that
additions and modifications to certain existing commercial airfields will be
required in support of the eight Apollo Range Instrumentation Aircraft. A
detailed on-site survey by the Air Force is underway to determine the extent
of modifications required at several locations. Fiscal year 1967 funds will
be required for these additions and modifications.
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During FY 1967, facilties will be completed and equipment will be
installed in nearly all of the network stations. Costs arising directly
from this effort are those for systems engineering; for the shipment of equip-
ment to the network stations; for the provision of network descriptive
documentation, specifications, and manuals; for the provision of standard
test equipment; and for the establishment of spare parts inventories needed
to preclude long periods of station downtime during mission periods.

Satellite Network Equipment

During the past several years, the primary objective of the Satellite
Network equipment program has been to achieve a general purpose capability
which will meet the more complex support requirements of the advanced
scientific and applications satellites, and at the same time accommodite the
increasing workload on the network. The FY 1967 program represents a
continuation of equipment augmentations and modifications which were initiated
in prior years to meet this objective. It also includes funds for improvemenis,
replacements, and recurring support items required to maintain the general
purpose capability.

Fiscal year 1967 funds are required to complete modifications of the Range
and Range Rate tracking systems at four operational sites. Initiated in
FY 1966, these modifications involve a frequency change and improvemerits to
incorporate greater systems performance gain.

For several years, a long range program has been under way to augment the
network with high performance telemetry and command links to meet the
expanding workload., In FY 1967, additional receivers, phase demodulators,
and recording equipment will be procured to provide the number of telemetry
links needed :for the projected workload. Existing telemetry links will be
improved by replacing mechanical polarization switches with more reliable
solid-state components. Telemetry equipment also will be procured for the
new 40-foot antenna facility in Alaska.

Command links procured with prior years funds have been used extensively,
and certain deficiencies have been identified which necessitate corrective
action to minimize operational complications and to prevent excessive mnain-
tenance. Included in the FY 1967 program are the replacement of tube trans-
mitters with solid-state transmitters, replacement of the rim-mounted
command antenras on the 40-foot and 85-foot dishes with smaller and more
reliable antennas, and the replacement of existing command encoders at
selected stations with a more flexible programmable encoder.

In FY 1967, new consoles will be provided at selected stations to
centralize the switching of subsystems such as receivers, data handling equip-
ment, tape recorders, command generators, and transmitters. Centralized
control is necessary to minimize station turn-around time between passes and
to allow the most efficient use of the expanding capability of network
stations, This equipment will permit the station controller to select the
configuration of subsystems necessary to support a given mission and to
monitor remotely the operational performance of these subsystems.
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Certain prcjects to be supported by the Satellite Network have specialized
requirements which cannot be fulfilled by the general purpose network equip-
ment. Fiscal year 1967 funds are required for equipment supplements at
Alaska and Rosman for Nimbus B support and for modifications to the wideband
telecommunications system. Funds are also needed for integration of tae
Applications Technology Satellite ground support equipment procured in
FY 1965 and 1966.

The Satellite Network control center at the Goddard Space Flight Ceater
must be adapted to meet the requirements of flight projects. In FY 1957,
equipment additions will be necessary to support the Nimbus B mission and
minor equipment modifications will be required for follow-on missions of the
Orbiting Geophysical Observatory, the Orbiting Astronomical Observatory, and
the Explorer series.

To maintain the capability of the network, a continuing test, calib:ration,
and checkout program is required. FY 1967 funds will be used for replacement
of the large dish optical calibration system with a more reliable and heavier
duty unit. Additional quality assurance equipment will be procured fo: test-
ing of ground systems under simulated operating conditions. Field cal: bration
equipment with a near-real-time capability for analyzing antenna pattein
measurement data also will be procured. At the present time, the antenna
measurement data are returned to Goddard for analysis resulting in substantial
delays in determining antenna anomalies.

Funds are required on a recurring basis for the repair and modificat:ion of
facilities to sustain current operations and to improve network performance
and reliability. In FY 1967, modification of some station facilities will
be necessary to house equipment additions. Also required are funds for
cabling, augmentation of station power systems, modification of air-condition-
ing systems, and facility repairs at the stations. Funds for procurement of
spares and replacement parts also are included in the FY 1967 request.

Deep Space Network Equipment

The FY 1967 Deep Space Network equipment program will be directed toward
assuring the capability of the network to meet the period of peak loading
which is scheduled to occur in calendar year 1967. In addition, a program
of required engineering changes, modifications, equipment replacement, and
spares provisioning will be conducted to assure the required level of ret-
work performance and system reliability.

The major item of the Deep Space Network equipment cost in FY 1967 will
be for station monitoring and control equipment. The purpose of this program
is to implemeni: a single standardized set of equipment at each site which
will serve the needs of multiple flight programs. FY 1967 funds are required
for modification of control and monitoring consoles to handle digital formats,
and for procurement of communications buffers and line printers for all sites.
These modifications, along with prior year equipment purchases, will provide
a capability for continuous, semi-automatic monitoring of equipment performance
at each station. It also will provide real-time data on the operationzl status
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of each statjon to the Space Flight Operations Facility so that the necessary
decisions can be made and corrective action initiated when required.

Low speed electric motors to drive the 85-foot antennas automatically at
a sidereal rate will be procured in FY 1967 for the operational antennas.
This drive is required for long periods of spacecraft coverage at planetary
distances when the rotation of the Earth in relation to the spacecraft is
extremely slow.

The Deep Space Network standard configuration includes a 10 kilowatt
transmitter at each operational site. The only high power transmitter in the
network is located at the Goldstone Venus research and development station.
During the later months of the Mariner flight to Mars, this transmitter
insured a reliable up-link between the ground and the spacecraft. It is
planned to incorporate a high power transmitter capability at the 21C-foot
antenna faciiity at Goldstone. This requires an augmented power supgly
which will be procured with FY 1967 funds.

Support of both manned and unmanned flights by the Deep Space Network
requires receiver compatibility with the Manned Space Flight Network.
Improvements and modifications which have been made in the receiver systems
for manned flight support must be incorporated into the Deep Space Network.
These modifications will lessen the time required for checkout, signzl
acquisition, and frequency changeover and will provide for a wider tuning
range.

The FY 1967 program includes funds for general purpose support which is
required to sustain current operations and to improve network performance
and reliability. Included are such items as generators, power system
modifications, microwave modifications, calibration and test equipmert,
interface and integration equipment, intrasite communications, and cazbling.

Fiscal year 1967 funds are required to continue modifications of the Space
Flight Operations Facility for multiple mission support. This Contrcl Center
also will be provided with a capability for participation as an integral net-
work element during mission simulations. Through such participation, the
SFOF can determine network readiness for mission support and assess the level
of performance to be expected. In addition, a capability will be provided
for training of personnel at stations and the SFOF, thus improving tl.e
reliability of the entire network.

Other Instrumentation Equipment

A wide variety of fixed and mobile equipment is used to provide iustrumenta-
tion support at Wallops Station and points off the main station, and at the
Flight Research Center. This equipment is under a continuous preventive
maintenance program to assure the necessary reliability for mission support.

In addition, an improvement program is undertaken whereby individual sub-
assemblies or components of major systems are modified or replaced to improve
the range, speed, accuracy, and flexibility of the systems. The requirement
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for these improvements is generated by the large number and types of rockets
in the current and planned flight schedules of Wallops Station and by the
high performarce characteristics of the flight projects supported by the
Flight Research Center.

During FY 1967, the Flight Research Center will continue to update the
telemetry systems of the Aerodynamic Test Range. Equipment which was
purchased for the Edwards site in FY 1966 will be installed and made
operational. Similar equipment will be procured and installed at the Ely
station. Display systems will be updated to meet program requirements. The
radar at the Edwards site will be outfitted with a solid-state precision data
system in order to decrease maintenance time.

At Wallops Station, funds will be required in FY 1967 to update the
telemetry system on the 60-foot antenna, to modify surplus Department of
Defense radars to meet NASA's requirements, and to modify and integrate
range control systems. Funds are also included for the procurement of non-
recoverable hardware required in support of the various missions.

Communications Equipment

Funds for FY 1967 reflect the continuation of a planned program to :nstall
switching equipment at major communication focal points. With the buildup of
the Madrid complex, a solid-state switch will be installed to maximize
circuit sharingz and to handle the high speed data transmissions required by
Apollo. A solid-state switch will also be installed at the Jet Propulsion
Laboratory (JPL) to handle the high speed data from the Deep Space Network,
and to interconnect circuits with Goddard Space Flight Center.

Funds will also be required in FY 1967 to provide a line concentration
switch at Guam in support of Apollo and for major modification of the switch-
ing capability at Goddard to accommodate the increasing flow of communications.
Expansions of fhe switching units at London, Canberra, and Hawaii will be
required to handle the high speed data transwissions associated with Agollo.

Other modif:cations planned in FY 1967 include an upgrading of the Coddard
and JPL teletype and voice systems. Recurring equipment items which are
necessary to maintain and update existing systems will also be requirec.
These include signal generators, modulating and demodulating devices, high
frequency radio data modems, data quality monitors, data detection and error
correction equipment, and distortion measuring units.

Data Processing Equipment

The operaticnal data processing equipment will continuously require minor
redesign, modification, and improvement as well as normal maintenance and
repair. Although the data processing lines are made as flexible as possible,
modifications must be made to the lines to satisfy requirements of new programs
as the lifetimes and data transmissions of older satellites terminate. Funds
in FY 1967 will continue to provide the components for these modifications and

improvements.
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In FY 1967, an additional line of the high capacity Phase II Satellite
Telemetry Automatic Reduction System (STARS) is to be procured by the
Goddard Space Flight Center. This line is needed to meet the data processing
requirements of the Nimbus B and the Applications Technology Satellite, and
to serve as backup to other lines which will be loaded to capacity by such
high data rate satellites as the Orbiting Geophysical Observatory (0GO), Polar
Orbiting Geophysical Observatory (POGO), the Orbiting Astronomical Observatory
(OA0), and the Interplanetary Monitoring Platform (IMP).

Additional telemetry reduction and processing equipment is needed to provide
flexible, high speed reduction of data for quick-look analysis by experimenters.
This is of increasing importance as spacecraft become more complex and have the
capability of operating in various modes. This requires that decisicns be made
in monitoring experiments and in the data rates to be used. A flexible, high
speed reduction capability provides, in rapid fashion, the informaticn necessary
to make these decisions.

Test equipment, spares, and replacements are needed to maintain tte various
data processing lines. All equipment must be maintained at peak operating

levels to insure maximum data usage and operating efficiency.

Supporting Research and Technology

1965 1966 ___ 1967

New SyStemS....eovesssensesseans $1,580,000 $1,160,000 $500,000
Integrated systems analysis,

development, and test......... 3,025,000 2,690,000 5,500,000
Antenna subsystemS......eces004. 2,511,000 2,150,000 1,600,000
Receiver and transmitter

SUDSYSteMS e cseuoecronnenssnnns 2,674,000 2,700,000 2,300,000
Data handling and control....... 1,729,000 2,400,000 ¢,100,000
Data processing and reduction... 780,000 1,220,000 2,100,000
Spacecraft subsystems..... ceenns 1,201,000 1,480,000 _ 1.,700,000

Total,eeseeeenneeneseioeosenns $13,500,000 $13,800,000 g;Q,BO0,00Q

Supporting Research and Technology (SR&T) is the activity whereby technology
of advanced systems, components and techniques is developed which are then
used to implement the various networks to meet the requirements of new flight
projects, both manned and unmanned. Complementary spacecraft subsysiiems are
developed as well as new equipment for ground instrumentation support:. Opera-
tion of development sites is conducted so that the performance and reliability
characteristics of new components and subsystems are proven before the equip-
ment is committed to the network. Supporting Research and Technology effort
is also directed at reduction of rising operations costs by investigating
techniques which lead toward eventual station automation.
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With the trend toward complex, long-duration flight projects, the FY 1967
SR&T program will place greater emphasis on improvements for increasing the
reliability and lifetime of existing systems and for determining techniques
for efficient utilization of these systems to meet upcoming requirements.
The SR&T program is organized into seven functional areas of effort which
are described below.

New Systems

Effort will begin in FY 1967 on aircraft-based optical and infrared track-
ing instrumentation systems which will be required in support of futire NASA
flight research programs, particularly atmospheric reentry projects. Field
test and evaluation of the Airborne Range and Orbit Determination (AFEOD)
system and the S-band interferometer will be concluded with FY 1966 funding.

Integrated Systems Analysis, Development, and Test

With network operations becoming a major expense, the effectiveness of
present and planned operational techniques must be closely examined znd
evaluated. This program will use the method that has proved effective for
equipping the networks, that is, using experimental sites to ensure rapid
transition from concept to laboratory model to field implementation. Areas
to be investigated in FY 1967 include training, simulation, and means of
assuring reliable support during critical phases of a mission such as the
Mars encountear,

Antenna Subsystems

As workload and mission complexity continue to increase, there is a
correspondingly greater dependence upon antenna system reliability since a
backup capability does not exist at most stations., Consequently, antenna
subsystem design for servo drives, antenna structures, and wideband feeds,
must incorporate the latest improvements in the state-of-the-art. Ir.
recent years, numerous mathematical tools have been developed which sre
valuable in designing antenna subsystems. Because of the existence cf
detailed mathematical models of the critical parts of the system, the 210-
foot Advanced Antenna System (AAS) at Goldstone, California, was successfully
built to performance specifications within the original budget and schedule
estimates. In FY 1967, actual operational tests of the AAS will be employed
to evaluate and refine the mathematical elements which were used in its
design.

Receiver and Transmitter Subsystems

In FY 1967, the receiver effort will consist primarily of development of
a broader data bandwidth capacity as well as automatic radio frequency
control for pre-tracking calibration, signal acquisition, and actual mission
tracking. Increasing the bandwidth of some of the current receivers is
necessary to accommodate the support requirements of long-duration meznned
Earth orbital missions. Automatic radio frequency control is the first of
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a series of alternatives being evaluated that show promise of providing
partial automation of ground equipment for some of the critical control
functions.

In the area of transmitter subsystems, effort will continue on improving
the reliability of a 100 to 400 kilowatt power amplifier.

Data Handling and Control

Future spacecraft missions will be characterized by increasing complexity
and long duration. This requires that the networks have increased operational
flexibility and improved system reliability. Operational flexibility is
becoming particularly critical in such areas as antenna redirection, frequency
changing, and shifting to different demodulation formats. One of the areas to
be investigated in FY 1967 will be the use of computer-to-computer control to
achieve greater flexibility with existing station equipment. Critical para-
meters of station status which are monitored during actual missions will be
analyzed, and preliminary definitions will be developed for adapting computers
to the various tasks,

Data Processing and Reduction

Effort in this area is directed toward more efficient methods of process-
ing, reducing, and displaying extremely large volumes of scientific data
which are gathered, usually in magnetic tape form, from the many satellites
and spacecraft in the NASA programs.

In FY 1967, a study will be initiated to determine to what extent the
techniques developed for the Satellite Telemetry Automatic Reduction System
(STARS) can be applied to meet Ffuture real-time mission control needs during
flight. The initial step will consist of processing selected data immediately
so that a limited number of critical decisions can be made by the experimenter
in near-real-time.

Spacecraft Subsystems

Spaceborne electronic equipments are closely mated in capabilities with
equipment used for the tracking and data acquisition networks. The advancement
of component technology and technology for applying information theory is
making possible appreciable increases in overall support capability thtrough
improvements in spacecraft subsystems.

In FY 1967, a standard solid-state telemetry transmitter operating at 136
megacycles will be developed which is suitable for use in a variety of small
spacecraft. Over approximately a three year period, a family of standard,
reliable, solid-state transmitters will be developed which can be applied to
a wide variety of NASA programs.

Investigation of on-board data handling techniques will continue. In
FY 1967, a study will be made to define on-board data handling systems using
previously developed logic modules and memory units.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1967 ESTIMATES

OFFICE OF TECHNOILOGY UTILIZATION TECHNOLOGY UTILIZATION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The primary objective of the Technology Utilization program is to provide
for the widest practicable and appropriate dissemination to industry of
information ccncerning NASA activities and results which appear to have
industrial applications potential., The NASA program offers U.S., industry
unique oppertunities to improve existing industrial techniques and to develop
new products and methods. It is the purpose of Technology Utilization to
assist in identifying quickly these many opportunities and to insure their
expeditious dissemination for the benefit of American industry, and ultimately
the individual U,S. citizen. Technology Utilization also includes projects
to study and evaluate those factors which will improve our understanding of
the implications of the space program,

SUMMARY OF RESOURCES REQUIREMENTS:

1965 1966 1967
Identification...c.cveeescesenoens $1,235,000 $1,220,000 $1,165,0C0
Evaluation.sesseeoeeesocasessncnes 645,000 680,000 650,000
Disseminalion..ieeesvecercocacsas 1,970,000 2,000,000 2,085,000
Arlalys;isltl"l........".I..I....‘. 900’000 850’000 900’9c’0

Totzil."..-l'.....'.I.ﬂ...ﬂ..'... $4’750‘000 $4,750,000 §‘4’800’0c’0

Distribution of Program Amount by Installation:

1965 1966 1967

NASA HeadquarterS....seseeeeeses 94,750,000 $4,750,000 $4,800,000

BASIS OF FUND REQUIREMENTS:

Identification

The Identification effort is carried out by NASA personnel; specialists
from research institutes, universities and industry; and, by scientists and
engineers working for NASA and NASA contractors. These personnel search for
ideas, innovations, processes and techniques which appear to have potential
for non-aerospace application and report them quickly to NASA Headquarters,
These reports are now coming in at the rate of 1,200 per year and with the
present emphasis on the implementation of the New Technology Reporting Clause
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in NASA contracts the rate of reporting is expected to increase. The
identification effort also includes the identification of incremental &dvances
in technology. Research institutes, universities and private companies
identify these incremental advances in technology by reviewing broad areas of:
space research and developing state-of-the-art summaries, called Technclogy
Surveys. During FY 1965, contracts for 12 surveys were negotiated. Tt.is
program will be continued at about the same level during FY 1966 and Fy 1967.

Evaluation

The technical information reported to Headquarters is forwarded to a group
of Research Institutes and evaluated for novelty, technical feasibility and
relevance to non-aerospace industry. A preliminary review is conducted by
the Illinois Institute of Technology Research Institute. Innovations of merit
are then evaluated in detail by that Institute and one of four other contractors:
Arthur D. Little, Batelle Memorial Institute, Stanford Research Institute, and
Southwest Research Institute. The product of this evaluation is a flow of
new items, processes and techniques having non-aerospace potential. These
processes are then made available in one of several publications: Tech Briefs,
Technology Utilization Notes, or Technology Utilization Handbooks. Tech
Briefs are one to two page bulletins about innovations, published in this
format in order that the new developments may reach the potential user as
quickly as possible. The Technology Utilization Reports, Notes ard Handbooks
are more comprehensive publications resulting from in-depth evaluations by
research contractors and preparation of more complete information on the
subjects covered. Although the current emphasis on new technology reporting
is expected to increase the rate of documents coming into the system, the
funding requested for FY 1967 will permit continuation of this evaluat:on
effort at about the same level as for FY 1966 and FY 1965.

Dissemination

Dissemination activities are focused on exploiting the normal channaels of
communication that are in existence or which can be developed. Two general
techniques of dissemination are employed. The first is by mailing lisi:s
consisting of over 8,000 industrial companies and individuals who receive
information in some cases on all Technology Utilization publications, and in
others only those in their technical areas of interest. The second form of
dissemination is through experimental regional dissemination centers. The
first experimental regional program was established in January, 1962, with
the Midwest Research Institute (MRI) at Kansas City, Missouri. MRI has
employed a broad, generalized approach in disseminating ideas and innovations
to over 1,000 industrial firms in the Midwest area. During FY 1967, MRI
will continue the basic program and develop new programs for working more
closely with the Midwestern industry on a problem solving basis, using
computer suppcrt from the Aerospace Research Applications Center (ARAC) at
Indiana University. This center was established in January, 1963. It offers
three basic services: (1) Industrial Applications Service, a weekly dis-
semination to companies of the Technology Utilization publications witna
follow-up applications engineering service, (2) Selective Disseminatioa Service,
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a bi-weekly computer read-out of the new additions to the NASA magnetic tapes
to provide companies with current announcements of items coming into tt.e
information system; and, (3) Retrospective Search Service, which are responses
to special technical questions, accomplished by computer searching of the
entire file of NASA documents (now totalling approximately 200,000 items).
During FY 1964 and FY 1965, six Centers in addition to MRI and ARAC were
established. These are at Wayne State University (Detroit); the University
of Pittsburgh; University of Maryland; Southeastern State College at Durant,
Oklahomaj; the North Carolina Science and Technology Research Center; and the
University of New Mexico. These Centers are serving over 120 member

companies with more than 3,000 firms receiving some degree of service. Fiscal
year 1967 funds will be used to support current programs at these Centers
with appropriate modifications and improvements; and also provide suppcrt for
several pilot projects with other agencies, In addition, two new experimental
dissemination centers are planned.

Analysis

In recognition of the much broader impact of NASA programs than simply
that of a major one in advancing science and technology, support is given to
a study program to analyze the impact of the space program on the regicnal and
local economy, and on industries, private institutions and different types of
manpower. The principal aim here is to have researchers assist in characterizing
NASA's impact as it has affected their regions and to develop analyses which
lead to consideration of improved policies within the constraints of existing
legislation. Under one grant, for example, a study is being made of thLe
distribution of subcontracts under the Gemini program, regional differences
in the distribution of NASA and the other Federal expenditures, the role of
Defense/Space programs in the national economy, and the supply and demand for
scientific manpower. These and similar studies will be conducted during
FY 1967 to enhance NASA's understanding of the implications of the space
program.

A recognition of the need to solve critical management problems and
possibly to develop wholly new techniques for managing such a large and complex
research and development enterprise as the NASA led to the support of study
areas that include the organization and management of large R&D projects, the
diversified roles of the research director, the govermment-industry contracting
system, conditions under which the transfer of new technology takes place in
the economy, and top level policy and decision-making in large R&D organiza-
tions. During FY 1967 NASA will continue to support a modest program of
research on such management problems, the solution of which will promote
increased management efficiency both within the agency and within those
industries with whom NASA has contacts.
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