National Aeronautics

5

and Space Admainistration

BUDGET ESTIMATES

sy

\
FISCAL YEAR 196 5

‘ Volume VIl
i

v v_-..-—-"“ e

| MADVANCED RESEARCH AND TECHNOLOGY PROGRAMS
TRACKING AND DATA ACQUISITION PROGRAMS

RESEARCH AND DEVELOPMENT
CONSTRUCTION OF FACILITIES



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1965 ESTIMATES

ADVANCED RESEARCH AND TECHNOLOGY PROGRAMS

TRACKING AND DATA ACQUISITION PROGRAMS

TABLE OF CONTENTS

VOLUME VII
Page No.,

Summary Tables

Research and Development
Research and development summary by budget activity..... StM 1

Research and development summary of budget activities
by F’ros;]:atn....".I..l...l.l..l'l..IIl.O‘I.'...‘..'.... SlIMZ

Summary of research and development budget plan by
PrOEEAM, ¢ s eeasesssesasssssvosseescosasssesssacssscsces SUM 4

Construction of Facilities

Summary of construction of facilities budget plan by
budget -‘1c1:ivity.........-....--.......-............... SIJM 6

Summary of construction of facilities budget plan by
location by program office....ievieeecerarssesssnsnese SUM 7

Research and Development

ADVANCED RESEARCH AND TECHNOLOGY PROGRAM

BASIC RESE‘\:RC]H...-......'.....l."....l...'....'.....'.'t. RD 12 1

SPACE VEHI‘:@ SYSTmSQ....-l.ll..'.".ioo.l...........'... RD 13 1

Supporting research and technology.....vece0eeesseeessss RD 13-2
SCOUL Fe@=BNELYe.e.0eesseeoscacsccccssssenscsssassssssssess RD 13-7
FIRE . oivoeeesesosasossasosasassessscosssosssassssossscccess RD 13-7
Saturn=-launched meteoroid...vceeeeceossseecrcsasesasasaae RD 13-8
Lifing body flight and landing testS....ceeeceseccsessses RD 13-8

ART&TDA 1



g
-
T
—

ELECTRONIC SEEIIEMS....-.........-...............-.o-..o-oo

Supporting research and technologyeecececececcssecescsssccecs
&lall flig;tlt projeccs......l............................

w FACI'QFLQ!STmS...........0........0........l...-...‘

Supporting; research and teChmlOgy...ooo-co-.oooo.ooouac
Small flight projects..................-................
NUCLEAR“ELEC_’JE_R_![C SYSTEM.S.oo.ooooooooo-ooo.ooooooooo.oaoo.o 16'1
16-1
16-11
16-13%

Supporting research and technologyeescceevececosccccacces
SNAP"S de‘"il()pment.ooo..o--oooo-o.oo.oooo.oooo-oooooooo.

SERT.O!-o.lv@.wo..lo....o.o.-oo..-.o.............a.ooao...

€68 & E& E BB

NUCLEAR ROCKIZTS

17-2
17-7
17-11

Supporting research and technologyeesececssesoccccccecss
NERVA.II..II...............IO....I..................‘.....

Nuclear rocket development station operationS.ececcscecss

CHDILCAL PR():PUIJSION.......I..C.........‘l........l‘....... 18-1

18-2
18-5

Supporting research and technologyeeeccececososscecccccss
&permenwtal engines..........................'.....‘...

6 & EEE

g

SPACE PowER....0.‘........C.....‘."...‘......I...O..'..... 19-1

€

Supporting research and technologyecesseocccecccscascoscss 19-2
AERONAUTICS...........‘...........l....................... RD 20-1

Supporting research and technologyeeceesoececsecocccncccs RD 20-2
X-ls...........................‘.......-..........‘..... RDZO-S

SUPersoni‘C transportoo.o-.o-ooooo.-ooo.‘tocoo.ooo-ooao-o RD 20‘5
V/STOLQOOO!Q‘.O..OO.O.OiOo.o.oo..00..00...000..0........ RD 20"6

TRACKING AND DATA ACQUISITION PROGRAM

TRACKING AND DATA ACQUISITION.c:ceccosoccascsceccccccocsocns RD 21-1

Supporting research and technologyeseesescessscccscccces RD 21-2
Network Opet'ationS.........-.................-.......... 21-5
Equipment and compo“ents.u.oao-oooooaoo.aouoouoooo.acoo. 21-10

g8

ARTS&TDA ii



Construction of Facilities

Ames Research Center (Mountain View, California)..cccececes CF 1
Electronics Fesearch Center (location to be determined)... CF 2
Goddard Space Flight Center (Greenbelt, Maryland)......... CF 3
Jet Propulsion Laboratory (Pasadena, California)...ceese.. CF 4
Langley Research Center (Hampton, Virginia).ecescsceceessses CF 6
Lewis Research Center (Cleveland, Ohio)eesesesceasscocscnn CF 7
Various LocationS.cecceesccececcoccavrcsoesoconscscssssscsces CF 12

ART&TDA iii



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Budget Activities
and Progrems:

FISCAL YEAR 1965 ESTIMATES

RESEARCH AND DEVELOPMENT

SUMMARY BY BUDGET ACTIVITY

Fiscal Year

1963

Fiscal Year

1964

MANNED SPACE FLIGHT.. $1,503,583,000 $2,649,800,000

Gemini..ocooveesnoaes
ApPOllO.scveccaconne
Advanced missions..
Completed missions.

SPACE APPLICATIONS...

Meteorologyiseeeaes
CommunicationSe....
Other applications.

UNMANNED INVESTLGA-
TIONS IN SPACE.....

Spacecraft develop-
ment and opera-
tioNSeccvotosasne

Launch vehicle
developmente....

SPACE RESFARCH AND
TECHNOLOGY. ++ s o..

Launch vehicles and
spacecraftesececas

Propulsion and
Space POW2ETrieeess

AIRCRAFT TECHNOLOGY..

SUPPORTING OPERATIONS

Tracking and data
acquisition.e....

Facility training,
and research

288,090,000

1,183,965, 000

11,391,000
20,137,000

$96,958,000

54,051,000
32,075,000
10,832,000

489,951,000

384,222,000

105,729,000

$255,962, 000

88,547,000

167,415,000

15,598,000

$152,742,000

122,142,000

ErantS.csacsecsse 30,600,000
TOTAL PLAN. . eevossoe §_2!214!794!OOO $3,926,000, 000

383,800,000

2,243,900, 000

22,100,000

103,300,000

67,800,000
13,500,000
22,000,000

$602,700,000

477,600,000

125,100,000

$298,100,000

111,900,000

186,200,000

$22,100,000

$250, 000,000

210,000,000

0,000,000

Fiscal Year
1964

Supplemental
$141, 000,000

141,000,000

Fiscal Year
__.1965 .

$3,011,900,009

308,400, 000

2,577,500,000

26,000,000

$86,100,000

37,500,000
12,600,000
36,000,000

$649,800,000

521,600,000

128,200,000

$283,300,000

104,400,000

178,900,0C0

$37,000, 000

$313,900,000

267,900,000

46,000,000

$141,000,000



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1965 ESTIMATES

RESEARCH AND DEVELOPMENT SUMMARY

OF BUDGET ACTIVITIES BY PROGRAM

Fiscal Year

Budget Activities Fiscal Year Fiscal Year 1964 Fiscal Year
and Programs 1963 1964 Supplemental 1965
MANNED SPACE FLIGHT $1,503,583,000 $2,649,800,000 $141,000,000 $3,011,900,000
Gemini.,.....c..n. 288,090,000 383,800,000 -—— 308,400,000
Apollo..seseesans 1,183,965,000 2,243,900,000 141,000,000 2,677,500,000
Advanced missions 11,391,000 22,100,000 -~ 26,000,000
Completed missions 20,137,000 - .- -
SPACE APPLICATIONS $96,958,000 $103, 300,000 - $86,100,000
Meteorology...... 54,051,000 67,800,000 -- 37,500,000
Communications,.. 32,075,000 13,500,000 - 12,600,000
Other applications 10,832,000 22,000,000 -= 36,000,000

Advanced
technological
satellites... (8,668,000) (18,500,000) -- (31,000,000)
Technological
utilization.. (2,164,000) ( 3,500,000) -- ( 5,000,000)
UNMANNED INVESTI-
GATIONS IN SFACE $489,951,000 $602,700,000 - $649,800,000
Spacecraft
development and
operatiors..... 384,222,000 477,600,000 - 521,600,000
Geophysics and
astronomy. ... (147,689,000) (186,200,000) -—- (190,200,000)
Lunar and
planetery
exploration,. (222,802,000) (270,800,000) -—- (300,400,000)

Bioscience,....
Launch vehicle
development. ...

( 13,731,000)

105,729,000

( 20,600,000)

125,100,000

( 31,000,000)

128,200,000

SUM 2



Fiscal Year

Sustaining
university
Program ,.euseee

( 30,600,000)

( 40,000, 000)

Budget Activities Fiscal Year Fiscal Year 1964 Fiscal Year
and Programs 1963 1964 Supplemental 1965
SPACE RESEARCH AND
TECHNOLOGY $255,962,000 $298,100,000 -——— $283,300,000
Launch vehicles
and spacecraft, 88,547,000 111,900,000 - 104,400,000
Space vehicle
Systems.eseece $(43,990,000) $(49,000,000) --- $(38,800,000)
Electronic
SystemsS.ecees.e (17,071,000) (28,700, 000) —— (28,400,000)
Human factor
SysStemS.ieecsees ( 9,790,000) (13,200,000) - (16, 200,000)
Basic research.. (17,696,000) (21,000, 000) - (21,000,000)
Propulsion and
SpPace POWET.sees 167,415,000 186, 200, 000 - 178,900,000
Nuclear-electric
SysStemsS.eeseces (39,893,000) (44,700, 000) - (48,100,000)
Nuclear reckets. (69,465,000) (82,700,000) —-- (58,000, 000)
Chemical
propulsicn.... (49,722,000) (45,800, 000) -—-- (59,800,000)
Space pPOWET..ee. ( 8,335,000) (13, 000,000) - (13,000,000)
AIRCRAFT TECHNOLOGY $15,598,000 $22,100,000 -—- $37,000,000
SUPPORTING
OPERATIONS $152,742,000 $250,000,000 - $313,900,000
Tracking and data
acquisition..... (122,142,000) (210,000, 000) ~--- (267,900,000)

( 46,000,0C0)

TOTAL. . ensees $2,514,794,000 23!926!000!000

§141,000,002 4,382,000,0C0

SUM 3
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1965 ESTIMATES

SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY PROGRAM

Fiscal Year

Fiscal Year Fiscal Year 1964 Fiscal Year
1963 1964 Supplemental 1965
MANNED SPACE FLIGHT.. $1,503,583,000 $2,649,800,000 $141,000,000 $3,011,900,000
Geminieeosocsesocass 288,090,000 383,800,000 - 308,400,000
Apollo.ecceoscsess. 1,183,965,000 2,243,900,000 141,000,000 2,677,500,000
Advanced missions.. 11,391,000 22,100,000 —— 26,000,000
Completed missions. 20,137,000 —— -——- ———
SPACE SCIENCE AND
APPLICATIONS cosesee _ $615,345,000 $742,500,000 === $776,900,000
Geophysics &nd
astronomy..ceceecee 147,689,000 186,200,000 == 190, 200,000
Lunar and planetary
exploration...... 222,802,000 270,800,000 --- 300,400,000
Sustaining univer-
sity program..... 30,600,000 40,000,000 - 46,000,000
Launch vehicle
development.c.ess 105,729,000 125,100,000 ——- 128,200,000
Biosciencesieseacses 13,731,000 20,600,000 = 31,000,000
Meteorological
satellites..c.... 54,051,000 67,800,000 -=- 37,500,000
Communications
satelliteseceees. 32,075,000 13,500,000 - 12,600,000
Advanced technolog=-
ical satel.lites.. 8,668,000 18,500,000 —--- 31,000,000
ADVANCED RESEARCH AND
TECHNOLOGY: veveeoee $271,560,000 $320, 200,000 e $320,300,C00
Basic research..... 17,696,000 21,000,000 - 21,000,000
Space vehicle
SYStemSecnovavses 43,990,000 49,000,000 - 38,800,000
Electronic systems. 17,071,000 28,700,000 -——- 28,400,000
Human factor
SYStemMSevseneeces 9,790,000 13,200,000 - 16,200,000
Nuclear-electric
SyStemSe v ensasss 39,893,000 44,700,000 -——- 48,100,000
Nuclear rocketS.... 69,465,000 82,700,000 —— 58,000,000
Chemical propulsion 49,722,000 45,800,000 - 59,800,000
Space poOwericseeesos 8,335,000 13,000,000 -—- 13,000,000
AeronauticsBiecsceses 15,598,000 22,100,000 - 37,000,000

SUM 4



Fiscal Year

Fiscal Year Fiscal Year 1964
1963 1964 Supplemental

TRACKING AND DATA
ACQUISITION....... _ $122 142,000 _ $210,000,000 _$141,000,000

TECHNOLOGY
ngLIZATIOH_» eneoeose $2. 164 LOOO $3,500 .000 -

Fiscal Year
1965

_$267,900,000

$5,000,000

TOTAL PLAN..eeoe $2,514,794,000 $3,926,000,000 _$141,000,000 $4,382,000,000

SUM 5



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1965 ESTIMATES

SUMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN

BY BUDGET ACTIVITY

Budget Activity

Fiscal Year

Fiscal Year

Fiscal Year

1. Manned 3Space Flight...ec..e.. $543,809,100

2. Space Applications..-........

3. Unmanned Investigations in

Spaceaooo.uooon-n.n-oonoooo
4, Space Research and Technology
5. Air':raft Technology. XXX

6. Supporting OperationS.cscssse

1963 1964 1965
$495,179,000  $23£,330,000
193,605 3,933,000 -
47,261,650 18,574,200 7,018,000
106,849,300 56,832,800 26,620,000
1,697,000 100,000 4,001,000
42,608,495 98,881,000 2,031,000
$673,500,000  $281,000,000

Total Plan...‘.l...l....... $742,419,150

718-881 C - 64 - !

SUM 6



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1965 ESTIMATES

SUMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN BY

LOCATION BY PROGRAM OFFICE

Fiscal Year

Fiscal Year

Fiscal Year

1963 1964 1955
Office of Manned Space Flight... $543,809,100 $488,315,000 $224,910,000
John F. Kennedy Space Center,

NASAieeseeosascossssasasceanss 296,479,100 279,236,000 89,520,000
Manned Spacecraft Center..seee 25,369, 500 35,172,000 25,166,000
Marshall Space Flight Center.. 41,740,500 28,980,000 15,288,000
Michoud Plent.cececsoscccsonss 28,910,000 8,688,000 6,534,000
Mississippi Test Facility..e.. 78,407,000 93,656,000 61,991,000
Various LocationSeecsescccocccs 72,903,000 42,583,000 26,411,000

Office of Space Science and
ApplicationS.eeacscssssscasass $547,455,255 $21,710,700 $7,359,000
Ames Research Centereesecccecses 930,000 ——— -—--
Goddard Space Flight Center... 18,902,355 17,032,500 500,000
Jet Propulsion Laboratorye.... 10,208,050 2,998,200 3,314,000
John F, Kennedy Space Center,

NASA.eeurerascacececacossansce 8,659,000 1,680,000 1,741,000
Lewis Research Centereceececes 1,186,500 - -
Various LocationS.eeceeseccaces 6,799,350 - -
Wallops StatiONeseacecsccceasnee 770,000 -——- 1,804,000

Office of Advanced Research and

Techn01082.oo..oooo..lao...o.. §110J378’650 $56,179,300 $271591J000
Ames Research Centeresscecesece 13,711,000 11,044,000 6,281,000
Electronics Research Center... -~ ——- 10,000,000
Flight Research Center.seeeces 1,757,000 1,157,000 .=
Jet Propulsion Laboratory..a... -~ --- 400,000
Langley Research Center.eseses 10,094, 300 8,204,300 4,454,000
Lewis Research Center..ceeesee 44,630,000 18,634,000 810,000
Nuclear Racket Development

StatioN.cececececsecccccccansce 14,835,000 3,240,000 -
Various LoCAatiOnSeeseecccccsse 25,351,350 13,900,000 5,846,000

S5UM 7



Office of Tracking and Data
Acguisiticgy.................

Goddard Space Flight Center.,.
John F. Rennedy Space Center,

NASA....'\.I.....‘........‘.
Various LocationSeeescecscsses
Wallops. Stl(ltionoooooncooooooo

Facility Planning and Design...

TOTAL PILAN, ... vovvevanan

Fiscal Year

Fiscal Year

Fiscal Year

1963 1964 1965
$40,776,145  $96,805,000 $6,140,000
2,915,000 —-- 8C0, 000
--- 4,000, 000 ——-
34,470,395 92,300,000 5,340,000
3,390,750 505,000 ---
-= 10,490,000 15,000,000

§742!419!150

§673!500!000

g%SI,OQOEOOO
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1965 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 administer
fundamental research to obtain basic knowledge for our rapidly advancing tech-
nology. In order to improve our technological knowledge and techniques, NASA
will conduct basic research in the physical and mathematical sciences. Work
in the mechanisms of energy conversion in atoms will be helpful in fabricating
new gaseous and solid state lasers for use in space communication and t:rack-
ing; mathematical research is leading toward an improved capability of pre-
dicting the motion of a space vehicle; explorations in plasma behavior will
provide information helpful to the development of space power systems and
electrical engines for spacécraft propulsion; and research deveted to mate-
rials will prcvide techniques to develop newer and lighter materials operat-
ing at higher temperatures for space vehicles and supersonic aircraft.

SUMMARY OF RESOURCES REQUIREMENTS :

1963 1964 1965
Supporting research and
technologyeeessoseassensses $17,696,000 $21,000,000  $21,000,000

Total CO3tSevesscssecansses $17,696,000 $21, 000,000 éZl,OQ0,000

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

_1963 _1964 __1965%
Fluid physicSieesecececsesss $6,716,000 $7,820,000 $7,800,000
ElectrophysicSececssssscesosns 3,160,000 3,960,000 4,000,000
MaterialSececececsoccscssanes 7,080,000 8,020,000 8,000,000
Applied mathematicSesssseese 740,000 1,200,000 1,200,000

Total cOStSeceesseaossssae $17,696,000 $21,000,000 gg;,OOOﬁOOO

Fluid Physics
Fluid physics research provides a fundamental understanding of the flow

processes of liquid and gas mixtures involved in aircraft, spacecraft, and
advanced propulsion systems. This research is concerned with the flow of
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gases at very high temperatures (up to 40,000° Fahrenheit in the case of
spacecraft entry). At these temperatures, gas mixtures are composed not only
of electrically-neutral molecules, but also of atoms, ions and electrons with
varying characteristics and accelerated chemical reactions. Thus, theore-
tical work in fluid physics cuts across conventional disciplinary lines of
fluid mechanics, chemistry and physics, and experimentally requires the use
of advanced latoratory facilities and instrumentation techniques for pro-
ducing and measuring high speed and high temperature phenomena. As in :nost
basic research efforts, the work is performed on a continuing basis over a
time span of many years.

Examples of some of the projects and the particular emphasis to be
given to them in fiscal year 1965 include: the measurement of radiation
characteristics, and the heat, viscous, and electrical conductivities and
chemicsl reaction rates of planetary gas mixtures at temperatures up tc
40,000 Fahrenhelt; the experimental measuremeirt of convective and radiant
heat transfer on spacecraft nose shapes for Earth, Venus and Mars entry, and
the assessment of the effects of ablation products on conventive and radiant
heat transfer; application of fluid physics principles to understand tle
mechanism of combustion instability of liquid fuel rocket engines; the
development of the physics of accelerating and decelerating ionized gas
flows by means of magnetic and electric fields; and the extension of know-
ledge of flow reactions at very low gas densities.

Electrophysics

Electrophysics includes experimental and theoretical investigation into
the reactions of electronic, atomic and nuclear states of solids, liquids
and gases which are influenced by the static or dynamic forces or gravita-
tional, nuclear, magnetic and electric fields. Information from this re-
search is generally applicable to engineering advances in such fields as
space power, radiation effects and electronic communications.

Research is underway to determine and explain the mechanisms of energy
transfer in the atomic levels of solids and gases. This will lead to new
sources for the stimulated emission of coherent electromagnetic waves
(lasers) in the region from gamma ray to millimeter wavelengths. Such signal
sources may be applicable to electronic communication and navigation for
spacecraft.

Theoretical and experimental superconductivity research will find ways
to increase the critical temperature and magnetic field strength of super-
conductors. Superconducting coils offer a superior method for obtaining
magnetic fields which may conceivably be used to shield spacecraft from
undesired solar particle radiation.

Investigation is underway to reduce the energy losses in superconducting
fields which would make them particularily attractive for use with gyroscope
rotors. If the losses can be reduced to an acceptable level, then a new
engineering technique will be available for further work on an improvad
gyroscope for spacecraft guidance.

RD 12-2



Also, experimental research is being conducted on the fission-electric
cell, This new technique, if successful, will use the neutron flux of a
fission reactor to initiate action of the fission=-electric cell thereby
directly producing electric power. The work includes high voltage breakdown
phenomena, current leakage, secondary electron control and design and
fabrication of laboratory units,

For fiscal year 1965, basic research will be continued on the mecha-
nisms of energy transfer in atoms of solids and gases, on the reaction
between ionized gases and magnetic fields, and on superconductivity theory
and practice,

Materials

Space vehicles and high speed aircraft require superior light-weight
materials resistant to heat, stresses, corrosion, erosion, radiations, and
the vacuum of space, This program supports integrated basic research and
technological developments in materials to help meet the demand,

Basic maf.erials research involves the study of the chemistry and physics
of solids and the nature and behavior of metals, ceramics, and polymers.
Research and development of new production processes and forming and joining
techniques are required for the translation of basic and applied resesrch
to reproducible and economical engineering materials,

In fiscal year 1965 a vigorous materials program ranging from the
studies of fundamental characteristics to advaneed technology will be
pursued and should result in alloys, ceramics, and polymers better able to
perform required functions in space vehicles, Particular emphasis will be
placed: on gaining an understanding of the behavior of materials in the
space environment, particularly looking for the synergistic effects
produced by the different components of that environment; and on the NASA
polymer chemistry research program to yield polymers capable of desirable
structural properties at low temperatures, superior polymers capable for use
as adhesives in honeycombs and laminates and as binder in paints, elastomers
for use as elastic structure at low temperature, and polymers which appear
useful for electronic application,

Applied Mathematics

Work in applied mathematics includes research in mathematical techniques
necessary or relevant for application to aeronautic and space problems in
science or engineering. A mathematical approach is sometimes the only one
possible for rapid and economic consideration of conditions not yet achieved,

In fiscal year 1965 the applied mathematics program will sponsor
contracts or grants for investigations in aerodynamic mathematics for
predicting vehicle motions within planetary atmospheres; for mathematical
work seeking theoretical solutions to problems connected with rocket

RD 12-3



propulsion; and for research on control of motion and attitude of vehicles
in orbit. Research is also planned in the areas of new procedures for
improvement of orbit prediction, and abstract numerical analyses aimed at
more efficient exploitation of expensive computing facilities.

RD 12-4



RESEARCH AND DEVELOPMENT

FISCAL YEAR 1965 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objectives of the Space Vehicle Systems program are to identify
and solve critical technical problems bearing on present generation spece
vehicles, and to advance the state- of-the-art to enable the development of
more advanced space vehicles.

The space vehicle represents a system of enormous complexity in which
the major elements must be brought together and integrated in suchk a way as
to insure reliable and efficient performance. The space vehicle research
and technology program reflects the broad scope of mission and operational
requirements.

Comprehensive knowledge must be obtained on atmospheric winds and turbu-
lence, aerodyramic forces and moments buffeting and flutter, aerodynamic
heating of the vehicle during ascent, and heating of the base and afterbody
due to the high-temperature exhaust. The refinement of structural design
requires knowledge of the dynamic behavior of the large, highly stressed and
flexible vehicles and requires further evolution and development of new and
advanced structural materials and principles of structural design.

Comprehensgive knowledge of the space environment is required. NASA will
study: high-energy charged particle radiations and the interactions cf the
radiation with matter and new means of shielding; the distribution anc
population of hazardous particies, and the phenomena of hypervelocity impact
and penetration, and means for protection of spacecraft from penetration;
the high vacuum of space; thermal radiation from the sun; weightlessness which
influences the behavior and control of propellants and other fluids; and
the control of spacecraft temperatures.

Atmosphere entry and soft landing of unmanned and manned spacecraft pose
continuing vehicle design problems. A broad research program in the areas
of aerothermodynamics, fluid physics, structures and materials is required
to produce basic understanding of high-temperature gas properties, flow
fields, distribution of radiative and convective heating, stability aad
control, ablative materials and thermal protection systems, and high-tempera-
ture structural design,

To guice the overall program of theoretical and experimental research,
continuing studies are being conducted of advanced space missions and vehicle
concepts. Thesge studies have the specific objectives of assessing new missions
or flight operations, providing ideas and innovation in space vehicle concepts,
and identifying technical problems requiring long-lead-time research.

RD 13-1



Another rasponsibility of the space vehicle research and technology
program is application of promising new results and of the best current know-
ledge to the formulation of space vehicle design criteria.

SUMMARY OF RESOURCES REQUIREMENTS:

1963 1964 1965

Supporting research and

technologye.ceesencecerese  * 620,226,000 $26,300,000 $26,300,000
Scout reentry heating

experimentS..ccceeeececase 1,383,000 1,500,000 2,000,000
FIRE. ..eeeteccoocconcscnsscacs 13,912,000 8,000,000 3,000,000
Saturn-launched meteoroid

experiments....... cesscee 3,940,000 8,000,000 2,600,000
Small space vehicle flight

eXperimentS.ececeeccocene 1,724,000 2,800,000 3,000,000
Lifting body flight and

landing testS.ceccecocces --- 900,000 1,900,000
Scout-launched meteoroid

experiments (5-55).e00es. 2,805,000 1,500,000 ---

Total COStSeeeeosocacosns $43,990,000  $49,000,000 $38,300,000

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology

1963 1964 1965

Spacecraft aerothermodynawic..... $ 5,126,000 §$ 5,432,000 §$ 5,432,000
Spacecraft loads and structures.,. 3,306,000 5,177,000 5,177,000
Launch vehicle aerothermo- ,

dynamics. ...... crecenecnaes e 879,000 914,000 1,214,000
Launch vehicle loads and struc-~

TS of ¥ - S ceesacceans .- 2,467,000 3,797,000 3,797,000
Space vehicle environmental

factors. . .vveveerecancascannns . 6,847,000 7,030,000 7,030,000
Advanced space vehicle concepts.. 1,501,000 2,650,000 2,350,000
Space vehicle design criteria.,.. 100,000 1,300,000 1,300,000

Total COBtB.vevrsrccans ceeeee .. $20,226,000 $26,300,000 $26,300,000

Considerable progress has been made during fiscal year 1964 to establish
the heating distribution on the front face of blunt shaped spacecraft at
lunar return speeds. Extensive testing has been accomplished to define the
heating on the afterbodies of Apollo-like configurations where complex flow
phenomena make prediction and wind-tunnel testing difficult. A free-flight
model technique has been devised for high-~-heating rate shock tunnels which
should enable a much better determination of the afterbody heating. Fesearch
on this problem will receive continued emphasis in fiscal year 1965.
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Research will also be continued on the aerothermochemical properties of
air and various predicted atmospheres of Mars and Venus at the very high
temperatures associated with entry flight. More refined theoretica’ and ex-
perimental research on reentry heating will be continued in fisca! year 1965,
particularly for the very high speeds associated with Earth reentry upon re-
turn from interplanetary flight where the radiative heating becomes increas-
ingly importart.

Recent research has shown that zero- or low-lift spacecraft configura-
tions can be achieved to reduce the hot gas radiative and total heating at
very high entry speeds (25,000 to 45,000 mph). It is difficult te maintain
in the hot enviromnment the relatively sharp nose required on these configura-
tions. Some promising techniques will be studied further in fiscal year 1965.

Signi ficant: progress was made in the past year to improve the aerodynamic
performance, stability, control and general flying characteristics of advanced
"ifting body" type spacecraft throughout the speed range from reentry to
landing. Such spacecraft offer considerably improved maneuverability during
reentry flighi: and approach to landing compared to spacecraft of the Apollo
and Gemini types. These spacecraft also permit horizontal landing much like
the X-15. Some weight penalties for these desirable features and a more
difficult problem of assuring adequate reentry heat protection are impcsed.
The heating 18 aggravated by complex flow phenomena for these configurations
with canopies, aerodynamic control surfaces and other protuberances that are
only partially understood. Research on the heating and aerodynamics will
continue to be an important part of this work. Also, research will be con-
tinued on emergency landing and abort flight problems for this class of
vehicle.

Last year evidence indicated the heating of a probe in a Venus atmosphere
at speeds agbove 20,000 miles per hour may be less than previously indicated.
This will be examined in greater detail in fiscal year 1965.  New evidence
on the composition of the Mars atmosphere has also changed the views on a
probe shape suitable for Mars entry flight. Such a probe shape will have
greater aerodynamic heating and stability problems than previously expected
and will require considerable research in order to provide adequate data on
heat protecticn and control during entry.

In fiscal year 1965 research on landing and recovery aids for ballistic
type spacecraft will concentrate on aerodynamic and deployment problems of
steerable parachutes, paragliders, aerodynamic decelerators, rotors, ratro-
rockets and combinations of such devices.

Spacecraft Loads and Structures

The program provides the technology for improved and reliable structural
performance of flight vehicles. The trend toward more thorough ground qualifi-
cation is a direct consequence of more stringent mission requirements involv-
ing performance improvement and longer operating times. Applied research to
assure the tinely acquisition of appropriate analytical methods and experimental
facilities will be continued.

RD 13-3



Work will continue on obtaining research information for the design of
thermal protection systems for spacecraft atmospheric entry. Current effort
is directed toward retaining the high thermal efficiency of ablating mater-
ials, while improving their structural properties to an acceptable level.

Research will be continued on the structural advantages of composite
materials. Filament reinforced composites exhibit superior strength charac-
teristics and eppear to be particularly advantageous for the containment of
cryogenic fluids such as liquid hydrogen. The major problem limiting their
immediate use centers about mechanical compatibility of liner materials.
Primary effort is directed toward providing an acceptable solution to the
liner problem. Additional research objectives in spacecraft loads and
structures are concerned with environmental vibrations, analytical methods
and landing impact.

Launch Vehicle Aerothermodynamics

This research effort is aimed at the solution of aerodynamic and thermo-
dynamic problems of currently approved launch vehicles and provides the nec-
essary body of technological knowledge that will be required for the develop-
ment of the more highly advanced launch vehicles of the future. The research
effort in fiscal year 1965 will place emphasis on launch vehicle heating
during flight with particular reference to the effect of nozzle clustering on
base heating, improved experimental methods for the laboratory investigation
of base heating, and measurements of the radiative heating component due to
the incandesceat rocket exhaust plumes. Research will also continue on tra-
jectories and staging; launch vehicle static and dynamic stability; vehicle
aerodynamic forces; loads, and flow phenomena; and hinge moments on gimballed
rocket nozzles.

Research will also be continued on large rocket engine noise. This will
include analytical and experimental studies on the generation, propagat:ion,
and effects of noise under a variety of operating conditions. This re-
search will include studies of aerodynamic noise generation by boundary
layers, wakes, and separated flow, and absorption of low frequency acoustic
energy in atmospheres. With particular reference to the advanced vehi:les
of the future, emphasis will be placed on the aerothermodynamic problems of
new and different launch vehicle concepts capable of recovery and re-use.

Launch Vehicle Loads and Structures

This NASA effort is directed toward increasing the efficiency and relia-
bility of launch vehicle structures, through a better understanding of the
loads imposed on the vehicle by atmospheric winds and buffet loads, and by
striving for lighter structures capable of withstanding these loads. One of
the significant accomplishments during fiscal year 1964 was the advance made
in dynamic modeling technology attested to by the excellent correlation of
the 1/5-scale Saturn I vibration data with the full-scale test data. The
present level of effort will continue in most areas of structures research
in fiscal year 1965 with an accelerated effort in a few areas.

RD 13-4



In this regard, studies of large launch vehicle structural configura-
tions will be made where novel design applications, such as the use of semi-
toroidal tanks, will permit shorter vehicles with improved strength and
rigidity characteristics. 1In order to provide adequate containment of low
fuel temperatures with no leakage and low heat transfer, a detailed investi-
gation of new materials and their application to lightweight tanks, lirers,
and insulation will be conducted. The prediction of design loads will receive
additional impetus. Methods for the prediction of the dynamic response of
structures to winds and other loads will continue to be studied. The increased
use of models to aid these investigations will also be studied.

Space Vehicle Environmental Factors

This effort concerns environments encountered beyond the atmosphere
that are important to space vehicle design, and the effects of these environ-
mental factors on space vehicles., The five principle areas are high-energy
space radiation effects and shielding, meteoroid environment and impact: hazard,
zero gravity fluid behavior, high-vacuum technology, and thermal radiat:ion

and temperature control.
¥

In the high-energy radiation and shielding area, one of the major efforts
is the transport of charged particle radiation through matter. A program
yielding thecretical estimates of electron penetration will be continued with
experimental verification being obtained for the theoretical results. A
long-range program, now in its second year, for study of the interaction of
protons with matter will continue. Studies of electromagnetic shielding con-~
cepts will be continued as a potentially lighter weight, more effective means
of shielding. 1In the area of radiation effects on components and systems,
two kinds of research effort are being undertaken. One will provide engineer-
ing data for immediate design use in radiation effects on specific components.
Another effort of a more basic nature will provide a better understanding of
the underlying mechanisms of radiation damage.

The problem of defining the meteoroid hazard to spacecraft is omne of
both immediate and long-range importance. With increased mission duration and
hence increased time of exposure to the hazard, the danger from this source
increases. Major research progress was made during the past year with the
conclusion of the successful Explorer XVI satellite experiment in which the
first direct meteoroid penetration measurements were made. The experiment marked
the real beginning of a series of satellite experiments, discussed under flight
projects, whose objective is to eliminate insofar as possible the large un-
certainty that presently exists with regard to the population and penetrating
power of hazardous meteoroids. In addition to the flight experiments, the
radio meteor project will be continued in which meteors are observed and their
properties measured by radio reflection techniques as they enter the Farth's
atmosphere to determine their physical characteristics as well as their dis-
tribution in space and time. To properly assess the hazard from any given
meteoroid distribution, the phenomena associated with high-velocity iwmpact must
be understood. Theoretical impact studies and laboratory experiments using the
best available particle acceleration techniques will be continued. In addition,
several approaches to the problem of obtaining the yet unattained true meteoroid
velocities and masses in the laboratory will continue under development.
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Some two years of comprehensive experimental research, using a modest
sized drop tower facility, has recently been completed. Major current emphasis
will be on research on the dynamics of fluid motion under small accelerations
(near-weightlessness) in flight experiments and in available drop tower
facilities.

The program in the vacuum area will be primarily concerned with the
advancement ¢f techniques for producing better vacuums in the laboratory and
for measuring these vacuums with precision.

An important problem in the design of spacecraft is maintaining temper-
atures in the desired range. Research on active temperature control systems
(i.e. those in which the thermal characteristics of a vehicle are varied
during a mission) will be continued, as well as further development of improved
passive systeuns which will not degrade in effectiveness during extended space
fl ight for long times to the space environment. Solar radiation design studies
will be continued to develop improved light sources, better techniques for
calibration, lmproved optics and the possible use of thermal scale modeling.

Advanced Space Vehicle Concepts

This effort involves the study and analysis of advanced missions,
spacecraft, and launch vehicles beyond presently approved projects. PFrincipal
objectives are to understand problems associated with advanced missions; to
asgist in guiding the overall research efforts of the Office of Advanced
Research and Technology by the identification of critical and long-lead-time
problem areas; and to provide for the innovation and invention of new concepts
and vehicles.

In fiscal year 1964, research efforts identified research requirements
and provided concepts in support of manned orbital laboratory and manned and
unmanned planetary missions. Consideration was also given to the potential
and problems of advanced nuclear and nuclear-electric vehicle systems.

Space Vehicle Design Criteria

This effort is directed toward the improvement of future NASA space
vehicles by providing the designers with a basic and uniform set of conditions
for use in designing launch vehicles, spacecraft, and entry and landing
vehicles, as well as integrated space vehicles. Fiscal year 1965 funds will
continue this effort.

A number of individual criteria monographs dealing with specific design
topics are now in preparation at NASA Centers, some of which should be
published in calendar year 1964. These will be coordinated with other Federal
departments and with industry to obtain wide acceptance of the criteria and
to aid the ultimate development of national criteria for designing space
vehicles.
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FLIGHT PROJECTS

Flight experiments are used when ground facilities cannot provide
adequate simulation of the space enviromment, when information about the
nature of the space environment is important to space design, or when data
is needed to correlate or validate important results from ground facilities.

Scout Reentry Heating Experiments

1963 1964 1965
Spacecraft and support services... $1,383,000 $500,000 $1,000,000
Launch vehicleS..eeiveeeecoscensnes - 1,000,000 1,000,000

Total cOStS.sveivsonacesonecnnss $1,383,000 $1,500,000 $2,000,000

These tests measure the performance of promising heat shield materials.
Ground facilities provide only partial simulation of the heating environment
for bodies entering the atmosphere at velocities higher than ICBM speeds.

The objective of the Scout reentry experiments is to obtain data on heat

shield materials under flight conditions at entry speeds of 28,000 feet per
second and higher. Early experiments developed and demonstrated the techniques
for obtaining heating data at high entry velocities but did not achieve the
expected velocity because of difficulties with the launch vehicle.

Beginning with the second flight planned in calendar year 1964, provi-
sions for recovery will be incorporated in the Scout entry experiments. The
funds requested for fiscal year 1965 will provide for one experiment in this

series.
FIRE

1963 1964 1965

Spacecrafr: and support services.. $ 9,912,000 §$ 6,470,000 $ 1,890,000
Launch vehicle.....c.cviuvvenennnn 4,000,000 1,530,000 ‘1,110,000

Total cCOBLB. . veracncnonaoceas ; 2
costs 213!912!000 $ 8,000,000 S 3‘000 000

The objective of this project is to investigate the heating environment
and effects around a blunt Apollo-shaped vehicle during an actual reentry
at 37,000 feet per second. The flight tests will provide critical anchor
points for validating results from laboratory test facilities and wil' provide
guidance for applying experimental and theoretical reentry data generated by
laboratory research. The project provides two flight articles and a prototype
spacecraft.

Fi§ca1 year 1965 funds provide for changes in the second flight space-
craft arising from results of the first flight and check-out, launch, data
reduction, and reporting of results.
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Saturn-Launched Meteoroid Experiments

1963 1964 1965

Spacecraft and support........ $ 3,940,000 $ 8,000,000 $ 2,600,000

Total COBLS.ceevrscosoacene § 3!940!000 $ 8,000,000 $ 2&600!000_

The experiments to be launched on development Saturn vehicles will expose
an area almost 100 times that of the Scout=-launched experiments to meteoroid
penetration. This will permit measurements of the frequency of penetration of
metal surfaces as thick as 0015 inches, approaching nominal vehicle wall
thicknesses used in propellant tanks for Apollo and other projects.

Small Space Vehicle Flight Experiments

1963 1964 1965

Behavior and handling of cryo-
genic propellants at zero G.. $ 719,000 $ 1,050,000 $ 640,000

Wind shear measurements......... 113,000 200,000 200,000
Meteor simulation......eec-e..- . 535,000 750,000 610,000
Reentry detection.............. . 84,000 200,000 150,000
Meteoroid penetration probe..... 273,000 100,000 -——-
Secondary environmental experi-.

MENEB. . entuecnnnnecsennoonss .- 500,000 1,400,000

Total cO8E8..vneensen. ceeens . 2 1!724!000 2 2!800!000 $ 3,000,000

This project provides a number of ballistic trajectory flight experiments
using small launch rockets to verify results obtained in ground facilities,
and to investigate problems which can only be studied under actual space
environmental conditions. Current objectives include: studies of the be-
havior and handling of cryogenic propellants (liquid hydrogen) and their
associated systems in the zero gravity and near-zero gravity conditior;
measurements of wind shear profiles in the vicinity of major-rocket launching
bases; simulation of meteors by firing pellets of known size into the atmo=--
sphere from reentry rockets to provide a basis for deducing the size c¢f photo-
graphically observed natural meteors; measurement of radar cross-section of
reentering objects as affected by the ionized air surrounding the object; and
secondary experiments, flown on launch vehicles funded elsewhere, to establish
the effects of the space environment on the physical characteristics cf a
wide variety of spacecraft materials.

Lifting Body Flight and Landing Tests
1963 1964 1965

Flight vehicle & support services..$ ~== $ 900,000 $ 1,900,000
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Present manned spacecraft are of the blunt-body, ballistic or semi-
ballistic type (Mercury, Gemini and Apollo), capable of coping with entry
heating at speeds as high as lunar return velocity but with very limited
maneuverability. Entry spacecraft of the lifting body class, intermediate
between ballistic configurations and winged configurations, promise good
maneuverability in the atmosphere coupled with ability to withstand the entry
heating associated with lunar return or return from missions even beyond the
Moon. However, before practical application can be made of the lifting
body concept, it is essential to determine the flying characteristics and
whether pilots can handle such vehicles.

A preliminary investigation of the approach and landing characteristics
of one promising type of lifting body configuration has been accomplished by
the Flight Research Center using a simple, inexpensive glide vehicle :on-
structed of steel tubing and plywood. This lightweight vehicle was tested
extensively by ground and air tow with release into free-flight. It has now
been demonstrated that it can be flown and landed successfully.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1965 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY ELECTRONIC SYSTEMS FPROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The Electronic Systems program provides, through research and technology,
the basis for developing reliable and efficient components, and flexible and
proven techniques for ultimate use in guidance, control, communications,
tracking, instrumentation and data processing systems. The spectrum of
research activity ranges from laboratory and theoretical investigations which
make possible new approaches, to flight experiments employed to examine the
feasibility, or provide environmental verification of new devices or theories.

SUMMARY OF RESOURCES REQUIREMENTS :

1963 1964 1965
Supporting research and
technology.eseosssceensennnnas $15,535,000 $24,900,000 $25,400,000
Small flight projects.......... . 1,536,000 3,800,000 3,000,000
Total costS,ceveerecnncens ve.. $17,071,000 $28,700,000 $28,400,000

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

1963 1964 1955

Guidance SystemS....c.eeeveesace $3,565,000 $5,265,000 $5,435,000
Control systems..eeeeoscesssocns 2,858,000 4,850,000 5,450,000
Communications....coeeeerencecase 2,802,000 4,315,000 4,455,000
Tracking and data acquisition... 1,329,000 3,220,000 3,050,000
Data handling and processing.... 1,897,000 3,530,000 3,380,000
Instrumentation, .vceeeroceceeass 3,084,000 3,720,000 3,560,000

Total COStE.evesnnnrconccesas ..o $15,535,000 $24,900,000 $25,400,000

Guidance Systems., The guidance system research and technology program
is directed towards the derivation of information necessary to understand
and design simple, reliable and lightweight sensors, reference elements and
associated components which make up a guidance system. The program empha-
sizes technique and component research in inertial, optical, passive and
active electromagnetic phenomena for principal use in the sensing and
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reference functions. Trajectory analysis provides the framework for examin-
ing energy requirements, error analyses, and sensor and data processing trade
offs for any specified space mission.

The areas of research in which potential improvements appear most likely
are in cryogenic (super-conducting magnetic) and electrostatic gyros, and in
atomic and micron size particle gyros and accelerometers. The fiscal year
1965 program will continue these tasks where progress warrants and in addi-
tion proposals for gyros and accelerometers using atomic and micron size
particles have been evaluated for initiation.

Various factors related to future missions such as range, duratiom,
energy available and abort dictate the need for on-board, autonomous,
navigation systems, NASA is emphasizing research in such passive devices as
on-board optical space navigation instruments (similar to sextants) and on
electro-optical sensors for use as star mappers. In addition, television
techniques for data collection and closed-loop guidance systems are plLanned.

The current effort in active guidance phenomena such as radar and laser
type devices and systems is research analysis oriented, and is directed
towards examining the requirements and performance parameters from which
conceptual designs can be formulated. In parallel with this activity a
limited effort will be continued in exploring specific sub-systems and
techniques to provide improved systems for later versions of existing space-
craft.

Control Systems. Control 8ystem research and development seeks to
optimize flight control techniques for manned and unmanned vehicles. Analyt-
ical and experimental studies of sensors, controllers, and actuation
mechanisms are conducted in order to devise combinations which maximize
probability of over-all mission success.

Exploitation of phenomena inherent in the space environment is pursued
for control purposes. In the on-going program, the utilization of solar
radiation pressure in combination with a momentum exchange device wi.l be
investigated as a device for controlling the orientation of a vehicle, The
Ames Research Center has completed ground-based studies of a gravity-gradient
vehicle orientation system which uses a single passive damper. Bearings,
rods, and dampers for such vehicles have been developed. A technological
flight test will be proposed for fully demonstrating the feasibility of a
passive vehicle orientation system.

The work in controls has also emphasized no-wearing part control sensors
and actuation devices, in order to obtain the greatest vehicle life reliabil-
ity. A research program has been undertaken to increase the sensitivity and
accuracy of these devices.
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A no-moving part gas valve is being developed for micro-thrusters in
the 2-6 micropound range, as a result of research completed in the past year
related to the diffusiomof hydrogen through a palladium alloy. Theoretical
control research will be conducted, in addition to application of adaptive
and optimal controls to specific classes of vehicles.

A portion of the manned controls research is related to the investiga-
tion of the control and display requirements for future space vehicles, where
new and unexplored mission tasks are involved, such as rendezvous, lunar
landing, and mid-course attitude control.

Much of the control systems effort is related to understanding man's
operation as a control element, and development of a rational design pro-
cedure for menned systems. In fiscal year 1965, emphasis will be placed on
testing of electronic and mathematical models of control tasks. It is also
planned in fiscal year 1965 to examine quantitatively the effects of display
dynamics upor the analytical manual control system models developed t> date.

Communications Systems. Communications 8ystems research provides
technology to minimize spacecraft volume, weight and power devoted to the
transmission of data. Present communications systems are prime consumers of
spacecraft power and account for a significant percentage of the weight of
the spacecraft. The communications systems research effort is directed
towards solving this problem by exploring new technologies heretofore not
employed for space communications.

To achieve this objective, the research emphasis is placed on submilli-
meter and optical technology, which, due to its shorter wavelength allows
considerable reduction in physical size and weight of the associated compo-
nents. Also, in electronic components, emphasis is placed on thin film and
microelectronics which show promise of smaller size, weight, and power, as
well as improved reliability and consideragble immunity to radiation.

A laser signal transmission measurement program was initiated ir. fiscal
year 1964 and will be continued in fiscal year 1965. This program will
identify the atmospheric effects.on the coherence character of radiation
and will determine which new techniques or procedures can be employec to
minimize such effects.

Submillimeter electromagnetic radiation has received little research
attentjion directed towards communications; however, these frequencies offer
considerable promise for deep space communications. During fiscal year 1965,
the effort to improve the state-of-the-art in sources and detectors will be
continued. Also, an effort will be initiated in radiation transmission
measurements under realistic aerospace conditioms.

NASA has initiated studies in fiscal year 1964 to determine the
feasibility of achieving microelectronic micropower devices; that is,
extremely small active and passive devices which perform comventional func-
tions such as amplification, switching and digital logic at power level
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orders of magnitude below those in use today. A program will be initiated
in fiscal year 1965 to fabricate prototype devices.

In fiscal year 1965, studies will be conducted into the pertinent
applications of microelectronics in the Saturn V vehicle. Three subsystems
have been selected which will be converted to microelectronics. These
systems will be thoroughly tested, evaluated, and compared with the existing
subsystems to determine the advantages that application of microelectronic
techniques offer.

Tracking and Data Acquisition Systems. This research covers the devel-
opment of technology that will enable more accurate ground determination of
spacecraft orbital parameters, such as range, range rate and angular position.

Emphasis is placed on two approaches: optical tracking, which, theoret-
ically, will enable orders of magnitude improvement in both range rate and
angular data concerning the spacecraft; and large effective aperture antenna
technology which will afford an improvement in the range and data acquisition
capability of the ground based system.

Development of real time optical tracking technology will provide an
accurate means of tracking during reentry and development of techniques, and
will enable a greater portion of the data acquisition equipment to be located
at the ground terminal.

The size of ground antennas or radiating aperture has a direct relation
to data acquisition capability ~- the larger the aperture the greater the
capability. During fiscal year 1964, experimentation related to '"signal
combining" confirmed that arraying of individual apertures can be accomplished
with the threshold of detection of the array lower than that of the individual
antennas. As a result, a study has been initiated to determine the type of
experimental facility that will be required in order to fully evaluate the
technique and uncover the effects of the atmosphere on the signal combdining
procedure. This effort will be continued during fiscal year 1965.

The S-6€, Polar Ionosphere Beacon Satellite, has optical corner reflec-
tors which will enable considerable experimentation to be conducted in fiscal
year 1965 on both non-cooperative tracking and ground based data acquisition.

Also in fiscal year 1965, laboratory experiments will be conducted on
the feasibility of acquiring data, via optical techniques, without the use of
a transmitter aboard the spacecraft. If this research verifies the theoret-
ical calculations, then it will be possible to consider earth orbital satel-
lites without. transmitters with the attendant increase in reliability and
performance of the satellite.

Research will continue on two basic problems associated with optical
tracking -- precision position sensing techniques and precision control of
the direction of a laser beam. In the former, the effort will be concerned
primarily with the interferometric angle measurement techniques, which show
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promise of at least an order of magnitude improvement in accuracy. Precision
closed-loop control research will utilize electro-optical techniques, which
will allow complete electronic control of the laser beam.

Data Handling and Processing. In fiscal year 1965 work will be
initiated on zdditional kinds of computer memory systems, notably those
using continucus sheets of ''ferrite'" (magnetic ceramic) plates. Such
investigations will produce memory systems having the capacity to retain
large amounts of information, and capable of rapid data recall. On-board
data processing capabilities, particularly where the handling of television
images is concerned, will accordingly be greatly improved.

Research concerning systems and computer programs for the handling of
television images is continuing. Work was begun on a new type of TV image-
forming device employing thousands of light sensitive elements called
"phototransistors'". The response of each phototransistor can be determined
by electronic means much simpler than the complex switching and synchroniz-
ing systems required for conventional TV electron beam scanning.

Television systems will be analyzed, the intent being the reductijon of
the burden on the communications channel, with some improvement in the image
itself. Expected TV system improvements should soon make practicable direct,
immediate viewing of the lurar surface or of other nearby objects - for
example, artificial satellites.

New, advanced devices which facilitate direct, rapid communication
between men and data processing complexes will be developed and tested.
These include special keyboard devices, special displays, and appropriate
computer programming and other required system developments. In addition
to man-machine links, devices which improve communication among compuiers
will be studied and improved.

Instrumentation, Anticipated requirements involve the development of
instruments utilizing minimum power and yielding information in a form suit-
able for immediate use or digital computer processing. These devices must
be reliable and precise, have adequate response speed, and be able to
operate despite extremes of temperature and radiation levels.

Instruments will be needed to determine the characteristics of the
atmosphere, electromagnetic environment, and gravitational and particle
fields which surround the major bodies in the solar system.

One of the most difficult measurements is the determination of atmos-
pheric pressure as we move away from EBarth. Available devices are accurate
in the lower part of the EBarth's atmosphere, but are of questionable accuracy
in the hard vacuum of deep space.
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Present electromagnetic radiation sensors cover only narrow frequency
bands. A series of units must be used to cover the optical-to-infrared-
range. Broad-band radiation sensors will be developed to cover the complete
range.

The physical condition of personnel in spacecraft and the essential life
support systems will be monitored by biomedical instruments of optimum design,
and must be integrated into the over-all space vehicle instrumentation.

Recently striking results have been achieved in the area of desizn and
fabrication of miniaturized, completely self-contained, medical sensors.
These can be applicable to biomedical instrumentation since they are zasily
attached to astronauts or animals, are self-powered, and transmit their
information - concerning heart-beat and respiration, for example - to radio
receivers which may be yards away. Such units, occupying a volume of only
a small fraction of a cubic inch, were successfully tested.

A laboratory micro-balance was developed at Ames of such sensitivity that
it has detectied the pulsations of the heart of a developing embryo within a
quail egg.

In fiscal year 1965, in addition to improvements in the miniaturized
wireless sensors, studies will be initiated in the general area of sensing of
the presence of non-terrestrial living organisms.

Engineering instruments are those sensors needed to acquire infcrmation
concerning the behavior of the space systems themselves - the ground test
facilities, rhe prototype or final versions of spacecraft during checkout,
the launch systems, and the spacecraft in flight. Such information must be
made immediately available to ground operations personnel and spacecraft
crews - wherz such exist - during pre=-launch, launch, and all post-lzunch
phases.

In fiscal year 1965, NASA will place special emphasis on measurements at
high vacuum, Application of the mass spectrometer to the problem of determin-
ing the composition of gas mixtures at extremely low pressures will be
studied. The lowest pressures at which a gas molecule damped diaphragm
pressure-measuring device may be used will be greatly reduced.

In addition, reductions in size and weight and increases in speed of
response of devices making use of the ''gas chromatography" principle will be
accomplished. This technique should be of great value in the analys:.s of
manned spacecraft artificial atmospheres.

In light of its general applicability to all instrumentation programs,
attention will be given to new concepts in the digital transducer area. Solid
state transducers present encouraging possibilities and will be emphasized in
fiscal year 1965.
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While the foregoing developments represent specific steps to be taken
in fiscal year 1965, research will also be continued on instrumentation for
high and low temperature measurement, force and torque measurement, and on
particle detection devices of enhanced performance.

Small Flight Projects
1963 1964 1965

Radio attermuat.ion measure-~
ments (RAM) v..ceieveencecennes $1,305,000 $2,000,000 32,000,000

ScaANNer....ocvevsaasessssssvases 110,000 1,800,000 1,000,000
Spacecraft orientation
control system (SOCS)......... 121,000 - -

Total COEES. v eesnesooecnncans $1,536,000 $3,800,000 53,000,000

Radic Attenuation Measurements (RAM). This flight project is designed
to provide the flight experimentation and verification of the interaction of
electromagnetic radiation with the ionized plasma generated by reantering
spacecraft, and the evaluation of means whereby the effects of th2 plasma
on radio waves may be minimized or eliminated. Flight experiments are
essential to our understanding of the interaction of radio waves with plasma,
as it is not possible to simulate the varying conditions encountered during
reentry. Data obtained from flights conducted will supply the technological
base upon which solutions to the communication black-out problem will be made
for both manned and unmanned reentry at speeds of 25,000 feet per second and
above.

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. A secondary objective is to develop a flight-
proven technique for gathering statistical data, possibly in earth satellite
spacecraft. The project is an extension of the current research on hcrizon
characteristics, Two flight experiments are planned with an additional set
of payload backup equipment and instrumentation provided. Technical advances
in Scanner over previous experiments will be the use of star-mapping techniques
to correlate sensor pointing directions with observed data, and the acquisi~
tion of extremely high resolution gradient data. Recent measurements at
14-16 microns indicate an independence from clouds and seasonal effects for
this frequency band. Further study is necessary to verify the optimum
frequency for horizon sensor development and application and to assess the
spacecraft orieantation accuracy attainable with horizon scanner techni.ques.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1965 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY HUMAN FAC&OR SYSTEMS PRCOGRAM

PROGRAM OBJECTIVIES AND JUSTIFICATION:

Future aerospace project successes depend upon the effective utilization
of man, both space and ground based. The Human Factor Systems program is
providing research supporting the successful consummation of these pro‘ects.
Specific program objectives are (1) to obtain a better understanding of
man's capabilities and limitation and to determine his utilization is zd-
vanced aerospace systems, (2) to obtain information which will be the basis
for designs of systems for maintaining the high operating efficiency of
crews during programmed and emergency phases of advanced aerospace missions,
and (3) to determine overall human factor requirements and integrate them
into the design of advanced aeronautical, astronautical and ground support
systems.

The major program effort is located at Ames Research Center with partici-
pation by other NASA centers, other government agencies, universities and
industry. The intra-NASA and Department of Defense-NASA review prccedures for
life sciences tasks avoid duplication of effort and provides a better
balanced national life sciences program. Intra-agency coordination of
supporting research and technology tasks 1is conducted through the Life
Sciences Subpanel of the Supporting Research and Technology Panel, Aeronau-
tics and Astronautics Coordinating Board. This across-the-board cooperative
effort makes certain of a maximum utilization of current data and capabilities
in the life sciences.

Future marned space missions depend on the effective, safe utilization of
man for extended periods of time. Maximum reliability and safety. and
minimum payload weight can be realized by utilizing man as a primary or
backup component. Determination of the assignment of such tasks is dependent
upon the physical condition of the crew, their performance and their ability
to communicate. Throughout these missions, man will be subjected to a
variety of natural and mission dependent enviromments such as vacuum, tem-
perature, acceleration, weightlessness, radiation, and magnetic fields.

We must know the physiological and psychological effects of each unique
environmental factor, as well as the interaction of these factors to insure
the effective integration of man as a part of the total system.
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SUMMARY OF RESQURCES REQUIREMENTS :

Supporting Research and Technology

1963 1964 1965
Supporting research and
technology.e.ceeceeceens ceeens $9,678,000 $13,200,000 $13,200,000
Flight program:
Small biotechnology flight _
PrOJeCtS.eeerosnncccsocnans 112,000 ——- 3,000,000
Total COSESieerecsceseconsos . $9,790,000 $13,200,000 $16,200,000
BASIS OF FUND REQUIREMENTS:
1963 1964 196.5
Advanced conceptS.scceeeesessss $ 311,000 $1,053,000 $ 900,000
Human research and performance. 4,275,000 3,488,000 4,057,000
Life support and protective
© SYSEeMS. .ttt rocncnnnansns 3,407,000 5,216,000 5,000,000
Man-systems integration e¢sssecee 1,685,000 3,443,000 3,243,000
Total COStS.eeesceseesaconsss $9,678,000 $13,200,000 $13, 200,000

Advanced Concepts

Studies in advanced concepts analyze problems and their solutions in
terms of concepts beyond the present state of scientific and technical art.
Continuing fiscal year 1965 research in this area includes investigations

in systems analysis, human analogs, and bionics.

Bionics concerns

the

analysis of operating principles and of the construction of natural bio-
logical systems to determine what they may contribute to the science and

technology of systems which include man.

Other research includes investi=-

gations of cybernetic organisms (cyborgs) which involve the development: of

mechanisms which work like or may be combined with man.

On the most

elementary level, this science offers such devices as mechanical limbs

which may be controlled as one controls his own

limbs.

Advanced concepts

will offer auxiliary devices which will extend man's ability to perceive

and act.

auditory centers of the brain would bypass the ear entirely.
astronauts would not need earphones; aircraft pilots could have unimpeded
communications and yet be able to monitor the airborne sounds of their

vehicle,

718-881 O - 64 -5

For example, the electrical transmission of information to the

Space suited
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Human Research and Performance

Space requires man to adapt to new environmental conditions such as
zero gravity, zero or intense magnetic fields, variable degrees of ionizing
radiation, various pressures and types of artificial atmospheres, relative
social deprivation, and toxic effects resulting from contaminants. These
environmental differences and their combinations are analyzed in terms of
their effects on man's principal body systems; e.g., cardio-vascular,
respiratory, central, nervous, gastro=intestinal, and endocrine., They are
also analyzed in terms of effects on the whole man when living and working
in the space environment., Research results will be used to establish
design requirements for life support and protective systems and in deter-
mining the most effective utilization of man in future space missions.

In the hermetic space vehicle, many items not normally considered
toxic or hazardous can create problems. For example, most plastic is
characterized by a slow loss or evaporation of plasticizers or solvents:,
The closed air cycle of the space vehicle allows such air additives to
concentrate, and reduced pressure in the vehicle accelerates such
evaporations,

Toxic substances previously unknown are a potential hazard te ground
personnel, New fuels are primarily the source of such exposures, An
extensive toxicological program has been initiated.

Shielding systems using cryogenic super=conducting magnets offer
protection from ionizing radiation with small weight penalty. Such systems,
however, produce intense magnetic fields. Research is in progress to
determine the effects of such fields on body chemistry and nerve condu:tion,
Such fields have definite biological effects, but more intensive research
is required.

Breathing systems using the conventional 5psi and 1007 oxygen are
unsatisfactory for long term exposure., Pure oxygen causes a number of
toxic reactions to body tissue, and the combination of 100 % oxygen
and low pressure causes lung deterioration, Further investigations area
being conducted to determine the optimum gas pressure and mixture for long
term use. Such data is aprerequisite for extended space flights.

Calcium loss from bones and reduction in vascular tone have been
observed following brief periods of zero gravity exposure. An investiga-
tion is in progress to determine the extent of this problem and corrective
measures to prevent or counteract its effects.

Life Support and Protective Systems

Life support and protective 8ystems research has two major goals:
(1) development of design concepts for life support equipment which can
meet human requirements during long-term space flights, and (2) accumulation

RD 15-3



and validation of biotechnology data which can be used in the design o:f
manned spacecraft and extra-=vehicular systems., In equipment design,
emphasis is on systems which require a minimum of auxiliary power, on
regenerative systems which require a minimum of supplies, and on bio-
instrumentation and associated data processing equipment for adaptive
control systems, In design data studies, emphasis is on man's performance
in a realistic space environment.

In fiscal year 1965 research in biotechnology will cover (1) work on
advancing the state=of~the-art displays, specifically in analog types, which
present man with unambiguous visual cues, (2) further surveys of existing
psychological and envirommental data to determine the validity of these
data in the space environment, and, (3) bioinstrumentation and biodata
processing equipment, including data display, to optimize man=machine
integration and to minimize the work of the man in controlling his environ-
ment,

Some advanced display systems,to improve navigation and attitude
control, will be flight tested. Ground based simulators using these
advanced systems will be operated in conjunction with computers for
solution of in flight visibility problems for all environments,

Work on protective systems will cover (1) preliminary designs of
manned extravehicular locomotion and protective systems for both '"zero-G"
and lunar environments, (2) continuing studies on advanced space suits,
and (3) preliminary studies on restraint equipment, radiation protection,
support equipment, and escape systems applicable to earth orbital, lunar,
and interplanetary missions.

Fiscal year 1965 effort will provide expanded laboratory testing of
preliminary systems resulting from the advanced studies and feasibility
experiments. Research center activity will be divided between Langley,
Lewis and Ames,

Man=Systems Integration

Key activities in manned-system integration involve: (1) determining
human engineering performance and engineering design criteria for use in
design of future aerospace systems; (2) analyzing and simulating future
possible aerospace missions to determine additional research requirements,
design requirements, or possible experiments; and (3) implementing research
experiments, through ground demonstrations and check out, which are intended
to be flown in other flight programs.

Continuing efforts are aimed at improved safety in aircraft, Included
are studies of pilots' ability and passenger comfort in flight through
turbulent air, the abilities of pilots to react to sudden changes in
control systens, or to abrupt changes in information input, such as transi-
tion between instrument and visual flight or from normal to emergency
displays.
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A contract effort, begun in fiscal yearl963, continues to investigate the
ability of man to maintain space systems when wearing a space suit, The
intent is to derive design criteria for space systems. Future investigationsare
planned to incorporate the zero-G environment., A specific investigation is
being made as to the role man can play in maintaining or repairing nuclear
power and propulsion systems. The role of man in reusable booster systems
was investigated from a flight systems standpoint in fiscal year. 1964; and
continuation of this effort will be extended into the area of ground support,
maintenance and turn-around,

Further investigation will determine design requirements for manned
interplanetary and lunar base missions, These investigations will provide
improved guidelines for research on subsystems. Mockups of potential
payloads for advanced missions are being used in simulation studies of tasks
and procedures,

Small Biotechnology Flight Projects

1963 1964 1955

Small biotechnology flight
projeCtE;-.ooo-.o.ol.oo-looolo-..o $112’000 s== $3’O‘w’ooo

There is inadequate information concerning human reactions during, and
supporting equipment needs for long duration manned flights., An orderly
multi-phased approach utilizing fixed ground-based environmental and
simulation facilities in conjunction with balloons, aircraft, ballistic
rockets, satellites and manned space vehicles is necessary to provide the
answers,

Small flight projects and experiments obtain data not possible through
ground experimentation, Experiments will be included in ongoing flight
projects as "piggy-back' payloads, where the flight characteristics and
engineering design features are compatible,

Advances in sensing and data analysis techniques will be integratad in
F104 and X-15 flights conducted at Flight Research Center to obtain improved
psychological and physiological data. Biotechnology experiments, such as,
heat transfer and fluid flow experiments will be integrated in biosatellite
project flights to obtain data required for design of advanced space suits
and life support systems. Experiments utilizing small mammals are being
planned for irntegration with Saturn flights. These experiments demonstrate
the effects of prolonged zero gravity (6 months or more) on the physiology
and performance capacility of test subjects. The combined data from these
small biotechnology flights will provide information on the effects of the
space environnent on humans, and will provide criteria for maximum
utilization of man in future space systems.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1965 ESTIMATIES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY NUCLEAR ELECTRIC PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

Nuclear electric power generating systems offer the most practical
sources of electric power in the kilowatt and megawatt levels for future
spacecraft power. Nuclear electric propulsion systems have the highest:
performance potential of any system capable of development within the pre-
dictable future.

The nuclear electric program is intended to explore and evaluate the
advantages and disadvantages, the limitations and problems of the various
power and propulsion concepts and their subsystems, and develop the mo:it
promising concepts for mission use. The program covers: (1) technology
development which includes gathering basic data for component design and
component fabrication for evaluation in ground and flight facilities; and;
(2) the development of selected systems.

SUMMARY OF RESOURCES REQUIREMENTS :

1963 1964 1965

Supporting research and

technology.....ceveenevsenessnn $19,463,000 $24,600,000 $25,000,000
SNAP-8 development.......ovvennn . 15,994,000 15,500,000 18,000,000
Space electric rocket test (SERT) 3,188,000 4,000,000 5,100,000
Small nuclear electric propul-

sion and power flight projects. 1,248,000 600,000 -

Total COSLS..vuvvunernnnnnnnnns $39,893,000  $44,700,000 $48,100,000

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

1963 1964 1965
Nuclear electric power ($9,084,000) ($12,600,000) ($13,0C¢0,000)
Space environment effects...... 450,000 931,000 840,000
Liquid metal and metal vapor
properties and technology.... 2,640,000 3,517,000 3,900,000
Gaseous systems and components. 30,000 1,512,000 1,180,000
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1963 1964 1965

Dynamic systems and components. $3,195,000 $3,336,000 $3,880,000

Direct conversion........ecoees 1,700,000 1,694,000 1,700,000
Advanced concepts and mission
analysis.......... seesiienaes 1,069,000 1,610,000 1,500,000
Electric propulsion ($10,379,000) ($12,000,000) ($12,000,000)
Electrostatic propulsion....... 6,997,000 5,662,000 5,700,000
Electrothermal propulsion...... 1,298,000 1,623,000 1,700,000
Electromagnetic propulsion..... 1,092,000 2,330,000 2,500,000
Component technology........... 992,000 2,385,000 _ 2,100,000
Total cCOSES..vivvnvns ceaseren $19,463,000 $24,600,000 $25,000,000

Nuclear Electric Power, The Nuclear Electric Power subprogram provides
the technology needed for the design basis of the energy conversion equip-
ment of advanced nuclear electric power generating systems. By "advanced"
is meant systems which will be higher in power, lighter in weight, with
longer operat.ing lives than systems now being developed, such as SNAP-8.
Advanced systems are required for both electric rocket propulsion and future
auxiliary power applications.

Specific performance requirements will depend upon the specific appli-
cations; overall technology program goals are electrical power levels from
hundreds of kilowatts to tens of megawatts, weights of less than twenty
pounds per electrical kilowatt, and operating lives of years.

The Rankine cycle liquid metal turbogenerator systems, the Braytcn cycle
gas turbine type system, and the thermionic direct conversion type system
are the principal approaches under investigation for conversion of thermal
energy of electrical energy. Other concepts are being explored to a lesser
extent for spacial applications, such as the Stirling piston engine ccncept
for very low power use.

The technology program is being conducted for the most part under the
technical direction of the Lewis Research Center, with a small supporting
effort at the Jet Propulsion Laboratory.

Space Environment Effects. This technology area is concerned maiunly
with the space meteoroid problem as it effects radiator design. In the
megawatt power range, armor needed for meteoroid protection has been
estimated to be as much as 50 percent of the total radiator weight. Deter-
minations of the mechanics of meteoroid penetration and the best approaches
for protection are of first priority importance in providing long life,
light weight electric power systems. The overall problem of space mef.eoroids,
including all flight testing, is described in the Space Vehicle Systems
program.
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The enviromnmental effects program consists of:

(1) Simulation of meteoroid impacts using hypervelocity particle
accelerators. Simulated meteoroid impacts into targets of simple geometry
have been conducted during fiscal year 1964. The results have established
the damage mechanisms likely to occur in a real impact; such as dimpling,
spalling, cratering, etc. Target configurations closely simulating space
radiators are presently being studied. These include liquid-filled tubes,
with varying thicknesses of armor and bumper configurations. In fiscal
year 1965, additional radiator sections will be fabricated and extensive
testing will be performed.

(2) Analytical studies to support the experimental meteoroid simula-
tion program. Studies employing ''blast wave' theory have demonstratec a
capability of predicting the actual extent of damage using existing feacili-
ties as well as a method for predicting damage at actual meteoroid velocities
which cannot de simulated in the laboratory. The work will continue in fiscal
year 1965.

(3) Continuing examination of photographic and radar records of near-
Earth meteoroids to improve the reliability of the meteoroid physical
property and flux distribution data now available.

Radiators require ceramic coatings to improve the efficiency of the
heat rejection (by radiation) process. Present programs have indicated a
dozen promising coatings, some of which will be suitable for SNAP-8 and
Surveyor flight radiator applications. Long term tests (up to 15,000 hours)
have been conducted on four of these coatings. In fiscal year 1965, the
performance of coatings at higher temperature levels will be established.
Studies of techniques for applying beryllium armor to refractory metal alloy
tubing and the development of diffusion barriers to prevent béryllium from
altering the emissivity properties of the ceramic coatings discussed above
will be started.

Ligquid Metal and Metal Vapor Properties and Technology. This work deals
with the materials problems associated with high temperature liquid metal
systems and the accumulation of the thermophysical and transport properties
of the alkali metal working fluids at the high temperature levels required
for light weight systems,

The materials program includes:

(1) Accumulation of data on the physical properties of promising
alloys.

(2) The development of suitable alloys of the refractory elements such
as columbium and tantalum, for use as tubing and turbine materials as well as
materials suitable for use in high temperature electrical generators.

(3) Welding and experimental fabrication studies of refractory alloys.
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(4) Methods of improving chemicael analysis techniques for detemmining
the amounts of such impurities as oxygen in liquid metals, since corrosion
rates and embrittlement are extremely sensitive to impurity levels.

(5) Cor:rrosion testing with boiling alkali metal pumped loops and
refluxing capsuales.

Programs were started in all of the above areas in fiscal year 1963.
Tests indicate that columbium base alloys are satisfactory for boiling
potassium at 2,000 degrees Fahrenheit. By the end of fiscel year 196k two
columbium alloy pumped corrosion loops with liquid sodium will have becn
operated up to 2,000 degrees Fahrenheit for evaluating and endurance
testing components such as valves, flow meters, pumps and heaters. A
prototype corrosion test loop with boiling potassium is under construc-ion
and will be completed in fiscal year 1965. Alkali metal journal bearing
materials are presently being evaluated and equipment is being constructed
for measuring the friction and wear characteristics of candidete journal
bearing materials in potassium at temperatures on the order of 1,600 d:grees
Fahrenheit. Similgr friction and wear tests are planned for materials in
high vacuum of' 1077 Torr over the same range of temperatures.

The dispersion hardened, tantalum-base glloy develompment program has
resulted in initial alloy compositions which should exhibit high creep
strengths up to 3,000 degrees Fehrenheit. All of these programs will
continue in fiscal year 1965.

Prior to fiscal year 1963, little data was available concerning the
thermodynemic, physical and transport properties of liquid metals at
temperatures in the 1,500-2,000 degrees Fahrenheit range. A numbar of
these properties for potassium are currently being obtained under contract.
These are: liquid viscosity, liguid specific heat, vapor pressurz, heat
of vaporization and fusion, liquid thermal conductivity and pressure-
volume-tenperature relationshivs. An enthalpyencropy diagram and the vapor
snecific heat have been calculated from these data.

In fiscal year 1965 work will be completed on the vapor thermal
conductivity ani surface tension of potassium, plus most of the above
properties for cesium.

Gaseous Systems and Components. The Brayton cycle gas turbine power
system may be used with a space oriented fission reactor or isotcpe haat
source. The inert gases, Neon, Argon and Krypton, are being studied Jor use
as working fluids. The program consists of contracting for system coripo-
nents and sutsystems with performance and endurance testing inshouse. Three
radial flow compressor-turbine packages were delivered in fiscal year 1964
and will be tested in Ffiscal year 1965. Additional axial flow equipm:nt
and electricsl generator packages development has been started in mid-fiscal
year 1964. The funds in fiscal year 1965 for the most part cover spe:zial
test equipmert plus construction of some higher temperature components.
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Dynamic Systems and Components. Effort is concerned with the tech-
nology associsted with the key components of turbogenerator systens of
both the intermediate temperature (1,500 degrees Fshrenheit),superalloy and
the high tempersture (2,000 degrecs Fahrenheit) refractory alloy ypes.
These ker components include alkall metal vapor turbines, pumps, Liquid
metal lubriceted journal bearings, boilers, electrical generators,condensers
and seals.

The first two full-scale potassium vapor turbine test facilities in
this country were put in operation in fiscal year 1964 at General ilectric,
Cincinnati, and at Lewis. The contractor facility will provide parformance
tests with potassium and will be completed in fiscal year 1964 at the con-
tractor facility. A one thousand hour endurance test to simulate erosive
conditions 1ill be started. The Lewis facility will be used to investigate
design details of turbines.

Present »rograms have been concerned with obtaining the first data on
the boiling and condensing of potassium in single tubes at temperatures up
to 2,200 and 1,500 degrees Fahrenheit, respectively. Over 8,000 hour: of
boiling operations at temperatures above 1,500 degrees Fahrenheit have: been
accumilated. A multi-tube potassium boiler will be tested in fiscal jear

1965.

Tvwo FTacilities at Lewis are used to investigate liquid metal pump
problems. Testing will continue in fiscal year 1965. The analytical phase
of contract work on electromagnetic pumps was completed in fiscal year 1964,
and construction of promising components and subsystems will begin in fiscal
year 1965.

The first fully instrumented test rig for journal bearings vtiliiing
water as the lubricant and operating in the flow region enticipated for
space powar conversion systems was completed in early fiscal year 196l .
Adequate data to pemit the evaluation of promising designs can he obiained
in this rig. Six advanced Jjournal bearing configurations have becen eral-
uated experinentally. A liquid metal bearing test rig will be built in
fiscal year 1965 for proof testing the bearings showing promise Irom he
water test rig.

Work began in fiscal year 1964 to prove the endurance capabilitizs of
a low power Stirling piston engine for use with either a radioisotope or
solar energy source. This engine is theoretically more efficient. than other
energy conversion systems in the low power sizes. In fiscal year 1965, it
is plenned tc initiate the design and construction of a radioisotope package
for this engine and to design a power system with all its components, in-
cluding pumpe, radiztor, and control elements.

Direct Corversion. The absence of rotating components, beaiings, seals,
etc., makes the direct conversion of heat to electricity potentially an
attractive concept from the reliability standpoint. The major concept
under investigetion by NASA is the use of thermionic emitier syszems. The
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major technological obstacle is the development of a satisfactory fuel
element which can operate for a long time at a temperature level of

3,500 degrees Fahrenheit, a level far beyond the present state of

the art. The work to date under contract has been concentrating cn mesal-
lurgicel studies of the compatibility of fuel and emitter materisls. Com-
patibility, in terms of temperature limits for the refractory clacding
materials, has been established for carbide and oxide fuels. In-pile ests
have been conducted in the Vallzcitos Test Reactor on a number of fuels.,

In fiscal year 1965, fueled diode testing will begin in the Plumbiook Gest
reactor. In-pile tests of 5,000 hours equivalent operating life i1l e
completed on the promising clad fuels. Work will continue on insulator and
seals technolcgy.

Advenced Ccncepts and Mission Analysis. Major effort deals with nag-
netohydrodynamic (MHD) approaches to electric power generation. Cocmponent-
investigations cn a lithium-~cesium liquid magnetohydrodynamic device are
being done. Lewis 1s working in-house and under contract on single fluid
Rankine megnetohydrodynamic systems. A program investigating an clectrical
generator conceplt using the direct conversion to electricity of the high
energy particles emitted by radioisotopes 1s being supported.

To define the performance potential, technological problem arcas,
weights, end endurance, a number of power plant system studies have been
performed which emphasize engineering detail rather than the paranatric
approach. Studies include work on systems for auxiliary power (100 kilowatt
electric maxirun) and propulsive power (1 to 5 megawatt electric). Aralyt-
ical studies of this type wili continue in fiscal year 1965.

Electrostacic Propulsion. This thrustor effort provides fundamertal
process and aoplied component research informatlion necessery for the ce-
valoment of electrostatic thrustors in the range of a few tenth's of a
pound Lo hundreds of pounds at specific impulses of 3,500 to 10,CCO seconds
or greater. Data is obtaired on means of generating ions, on mecens o:f
accelerating loas, on electrical theory relating to effects of building up
a space chargz, and on the composition and behavior of ion beams. Applied
technology includes: the factors influencing fabrication of porcus metal
ion emitters; design considerations of electrical circuitry and components;
design of propellant feed and storage components; selection of verious
materials for the construction of the different components; effects o
scaling engine performance; size; clustering of low power engine modules into
high power level engines; end instrumentation.

Investigations into the generation of ions by bringing cesium or
mercury atoms in contact with a warm surface (surface contact ionization)
will provide data and evaluation of the most suitable porous tungsten ion
emitters. Tre condition of the ion emitters can limit the 1life of thz ion
engine. Two principal phenomena which influence the selection o the ion
emitter materisl and design or fabrication techniques are: grain growth
of the porous tungsten ionizer which can cause shrinkage and breakage of
the ionizer or closure of the pores; and Impurities,initially the cesium
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introduced by corrosion of that metal, in contact with hot cesium, vhich
could affect the lonizer by means of a reduction in work function, oxilation
or clogging of the feed system.

Preliminery results of recent studies indicate that tungsten made by
sintering spherical particles may be an excellent ionizer. The program in
fiscal year 1965 will provide more information to judge the qualities of
spherical powcer ilonizers.

Work will. continue to apply brazing and electron beam wielding tech-
niques to the problem of ettaining leak-free seals between the porous ion
emitter and ifts support structure, particularly in larger ion engines.

A new type of surface contact ion source,one which operates at high
current densities with simultaneous emission of ions and electrons,hac
demonstrated roughly an order magnitude increase in efficiency over other
current sources. The present fiscal year 1964 and 1965 study is designed
to improve the degree of ionization without undue power input increascs,
and to expand the resulting plasma to a density distribution from which the
ions can be conveniently extracted and accelerated.

Several studies of means of generating ions through electron bomhard-
ment of targets are being continued to provide design information for the
develomment of electron producing cathodes which will demonstrate high
efficiency along with long life, and to examine the problem of extraching
high intensity besms from the source. 0Other electron bombardment ion sources
which produce high beam current densities with the promised long life are
being investigated along with their associated accelerators.

Acceleration of ions without causing ion impact erosion of the
accelerating electrodes is a problem area which is closely related to engine
life. The research program in this area will be directed toward attaining
long life by: studying means of improving the beam current density vprofile
by developing improved electrode configurations, by analyzing and improving
the ion optics, and finally by diverting ions toward noncritical areas. In
addition a fundamental study on the sputtering erosion of accele:rators is
belng conducted using electrode materials, propellants and voltage differ-
ences typicel cf ion engines.

One of the major questions regarding feasibility of ion engine operation
in space is vhether ion beams can be neutralized before leaving the engine
thrust chamber exit. It is expected that final proof of this feasibility
will be deteirmined in the Space Electric Rocket Test I flight project.
Studies are being continued in fiscal year 1965 of the fundamental phenomena
involved and of the optimization of engine neutralizer systems.

Several colloid particle sources are being studied to obtain higher
thrust per wnit area than with conventional ion engines. The objective of
these studies is to provide means of charging and accelerating previcusly
‘prepared milli-micron size particles. Development of diagnostic instrumenta-
tion 1s being continued. '

.
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The objective of large ion engine experiments is to provide the infor-
metion needed to develop engine systems {multi-kilowatt to 15 megawatts)
capable of missions in cis-lunar and planetary space, and to explore and
provide experimental confirmgtion of the problems involved in developing
such lerge ion engines.

This effort includes development of contact ionization engines, and
an electron bombardment ionization engine. The surface contact ion engine
shows promise of yielding highest overall engine efficiency for wvalues of
specific impulse above about T,000 seconds. Because of its high impulse
capability, this type of engine is the most likely choice for ultimate use
with lightweigh® electric power generating systems on interplanetary
missions. The electron bombardment ion engine on the other hand offexrs the
highest efficiency in the intermediate range of specific impulse from aebout
4,000 seconds up to 7,000 seconds, and is the most likely choice for ise
on early interplanetary missions.

To achieve reliable high power ion engines the building block technique
is utilized, leveloping low power engine modules and scaling or clustering
these modules into the high power (megawatt) level regime. This invo..ves
a four phase program: (1) the fabrication of small engine modules (approx-
imately 1 kilowatt) for laboratory and flight evaluation (§pace Elect:ric
Rocket Test I) of such basic problems as beam neutralization; (2) develop-
ment of 3 kilowatt flight prototype modules for scaling or clustering to
the 30 kilowatt size; (3) develomment and qualification of 30 kilowat:
systems for determining sceling end system performence problems f'or recach-
ing the next higher power level plateau (100 kilowatts to 1 megamatt);and
(%) projecting the design criteria of the 30 kilowatt engine into the many
megawett power engine regime.

During Fhase 1 and Phase 2, a circular strip surface contacl ion
engine was designed, febricated and tested which provided L4Q percent
efficiency at e specific impulse of 4,500 seconds, impulse end 85% at
8,700 seconds impulse, and tested for more thean 200 hours. This module
was then sceled into a higher kilowatt power size. Studies have heen con-
ducted on other types of surface contact ion engines,such as the linear
strip ion engine discussed last year,/hich present fewer enginecring
problems for scaling than the previously tested contact ion engines.

Alsc during Phase 2, a cesium electron bombardment engine was designed
end developed vhich showed good performance between 4,500 and 7,000 seconds
specific impulse. The most serious development problems of this engine .
type are: (L) ionization of a high percentage of propellent atoms with a
minimm power utilization; (2) ion acceleration through the engine with a
minimm of electrode erosion; (3) the requirement for 100 percent nevutrali-
zation of the fon beam by injecting electrons from a cathode source into
the beam at the accelerator exit’ so that the beam will leave the thrustor
with a neutrsl charge; and (4) evelopment of materials for the ion emitter
(ionizer) which will permit maximum propellent utilization efficiencies with
minimum hest radiation losses.
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The cobjective of small ion engine experiments is to develop thrus-:ors
with long life, with high reliability, and with the capebility foir a large
number of restarits over a period of several months or years. Engine systems
will be capable of being intepgrated in & three axis attitude control and
station keepirg system for various orbit missions. Thrustors will als> be
suitable for lifting or transfering small satellites from one orbit to
another. The small ion engine will be initially designed for cyclic
opergtion over & one year life span and uwltimately for three to five years.
Once these thiustors become available they will be placed on a flight
simulator at the Goddard Space Flight Center to obtain system perormance
data over a range of station keeping attitude control missions require-
ments. Thesc data will then be compared with other methods for szation
keeping attitude control. to determine the most promising approach.

One smal’. ion engine is scheduled for laboratory demonstration in
September 1964, In fiscal year 1965, performance tests will be continued
of the laborehory prototype system developed during fiscal year 1964. The
development eand engine test control and power elements will be performed
and simuletor facility tests will be conducted.

Electrothermal Propulsion. The objectives of this program are tc
advance the technology of electrothermal engines,so that efficient anc
reliable electric engine systems can be built in the specific impulse range
of TOO to 2,500 seconds for a thrust range of tenths of a pound to possibly
several hund:eds of pounds, at power level renge of a few kilowatts tc
possibly several megawatts. To achieve these objectives analyticel ard
experimental studies are being conducted on components and basic processes,
including eleztrode geometry required to generate the electric arc that
heats the propellant; the process of converting electrical energy to thrust
energy$ the ohysical mechanisms which transfer heat from the prorellant
gases to the surrounding walls of the accelerator of electrodes; selection
of propellsnts and methods for storing these propellants; and electrical
circuitry (lightweight, efficient electronic components).

Electrothermal engines (including the arc jet and the resistojet)
develop thrust by electrically heating a gaseous propellant,such as hrdrogen,
and expending it through a nozzle. The difference between the arc je: and
the resistojet concepts is the manner of propellant heating. In the arc
jet the propellant is heated by passing it through an electric discharge,
while in the resistojet the propellant is heated by passing it between
electric resistance heated elements.

The objective of the small resistojet and arc jet engine experimants is
to develop trrustors with long life end high religbility, and a capability for
8 large number of restarts over a period of several months or years. The
engine systems will be capable of being integrated in a three axis attitude
control and ctetion keeping system for various orbit missions. The thrustors
will also be able to lift or transfer small satellites from one orbit to
another. 1Initial resistojet and arc jets will be capable of operatiag
continuously for at least 90 days. Later resistojets and are jets will be
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designed for cyclic operation over one year and, ultimately, three to
five year life spans.

The objective of large arc jet engine experiments is to develop
experimental arc jet thrustors in the 30 kilowatt to 4 megawatts power
range to provide the technology for scaling from small engines to sizes
for future mission applications. The building block technique is beiny
utilized, starting with the development of a 30 kilowatt engine capable
of operating continuously for 90 days to several months. A 30 kilowatt
DC engine has been designed and fabricated. This engine has been success-
fully demonstrated for 700 hours continuous running in a vacuum tank
without any apparent electrode erosion, component deterioration or sig-
nificant malfunctions. Engine efficiency was 45 percent at a specific
impulse between 1,000 and 1,350 seconds. During fiscal year 1965 emphasis
will be placed on performance improvement in an effort to attain high
efficiency in the high specific impulse range (2,200 seconds) for the
250 kilowatt direct current arc jet engine.

Electromegnetic Propulsion Resegrch. The progrem objective is to
conduct feasibility studies of promising types of electromagnetic (MHD)
engine system concepts for propulsion application, placing considerable
effort on such areas as the physics of plasma production and acceleration
processes. Included are enalytical and experimental studies to determine
the mechanisms which influence the conversion of electrical to dynamic
energy, the transfer of heat to surrounding media, the coupling of
ionized gases with its associated electric and magnetic fields to produce
thrust, the selection of propellants, and the devising of methods for
producing plasmas.

This engine concept develops thrust by accelerating a gaseous prcpel-
lant plasma such as argon or hydrogen by coupled electric and magnetic field
forces. The two general types of magnetohydrodynemic accelerators are
pulsed and sht2ady flow plasma accelerators which differ by the manner in
vhich the elextromagnetic forces that accelerate the plasma are created,
and the manner in wvhich the plasma is generated. These concepts show
promise for covering the range of specific impulses from T00 to greater
than 10,000 sz2conds.

Feasibility studies are being conducted on five different megnetohydro-
dynamic plasma accelerator concepts as follows: two different ccexial. pulse
type accelerators, a steady state Hall current accelerator, a microware
cyclotron resonance accelerator, and a traveling wave accelerator. S-udy
of the fundamentals of electrical discharge in plasmas and the genera:ion
and acceleration of a plasma in a converging thrustor chamber is con-
tinuing; specifically, this study will cover the mechanisms of the initial
breskdovm of the propellant gas, electrical current intensification and
localization within the gas, stability of the electrical discharge ani
current carry media through the plasmajyand the coupling of the plasma with
the electric and magnetic fields to produce magnetogasdynamic acceleration
of the plasme. The intrinsic accelerator efficiency will then be detzimined.
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The pulsed device now in operation shows potentialities of conversion to
a high repetition rate continuous wave acceleration which should :function
like a steady flow machine. This would have considereble significance to
space engine desipgn, since the thrust levels attendant on steady flow
acceleration would be considerebly higher than for lon engines.

Leboratory data on the small (10 kilowatt) General Electric repeti-
tively pulsed. coexial accelerator indicate power efficiencies of +0 tc 45
percent at 6,000 seconds specific impulse. This concept shows promisec for
early electric propulsion application. The traveling wave magnetohydro-
dynamic accelerators also show potential for provulsion application.

Componen: Zechnology. Studies in this area provide parametric deta
vhich are required to meke design trade-offs between the electric thrustors
the power condizioning, switching equipment and the power supply system,
to obtain ophtimum electric propulsion system capability. Analysis will
define desisn requirements for components as influenced by potential
mission requirements. Tests will be performed on electric propulsion
system components, such as electronic components in their operating modes,
and propcllant storage and feed system components for long time reriods
in a zero G eavironment.

Investipations will be continued on mission applications for electric
propulsion, in order to orient propulsion and vehicle requirements to
research work and objectives. These studies must be continued and
updated since experimental design and performance data continually change,
thereby affecting the nature and results of the analysis.

SNAP-8 Develomment

1963 1964 196

Development and flight proj. 515,994,000 $15,500,000 15,000,000

SHAP-C

The objcetive of this nroject is to develon a 35 electrical kilowstt
nuclear elcctric genereting system suitable for space applications in the
1970's. The system must be capable of starting and operating continususly
and without maintenance for 10,000 hours in the spacc environment.
uture missions requiring clectrical powers within single or mullvle
SNAP-8 desipr. capability range from large orbiting space stations and Iunar
bases to manred and ummenned planetary probes and satellites. SHNAP-8 is
the only space power system under development in this power range.

SNAP-8 development is a joint National Aeronautics and Space Admin-
istration-Atomic Energy Commission program. NASA 1s responsible for
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development of the power conversion subsystem and its integration with the
nuclear subsystem into a reliable electrical generating system. The maclear
subsystem, which includes the reactor, its control system and shieldingz, is
the responsibility of the Atomic Energy Commission.

SNAP-8 utilizes a boiling mercury, turbogenerator cycle to convert
thermeal power developed by & compact space nuclear reactor into electrical
power. The design approach places a major priority on reliability and ease
of developmenl rather than on light weight, and elso considers flexibility
to adapt with a minimum of change to a range of potential space missions.
The program is presently planned through the ground development phase and
includes in excess of 60,000 hours of non-nuclear and nuclear testing to
develop the required reliability. Development of the space radiator
required to reject waste heat from the power conversion process is deferred,
pending assigiment of a specific space mission.

During fiscal year 1964 the redesign of all major power convarsicn
components to reflect the more conscrvative system concept has been
completed. "TThe fabrication of most components is well advanced, and the
preliminary testing of some major components is underway. Supporting
leboratory progrems in materials and corrosion have been expanded to
include long-term tests simulating both the reactor and power conversion
loops. The SNAP-8 experimental reactor, the first major step in the
Atomic Energy Commission reactor development program, after undergoing;
extensive nuclear physics tests at very low power, was brought tc design
power and temperature to obtein data necessary for the design of a flight-
worthy reactor.

Accomplishments in the remainder of fiscal year 1964 will irclude the
first testing of a fully-assembled turbine with hot mercury vapor, followed
by initial testing of a complete SNAP-8 prototype power conversion sub-
system at rated power conditions. The Atomic Energy Commission vwill
complete power operation of the SNAP-3 experimental reactor. Design of the
first prototype reactor will be nearing completion.

During fiscal year 1965 the project will concentrate on obtainingz
system performence of both the nuclear and non-nuclear subsystems in
preparation for combined overall system operations. Test operations will
cormence on two complete SNAP-8 prototype power conversion subsystems
for design verification, calibration, and evaluation work. Powe: con-
version subsystem performance and start-up will be demonstrated and the
first of Touvr 10,000 hour endurance tests will be initiated. The Atonic
Energy Commission :rill initiate power testing of the first prototype
SNAP-3 space reactor. Preparations Tor the first nuclear testing of a
complete prototype system in the Alomic Inergy Commission Ground Prototype
Facllity at Santa Susana will be nearing completion.
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Subsequent major project milestones as planned in joint National
Aeronautics and Space Administration-Atomic Energy Commission coordinat:ion
meetings are as follows:

(1) Complete 90 days of power conversion subsystem endurance test:ing
utilizing prototype components 1in early calendar year 1965,

(2) The first integration of a complete electrical generaticn system
and the first generation of nuclear electric power by a ground prototype
SNAP-8 system at Atomic Energy Commission's Ground Prototype Test Facil.ity
in calendar year 1966,

(3) Complete first 10,000 hour endurance test of prototype SNAP-8
power conversion subsystem in calendar year 1967,

(4) Delivery of a flight prototype SNAP-8 system to NASA Plumbrook
Space Propulsion Facility in calendar year 1967 for space simulation test,

Space. Electric Rocket Test (SERT)

1963 1964 1965

Spacecraft design, develop~-
ment and Support. eeccossense $2 ,588’000 $4,000 ’000 $5 ,.100 ,“)00
Launch Vehicles..oco.ooo-nooo- 600,000 o - m--

Total COStSseesesescesaesess  $3,188,000  $4,000,000  $5,100,200

The purpose of the space electric rocket test flights is to provide
required basic information on electric engines and electric engine systems
not obtainable from experiments conducted in ground facilitiles.

‘ All electric propulsion experimental investigations to date have taken
place in grourd vacuum chambers. During the initial experiments on ion
engines, the problem of neutralizing the ion beam by the injection of
electrons could not be fully investigated since electrons omitted from the
vacuum chamber walls tended to automatically neutralize the beam. In later
tests, the tank effects were eliminated and successful neutralization was
limited to microseconds., Therefore, study of the neutralization problem
over a longer period of time and demonstration that neutralization will
occur in space 1s still required. 1In addition, such space environment factors
as magnetic fields, cosmic and solar radiation, and absence of gas molecules
may significantly alter the ionization and neutralization mechanisms of the
engine.

Solving the neutralization question and correlation of tank data
with flight data are the primary objectives of the Space Electric Rocket
Test. I ballistic flights now under active development, Space Electric Rocket
Test I will be launched by the Scout vehicle for a ballistic flight time of
approximately 50 minutes at altitudes above 250 miles. The capsule will be
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spin-stabilized. Changes in capsule spin rate caused by engine operation
will be used to determine engine performance, The test time will be divided
equally between a cesium contact-ionization engine and a mercury electron
bombardment engine of different basic designs and utilizing different methods
of beam neutralization,

The first complete capsule vibration survey was completed in April 1962,
In fiscal year 1963 flight simulation tests of an integrated test capsule,
with ion engines operating, were conducted utilizing the identical mobile
launch instrumentation and equipment which is to be used during the flight.
During these tests both engine power converters failed., Solution of this
problem required a lengthy research and development ground test progranm,
including repeated testing of the engines and redesigned converters in
vacuum tanks. During fiscal year 1964 successful tests were conducted on
the test capsule using the redesigned power converters through the complete
flight sequence, including engines operating during capsule spin,

The results of the above tests will be factored into the final capsule
and subsystem designs, The prototype and flight capsules will be assembled
and ground tested under simulated flight conditions prior to launch.

Because Space Electric Rocket Test I indicated a greater need for data
in the area of power converters, a research program was started in fiscal
year 1964 to provide the technology for the design of reliable long-life
converters. In addition, a ground test program will evaluate the performance
capability of electric engine systems for use in station-keeping and attitude
control systems before flight of the system.

In fiscal year 1965, Space Electric Rocket Test I launches will be
completed, The ground test programs on power converters and evaluation of
electric engines for station-keeping and attitude control systems will be
well underway. The results from this work and from the electric propulsion
effort will determine the necessity for further space electric rocket test
flights.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1965 ESTIMATES

OFFICE OF ADVAMNCED RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

This program provides the research, design and engineering dats, test
hardware, and general technology required tc assure that nuclear rocket
systems can be developed at the power levels, operating times, restart con-
ditions, and specific impulse values needed in advanced space exploration
missions,

It is generally accepted that nuclear rocket propulsion will be required
in advanced missions beyond Apollo, such as a lunar logistics ferry, very
heavy deep space instrumented probes, and manned exploration of the planets.
This area of manned planetary expeditions is considered among the major
applications for nuclear rockets; a nuclear rocket propelled Mars spacecraft
can bé 1/3 to 1/10 the weight of a chemically propelled spacecraft,

The emphasis in the nuclear rockets program is on laying a foundation
for rapid development of nuclear rocket systems that will be required to
accomplish heavy payload, high energy missions in space.

Nuclear reactor research and engineering work is of major importance,
since this area constitutes the major new technology part of the program. In
addition, emphasis is placed on non-reactor components whose operating require-
ments tax the available technology and on the study of the fundameantal heat
transfer, fluid flow, stress, and nuclear phenomena involved. An essertial
part of this program is work on experimental ground test engine systems to
develop a full understanding of the interaction of components in nuclear
rocket engines and of the system performance characteristics., These dzta
form a basis for flight system development and provide information required
by mission planners to incorporate nuclear capabilities in advanced missions,
The effort is, therefore, directed to ultimate use in flight systems.

This is a joint Atomic Energy Commission-National Aeronautics and Space
Administration program wherein the Atomic Energy Commission has primary
responsibility for the nuclear reactor research and engineering work, &nd
the National Aeronautics and Space Administration is responsible for tte
non-regctor components of the system, for combining the reactor and other
components into engine systems, for vehicle development, and for provicing
propellants that are used throughout the program, The Space Nuclear Propul-
sion Office has been established by the Atomic Energy Commission and
National Aeronautics and Space Administration agreement to manage all espects
of the nuclear rocket propulsion effort. The RIFT (Reactor-In-Flight-Test)
vehicle system has been directed by National Aeronautics and Space Administra=-
tion's Marshall Space Flight Center. Research and technology work in the
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nuclear rocket program is conducted both in Atomic Energy Commission ard
National Aeronautics and Space Administration laboratories, such as the
Los Alamos Sclentific Laboratory, Argonne National Laboratory, the Lewis
Research Center, the Marshall Space Flight Center and also is conductec in
industry and uaniversities under contract,

SUMMARY OF RESOURCES REQUIREMENTS:

1963 1964 1965

Supporting research and ‘
technOflOg}'...--............... $12,878,000 $21,200’000 $23,000,000

KiWieeeosoosenooooasoesoncaneass 3,856,000 1,500,000 -n-
NERVA....eeeononooneonenasnsanss 41,884,000 52,000,000 34,500,000
RIFT .. .0vveevenosesoncnscaserass 10,847,000 7,500,000 -—-
NRDS s eeseveencensenconasonnssas --- 500,000 500, 000

Total COSESe.vvienssecccsaanons §69!465!000 282!700!000 322!000T000

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

1963 1964 1965

Rocket reactor research......... $7,607,000 $12,265,000 $13,100,000
Nuclear rocket engine

component research............ 4,826,000 7,635,000 8,300,000
Safety.....‘......‘.....I.‘l.l.. 200’000 500’000 500'000
Vehicle technology...eivecenassce 245,000 800,000 1,100,000

TOtal COStS..eveeraesearseess $12,878,000  $21,200,000  $23,000,000

The suppcrting research and technology effort supplies four basic
needs: (1) general supporting rasearch 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 on the special
safety problems of nuclear rockets.

The Kiwil and NERVA technology projects represent work starting at a
nominal 1,000 megawatt thermal power to serve as stepping stones to higher
power, as well as to provide design information, hardware, and systems that
could ultimately be developed as flight systems for use in space, To
provide basic support to these current projects and to supply the necessary
broad technological basis for design and development of future systems, a
supporting research and technology program has been established to cover all
the major technical areas involved with nuclear rocket engines and vehicles.
The emphasis is on component research under the proper envirommental

c Tditions for the purpose of supplying design data and for extending avail-
able technology.
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Rocket Reactor Research. The reactor is the key, new component c¢f a
nuclear rocket propulsion system, Because its principal function is to heat
hydrogen to an extremely high temperature, the uranium fuel-bearing materials
(fuel elements) in the reactor must operate close to their melting points.

The materials for this purpose are selected from the most available refrac-
tory materials, and are materials whose properties and fabrication processes
are not well known. The reactor is also required to operate reliably and
stably through start-up, steady-state, shut-down, and restart, A total
operating time of an hour or more is desired in some space applicatiors.
Reactor research is the primary responsibility of the Atomic Energy Commission
and consists principally of the advanced graphite reactor work at Los Alamos,
It also includes fast-tungsten reactor work at Argonne, some support cf the
water -moderat:zd tungsten reactor concept, and supporting research and advanced
concept projects such as cavity reactors at various laboratories,

NASA funds three activities under the heading of reactor research: (1)
applied research on a tungsten reactor concept, the major part of which is
done in~-house; (2) a research program in specific problem areas in support
of the graphite reactor development project and various advanced concepts;
and, (3) the development and purchase of nozzles and liquid hydrogen feed
systems (turbopumps) to support reactor tests at the Nuclear Rocket Develop-
ment Station. The program is principally devoted to the investigation of the
feasibility of a thermal, water -moderated, tungsten fuel element reactor
concept proposed by the Lewis Research Center., Important continuing tasks
include fabrication research to produce tungsten-uranium dioxide fuel elements
of satisfactory strength and uniformity, prevention of fuel loss at the
required operating conditions, development of a fuel element assembly with'
acceptable thermal and neutronic behavior, and verification of properties
through high-temperature testing in flowing hydrogen and nuclear radiation
environments,

Some of the goals for fiscal year 1965 are: (1) complete definit:ion of
a reactor control system for the water-moderated tungsten reactor concept;
(2) completion of the inital basic critical experiments; (3) in-reactor tests
and electrically heated tests of promising fuel element configurations; and,
(4) preparation for water and hydrogen flow systems tests in a cold flow engine
simulator. The Lewis Research Center in-house effort is augmented by outside
contracts, principally in the areas of fuel element fabrication, contirol
analysis, and physics experiments,

The graphite reactor program is supported by National Aeronautics and
Space Administration grants to Rensselaer Polytechnic Institute and the
University of Arizona for studies in reactor control theory.

Advanced concept work is concentrated on various types of cavity reactors,
in which the fissionable materials are in gaseous, liquid or dust forma, NASA
has a grant with Princeton University to investigate the fundamental problems
of a liquid core rocket reactor. Gas core research is being conducted at Lewis
Research Center and by industry contract. Smaller efforts in this areca are
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also underway at Jet Propulsion Laboratory, Catholic University, and Case
Institute of Technology, The emphagsis is on laboratory research because
propulsion systems and large scale experiments cannot yet be defined due
to a lack of basic information on feasibility and, in some cases, a lack
of basic research data,

It is also NASA's responsibility to provide turbopumps and nozzles for
reactor tests, NASA has been funding the development of a liquid hydrogen
turbopump feed system to be used in the testing of high-power reactors at
the Nuclear Rocket Development Station, This system is based on the liquid
hydrogen pumps and turbines developed for Kiwi tests, System development
tests on the operation of two feed systems in parallel are underway, Funds
will be expanded in fiscal year 1965 to increase the flow capacity of this
feed system to satisfy the pumping requirements for the high-power Phcebus
reactor tests to be conducted at the Nuclear Rocket Development Staticn by
Los Alamos,

Lewis Research Center hes initiated a study of nozzles to support the
Los Alamos Phoebus reactor program and to develop the technology of this
essential area, One of the objectives of this study is to advise on the
selection of a proper nozzle, in terms of performance, cost, reliability, and
delivery date, that will meet the proposed schedule for Phoebus reactor tests
at the Nuclear Rocket Development Station. Following the definition of the
proper nozzle for the Phoebus reactor experiments, in fiscal year 1964, a
contract will be let for the design and development of nozzles to support the
high-power Phoebus reactor experiments.

Nuclear Rocket Engine Component Research. This research provides the
necessary advanced component technology for nuclear rocket engines, This
research coupled with rocket reactor research will provide information for
specifying characteristics of future generations of nuclear rocket engines
as well as establish 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 Résearch Center with

other work being accomplished under industrial and university contracts
principally under Lewis' direction,

Research is being conducted in the following areas: flow components and
systems, turbhomachinery, controls and instrumentation, design and analysis,
radiation effects, nozzles, bearings and seals, and fluid property research,
The activities in these areas, while aimed at certain engine types, are
essentially oriented toward establishing and improving technology pricr to
incorporation into any engine project.

Turbomachinery research is directed at the unique problems posed by
application to a nuclear rocket engine, and is coordinated with turbomachinery
research conducted for advancement of chemical rocket technology. The means
for pumping boiling cryogenic fluids is the goal of much general resesarch on
turbomachinery for both nuclear and chemical rockets, Nuclear radiation heats
the hydrogen flow passages at the inlet to the hydrogen pump and causes
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increased boiling. During fiscal year 1964 a pump test rig at Lewis is being
modifled to simulate various inlet duct geometries with the capability for
adding heat to the walls of these pipes., Tests commenced in fiscal year 1964
will continue during fiscal year 1965, with research and development costs
incurred through the purchase of additional test hardware to cover a range

of desirable operating conditions extending beyond NERVA requirements t:o0
higher pressure and flow conditions, 1In addition to in-house design st:udies
of turbomachinery, some contract studies will be let in fiscal year 1965 to
define further research and development problems and their solutions for
advanced nuclear rockets,

Advances in nuclear rocket controls and instrumentation techrologv are
required to provide reliable techniques for sensing operating conditions in
order to permit reliable control of nuclear rocket engines. The requi:ements
for startup of an entire reactor engine system in a very short time pose many
unsolved control problems (complicated by intense radiation) such as adequate
temperature sensing, chilldown control to prevent serious two-phase flow
problems during startup, pump control to prevent cavitation, thrust control,
restart programs, and control for economical and safe operation during cool-
down after operation, /Research is directed at means for engine control, and
at providing control components such as sensors, actuators, and measur:ment
signal conditioning devices. Promising approaches will be continued and
expanded during fiscal year 1965 in this area of research, since it governs
the progress that can be made in developing improved and reliable contcol
systems, The experimental program on control systems is augmented by 2=xten=-
sive analytical study of the startup sequence utilizing analog and digital
computer systems acquired during prior fiscal years,

Engine design studies will be performed to establish power levels,
engine cycles, chamber pressures, and other engine parameters required for
high-power systems, Studies of mission and vehicle aspects will be supported
to assist in establishing important features that should be incorporated into
engine designs., 1In fiscal year 1965 design study of clustered engines will
be conducted to define problem areas, development approaches, and facility
requirements, This information is vital to proper planning of future nuclear
rocket develorments and mission capabilities,

The radistion effects effort conducted as part of the engine component
research work 1s directed toward defining the behavior of materials in
combined radiation, cryogenic, and vacuum enviromments, Such information
supports all phases of the nuclear rocket program and is essential for design
work, Work in this area was started in calendar year 1959 and is continuing
in the Plum Brock reactor,

The combined enviromments of radiation, vacuum, extreme temperatures and
very high bearing speeds create difficult development problems in regard to
bearings, sesls and lubrication. By the beginning of calendar year 1965 an
in-pile bearing test loop will be in operation for research on bearing
configurations in a combined radiation and cryogenic enviromment. Fiscal
year 1965 funding will support completion of the in-pile bearing tester, the
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operation of the tests, and the acquisition of test hardware,

Research on nozzles for nuclear rocket engines is essential because
current technology is extended close to the limit to provide a nozzle for
the NERVA engine conditions. The next step is to explore novel designs and
materials for fabrication of higher performance nozzles, Analysis and
research have been undertaken in areas of refractory metals and coatings,
fluid mechanics and heat transfer, stress analysis and thermal fatigue,
These technology efforts will continue in fiscal year 1965. By the middle
of fiscal year 1965 a hydrogen heat transfer facility will be in cperation
which will permit testing nozzle concepts in a hot hydrogen stream, Approe=
priate nozzle hardware must be procured for these tests to provide pert:inent
data for design of advanced engines.

Fluid prcperty research is needed to provide basic data on propellants
and fluids used in nuclear rockets and to supply a basic technology ani
consulting capability in cryogenic engineering. For several years, NA3SA has
supported the National Bureau of Standards Cryogenic Engineering Laboratory
in research and engineering related to the use of liquid hydrogen. While
this support has come from the Nuclear Rocket Program, the research has
benefited all programs that use liquid hydrogen (e.g., Centaur, Saturn, the
J-2 engine, etc,) by supplying basic property data and cryogenic engineering
support, This program will be continued in fiscal year 1965,

Safety. Safety work is an integral part of the overall Nuclear Rocket
Program., It includes effort on hydrogen safety by the Bureau of Mines,
This work is aimed at unique safety problems associated with hamdling large
quantitites of 1iquid hydrogen in the nuclear radiation environment. Also
included is work on evaluation of destruct systems in a radiation field to
assure safe dilsposal of nuclear engines,

Vehicle ‘fechnology. Studies completed during fiscal year 1964 indicate
that a nuclear rocket powered stage on a Saturn V vehicle could perform
logistics support missions in the post=-Apollo time period with significantly
increased payload capabilities, Thus, the nuclear stage provides logical
advances to extend the capabilities and usefulness of chemical systems,
Additional mission studies are planned to provide definition of concepts for
nuclear powered vehicles suitable for planetary scientific probes and manned
vehicles for advanced mission applications, These studies would include stage
requirements based on clustered nuclear rocket engines, as well as other
concepts,

Investigation of stage problems peculiar to nuclear propulsion require
continuing effort to provide design criteria and information not available
from chemical systems technology programs, Specifically, this involves
experimental investigations of heating of the hydrogen propellant by nuclear
radiation, This type of work should lead to analytical approaches for solu=-
tion of problems of reactor radiation heating on propellants, vehicle
components, and tankage,
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An additional stage problem peculiar to nuclear rockets is the effect
of nuclear radiation on critical stage materials. Specifically, it is
planned to conduct environmental testing (combined nuclear radiation aad
cryogenic temperatures) on stage insulation, vapor barrier, and bonding
materials. Radiolytic off=-gassing in particular will be checked because
of its deletericus effect on insulation properties, adhesive properties,
and strength,

Since nuclear rocket stages use considerable amounts of hydrogen
propellants both during ground tests and flights, propellant loss due to
"boil-off" from solar or nuclear heating, pressure build-up from liquid
hydrogen evaporation, and tankage weight to withstand such pressure build=-up
can be significant. Preliminary analyses have shown that boil-off losses
and tankage weights could be reduced markedly by use of "slush hydrogen".

It is plamned to investigate possible benefits and trade-offs resulting
from use of "“slush hydrogen" systems,

Kiwi
1963 1964 196%
Reactor test support
cmpot‘ent‘sil..l.....ll.ll.ll“ $2’556’000 -e- $ -
Propellants...c.oeee000ess00000e 1,300,000 $1,500,000 —-——-

Tota)l COBLB.vvveoonccconocsnss 3,856,000 1,500,000 §=======£;;;

This project provided reactor test support components, such as nozzles
and turbomachinery--and propellant support for the Kiwi test series of
reactors designed by the Atomic Energy Commission's Los Alamos Scienti:ic
Laboratory. With the completion of Kiwi testing in fiscal year 1964,
support of this project is terminated,

NERVA

1963 1964 1965

Engine systems development..... $5,829,000 $7,900,000 $3,500,000
Component and subsystems
development....oeeese0es0s0.. 18,718,000 20,300,000 18,500,000

Propellants....eeeeveessseessss 1,984,000 3,000,000 3,000,000
Ground test and operations
SUPPOTL v eveeevsescscenseoses 15,353,000 20,800,000 9,500,000

TOtal CC'Sit5;."l.‘.’l... soaev e 41 884 000 52 000 000 gﬂ'&

The project objectives have been revised to constitute a NERVA
technology development project as part of the Nuclear Rocket Program, This
revised project: maintains a continuing effort including emphasis on reactor
engineering and sufficient engine testing to permit the United States at

RD 17-7

T18-881 O - 54 - 8



some future t:ime to undertake with assurance, the development of nuclear
rocket propulsion systems that will be needed for heavy payload, deep space
missions.

This work is conducted as a joint Atomic Energy Commission-Natioral
Aeronautics and Space Administration effort by the Aerojet-General Corporation
and the Westinghouse Electric Corporation under the direction and manasgement
of the AEC-NASA Space Nuclear Propulsion Office,

The program contains a reactor research and engineering program 0
provide reactor technology for the power levels, temperatures, operating
times and operating cycles required for various nuclear rocket missions, It
will allow assembly and testing of reactors with turbopumps, nozzles and
suitable control systems into experimental ground test engine configurations
to establish a base of information on the system design and operating character-
istics, The experimental data from the reactor and engine system tesi:ing will
permit advanced mission planning to consider the use of nuclear rocke:s, and
the initiation of development, with assurance, of a nuclear rocket propulsion
system at any required power level., It will lay the foundation from which the
United States can proceed rapidly to develop the capabilities requirei for
advanced missions.

Specific technical objectives for the NERVA technology project will be
in the areas of reactor, engine systems, facilities and componeni: technologies.

Reactor technology development will be based initially on full=-scale
reactor testing at the nominal 1,000 megawatt power level to determine the
suitability of the reactor design both for continuing technology advancement,
for use in obtaining engine system data, and for ultimate application to a
flight system., Other objectives will include investigation of the overall
performance capability of fuel elements and core structure, to include inves-
tigation of the trade-offs of such parameters as operating temperature,
lifetime, and restart characteristics.

Engine system technology work will include transient investigations of
engine system start-up characteristics, demonstration of typical operating
cycles, the system dynamics of engine throttling, and an investigaticn of
engine restart characteristics,

The development of facility technology is necessary to provide confidence
in undertaking a future nuclear rocket engine development program, The
facility technology objectives will include proof of the techniques for remotae
testing of downward firing engines, and the feasibility of remote handling
operations on the engine system for maintenance and disassembly.

Selected engine components technology will be developed to support the
engine systems technology efforts of system integration and evaluation,
However, component development will be limited, Valves and lines will be
facility "boiler plate' types wherever possible. Components will no: have
to be qualified to the high degree of reliability necessary for flight
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operation, Components such as turbopumps, nozzles with hot bleed ports, and
actuators for engine reactor control will be developed to allow satisfactory
operation when exposed to such extreme environments as nuclear rocket reactor
radiation levels, liquid hydrogen cryogenit temperature, and high temperature
hydrogen exhaust gas, The radiation environment will require a radiation
effects program to prove component and instrumentation performance at high rad-
iation levels before use in the more complex reactor and engine systens
experiments,

Progress made to date has resulted in demonstration of the sgbility of a
reactor to start up rapidly and operate stably using liquid hydrcgen as the
coolant; in redésign of the reactor support to avoid the flow induced vibra-
tions that were previously encountered; in cold flow tests demonstrat:ing that
the general design approach does avoid such vibrations; in demonstration of the
suitability of the reactor control approach used; in fabrication of good qual-
ity fuel elements which in laboratory testing meet required operating conditions;
in development toward the achievement of a radiation resistant actuator for
operation during reactor and engine tests; in advances in high speed Hearing
technology for application in hydrogen turbopumps; and in many other areas
related to reactor, engine, and vehicle technology.

Engine System Development, The objective of this part of the NEIVA effort
is to perform the necessary system engineering, fabrication and testing leading
to experimental engine configuration testing, This effort provides the data
necessary for engine system integration and evaluation., 1In addition, this task
includes the efforts necessary to coordinate and integrate the component and
sub-system development as well as ground test and operations support efforts.

Cold flow tests with a non-nuclear engine simulator will be conducted
prior to and concurrent with full-scale experimental nuclear engine system
testing, This simulator will utjilize the NERVA components plannzd for the
experimental power engine syster tests, Some of the major problems which will
be investigeted include the dnitial portion of engine start-up with liquid
hydrogen, flow stability, flow leakage, system pr:ssure losses, aud control
response times. In fiscal year 1965, the fabrication assembly, and thorough
system checkout of the cold fiow development test system will be completed
and the test program initiated. Test data from the reactor test will be
correlated with restlts from the engine simulator testing.

Component and Subsystem Development, This effort, supports the experi-
mental reactor and ground test engine system testing, The task includes
efforts on propellant feed system, thrust chamber assembly and controls, Feed
system efforts will be directed towards obtaining a suitable certrifngal turbo-
pump capable of providing propellant at required flow rate and pressure to the
nozzle inlet, This turbopump will be designed to withstand the radiation lewvels
caused by the reactor, Efforts will be minimal on other components in the
feed system such as a tank shutoff valve, reactor cooldown valve and lines and
disconnect assemblies. A radiation-resistant turbine power control wvalve will
be developed, Efforts during fiscal year 1965 will include test programs to
obtain perfcrmance characteristics of the turbopumps throughout its operating
range, Additional radiation testing of turbopump bearings operated at design
conditions will be undertaken and closely coordimated with work to be done
at Lewis,
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Efforts during fiscal year 1965 will include provision for pressure
vessels, propellant inlet lines and nozzles necessary to support reactor
experiments, Dynamic testing and structural testing of the thrust chamber
assembly will be conducted., The nozzle will be subjected to long=-durat:ion
chemical firings to evaluate performance and mechanical integrity,

The controls components being developed are the turbine power con:rol
valve, its actuator, and an engine system controller which controls turbo-~
pump and reactor operation. Development work during fiscal year 1965 will
include irradjation testing of the actuator at its expected design conditions,
analytical evealuation of the control system, and testing of control system
hardware, both in the non-nuclear engine simulators and in the reactor
exper iments at. the Nuclear Rocket Development Station.

A radiation effects effort will be conducted as part of the component
development effort, The objective of this effort will be to evaluate the
effect of the combined nuclear and cryogenic environment on the performance
characteristics of engine components and systems., Irradiation tests of
mechanical and electrical components will be conducted during fiscal year 1965,

Ground Test and Operations Support. This effort provides remote handling
equipment, checkout and test equipment and handling and maintenance equipment
for reactor and engine system test operations, Other subtasks of this effort
include development, proof testing and provision of instrumentation for
diagnostic and control purposes, reliability and quality assurance, and opera-
tional safety efforts, During fiscal year 1965, equipment necessary for
engine support will be delivered to the Nuclear Rocket Development Stztion
and proof teating and procurement of diagnostic instrumentation for er.gine
system testing will be undertaken, Technical guidance on ground test safety
will be continued and safeguard reports and procedures will be issued. Acti~
vation and checkout of Encine Test Stand No, 1 (ETS-1) and Engine Maintenance,
Assembly and Disassembly Building (E-MAD) will be undertaken in fiscal year
1965. Reactor assembly and disassembly operations in E-MAD are planned for
fiscal year 1965.

Propellants. This task area covers propellant procurement based on test
schedules for the NERVA technology project required for reactor tests, non-
nuclear component tests, engine simulator tests, etc, Over 90 per cent of
the propellants procured will be liquid hydrogen.

RIFT
1963 1964 1965
Stage development......cees. $6,557,000 $3,700,000 § -
Development SUppOrt.c.esecese 1,890,000 1,800,000 m--
Program support...ceceeevces 2,400,000 2,000,000 -

Total cost&....o.eseoeeass  $10,847,000 7,500,000 § ___ ~=-



The RIFT Project was initiated to provide a vehicle for evaluatingz the
operating characteristics of the NERVA engine and associated stage and engine
sub-systems in the space flight enviromment. The vehicle was to he designed
as a third stage for the Saturn V permitting the evaluation of stage onerating
characteristics in the physical, dynamic, radiation, and space enviromment
required for ceep space missions, This contract was terminated in Decs=mber
1963. Vehicle technology work in fiscal year 1965 will be conduct:ed onaly
under Supporting Research and Technology programs.

The RIFT Project was paced by the reactor development work with n> major
full-scale hardware commitments permitted, The fiscal year 1963 effort was
aimed at the definition of technical problem areas and the fiscal year 1964
effort is concentrated on establishing an integrated test program leading to
solutions of the major identifiable technolngical problems. Initial testing
has been conducted in the fields of structures, insulation, radia:cion effects,
welding, and fabrication techniques., In addi:ion to the preliminaxy design
and testing work accomplished during fis-al year .963 and in process during
fiscal year 1964, design refinement was continued with an extensive effort in
handling and t:ransportation techniques., Almost all of the work performed in
this project provides useful information for the chemical rockets now under
development and will be available for use in eventual nuclear rocket flight
applications.

Nuclear Rocket Development Station Operations

1963 1964 1¢65
General site support.....eeemee $ - $100,000 $100,000
Facility checkout and main-
tenan(:e...............-..-u.. ;- 350’000 3:’0’000
Capital equipment.....eeee:vues ——— 50,000 50,000
Total COStSevvecocccancncsnes 9 — $500,000 $500,000

The mission of the Nuclear Rocket Development Station (NRDS) is t.o
provide a site for ground static testing of the reactors, engines and, even-
tually, vehicles associated with nuclear rocket development, Maragement of the
Nuclear Rocket Development Station is assigned to the Space Nuclear Prropulsion
Office, The major users of the Station are Aerojet-General Corpcration,
Westinghouse Astronuclear Laboratory, and Los Alamos Scientifc Labora:ory.

Technical support, maintenance, housekeeping, services, and managzement
functions must be provided at this site, These funds provide for NASA's share
of the general site operations; the major part is now an Atomic Energy Commis-
sion obligation.

General Site Support, These costs represent the NASA share of the support
services for routine maintenance and operation of the facilities, for example,
custodial services, maintenance of roads, grounds, and utility systems,
furnishing c¢f utilities, building operating supplies, fire protection, and
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cafeteria services. In includes NASA's share of the cost for a support
service contractor to maintain and operate various shops such as the plumb-
ing, electrical, carpenter, welding and machine shops. Also included are
the costs of activation of all facilities, maintenance and operation of
support facilities and equipment. There are routine or recurring services.
Cost specifically for test operation services requested by individual test
contractors on a work order basis are not included. These test operat:ion
costs are budgeted through the respective NASA project manager's office.

Facility Checkout and Maintenance. All major facilities making up the
reactor test facility complex are under construction. Modifications and
additions to some facilities are under design or construction. Engine test
facilities consisting of the Engine Test Stand #l1 and the Engine-Maini:enance
and Disassembly Building will be activated during fiscal years 1965 and
fiscal year 1966. Other facilities will be added as the program requires.

Capital Equipment. This represents the cost of equipment purchased by
the Government for the use of Government and contractor personnel in carry-
ing out station support activities, such as shop equipment and warehousing
equipment.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1965 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY CHEMICAL PROPULSION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objectives of the chemical propulsion research and technology
programs are to conduct research to increase knowledge of chemical propulsion
processes, tc investigate new concepts and techniques to advance rhe tech-
nology of chemical propulsion to meet the requirements for space :xploration,
and to support the mission office role in applying these technologies to the
achievement of NASA's mission objectives.

The supporting research and technology objectives in chemical propulsion
are to provide and to extend the knowledge that will increase ths national
capability to explore space, Although a principal part of this z2[(fort is
directed toward future advances, an equally important part is to Jdsvelop the
engineecing data that will apply to and aid in solving problems arising from
projects under development.

Chemical propulsion is the prime mover in transporting payloads from
Earth into space and in the space envirorment. It appears certain that
chemical propulsion methods will continue to be used as prime movers for
at least the next decade and ss auxiliary propulsion devices whea nuclear
propulsion systems become operational,

The full potential of chemical rockets has not yet been exploited.
Continued research and development will make possible the accomplishment of
difficult missions not now programmed,as well as increasing the effective-
ness of accomplishing missions such as flights to the Moon and operations in
Earth orbit, Increases in performance by use of better propellznts, more
efficient engine cycles, and better integration of the engine with tlte total
vehicle system have the potential not only of increasing the payload-carrying
capability of our space vehicle systems but also of lowering the overall
operational cost of fabricating and operating these systems.

In current NASA development programs, problems of inadequate enzi-
neering data or experience on which to judge the most appropriatie solution
have often been encountered. An example of this is the combustion ia-
stability problem in F-1 engine development, a matter which is now sub-
stantially in hand. Part of the research and technology program is to
provide a sound engineering basis for the solution of such prob.ems so
that costly delays to development programs can be avoided.
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The chemical propulsion supporting research and technology program is
presented in five categories. These are: chemical propulsion research, high
impulse propellant investigations, 1liquid rocket engine technologies, solid
and hybrid rocket motor technologies, and experimental feasibility demon-
strations of advanced systems. Chemical propulsion research includes analyti-
cal studies of propulsion systems, conceptual designs and cycle analysis,
combustion phenomena including ignition and combustion oscillations, fluid
mechanics, gas dynamics, heat transfer phenomena, and applicability of
materials. High impulse propellant investigations cover examination of new
propellants, determination of properties, theoretical calculation and experi-
mental verification of performance, as well as actual engineering experience
in dealing with such new materials. From this work will come the sound design
criteria and engineering data for use in major engine development programs,
This technology effort can be further subdivided in terms of its application,
such as booster propulsion, upper stage propulsion, spacecraft propulsion,
attitude control systems, retrothrust engines and the like. Experimertal
engine work is to demonstrate advanced concepts in a complete engine system
prior to thelr application to specific mission objectives, This early develop-
ment work will prevent the delays in mission accomplishment which result when
the propulsina system development, a long-lead item, must wait for micsion
selection and approval. Included herein are the continuation of the }-1
engine project and the demonstration of large solid propellants motor fcasi-
bility.

SUMMARY OF RESOURCES REQUIREMENTS:

1963 1964 1965

Supporting research and

technologyeeeveeseseossanansss $14,392,000 $21,800,000 $21,800,000
Experimental engines..eeeesceses 35,000,000 24,000,000 38,000,000
Small chemical propulsion

flight projectSeeeeescesssesss 330,000 -—- ---

Total COSES.veevreasnnnnnnnsss $49,722,000 $45,800,000 $59,800,000

BASIS OF FUNL REQUIREMENTS:

Supporting Research and Technology

1963 1964 1365

Analysis, aerothermochemistry...)
Heat transfer and materialS.....) 33,095,000 ¥3,892,000 73,933,000

High energy propellantS..ceeeeess 3,710,000 7,225,000 7,413,000
Liquid rocket engines..cieeceess 6,790,000 6,640,000 6,020,000
S0lid rocket MOLOrSeseeesncscess 797,000 2,043,000 2,424,000

Total COStSe.veuserennsnsvsess $14,392,000 $21,800,000 $21,800,000




Analysis, Aerothermochemistry, Heat Transfer and Materijials

Analysis and conceptual design studies are conducted to identify problem
areas, to compare competitive systems, and to guide future work.

For example, recent interest in an old idea - air thrust augmentation -
has led to an analytical study of its advantages and some experimental work,
A cooperative investigation between NASA and the Air Force has been .estab-
lished to examine the advantages of the air augmentation schemes as applied
to the booster propulsion system in a practical flight,

In aerothermochemistry, a number of research projects are now underway
in converting chemical energy to kinetic energy. In combustion, studies of
combustion oscillations will be continued to provide design criteria for
future engine development. Other work of a fundamental nature is the study
of the kinetics of detonation waves and their relationship to combustion
oscillations, and the examination of non-equilibrium flow processes irn
nozzles.

In solid rockets, research on burning rate and combustion processes
includes ignition characteristics, the effect of rate of change of pressure
on extinguishing combustion on surface burning rates, and other combustion
phenomena,

More information will be sought on film cooling techniques used in con-

junction with high temperature and ablative materials, with partial ccoling
by radiation in some cases,

High Energy Propellants

The program in high energy propellants was broadened last year to
investigate three combinations: (l)additiom of fluorine in oxygen to boost
the performance of launch vehicles using oxygen-kerosene, (2) hydrogen-
fluorine, and (3) oxygen difluoride and diborane, Investigations on
fluorine additions to oxygen-kerosene show that performance gains up to
30 percent could be realized in vehicles such as Atlas, Investigations of
compatibility of materials and the feasibility of using this additive in
existing oxygen-kerosene engines is underway.

Hydrogen~fluorine work is underway on an experimental engine to be
described on subsequent pages.,

Performance of an oxygen difluoride~diborane engine of 2,000 pounds
thrust is being investigated. Plans for additional work are underway to
assess more completely the performance of this promising combination,

Work on other combinations is planned, These include propellant property
studies, oxygen-fluorine or oxygen difluoride with light hydrocarbons, and
metal additions,
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During the past year work was started on experiments with a turbo-
pumped hydrogen-fluorine engine. The RL-10 engine already developed for
use with hydrogen and oxygen was selected for the experiments. Some prob-
lems with material compatibility in rotating seals in the turbo pump have
been encountered and work is underway to obtain improved seal materials.
High energy fuel performance in the present engine will be limited by the
oxidizer to fuel ratio that can be run, After pushing the limit operation
of the present engine, additional work will be undertaken on new thrust
chamber materials and pump modifications to reach higher mixture ratios
which favor the high performance characteristics of the fluroine propellant.

A program to develop a gas generator for a hydrogen-fluorine engiae
has been started to provide a second possible approach to an advanced aydrogen-
fluorine engine. This work will be continued and preliminary design studies
of an advanced hydrogen-fluorine engine will be made based on the knowledge
gained from this experimental engine work.

Liquid Rocket Engines

Work in this area is concerned with engineering studies of components,
subsystems and systems for launch vehicles and spacecraft.

In launch vehicle propulsion, work has continued on high pressure
engine technology as a promising approach to very large engines for first-
stage propulsion. The increase of pressure to the order of 2,500 psi and
higher introduces new engineering problems in, for example, bearings, aad
thrust chamber cooling. New combustion chamber concepts, such as the
toroidal chamber - expansion nozzle skirt are being investigated. It is
planned to scale model a toroidal chamber and gas-confined nozzle to test
the performance of this combination. Another concept is a self-contaiaed,
high-pressure engine module designed to be used in multiple with a single
nozzle. Work is planned on components of this type engine.

Spacecraft propulsion work is continuing on positive expulsion tech-
niques for providing propellant to the engine during zero-g conditions.
Combinations of positive expulsion of a portion of the propellant and
simple pressurization of the tank under positive acceleration will be
investigated. Gas pressurization generated by in-tank reaction processes
will be studied. Effort will continue on the application of high tempera-
ture and ablative materials for chambers and nozzles and on techniques for
varying thrust,

Solid Rocket Motors

Solid rocket motor technology is concerned with components, subsystems,
and complete systems for both launch vehicles and spacecraft. Effort in
this category is primarily directed towards research in propellant character-
istics, Other work includes a continuation of studies of an internal support
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for very large grains. Also being continued are studies of improved methods
of thrust vector control by use of hot gases which are supplied either by a
gas generator or by a t?p directly from the combustion chamber. A key com-
ponent in this technique is a gas valve capable of operating at high tempera-
ture.

In the coning year more emphasis will be placed on research and tech-
nology applicable to very large boosters and problems associated with their
use. This would include, for example, improving techniques of inspection
and qualification of loaded motors, better wunderstanding of instability and
ignition problems, improved physical properties, clustering studies, ard
handling and transportation problems.

Spacecraft engine technology effort is concentrated in four areas,
These are: (1) high propellant mass loading, (2) stop-restart capability,
(3) hybrid system, and (4) packaged propulsion units for attitude control,

The goal of the program is the design of motors with a high percentage
of propellant. Another part of this work is obtaining longer nozzle life
through partially submerging or recessing, or through establishment of a
cool boundary layer.

A significant achievement during the past year has been the demonsitra-
tion of accurate thrust termination control by two techniques: rapid venting,
and control of chamber volume. These and other techniques are being investi-
gated to achieve stop/start ccntrol and recycling capabilities.

Hybrid motor systems offer promise in both launch vehicle and spacecraft
applications., These are systems where the fuel is a solid and the oxidizer
is introduced as a liquid. Conceptual design studies for space applications
are completed and experimental work to demonstrate the feasibility of hybrid
propulsion for a spacecraft engine will be initiated.

Ideas for using solids for small propulsion units for attitude control
have been examined. One 1s the use of a series of miniature and expendable
solid rocket units to generate small increments of impulse as needed. This
work will be extended to flight experiments aboard a TIROS satellite. The
second idea is the use of a subliming solid wherein the solid is transformed
into gas for propulsion thru the application of heat., These units hold the
promise of high reliability as well as long storage time and life,

Experimental Engines

1963 1964 1965

Large solid motor demonstration. -k -=-=-% $13,000),000
M-1 engine.seecessacsssssessceee $35,000, 000 $24,000,000 25,000,000

Total COSESevsnssesecnsesesssses $35,000,000 $24,000,000 $38,000,000

* Previously an Air Force program.
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Large Solid Motor Demonstration

The large solid propellant rocket motor feasibility demonstration was
initiated by NASA and the Air Force in June 1963; it includes both 260"
diameter and 156" diameter solid propellant motors.

In November 1963, the Department of Defense requested that NASA fund
the 260" class motor program in fiscal year 1965 and thereafter, with :he
Department of Defense continuing to fund the 156" portion.

In fiscal year 1963 and 1964, the Department of Defense obligated almost
$30,000,000 tc the 260" motor program. The fiscal year 1965 NASA request is
based on a Department of Defense estimate of the amount required to complete
the current phase of the 260" motor program. Transfer of the direct manage-
ment and funding responsibilities for this program to the NASA will allow
closer coordination between the demonstration firing program and the s»lid
motor launch vehicle studies currently in progress, to evaluate such
vehicles as:

Solid stage plus an S-IVB stage.

Solid boost assist for the Saturn IB vehicle.
« Solid boost assist for a Saturn V vehicle.

. First stage for post Saturn vehicle,

S LN -

Efforts on this project through fiscal year 1964 will include completing
engineering, propellant tailoring, 44" and 65" motor tests, and fabrication
and checkout of full scale hardware.

In fiscal year 1965 a two-part effort to complete the current phase of
the 260" motor program will be accomplished. The first part is for two
parallel projects to design, fabricate, and static test two 260" diameter
motors each weighing about 1,800,000 pounds and generating 3,000,000 pounds
of thrust for about 110 seconds. The second part covers design, fabrication,
and static test of a 900,000 pound 156" diameter motor, to prove a 3,000,000
pound thrust nozzle (same as used on the 260" diameter motor) for a 5(-second
burning time, plus proof of the fabrication procedure applicable to the 260"
diameter motor utilizing a grain configuration and igniter similar to the
260" size. In addition, a 120" motor for component evaluation of the Aerojet
program will be completed in fiscal year 1965,

M-I Engine

The M-1 turbopump fed rocket engine is being developed for single or
multiple use in upper stages of large launch vehicles. This engine w:.ll
develop 1,500,000 pounds of thrust, using liquid hydrogen-liquid oxygen
propellants,

Development of the prototype engine began in 1962, and is under the

technical direction of the Lewis Research Center. The components of the
M-1 engine are of a new magnitude in size for hydrogen engines, and will
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be tested as a system to verify their design and to develop criteria for the
design, test and retest cycle.

During fiscal year 1965, the program will emphasize component testiag,
with a limited effort in engine systems. Most design effort will be com-
pleted, and the testing of many major components begun. The majority of
sub-scale tests will be near completion. Versions of the liquid oxygen pump
and fuel pump, both at 3/8 scale, will be tested.

At Lewis, cold-air tests of fuel and liquid oxygen (LOX) turbines will
be performed to determine the aerodynamic performance, range of operation,
and flow distortions. Full-scale testing of the fuel and LOX pumps as
separate components, and as a system connected in series will be started.

Other test programs to be initiated involve vibration tests of thrust
chamber components, and general testing of the thrust chamber and gas gener-
ator igniters.

Several testing programs will be continued in fiscal year 1965, These
include tests of full-scale injectors, gas generators, and interconnect lines,
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RESEARCH AND DEVELOPMENT °

FISCAL YEAR 1965 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE POWER PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The Space Power program provides research and technology to advance our
knowledge, by providing new and improved methods of chemical and solar power
generation for space exploration. The program includes all elements of
complete systems such as: (1) the emergy collection equipment (solar collec-
tor) or reactsnt supply; (2) the prime converter (i.e., solar cells, therm-
ionic generatcrs, thermoelectric converter, fuel cell, etc.); (3) the energy
storage system (battery or thermal energy storage macerial); and (4) power
conditioning equipment devices and switch-gear. In addition to the more
basic work, part of the effort is directed at development of improved devices
and demonstration of the feasibility of advanced systems, including, when
necessary, flight demonstration.

All space vehicles use electrical energy for the operation of their
equipment, such as communications, telemetry, life support, and instrumenta-
tion., Thus, this multi~disciplined program makes a direct contribution to
a broad cross-section of the national space program. The energy source for
space power systems may be chemical, solar, or nuclear; this program deals
with methods of obtaining energy from the first two sources. Work on power
generation using nuclear energy sources is covered under Nuclear Electric
Systems.

The electrical power for space vehicles and the total time this power
is needed varies widely. The power levels vary from a few watts to many
kilowatts and durations from a few minutes for a launch vehicle to goals of
several years for space vehicles., This wide range of applications requires
a number of power generation techniques, each with its own capabilities and
limitations.

As launch vehicle capabilities increase, making possible more complex
spacecraft, i is essential that the technology in the power generaticn
field not become a limiting factor. All systems experience to date has been
at rather low power levels.

Many problems also remain to be solved in the types of systems presently
being used to improve reliability and life as well as to reduce weight. and
valume requirements. This work is needed to develop equipment and the know-
ledge needed to avoid failures such as those in the past associated with the
adverse effects of the space environment (i.e., the Van Allen belt, solar
flare radiation, ultraviolet degration, and high and low temperature
effects).
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SUMMARY OF RESOURCES REQUIREMENTS:
_1963 1964 _1965

Sﬁpporting research and
technology..ceeceeneeeeeeanses 98,335,000 $13,000,000 $13,000,000

Total COBLB.cvenuressaranncecs $8,335,000 $13,000,000 $13,00:0,000

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology
1963 1964 1965

Photovoltaics.....ev0v0veevavaee.  $2,141,000 $2,750,000 $2,750,000
Thermionics and thermoelectric.. 1,872,000 1,750,000 1,7%0,000
Solar dynamic systems........... 1,660,000 4,850,000 4,850,000
Batteries, fuel cells and

engines. .ccovvvercaonccnrcnnes 2,662,000 3,650,000 __3,6/0,000

Total COBEB.vcvivcresccsatones $8,335,000 $13,000,000 $13,000,000

Photovoltaics. Solar cells are the most common energy-conversicn
devices used in space. Significant progress has been made on cells which
resist radiation damage and in obtaining a fundamental understanding of the
mechanism of damage., Cells currently in production have benefited from the
research program and have three times the useful life in the radiation belts
compared to cells in use a year ago. During this year, experiments were
conducted on special silicone cells which are 12 times more resistant to
such damage as the reference cells. This work will continue so that the
advantages can be fully exploited in flight programs.

Progress has also been made on thin film solar cells which are very
light and flexible. A contractor production facility has been estab.ished
to produce experimental quantities of 6" by 6" cadmium sulfide thin-:Iilm
cells. A program has been initiated to evaluate the simulated environmental
effects of space on these advanced devices, a necessary first step before
practical application, Studies are also being conducted on techniques of
deploying large arrays of these cells for multi-kilowatt systems. The
anticipated results are considerably lower costs, improved mechanical
characteristics, and better stability in the space environment.

Work will be continued to develop solar cells for high and low-tempera-
ture applications. More payload and greater reliability are antiicipated,

Thermionics and Thermoelectrics. The direct conversion of heat energy
to electricity by the thermionic process continues to show great promnise.
The development of a prototype, solar-heated, thermionic system with all of
its elements shows significant progress. Efforts extend from basic research
on materials and metallurgy, through physics and thermionic generation, to
engineering development of thermionic devices.
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Improvements in thermionic converter design have extended coaverter life
from 1,000 hours or less to more than 3,000 hours in tests presently under-
way. Alternate designs have been explored, and multi-converter generators
have been fabricated and tested with both electrical and solar heating.

This effort will be continued in fiscal year 1965.

It is desirable to keep a thermionic system operating during dark
periods in orbit, by supplying heat energy stored during sunlight to avoid
thermal cycling. Fundamental information has been obtained on thermal
storage materials, such as thermal conductivity and heat of fusion. The
whole thermal storage area will receive increased attention in the coming
year, because of its great promise for solar-thermionic and dynamic systems
with long life and low weight.

Important progress has been made on the development of fabricaticn
technique for solar collectors. Work on a 9.5 foot diameter high pre-
cision mirror master by spin casting offers a solution to extending this
technology to mirrors larger than 5 feet. A successful plastic sub-
master was produced and reproduced in nickel. A test mirror made from
the nickel master is undergoing tests.

The feasibility of power systems based on thermoelectric conversion of
heat is also under investigation. An example of work in this area is a flat
sandwich panel with thermoelectric couples between the skins. One skin is
treated with a coating to produce a high equilibrium temperature when ex-
posed to sunlight, while the other surface runs at a much lower temperature
as it faces black space. Progress has been made in this technique, ard the
work has been supported by research on improved thermoelectric materials.
Effort in this area will continue.

Solar Dynamic Systems. A significant milestone was reached in the
solar mercury Ranhkine cycle system (Sunflower) this year with the successful
completion of a life test with an accumulated time of 4,300 hours. The
test was terminated by test-rig problems rather than any basic fault :n the
machine. While many problems remain to be solved, the feasibility of this
system concept has been demonstrated.

Work was also started on an alternate approach to dynamic power con-
version, based on a gas (Brayton) cycle, which is expected to have higher
efficiency and hence produce more power from a given size solar collector,
if the expected component performance can be achieved. 1It is planned to
continue development of this system to a point where a selection can be
made between the alternate approaches. Solar dynamic systems are expected
to be most useful in the range of power of a few kilowatts to tens of
kilowatts. Applications may come late in this decade, and hence an aggres-
sive program is required at this time.

Batteries, Fuel Cells, and Engines. Much progress has been made in
this area. For example, a new type of sealed, rechargeable battery his been
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developed. Thkis device includes a fuel-cell oxygen electrode which reduces
pressure build-up to a safe level, and provides an external signal at the
completion of charge, facilitating charge control. This advance is expected
to improve the life and reliability of space batteries and significantly
reduce their weight for many applications. Testing required to provide the
engineering cata needed by applications engineers is planned for next year.

To deternine the basic limitations in fuel cell 1life and reliability
and find ways of extending them are the goals of much of the work.
Important development work has been accomplished this year on an improved
H2/02 fuel cell of moderate temperature. The system is simplified and uses
materials which should have longer 1ife. Work needs to be done to verify
these improvements. Effort to date has been on an open-cycle system (product
water vented to space); work will be done on the application of the basic
equipment in a closed cycle and tests of the endurance of the componerts.

Progress has been made on other fuel cell tasks, including the develop-
ment of inorganic ion-exchange membranes (electrolyte and separator) wvhich
should have longer life than the organic type now being used. Studies of
fuel cells as biochemical reactors for processing human wastes are also
underway. Much work remains to be done in these areas, now at the basic
research stage.

An experimental hydrogen-oxygen internal combustion engine designed
for operation in space has been operating successfully. Potential appli-
cations include mechanical, hydraulic and emergency electric power
generation. 1In fiscal year 1965, effort will be concentrated on improved
engine efficiency.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1965 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY AERONAUTICS PRIGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Aeronautics program is to conduct the reseaich
necessary to generate information for the design, construction, and
operation of advanced aeronautical vehicles, This research program supports
current and projected civil and military requirements and helps to mailntain
United States leadership in these fields,

Research is carried on in the technical disciplines of aerodynamics,
loads and structures, propulsion, and operating problems. This 1esearch
has provided the information and technology for such advanced vehicles as
the F-111 (TFX), the tri-service XL-142, and the supersonic transport.

The detailed research program will continue at the Langley, Ames, lLewis
and Flight Research Centers, in support of the supersonic transport
program, It is the National Aeronautics and Space Administration's
responsibility to provide the required research information and technical
support to enable industry to build a reliable, economical, safe, and
publicly acceptable commercial supersonic transport.

In advanced aeronautical research, manned hypersonic air-breathing
vehicles are being investigated, Such vehicles have the potential of
providing hypersonic reconnaissance capabilities, hypersonic transport, and
recoverable hypersonic air-breathing space boosters,

Studies of vertical and short take-off and landing aircraft (V/<TOL)
will continue in fiscal year 1965, with particular emphasis on high-tspeed
jet-powered types and those types nearing military operational status.

Research in basic areas includes studies of new materials for airframes
requiring long duration, high temperature operations; studies of high temper-
ature air~breathing engine components which will increase engine eff:.ciency
and economy; studies of noise to gain a better understanding of its origin
and means of alleviating it; studies of the boundary layer and boundury-
layer control to reduce drag; studies of structural concepts to prov:.de
reliable light-weight structures; and studies of air-breathing propulsion
cycles and engine components to increase efficiency and permit the design
of efficient light-weight engines for V/STOL aircraft, supersonic transport,
and hypersonic aircraft.

Advanced technical development in support of military and civil

aircraft procurement continues to be conducted, This work is performed in
cooperation with govermment-sponsored contractors at the request of
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cognizant government agencies.

Experimental research and development aircraft and engineering test pilot
proficiency aircraft considered necessary to carry out and support the
aeronautics effort are included under this program.

SUMMARY OF RESOURCES REQUIREMENTS:

Supporting research and
technologyeseecveoosecsaasenee
Xel0A,oiiiieneoncssasscesosnncns
Supersonic transport....sceeecee
V/STOLOQOQOt.-..'o..l'..l.l..ll.

Total COELSssionvescrosncacernse

BASIS OF FUND REQUIREMENTS ;

1963 1964 1965
$6,580,000  $8,900,000  $9,400,000
5,580,000 900, 000 900,000
2,513,000 10,200,000 24,700,000
925,000 2,100,000 2,000,000

15,598,000

222!100'000

Supporting Research and Technology

Aircraft aerodynamics....ecc00ee
Aircraft loads and structures...
Air-breathing propulsion........
Alrcraft operating problems.,....

Total costs,.

2860000080000

Aircraft Aerodynamics

337|QOO 000

Smpdesmye

1963 1964 1965
$879,000  $1,500,000  $1,500,000
1,510,000 1,600,000 1,700,000
1,519,000 2,520,000 3,490,000
2,672,000 3,280,000 2,510,000
$6,580,000  $8,900,000 _$9,200,000

Aircraft aerodynamics relates to the performance, stability, and control

of manned vehicles during sustained atmospheric flight.

This program is a

continuing one directed toward improvements in subsonic, supersonic und

hypersonic airplanes,

In fiscal year 1965 there will be an increased effort in hypersonic
aerodynamics and aerodynamic configurations for hypersonic air-breathing
vehicles now that their aerodynamic feasibility has been established,

Further increases in overall aerodynamic efficiency are neeced to

produce an economic, profitable United States supersonic transport.

in this area will be increased by exploring all possible means of in:reasing
1ift and decreasing drag at supersonic-cruise speeds, and by investizating
advanced configuration concepts to improve range and payload.

Recent wind tunnel and flight research on V/STOL aircraft has placed
greater emphasis on the stability and control during hovering and transition
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of higher-performance jet~powered types. General as well as detailed config~
uration studies with models and man-carrying test~bed aircraft will be
carried on in order to provide a better understanding of jet-interference
flows and how 0 avoid undersirable effects on control during the V/STCL
mode of operat.ion,

In the helicopter area, the aerodynamics of high speed rotors is Leing
studied by industry contract. Increased attention will be devoted to the
compound helicopter which utilizes auxiliary wings, in addition to rotors, in
order to increasa limited range and endurance.

Included in these estimates, as in the past, are funds for wind tunnel
and related studies in direct support of the development of military
aircraft and missile systems,

Loads_and Structures

The design of efficient and reliable aircraft structures is dependent
upon the loads and heating which the structure must withstand, the physical
properties of the material used, structural techniques, and improved methods
of design analysis, including dynamic effects,

An important problem in aircraft design is fatigue, which has the char-
acteristic of fracturing or weakening of structural materials under a
relatively small load, if this load is applied a large number of times, For
aircraft which will operate at supersonic speeds, aerodynamic heating intro-
duces complicating factors into the fatigue problem. This heating degrades
the properties of the commonly used aluminum alloys and places emphasis on
heat-resistant. materials such as stainless steels or titanium alloys.

During fiscal year 1965 extensive research will evaluate the fatigue proper-~
ties of structural specimens utilizing heat resistant alloys.

It is expected that by fiscal year 1965 the structural configuration
and characteristics of the supersonic transport will be broadly established.
Analytical and wind tunnel investigations will be conducted to evaluate
structural designs, Additional studies will be required to establish flutter
characteristics,

Those ailrcraft designs proposed for hypersonic aircraft which employ
hydrogen as a fuel present formidable structural problems. A particularly
severe problem is the design of that hydrogen tankage which is exposed to
high temperatures on the outside and cryogenic temperatures on the inside.
During fiscal years1963 and 1964 studies of refractory metals and des:ign
concepts culminated in the construction of a sizeable specimen of tankage
structure for testing under realistic temperature conditions. This structure
will be studied experimentally during fiscal year 1965,with realistic heating
and loading,in a high temperature hypersonic wind tunnel at the Langley
Research Center,
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Air-breathing Propulsion

The air-breathing propulsion program supplies the basic and applied
research information required in the development and planning of both
military and commercial aircraft. New and existing propulsion systems will
be analyzed to determine potential improvements which can be realized, and
engine component modifications will be studied to determine inter-relat:ed
effects throughout the system. Air inlets and exhaust nozzles will be
investigated experimentally to provide future design criteria for supersonic
aircraft,

Research in the hypersonic propulsion regime will include basic boundary-
layer and shock-wave-interaction studies to define the pressure and tempera-
ture fields existing in a hypersonic inlet, Studies will provide information
on the operation of hypersonic inlets at off-design conditions. MNecessary
data on supersonic mixing and combustion will be obtained.

Aircraft Operating Problems

Research in this area is directed toward improving flight safety.
Objectives of the research program are to obtain improvements in aircraft
flying and hardling qualities, in operational techniques during landing and
take-off under all-weather conditions, and in instrumentation directly
related to the safety of flight. WNational Aeronautics and Space Administra-
tion research in the field of sonic boom and aircraft noise is also included
in this area.

Spin entry mechanics will be studied to improve prediction of an
airplane's tendency to enter spins. Dynamic model tests will be run on
specific airplane models, such as the TFX and several executive types,
These aircraft will be flight tested to evaluate their stability character-
istics in the spiral mode,

A Lockheed Jetstar aircraft, purchased in fiscal year 1963,is being
equipped, to simulate in flight the stability, control, and performance
characteristics of a variety of advanced airplanes. The flight test phase
of this program will be initiated in fiscal year 1965.

Jet engine noise research continues to obtain information on the contri-
bution of the exhaust jets and other components to the total noise level,
On-going flight and wind tunnel tests and analytical work are directed
toward minimizing sonic booms for projected supersonic transport configura-
tions, and determining atmospheric effects on boom intensity and propagation.

A variety of aircraft are being tested to develop steep approach
techniques to alleviate the airport noise problem., Helicopters, V/STOL, and
conventional aircraft are being used under simulated IFR (Instrument I’light
Rules) conditions to determine information requirements for landing under
all weather conditions,
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To improve ground directional stability during take offs and landings,
experimental investigations will be made to determine tire corner force
during high speed braked and unbraked rolling on wet and dry runway surfaces,
Several runway additives will be investigated to ascertain their effectiveness,

X~=15 Research Aircraft

1963 1964 1915
Aerodynamics....ececeacssccnsnns $35,000 $32,000 $30,000
Loads @nd SErUCEUTeS........sees 60,000 1,000 93,000
Propulsion..........'........... 10’000 10’000 2-5’000
Operating Problems....ccecvveaone 5,475,000 857,000 751,000

Total costB...ievvrosaocnsnce 25!580!000 §900!000 - 90@.000

As the X-15 program has progressed, new problems have been defina:d in
the areas of structures, stability, control, heating, and operation. The
X-15 aircraft will continue to be used to obtain additional vitally n:2eded
research data in the areas of air-breathing propulsion, aerodynamics, and
structures. The X-15 is the only vehicle available to obtain this
information. The X-15A-2 airplane, which was damaged during an emergency
landing, is teing repaired and modified to increase its performance capa-
bility. This modification will provide a design mission of Mach eight, at
an altitWe c¢f 100,000 feet. This will permit extensirn of basic investi-
gations, especially aerodynamic heating, The first flight of the modified
X-15 should be made near the end of fiscal year 1964.

Supersonic Transport

1963 1964 1665
Aerodytmi‘:s‘..-o.o.aoooton--ooo $392,000 $967,000 $1)8]0’000
Loads &nd structureS..c.ceescese 612,000 930,000 790,000
Propulsion,.,cceeeececencocssans 342,000 1,389,000 19,500,000
Operating problems..cecessecese 1,167,000 6,914,000 2,600,000

Total COBEB..cserveoccncnons §2l513!000 §10l200!000 §24!790!000

The National Aeronautics and Space Administration's role is to provide
the research information necessary to meet the goals of the project. Work
in various areas will be intensified in fiscal year 1965. Work in fiscal
year 1965 will be concentrated mainly on improvements in the areas o: propul-
sion, aerodynamic efficiency, dynmamic stability, noise, sonic beom, and
structural materials,
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The increase in funds requested for fiscal year 1965 for supersonic
transport research reflects the need for continued research on propulsion
systems to provide the advanced power plants that will be needed for future
operational supersonic transports and for follow-on vehicles. In prior years,
fiscal years 1962 and 1963, funds were procured by the Federal Aviation
Agency for a joint Federal Aviation Agency-National Aeronautics and Space
Administraticn-Department of Defense research program fot a supersonic
transport, It is the responsibility of the National Aeronautics and Space
Administration to provide the research information and technology in support
of the program while the Federal Aviation Agency proceeds with the prototype
development,

A major increase is required in fiscal year 1965 for work in the super-
sonic transport propulsion field, At present, the most advanced high-Mach
number engine available in the United States is not suitable for the super-
sonic transport aircraft because its thrust level is too low for the super=
sonic transport mission and it has a high specific fuel consumption. A new,
advanced engine will be required for an economically feasible superscnic
transport airplane., The increased funds will be used to continue work at the
level required to produce the supersonic transport engine that is recuired,
Work will be done in-house and on contract in the areas of inlets,
compressors, gas generators, turbines, and exits during fiscal year 1965 to
support this development program,

V/STOL Aircraft

1963 1964 1665
AerodynamicsS.ieuesennnsceans $520,000 $570,000 $740,000
Loads and structures........ 9,000 535,000 180,000
Propulsion.,.eeveseeeeosnssns 106,000 195,000 450,000
Operating problems....e.ueee 290,000 800,000 630,000

Total CoOStS.veeesoeracnans $925,000 2,100,000 £2,000,000

Increasaed emphasis will be given in fiscal year 1965 to National
Aeronautics and Space Administration wind tunnel studies of configurations
representative of high speed jet V/STOL types. Particular attention will be
given to studies of the interference effects of direct-1lift and vectored-
thrust jet fighter types, This research will require relatively large,
highly~-instrumented models to obtain reliable simulation and mezsurement.
Work will coatinue on propulsion system improvement,

Flight studies are planned utilizing the XH-15A helicopter in order o
determine structural loads and dynamics of a nonarticulated (rigid) rcotor
system, and to study the apparent potential of this new concept for improving
helicopter flying, handling and performance characterisitics,

Investigations with the variable stability X-14 deflected jet alrplane
and the YHC-1A helicopter will increase general information on handling
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requirements for V/STOL aircraft, particularly for steep approach and blind
landing conditions, Other related work will be carried out, both with
ground simulators and in flight, to determine optimum guidance and control

systems and pilot instrument displays for all weather landing of V/STOL
aircraft,

Flight studies of short-take-off-and-land type aircraft which have
particular application as civil medium and short-range transport will

continue, The recently modified C-130B boundary layer control airplane will
be used,
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1965 ESTIMATES

OFFICE OF TRACKING AND DATA ACQUISITION TRACKING AND DATA ACQUISITION
PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the NASA tracking and data acquisition program is to
provide operational ground instrumentation support required by all NASA
flight projects,

Every space flight mission undertaken, whether launch vehicle develop-
ment, scientific satellite, space probe, or manned spacecraft, is undertaken
to further our knowledge of the space environment by means of the acquisition
and analysis of scientific information recorded during these missions. The
critical element in getting such information back to the managers of the
mission is the world-wide network of tracking and data acquisition stztions.
These stations, linked together and to the NASA mission control and data
centers by a communications net, receive and record telemetered scientific
data, including voice and video data; track the spacecraft in order to deter-
mine its position; and transmit signals to the spacecraft as required. Each
flight mission has its own specific requirements for tracking accuracy; amount
and kind of spacecraft-gathered information to be transmitted; command signals
to be received; and location of ground instrumentation to perform these
functions, The NASA networks, supplemented as required by other than NASA
stations, are a flexible and responsive tool used to fulfill the requirements
of the flight missions,

SUMMARY OF RESOURCES REQUIREMENTS:

1963 1964 14965

Supporting research and

techn0logY.eeeeeeseneeasenssse $13,277,000 $12,000,000 $15,500,000
Network operationS.sseecseccocee 55,943,000 81,500,000 99,800,000
Equipment and componentS........ 52,922,000 116,500,000 152,600,000

Total coStSevseenasnnsesaassss $122 142,000 $210,000,000 $267,990,000

BASIS OF FUND REQUIREMENTS:

To be responsive and flexible in giving tracking and data acquisition
support to varied flight projects, the NASA networks require a continuing
program of component and system improvement and development, station net-
work operations, and equipment additions and modifications,
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The program for supporting research and technology will be directed
primarily toward the improvement of existing equipment systems and subsystems
and, in addition, toward development of new equipment for ground instrumenta-
tion support. Greater capability than that which presently exists in ground
instrumentation is necessary to support planned manned and unmanned f£lizht
projects.

The program for network operations reflects the increasingly complex
support capability required by the NASA flight programs. To perform thease
functions, additional personnel, logistics and maintenance are required for
operating the rietworks as new stations and equipment become operational.

To meet specific ground support requirements for the various types of
flight projects, new equipment capability in the networks is necessary.
Major equipment requirements for fiscal year 1965 are related to the observa-
tory class satellite projects, the Apollo manned space flight
missions, and the deep space flight projects. There are also increasing
equipment requirements for the communications and data processing functions
which are vital for an integrated tracking and data acquisition capability.

Supporting Research and Technology

1963 1964 1965

New systems development..se..... $3,088,000 $2,995,000 $3,100,000
Integrated systems analysis,

development and test.cesecesss 826,000 1,361,000 2,090,000
Improvement to existing systems, 9,363,000 7,644,000 10,310,000

Total COStSiseseenveaasosaress $13,277,000 12,0 000 §15,500,000

The purpose of the supporting research and development program is to
provide for the developments necessary to assure the orderly augmentation
of tracking and data acquisition support systems. From this program evolve
the techniques and prototype hardware elements for improving existing systems
and demonstrating the feasibility of new systems to meet the support raquire-
ments of future space flight missions,

New Svystems Development

A major effort in fiscal year 1965 is the development of the Airborne
Range and Orbit Determination (AROD) system which was initiated in fiscal
year 1963, This project was initiated to provide a flexible tracking system
to meet the upcoming requirements of the Saturn V project. The objective of
the AROD development is to provide the necessary on-board and mating ground
equipment so that the range and orbit of space vehicles can be accurately
determined, A prototype of an AROD station will be built and the test phase
started. The test phase will include aircraft flight tests to provide a
preliminary performance evaluation of the integrated system.
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Integrated Systems Analysis, Development and Test

This category provides for: (1) analysis, test and evaluation of proto-
type components and subsystems prior to integration into the networks; (2)
development of more efficient mathematical techniques for determinging tra-
jectories and orbits; and (3) development of mathematical techniques and
equipment modifications to provide improved in-orbit checkout support for
Saturn V class vehicles and spacecraft,

An example of the second area of effort is the development of better
mathematical techniques to determine rapidly, more accurately, and efficiently
the orbits and trajectories of spacecraft. With the increased number znd
complexity of space flight missions such as Apollo, Interplanetary Monitor
Probe (IMP), Pioneer and Lunar Orbiter, improved computational techniques
are required to rapidly and efficiently compute and predict spacecraft tra-
jectories, Diverse missions such as these require optimized computer programs
essentially unique to each project. As new missions are evolved, additional
unique modifications to the computer routines or programs are required to
meet the spacecraft and experimenter requirements for orbit determination.

For the Saturn V vehicle and Apollo spacecraft, the tracking and data
acquisition network must provide means for checking out the entire system
while in orbit. This checkout is quite similar to the prelaunch one but is
somewhat more difficult since it must be accomplished remotely. Large amounts
of data will be transmitted to the ground network, collected, edited, sorted
and processed to arrive at command decisions in near real time. These de-
cisions are then transmitted from the ground to the vehicle. In fiscal year
1965 further analytical effort and equipment modifications will be undertaken
to meet the Saturn and Apollo requirements. The techniques and equipment
resulting from this continued effort will be integrated into the In-orbit
Checkout Equipment.

Improvement. to Existing Systems

This category provides for the development of component and subsystem
improvements for existing tracking and data acquisition systems. Thesa
improvements will be accomplished by analyzing, developing, and testing the
latest techniques that show promise of providing the operational capabilities
required by future flight projects. Affected subsystems are:

1963 1964 1955

Spacecraft subsystemS.....cceess $364,000 $590,000 $1,715,000
Antennag sSubsyStemS.seeeescccccss 2,248,000 1,771,000 1,797,000
Receiver and transmitter

SUDSYStemMS,sesesessssoosssscons 4,360,000 4,326,000 4,659,000
Data handling and control

SUDSYStemMS.sssesscssosccssacnns 1,350,000 686,000 1,308,000
Central processing and

reduction subsystemS..eccceeess 1,041,000 271,000 840,000

Total COStSeceeeesneaoanoeeses _$9,363,000 _$7,644,000 $10,310,000
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Spacecraft Subsystems

In fiscal year 1964 an effort was initiated to develop a light weight,
highly reliable and efficient on-board data processing and memory subsystem
for future spacecraft requirements of the Advanced Orbiting Solar Observatory
(A0SO) class. In addition to this developmental subsystem, an initial study
effort of feasible telemetry system components (i.e., transmitters, modulators
and signal conditioners) was started. The original effort had, as its primary
aim, the development of flight proven subsystems which would be compatible
with existing ground systems, and would be capable of meeting foreseen space
flight projects. The original effort will be continued in fiscal year 1965
and will have as its primary objective the development of a family of
standardized on-board transmitters, receivers, data handling modules, and
memory units. By such standardization, economies and improved reliability
can be realized in such future projects as AOSO and the advanced (MP,

Antenna Subsystems

In fiscal year 1965, the improvements underway on antenna feeds will be
continued with the objective of being able to support several spacecraft,
operating over a wide frequency range, with a single feed antenna., Prototype
cassegrain feeds, currently in use in the Deep Space Network, will be adapted
for' use on the large data acquisition antennas for support of projects such
as Relay B and Syncom III. Improvements in the servo system of these antennas
will be required to support the more stringent tracking and accuracy require-
ments of these projects, The development of antenna surface accuracy measur-
ing techniques originated in fiscal year 1963 will be completed in fiscal
year 1965.

Receiver and Transmitter Subsystem

This subcategory of effort includes development and test of protctype
hardware, and will provide each network with the receiving and transmitting
subsystems that have the capability of meeting the constantly increasing

spacecraft requirements for more accurate and reliable tracking and d:ta
acquisition support,

To increase the quantity of data that could be acquired by the network
without spacecraft weight or other system parameter increases, a considerable
effort has been underway for several years to improve the ground rece:ving
subsystems. The results of these past developments are now being incorporated
in the networks with such equipments as low noise parametric amplifiers and
maser systems. These improvements will yield increases in receiver sensi-
tivity by a factor of between six to ten over that previously availab.e.

In fiscal year 1965, effort will be directed toward development and
evaluation of improved techniques, such as coherent phase modulation
detectors and low threshold frequency modulated detectors, to further
increase the sensitivity of the receivers.
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During fiscal year 1965, efforts to improve transmitter subsystems for
the Deep Space Network and the Satellite Network will be continued. There
will also be an initial development of a 1,500 megacycle high power ground
transmitter system capable of sending a more varied and greater volume of
data to a spacecraft as required by future flight projects.

Data Handling and Control Subsystems

For the Eccentric Orbiting Geophysical Observatory (EGO), Polar Orbiting
Geophysical Observatory (POGO), and Orbiting Astronomical Observatory (OAO),
special purpose real-time satellite control and tracking systems were developed
for each spacecraft. These control and tracking systems were intended to,
among other functions, process spacecraft engineering telemetry data, formulate
instructions based on such data, transmit these instructions to the space-
craft, supervise the execution of scientific experiments by the spacecraft
and provide instructions to the spacecraft regarding future inquiries
from other ground control stations. In fiscal year 1965, the development
effort will be continued. This system is being developed to meet the
requirements of the AOSO and the second generation of the EGO, P0OGO, and
OAQ spacecraft,

Central Processing and Reduction Substystems

Effort in this subcategory is directed towards improving the capability
of existing telemetry data reduction and central processing systems, During
the past several years, specialized telemetry reduction and processin3 systems
have been used to convert the satellite data into the format desired »y the
experimenters. As the data rates increased with such projects as EGO, POGO,
OAQO, Surveyor, and Mariner, and in order to reduce the tremendous quaatity
of data so acquired, it has become necessary to build general purpose pro-
cessing and reduction systems capable of handling a variety of spacecraft
projects. Such general purpose systems will be more reliable and less
expensive than present special purpose systems. In fiscal year 1945, the
evaluation of several promising subsystems in this area will be made and the
development cof prototype hardware undertaken.,

Network Operations

1963 1964 1965

Satellite Network..eeeeveeseeees $12,252,000 $22,000,000 525,600,000
Manned flight networki.sseseesss 16,495,000 20,200,000 25,400,000
Deep space Network.ceceeoecsooss 8,117,000 12,000,000 14,600,000
Wallops/Fort Churchill

instrumentation,.eeeecesccesoes 3,568,000 5,000,000 5,300,000
Aerodynamics test range..ssscess 450,000 800,000 800,000
Network communicationSe.eeececosss 10,821,000 15,000,000 18,700,000
Data processing and handling.... 4,240,000 6,500,000 9,400,000

Total CO5tSeusecnssssasssasess $55,943,000 $81,500,000 $99,800,000
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There are three basic networks used in NASA programs: the satellite,
manned, and deep space networks. In addition, there are the aerodynamic
test range at Flight Research Center, the Wallops/Fort Churchill instru-
mentation, network communications, and data processing systems.

Network Operations - Satellite Network

This network consists of 13 electronic stations operated by the Goddard
Space Flight Center and 12 optical stations operated by the Smithsonian
Astrophysical Observatory. The electronic stations provide the principal
tracking and data acquisition support to the program while the optical
stations, as described below, provide a more specialized service generally
directed toward precision orbital tracking and determination. The stetions
in the network are operated under various arrangements. Those in the United
States and in certain foreign countries are operated under commerical con-
tracts. Other stations are operated by foreign government agencies irn close
liaison with NASBA,

To prepare the network for support of the advanced satellite projects
such as 0AO and OGO, new facilities projects and equipment augmentation
projects are underway. A new facility at Rosman, North Carolina is now
operational and another at Fairbanks, Alaska will be operational by mid
calendar year 1964. By mid calendar year 1965, a facility near Canberra,
Australia and a second antenna system at Rosman, North Carolina will be
operational. These facilities, using 85-foot diameter parabolic antemnnas,
are being established to handle the increased bandwidth requirements of the
satellite flizht projects scheduled during calendar years 1964 and 1965.

In addition to these new facilities, 40-foot antennas are being :nstalled
at three existing stations and will be fully operational in fiscal year 1965.
Equipment additions during fiscal years 1964 and 1965 include range and range
rate tracking systems; automatic tracking, telemetry and command systems;
installation of pulse code modulation equipment and a specially equipped
mobile facility to support the more sophisticated flight projects,

The optical stations use Baker-Nunn satellite tracking cameras which
provide certain optical tracking measurements of greater accuracy than those
normally attainable by electronic means. Data obtained by these stat:ions
provide information concerning behavior of the Earth's atmosphere and factors
affecting the shape of the Earth.

Network Operaf:ions - Manned Space Flight Network

The present network consists of 15 stations which collect and communi-
cate real-time information concerning the location of the manned spacecraft,
status of the equipment on board, and most important, the condition of the
astronaut. All stations have radio voice communications with the astronaut,
and can receive telemetry data relating the condition of the astronaut and
the functioning of the systems in the capsule; selected stations also have
command capability.
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In order to support the Gemini and Apollo flight programs comside:rable
augmentation to the network is required. Elements of the Gemini program
such as long flight duration, rendezvous and maneuvering in space,demand an
increased level of operations. To provide this capability, new equipment
consisting of telemetry systems utilizing Pulse Code Modulation, digital
command systems, radio frequency command systems, acquisition aids, consoles,
displays and on-site data processing systems are being installed at ten
primary stations. Additional personnel will be required to operate ani
maintain this more complex equipment and to man the stations during long
duration flights scheduled in fiscal year 1965.

During fiscal year 1965, the Apollo program which is to follow
Gemini will place a requirement for a cadre of personnel to train for the
operation and maintenance of Apollo support stations.

NASA has overall responsibility for operation, standardization, calibra-
tion and opersating procedures, and implementation. Of the 15 manned space
flight statior.s, five are operated by a commercial contractor, seven stations
and two ships by the Department of Defense, and one station under inter-
governmental zgreement by the Weapons Research Establishment of the
Australian Department of Supply.

Network Operations - Deep Space Network

The Deep Space Network is comprised of stations that are used primarily
to acquire, track, obtain telemetry data from, and send commands to space-
craft and probes in support of the NASA lunar and planetary programs.
Because of the long distances over which communications must be maintained,
these stations must have extremely high sensitivity. This high sensitivity
is derived from large high-gain parabolic antennas, along with highly
advanced transmitting, receiving and signal detection equipment.

During fiscal year 1965, two new stations with 85-foot parabolic
antennas at Madrid, Spain and Canberra, Australia are scheduled for ccm-
pletion. These will handle the increased workload starting in calendar
year 1965. By the end of fiscal year 1965, the total network will comsist:
of six operational stations with 85-foot antennas and one station with an
85-foot research and development antenna; of two mobile tracking stations;
of a checkout station at the launch site; and of the network control center
at the Jet Propulsion Laboratory.

The Deep Space Network supports the Ranger, Mariner, Surveyor, and
Pioneer spacecraft missions. Examples of the workload demands of these
missions are the flight times to the moon (66 days) and to Mars (270 days).

With the increased number of scheduled flights, stations and types of

equipment, additional personnel are required to operate and maintain the
network facilities.
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Network Operafions - Wallops/Fort Churchill Instrumentation

This instrumentation supports sounding rocket flights launched by
Wallops Station and the Churchill Research Range at Fort Churchill, Canada.
A wide variety of scientific research, vehicle testing, and flight hardware
component testing programs are supported.

Most of the instrumentation is located at Wallops Island and consists
of tracking, telemetry, data acquisition and data reduction equipment, 1In
addition, an assortment of mobile equipment, including optical tracking and
sound-ranging, is available for specific missions. Additional support is
furnished by a range ship operating in the general area between Wallops
Island and Bemmuda.

Operations are accomplished under contract with industrial organizations
or by reimbursable orders to other government agencies. The Churchill
Research Range in Canada is on a cost sharing basis with the Department of
Defense. The importance of this station is due to its geographic position
in the high laritudes where probes can be launched into the aurora ard other
phenomena associated with the polar regions.

Network Operations - Aerodynamic Test Range

The Aerodynamic Test Range was established to provide support tc
aeronautical development and experimentation requiring coverage of extremely
high velocity and high altitude aircraft flights. The r.ange is located in
the Nevada-Eastern California area, and is composed of three operating sites.
The prime site is located at the Flight Research Center at Edwards Air Force
Base in California, and serves as the southern terminus or recovery area for
the range. The two up-range stations are located near Beatty and Elv, Nevada,

The principal activity of the range to date has been to support the X-15
research project. In this role, it has furnished the coverage for monitoring
and controlling the X-15 research aircraft, the B-52 launch platform, and the
"chase'" aircraft during all mission phases. Thus, full coverage of the climb-
to-launch, space-trajectory, and recovery portions of the test flights is
provided.

In addition, the range stations serve as ground sites for mission com-
munications and real time data telemetry. Communications, telemetry, data
monitoring, recording, plotting, timing, and computing systems are provided
at each station for full mission capability and coverage. The range facility
located at the Flight Research Center is operated principally by NASA personnel,
while those at Ely and Beatty are manned by contract personmnel under the
direction of a NASA station manager.
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Network Operations - Network Communications

One of the most vital characteristics of an integrated network is a
communications system which ties the various stations into the control center.
Summarized data concerning the status of manned and unmanned space velicles
are sent from the stations to the control centers so that decisions cen be
made relative to future operations of the vehicles. Voice channels permit
the manned space flight stations to provide critical "hand over'" traclking
instructions from station to station and to pass emergency instructions
from the control center,

Presently, there are about 500,000 miles of leased voice and teleatype
circuits; it is estimated that about 1,000,000 miles of lines will be required
during fiscal year 1965, due primarily to the Gemini and Apollo programs.
Bandwidth requirements for transmission of data by land lines and microwave
systems continue to increase in order to handle the large volumes of data
for processing, reduction and analysis, In addition, wide-band data lines
for scientific information will be required as new stations become operational
in support of the larger satellite and deep space projects,

As examples, for the Gemini program an additional voice quality circuit
to each station is required; for both Gemini and Apollo, control circuits
between the Goddard Space Flight Center and the Integrated Mission Control
Center at Houston will be installed; and, for the deep space flight operations,
additional overseas communications are required to handle higher data rates
and to interconnect the stations at Canberra, Australia and Madrid, Syain,
with the Jet Proplulsion Laboratory.

Commercial common carriers, domestic and foreign, provide the majority
of communications services; however, wherever these are unavailable, o>ther
government agency lines are utilized.

Network Operations - Data Processing and Handling

The utility of a space flight is realized only when data in a form
usable by the experimenter is in hand. Although the tracking stations
receive the radiated signals that carry the information transmitted by the
spacecraft, this information is not in a readily usable form. It is only
after the data is processed that usable data outputs from a space program
are obtained. Such a capability has been established, and the service pro-
vided. 1In general, two tasks must be performed by the data processing
facilities. These are the determination of the spacecraft's position in
space as a function of time, and the conversion of the coded telemetered
data into the experimenter's form. The determination of the position in
space is accomplished by orbits and trajectory computing complexes.

The conversion of the coded telemetry data is performed by an assemblage
of electronic equipment identified as a data processing line. Due tc the
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unique nature of many space experiments, most data processing lines ave

designed to process characteristic data from a given satellite.

number of lines are necessary.

Thus, a

During fiscal year 1965, as the sophistication of new space
missions increases, the quantity and complexity of the data to be pro-
cessed require a further increase in the size and complexity of the data

processing facilities.

In addition, the more advanced satellites hav: a

greater number of experiments and thus demand more total line operating

time.

Equipment and Components

Satellite network.....ceeeeevees
Manned space flight network.....
Deep space Network......oocueses
Wallops and other instrumenta-

s 1) + T
Aerodynamic test range..........
Communicalions..vceeeveesseenns .o

Data processing and handling....

Total COSES.vvveseesssooennasna

1963 1964 1965
$9,390,000 $16,800,000 $15,900,000
28,100,000 69,630,000 106,900,000

7,636,000 11,570,000 12,C00,000
1,545,000 2,700,000 3,509,000
1,010,000 1,000,000 1,500,000
1,925,000 3,600,000 3,500,000
3,316,000 11,200,000 9,100,000

$52,922,000 $116,500,000 31521000,000

Maintenance, improvements and augmentation of tracking and data acqui-
sition equipment and components to meet the requirements of the flight

missions are a continuing program requirement.
Estimates for the various equipment items include

are discussed below.

Requirements of each category

funds, where necessary, for minor alterations and additions to existing
structures or new minor supplementary structures required to house, support
and integrate the equipment with the existing network stations.

Equipment and Components - Sagtellite Network

Tracking systems.,.... ceesas ceens
Telemetry systems........ e

Command and control systems

Recording and display systems -

Test, calibration, and

monitoring equipment........ ..

1963 1964 1965
$2,768,000 $1,696,000  $2,161,000
3,199,000 4,409,000 3,465,000
509,000 1,242,000 1,912,000
150,000 2,386,000 2,040,000
68,000 871,000 806,000
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1963 1964 1265

Spacecraft checkout equipment... --=-. $1,269,000 $114,000
Timing SystemS.ecseccascscasncss ——— 740,000 620,000
Real-time data handling systems. $1,187,000 500,000 975,000
Special purpose equipment....... 151,000 510,000 1,175,000
Power SystemS.cceeeessssscessccs 265,000 495,000 150,000
Maintenance, spares and replace-

MENt.essasosonscsssnosssvscanne 1,093,000 2,682,000 2,412,000

Total COStS.evseesnesessnnccns $9,390,000 $16,800,000 $15,900,000

In response to the advanced requirements of the complex satellite pro-
grams, necessary additions and augmentation of the equipment and components
of the network stations must continue., Implementation of these major new
requirements began in fiscal year 1963 and is being continued in the
remainder of fiscal year 1964 and in fiscal year 1965. The new equipment
which will enlarge and update the network is required to provide for more
precise tracking at greater distances, for an increased capacity for
acquiring and handling high data output rates, and for the more complex
command and control functions that must be performed by the stations.

Major items in the tracking category are the range and range rate 8ys-
tem and the automatic tracking antenna and receiving system. To meet the
requirements for more precise tracking coverage of polar orbits, and of
satellites with high apogees (up to 250,000 miles), range and rahge late
systems are planned for selected stations in the network. These are high
precision tracking systems needed to determine spacecraft velocity arnd
location in space with extreme accuracy, Each system basically includes a
transponder, antenna, transmitter, receiver, range measuring equipment and
data recording equipment. The fiscal year 1965 program provides for one
complete additional system plus component additions to the four which have
been acquired, or are under contract, Additional automatic tracking and
receiving system equipment will be installed at selected locations in the
satellite network. The receiving system includes an antenna (126 Megacycles
Yagi Array), with necessary hydraulic equipment to move and control fhe
antenna, plus receiver equipment.

Additional telemetry systems and components are required in fiscal year
1965° to expand improved capabilities throughout the network, in corder to meet
high data output and complex experiment requirements. Improved dete:tion
efficiency, increased immunity to noise, automatic selection of bit-rates to
accommodate preprogrammed or commanded data rates, qualitative and quantita-~
tive performance analysis and evaluation of ground receiving subsystems are
included among those tasks necessary to reach this required level of capabili-
ty. Additional telemetry receivers will be necessary to meet the increased
capacity of the stations' telemetry links. Each telemetry antenna requires
two dual channel telemetry receivers for reception from satellites with two
frequencies. Thirteen receivers are scheduled to be provided in fiscal year
1964 and five more are to be obtained in fiscal year 1965 to meet the network
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requirements. The requirement to support the Polar Orbiting Geophysical
Observatory class of satellites immediately after injection into orbit will
be met by the use of equipment installed in trailers for ease in trans-
portation from place to place. Present portable stations are not in-
strumented to receive the POGO telemetry frequencies and are not equipped
with the necessary decommutation, or the command systems. Consequently,
additional components are required at these stations.

To adequately perform the command and control functions for the
distant satellites as well as for the near Earth spacecraft, additiona.
variable and high-power transmitters are required at selected network
sites. Dual systems are required at each site for redundancy and to enable
rapid change of transmitting frequency and coding. These transmitters will
be fed into suitable command antennas and will require related display,
control and switching consoles.

Replacement of present equipment used for calibration and quality
checks of the network stations is vital in assuring an adequate level >f
performance by the stations during spacecraft operations. Development
of new calibration prototype equipment is nearly complete, and it is
planned to replace the airborne units as well as the ground equipment.

Equipment for spacecraft checkout is required to determine compatibility
between the spacecraft and ground systems. While the major portion of this
work is performed at NASA centers, similar components are required also at
the launch sites in order to enable experimenters to perform a final checkout
prior to f£light,

It is necessary to continue providing timing equipment for the Goddard
Space Flight Center Time Standards Laboratory, and calibrated equipment for
new and existing stations. All stations operate by synchronized time signals,
and in order to perfect data acquisition in the required mode, improvament in
equipment and engineering is necessary to meet the problems inherent in
world-wide time synchronization of the network.

The major item in data handling is for real-time activities, a problem
which still assumes significant proportions in all future planning for the
network. Data control equipment is required to format operationazl control
data for display at the station and for transmission to and from remo:e sites,

Equipment and components for special purposes, such as the simulation of
unique spacecraft transmissions, non-standard data handling and on si:e pro-
cessing, and components required to integrate new subsystems into the station
complex, are included. Modifications and additions to station power lants
are necessary to improve reliability and to increase capacity as dictated by
additional ecuipment.

Included in the maintenance, spares, and replacement category for fis-
cal year 1965 are spare parts, emergency replacement equipment, and special
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maintenance items for the 40-foot antenna systems. Present station test
equipment is becoming increasingly difficult to maintain because of its age,
and much of it is technically inadequate to meet present requirements. A
program to replace the existing equipment began in fiscal year 1964 ard con-
tinues through fiscal year 1965. The equipment involved includes oscillo-
scopes, frequency counters, signal generators, simulators, audio oscillators,
oscilloscope cameras, and assorted testers and checkers.

Equipment and Components - Magned Space Flight Network

1963 1964 1965
Apollo

ReCeiVing SySCe’nS............... bt $12,379)OOO $15,4:’2)000
Transmitting SystemS...cccoveces - 3,223,000 6,986,000
Rangilng SystemS...ceeeecscesssns -—- 980,000 2,156,000
Antenna SyStemS...cocecceccesose - 15,103,000 5,106,000
Command sysStemS...eoeecveecescee --- 1,600,000 3,000,000
Danodu]-!ation SyStemS.........--- bt 6,000,000 19,7')0,000
Data handling sSystemS...e.eeeoeee -—- 8,406,000 12,284,000
Reentry ship modifications...... --- --- 17,400,000
Aircraft modification and design --- 150,000 18,420,000
Maintenance, spares, and re-

placement..cceeeeecescsnsonses - 1,252,000 3,905,000

Subtotal...... Ceeteaienans ceee --=  $49,093,000 $1.04,429,000

Gemini

Data processing systems...... oo $7,283,000 5,050,000 -
Data handling systemS.....e.ceose 4,428,000 6,040,000 ---
Command SysStemS.ecececccccanoses 5,439,000 2,195,000 ---
PCM telemetry systemsS...eeeeeose 8,329,000 4,535,000 ---
Maintenance, spares, and re-

placement..........-.....--o-. - 2,717,000 2,4714‘_000

SUDLOLALevevssncnsenssnenesnss 25,479,000 $20,537,000 $2,471,000

Mercury

Maintenance, spares, and re-
placement..ceceesves veeseesess _$2.489,000 -—- --=

Total COStSucnrronasssssssnsss $28,100,000 $69,630,000 $106,900,000
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The manned space flight network will provide the instrumentation support
required by the Gemini and Apollo launch vehicles and spacecraft in the areas
of tracking, telemetry, command and communications,

The Apollo Saturn IB and Saturn V programs impose more severe instru-
mentation requirements in these areas than encountered in the Gemini program.
Continuous coverage is required for time periods and ranges not encour.tered
with Gemini. The amount of information transmitted to or received frcm the
Apollo spacecraft to enable the successful performance of its mission is
greater than that for Gemini. To perform the tracking, telemetry, conmand
and communications functions in support of Apollo in a manner encompassing
these more severe requirements, the existing Gemini network will be erpanded
and augmented with unified S-Band systems and equipment.

Overall, the augmentation for Apollo will result in a network of nine
stations with 30-foot antennas, three 85-foot antenna sites, one insertion
ship, two shios for coverage of the early translunar coast period, two
reentry ships, and aircraft for injection coverage. This implementation
will allow the minimum level of ground instrumentation support of the
Apollo program requirements.

The final configuration of all network stations to be used in support
of the Apollo program, whether they are land stations, ships, or aircraft,
will incorporate in the unified S-Band configuration the necessary receiving,
transmitting, ranging, antenna, command, demodulation and data handling
systems., A modular building-block approach will be used, This approach,
which will make use of the same subsystems in all stations even though this
number varies at some stations, will reduce maintenance, replacement and
training costs.

Receiving systems, which are identical except for small changes in
frequency and bandwidth to those of the deep space network, will provide
the initial cdemodulation of voice and telemetry, provide doppler tracking,
and emit sigrals for antenna directing. Transmitting systems will provide
the transmitters and other ancillary equipment necessary for transmission
of voice, command and ranging signals from the station to the spacecraft.
Ranging systems provide the means for measuring the distance to the space-
craft and the spacecraft velocity.

Antenna systems range in diameter from 10 to 12 feet in the case of those
used on the reentry ships to 30-foot diameter antennas for the land and ship
"stations used for orbital and post-injection tracking. These systems include

servo mecharisms for precise pointing of the antennas,

The command systems and data handling systems are of the same design
for Apollo as for Gemini and will be procured only for those stations not
now augmented for Gemini. The command system provides digital data in suit-
able format for transmission to the spacecraft. Demodulation equipment
prepares the data for storage and communication to the mission contrcl
centers and provides the input for the data handling equipment. Included
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in the data handling systems are teletype format equipment, recorders, dis-
plays, and operating consoles required for the routing and storing of data
at the station,

Requirements for communications and tracking ships for Apollo program
support are being coordinated with the Department of Defense, wherein the
Department of Defense will be responsible for the implementation or modifi-
cation of tracking ships required for Apollo. Three communicaticns and
tracking ships must be provided for insertion and post-injection coverage.
Two existing ships must be augmented to provide reentry coverage. Tha
necessary modifications of two reentry ships will be initiated in fiscal
year 1965, The required operational date for these ships, in accordaice
with current flight schedules, is early 1967.

Studies have been made concerning the means for providing voice com-
munications and telemetry reception and recording coverage of tha S-IVB
powered flight during the injection of the spacecraft into the translunar
coast trajectory. If communications ships were used to meet the requirement
for continucus coverage during this period, between six and twelve such ships
would be required on station at the time of the injection burn. The specific
number of ships between six and twelve is determined by a combination of
factors including the date of launch, the desired launch window and the
status of the $-IVB propulsion energy budget, It was concluded that the
provision for this number of ships is prohibitively expensive and otler
methods of providing communications coverage were investigated. The most
promising merhod was to provide the necessary coverage by means of irstru-
mented aircrafr,

Presently available aircraft are being assessed to determine their
suitability for this use and preliminary design for the necessary modifi-
cations is planned during fiscal year 1964, The actual modifications will
be initiated in fiscal year 1965 and will carry over into fiscal yea: 1966.
Close coordination with the Department of Defense (DOD) will be maintained
throughout tahe program since the DOD will be requested to supply and operate

the aircraft.

Equipment and Components - Deep Space Network
1963 1964 1965

S-band receiver, transmitter,
and components........coa00004 $1,096,000 $2,936,000 $2,897,000
Atomichror. and synchroniza-

tion equipment..ccecesossescee 300,000 115,000 115,000
Klystron and maser amplifiers... 358,000 1,045,000 815,000
Antenna and servo modifications, 1,126,000 1,264,000 1,985,000
S-band ranging and acquisition

SYSELeMS . svesssssonesorercssone 1,079,000 1,155,000 1,297,000
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1963 1964 19€5

Digital data and instrumenta-

tion SYStemS,ceacecesssvvsecros $460,000 $985,000 $1,17%,000
Data transmission and process-

ing equipment..ceeecencerncsas 1,026,000 570,000 495,000
Test transponders and

calibration systemS..eeeceenes 1,001,000 745,000 1,225,000
Recording SysStemSeeecessosesesosae 130,000 980,000 -——-
Maintenance, spares, replace-

ment, and documentation....... 1,060,000 1,775,000 1,996,000

Total COSESueeavnvsoneenananss §7!636!000 $11,570,000 $12,000,000

In response to the increasing requirements for radio tracking, cormand,
telemetry and data acquisition of unmanned lunar and planetary spacecraft
and deep space probes, the existing network requires improvements and 2:x-
pansion to handle the specific upcoming spacecraft requirements., To raduce
cost and maximize operational efficiency, all deep 8space metwork stations
are standardized with compatible data acquisition, tracking, command racord-
ing and processing equipment. Any new equipment required is initially in-
stalled and tested at the Goldstone Station before it is integrated into the
system, Once the new equipment has been accepted for general use within the
deep 8pace network, it is classed as Goldstone duplicate standard equipment,
which standardizes the design and formalizes the documentation of like items
throughout the network,

During fiscal year 1964 the L to S-band conversion of the network
will continue. In the interim period, the stations will operate on both
L-band and S-band frequencies, due to the prior commitments to the L-band
spacecraft support. Some of the items that are being purchased and in-
stalled are recording equipment, feed systems for the antennas, higher
power klystron transmitting tubes, improved operational maser amplifiers
and modificatfions in the servo system and transmitter. One of the large
antennas has been cleaned and thermocoated; the result of this has been
a reduction in the thermal effects of the reflector,

During fiscal year 1965, the deep dpace network will consist of gix
85-foot antenna stations, two mobile tracking stations and the network
control center, The flight schedule for fiscal year 1965 shows an increase
in the number of launches with onboard equipment operating in both L &nd
S-band frequency spectrums. (The requirement for L-band coverage is &ntici-
pated to end in fiscal year 1965, and equipment directly related to this
frequency spectrum is scheduled to be phased out by approximately the end
of that fiscal year.) The primary effort in the fiscal year 1965 program
continues to expand the S-band capability in the overall network and provides
for additfonal major equipments and associated subsystems necessary for this
task. This expansion will enable the network to support simultaneous.ly more
than one space probe operating in the S-band area, while retaining required
capability for the L-band program. Both Mariner and Surveyor missions will
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overlap in time, and consequently, the ground antennas will require multiple
S-band equipments to allow noninterfering command to and transmission
from the spacecraft.

The stations which were not modified in fiscal year 1964 by the addition
of the S-band traveling wave maser amplifier will be integrated into the
network with these modifications. These changes provide the station with
the capability to acquire data from and to track extremely weak radio fre-
quency signals, This capability effectively extends the tracking and lata
acquisition function to cover greater distances of transmission with ia-
creased reliability in the quality of data recorded. To derive optimum
performance from the S-band maser subsystem, it is planned to improve the
closed cycle refrigerator system and the maser amplifier to be compatible
for increased operating efficiency. 1In addition, servicing equipment >f a
special nature is required.

Modifications to the antennas will provide an auxiliary electric drive
as a backup to the existing drive system. The drive system, including the
servo subsystem, will be modified to permit operation by computer program-
ming. To improve the thermal effects, the antennas will be cleaned and
thermocoated.

S-band ranging systems and acquisition aid equipment will be added
to those stations in the network that have not previously been modified,
The ranging svystems provide capability of measuring the range accurately
to a spacecraft; and the acquisition aid equipment, with the wide beam-
width angle, permits the large antenna to acquire the spacecraft radio
signals earlier. Additional work on a prototype planetary ranging system,
including the interface between the transmitter and receiver, will be per-
formed.

Digital data and instrumentation equipment will be added as standard
equipment, and will be compatible with existing equipment at other stztions
in the network. This provides the capability to handle data in a timely
and efficient manner by automatically putting the raw data in a format that
is required for processing, prior to transmission to the network control
center.

The data processing and transmission equipment improves the data
handling and data processing capabilities that are required at the stations.
On-site equipment is required to monitor, edit and transmit data over
communication lines to the central computing center. This also includes
intrasite commnunication equipment,

Accurate antenna alignment and calibration of the station's equipment
is accomplished by test transponders installed at remote collimation sites,
This equipment provides the station the capability to calibrate before,
during (usually) and after a flight mission in order to determine the
station's operating characteristics for each mission. This includes the
microwave standards and special purpose equipment to operate the collimation

sites.
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Maintenance, repair, test equipment, spares and replacement parts for
equipment, including ground support items consisting of generators, cranes,
pumps, etc, will be established at each station. These parts, supplies and
equipment will reduce the operational down time at each station to a minimum.
Normal real property maintenance, upkeep and minor alteration and site im-
provement is included.

Eguipment and_Components - Wallops and Other Instrumentation

1963 1964 1965

Photographic processing

equipment seeesecssosscssaannas $150,000 $220,000 $220,000
Range camera equipment...ccseess 200,000 250,000 550,000
Aircraft celibration and

test instrumentatioN....ceseee 120,000 160,000 350,000
Antenna systems modifications... 120,000 240,000 180,000
Timing equipment..sececocecescccs - 75,000 -——-
Range ship instrumentation...... --- 80,000 ---
Data SyStemSussescesescsssscscse -—- -— 420,000
Telemetry system componentSi.... --- --- 1,100,000
Radar system componentS....e.eeee --- -——- 450,000
Maintenance, spares and re-

placement..cceeecssccnsssscnns 955,000 1,675,000 650,000

Total cOStBecesnsesestsnnsnces $1,545,000 $2,700,000 $3,500,000

This category provides for the procurement of equipments and components
in two generxal areas: (a) expendable (non-recoverable) flight hardware and
spare parts; and (b) state-of-the-art improvements to existing range instru-
mentation systems.

Non-recoverable flight hardware includes radar beacons, DOVAP tians-
ponders, antennas, and command-destruct receivers that are installed in the
launch vehicles, Small meteorological rockets, to obtain last minute wind
profiles so that elevation angles and launch azimuths can be correctned, are
included in this category. These rockets constitute a safety measure to
assure impact in pre-determined areas; they are ballistic and carry no
guidance systems other than spin-stabilization.

The state-of-the-art improvements consist of various electronic com-
ponents which are installed on existing antennas, or introduced into the
circuitry of the range instrumentation systems (tracking, telemetry, data
reduction, range safety, optics, etc.,) that improve the range, accuracy,
speed, and flexibility of these systems. The requirements for these im-
provements are generated by the number and types of rockets in the flight
schedule, larger and improved rockets, and more complex payloads,.
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Equipment and Components - Aerodynamic Test Range

1963 1964 1965
Tracking systemS.scecessceoscscs --- $750,000 $100,000
Telemetry SyStemSBeesessescocconss $800,000 --- 600,000
Real time data handling systems, --- --- 250,000
Maintenance, spares, and re-
Placement.ceeeeccccccccccncnns 210,000 250,000 550, 000

Total cOSt8eceesecossooscrscons 31!0103000 21!000!000 =§1!509!000

The aerodynamic test range operated by the Flight Research Center will
require equipment modifications and additions to effectively suppcrt planned
test programs. Such test programs include the hyper-velocity X-15 and the
airborne simulator utilized for supersonic transport research.

The fiscal year 1965 program for the range will include radar ranging
modification for longer range capability, a PCM ground telemetry system for
installation at one of the uprange stations, equipment for the ground tele-
metry station and additions for real time data handling and display. With
the initiation of the new flight research programs an increasing propo:tion
of the estimated funds will be required for maintenance, spares, &nd replace-
ments., Included in this category in fiscal year 1965 is replacement o:f the
airborne tracking beacons required for use with the ground tracking radars.

Equipment and Components - Communication

1963 1964 1965
Data terminal equipment....c.c.. $80,000 $195,000 $555,000
Solid state switching units,..... --- 2,735,000 1,662,000
Switching center equipment...... 100,000 150,000 209,000
Teletype and voice equipment.... 173,000 220,000 523,000
South American systems modifi-

CatiONessesveoncosccesnsccsans 240,000 - 55,000
Test and evaluation equipment,.. 100,000 150,000 201,000
40 KW radio transmitterS..eceses 538,000 —-- -—-
Mobile communication van........ 250,000 -——— -—-
Maintenance, spares, and re-

Placement...icevevsnneencccnse 444,000 150,000 101), 000

Total COStS.cecevcvesonncsnsee _$1,925,000 $3,600,000 _$3,300,000

In order to support the more complex unmanned and manned space vehicles,
it will be necessary to provide communication channels of higher data rates
with minimum transmission errors. For example, the communication require-
ments from the deep space stations to support Surveyor will require over
ten times the band width presently provided by the 60 word per minute i:ele-
type channel. Additional voice communication capabilities as well as addi-
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tional automatic switching and monitoring facilities are required to ersure
reliable communications,

Further, there will be a continuing emphasis toward better utilization
of circuits and standardization of communications into a single system for
common use by all programs, in order to keep the total circuit requirements
to a minimum.

The requirement for higher data rates with very small error limits
makes it necessary that additional error correction and detection equipment
be used at the data temminals,

Solid state switching units must be installed in London, Hawaii, and
Australia to work with the units being installed at Goddard Space Flight
Center, These units will be used to meet the higher circuit speed require-
ment and to provide automatic checking and monitoring of the circuits.

Facility control and display equipments are required to bring mission
network circuits to a central point where the capability exists tc transfer
these circuits back and forth between communications users, based on the
type and priority of mission. This sharing process reduces the total number
of circuits required.

A further step to reduce the total circuit requirements will be the use
of compaction equipment to utilize the unused time on voice circuits. About
. 70 percent of the capacity of a four-wire voice circuit is unused due to
normal speech pause between sentences, words and even syllables. This com-
paction equipment allows data to be passed during the unused time. It is
estimated that by use of this equipment approximately twelve two-way tele-
type circuits can be carried simultaneously with a normal conversation over
a voice circuit.

As the number and complexity of spacecraft in orbit increase, multiple
station voice conferencing becomes necessary in order to provide smooth
operational coordination between stations and to provide emergency instruc-
tions from the control center. When several voice circuits are conferenced
together, they must all be working at the same levels if understandable
conversations are to be realized. Because conditions can vary at the
various stations, voice operated gain adjusting devices are required to
maintain the proper levels,

Within the last two years in South America, such major changes as the
provision of a mobile station van at Santiago, Chile as a communications
backup for the satellite network, and the installation of three 4J kilowatt
transmitters, with associated multiplexing equipment to replace obsolescent
10 kilowatt units, were made., During the coming year, data validity checking
units will be installed to complete our planned program to bring these
stations up to acceptable standards to handle the communication requirements.
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Equipment and_ Components ~ Data Processing and Handling

1963 1964 1965

Digital computing subsystems.... -—- $4,950,000 $2,500,000
Off-line data processing systems -—— 1,800, 000 2,300,000
Peripheral equipment..cececcscee - 720,000 1,250,000
Data processing subsystemS.csess $1,900,000 1,925,000 880,000
Signal conditione@rS.easssceecces 460,000 -—- 550,000
Special purpose data processing

and display.:eesseseoscceccncen 540,000 715,000 450,000
Automatic analog data tape

evaluation equipment...eceveee ——— 590,000 325,000
High densitiy storage and

record UNitS.eceeescaceseccece ——- —— 270,000
Test and evaluation equipment... -——- 75,000 100,000
Maintenance, spares, and re-

placement . seesecesscccecences 416,000 425,000 475,000

Tota] COBLBesosnsoncsvsonnsoocs §3!316!000 211!2()0'000 . 29!]00!000

With the increasing use of onboard spacecraft digital systems, continu-
ing expansion of the data handling facilities to manage the high output data
rates is necessary. The equipment program to convert from analog to cigital
systems and to modify existing equipment, so as to be compatible with the
digital systems onboard the spacecraft, will continue into fiscal year 1965,

Digital computing subsystems consist of computer mainframes and periph-
eral components which were previously leased.

In fiscal year 1965, a high speed central processor, with periphteral
equipment to insure compatability with the digital systems in the spacecraft,
will be procured.

Decisions on spacecraft performance and evaluation cannot be mace by
controllers and experimenters within the main computer complex itself. In
order to provide the required information, peripheral equipment such as
plotters, consoles, displays and computer links, must be located outside the
immediate confines of the computer complex. This is a continuing prcgram in
fiscal year 1965,

Data processing subsystems consist of modifications to existing data
processing lines in fiscal year 1965. Equipment items include a facility
monitoring system, evaluators and analyzers to decrease the down time of
present equipment and subsystem display devices for existing data prccessing
lines,

Other hardware for data processing and handling include signal condition-
ing equipment: to eliminate expensive multiple data reprocessing. The most
significant experimental results are contained in the 20 percent of cata lost
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during apogee due to limited capability of existing signal recovery equip-
ment, resulting in expensive reprocessing and refining of data in order to
retrieve the necessary information.,

Special purpose data processing and display units are required for the
particular satellite flight projects. Since data requirements vary con-
siderably for each type of satellite, different types of data handling
equipment will be required for the ground systems,

Automatic analog data tape evaluation units will provide for the auto-
matic analog evaluations of tapes which are now made manually. The evaluation
of analog telemetry tapes is required to sort out improperly recorded tapes
and to monitor ground station recording capability.

High density storage and record units are included in the fiscal year
1965 program, and will provide the required recording and storage for the
anticipated volumes of data that will have to be processed. These units
will also provide greater accessibility to data.

Test and evaluation equipment includes data simulators necessary for
checkout and naintenance of data processing lines and systems.
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

ADMINISTRATIVE MANAGEMENT BUILDING

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Research and
Technology

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and
Technology

AUTHORIZATION LINE ITEM: Ames Research Center

LOCATION OF PROJECT: Moffett Field, Santa Clara County, California

COGNIZANT NASA INSTALLATION: Ames Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1963 and Prior Years $71,000
FY 1964 Estimate -
FY 1965 Estimate $1,455,000

Total Funding Through FY 1965 §1!526!000

PROJECT COST ESTIMATES:

Unit of Unit Total
Measure Quantity Cost Cost
Land Acquisition --- ~—- - ---
Construction $1,353,000
Site development LS --- $14,500 14,500
Roads, walks, parking LS --- 71,500 71,500
Utilities LS --- 40,000 40,000
Building Sq. Ft. 64,700 18.96 1,227,000
Equipment - - - .-
Design --- --- -—- -—-
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Unit of Unit Total

Measure Quantity Cost Cost

SUBTOTAL $1,353,000

Tallout Shelter --- --- --- 102,000
TOTAL $1,455,000

PROJECT DESCRIPTION:

The propcsed Administrative Management Building will consist of a
central, two-story portion, 194 feet wide by 90 feet deep and two one-
story wings each 110 feet wide by 35 feet deep. There will be a basement
under the centrgl portion only.

This building is needed to provide the minimum space required for
approximately 280 persons comprising essentially all administrative-support
personnel. The architectural and engineering design of the building is
essentially complete. For economy and architectural compatibility, the
reinforced cconcrete exterior and structure will be essentially identical
with the existing Data Reduction Building. The location of the proposed
building and a photograph of the existing Data Reduction Building are
shown in figure 1.

PROJECT JUSTIFICATION:

Personnel in the Administrative divisions now have an average of
only 67 square feet per person of office space including space occupied
by files, etc. By fiscal year 1966 they will be crowded into an
intolerable 52 square feet per person if more space is not provided. It
is not feasible to usurp more space from research groups; on the contrary,
research workers are already overcrowded by GSA standards and, in the near
future, will be required to reclaim some of the offices now occupied by
administrative personnel. As a temporary expedient to alleviate this over-
crowding, it has become necessary to rent trailers.

Use of office space scattered about fhe Center has dispersed
administrative functions to the further detriment of their efficiency.
The plot plan shown in figure 2 illustrates this dispersion. Such
dispersion separates many personnel from their supervisors and co-worlers
on common projects. All this breeds mistakes and inefficiency.

The proposed Administrative Management Building will provide spa:e
for Personnel, Procurement, Contract Negotiation and Administration,
Administrative Services, Legal Matters, Public Affairs, Reproduction,
and Management Analysis.

The space to be relinquished by administrative personnel now in the
Administraticn Building will be used to provide space for the Assistant
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Director for Life Sciences and his immediate staff, to provide adequat: space
for the Technical Planning Division, to alleviate overcrowding of the
Director's immediate clerical staff, to provide space for visitor-control
operations, and to provide space remote from restricted areas for discussions
between visitors and Ames employees, The space vacated in the existing
Administration Building Annex will be used to bring together the now-
dispersed fiscal activities and to provide needed expansion of the Center's
technical library.

ESTIMATED FUTURF, YEAR FUNDING: None

cr 1-5

718-881 O - 64 - 14



9-1 40

AMES RESEARCH CENTER
FISCAL YEAR 1965 ESTIMATES

ADMINISTRATIVE MANAGEMENT BUILDING

PHOTO OF DATA REDUCTION BUILDING

PROPOSED ADMINISTRATIVE MANAGEMENT
BUILDING TO BE SIMILAR IN APPEARANCE

\\()RT“

AUDITORIUM

- sl
B! / mﬂ-}{\w N
\ NN {:‘ 'l‘ If I [ARESN ERNNNNRNNNNRNNNGN ‘\‘\\

| ADMINISTRATION

. s \\
| R

N

GENERAL ARRANGEMENT

BUSHKELL ROAD




CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

FLIGHT SIMULATOR FOR ADVANCED AIRCRAFT

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Research and
Technology

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Technology

AUTHORIZATION LINE ITEM: Ames Research Center

LOCATION OF PROJECT: Moffett Field, Santa Clara County, California

COGNIZANT NASA INSTALLIATION: Ames Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:

FY 1963 aad Prior Years -

FY 1964 Estimate $20,000
FY 1965 Estimate 2,630,000

Total Funding Through FY 1965 $2,650,000

PROJECT COST ESTIMATE:

Unit of Unit Total
Measure Quantity Cost Cost
Land Acquigition --- -—- -—- -
Construction $2,483,000
Utilities, parking LS ——— $25,000 25,000
Electrical distribution LS -——— 40,000 40,000
Building Sq. Ft. 9,000 18.00 1€2,000
Foundations for motion~
generator equipment LS --- 123,000 123,000
Cab struct. & Partial
internal equipment LS -—- 165,000 165,000
Motion generator 8tructure LS -——- 528,000 5.8,000
Motion zenerator drives LS -——- 560,000 560,000
Electrical and control
equipment LS - 800,000 800,000
Visual projection equipment LS -——- 80,000 30,000

cr 1-7



Unit of Unit Total

Measure Quantity Cost Cost _

Equipment $147,000
Tie~in to existing analog

computers LS ——- $27,000 27,000

Computer control equipment LS —— 120,000 120,000

Design ——— c-— - -——-

Fallout Shelter - - -—- -

TOTAL $2,630,000

PROJECT DESCRIPTION:

The fligat simulator will provide simultaneously all of the essential
sensory cues {(visual and motion) associated with the manual control of
advanced aircraft and spacecraft during critical phases of operation. The
simulator will be housed in a 9,000 square foot, single-floor addition to
the Ames Space Flight Guidance Research Facility (authorized in FY 1963 CoF
budget) and will consist of three major elements: (1) a moving cab w:.th
associated motion-generating equipment, (2) a visual-projection systen,
and (3) analog computing equipment. Construction of Facilities funding is
required for the building addition, the cab, and the motion-generating
equipment, Other elements of the simulator will be supplied from equip-
ment and components available at Ames,

The cab will carry three crewmen and will be furnished internally with
instruments, controls, and equipment which can be arranged to simulate the
cockpit interior of the vehicle under study. The cab will move, in taree
angular and three translational degrees of freedom, in response to pilot
control. The visual projection system will simulate the external visual
environment, as viewed through the cab windshieid, and will be sexvo-
controlled tc maintain the proper relative orientation as the cab manesuvers.
Analog computers will control the equipment to provide proper cab motion
determined, in part, by programmed inertial and aerodynamic characteristics
and, in part, by pilot control movements and simulated external disturbances
(e.g., rough air).

The proposed facility will include, in addition to the simulator, a

control room and supporting shop. No offices will be provided azd no
personnel will be permanently housed in the building,
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PRCJECT JUSTIFICATICN:

Many advenced airplane and spacecraft designs now under development
require additional crew members to aid the pilot in managing the complex
systems necessary for the operation of the vehicle, New problems of air-
crew coordination are introduced which must necessarily be considered in
defining vehicle design limits that depend on the capabilities of the pilot
and aircrew. The adequacy of existing one-man flight simulators o cope
with these problems and provide meaningful solutions is severely limited.

Experience witia modern subsonic jet and piston transports ha: shewn
that under cone operating conditious airplaunes designed to exiztiag
specifications tax the capabilities of the pilot to the limit. The weric-
load reaches iz peak as the airplane approaches the landing terminal
under instrument flight conditions. The operation of supersonic transports
will add to the complexity of all of the problems experienced in subscnic
transport operations and, unless adequate solutions are found, will tex
the capabilities of the already overburdened pilot and crew even furtter,

Problems generally have been met and overcome during the development
of the subsonic air transport system. Two factors must be noted, however,
which have played an extremely important part in this relatively successful
development; first, the advances have come at a relatively slow rate, and
second, military flight experience has been available with identical or
similar aircraft prior to commercial use. 1In the case of the supersonic
transport, neither of these beneficial factors will be present. The only
feasible method of substituting for the technical guidance of real fl:ght
experience in an acceptable time period is through the use of the simula-
tion technique,

The flight simulator described in this proposal will provide a unique
research capability which, in addition to its general applicability to
many advanced manned-vehicle control problems, will play an essential
role in achieving early solutions to these critical supersonic transport
problems. An entire operational flight can be simulated in real time,
thus properly conditioning the pilot and crew for their critical let-idown
and landing tasks by subjecting them to all of the earlier stresses of the
flight in proper time sequence.

ESTIMATED FUTURE YEAR FUNDING: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

INSTRUMENT BUILDING EXTENSION

PROGRAM OFFICE FOR THE INSTALLATION:
Technology

PROGRAM OFFICE FOR THE PROJECT:

Ames Research Center

AUTHORIZATION LINE ITEM:

LOCATION OF PROJECT:

COGNIZANT NASA JINSTALLATION: Ames Research Center

TYPE OF CONSTRUCTION PROJECT: Extension

FUNDING :
FY 1963 and Prior Years

FY 1964 Estimate $75,000

FY 1965 Estimate 1,996,000

Total Funding Through FY 1965 $2,071,000
PROJECT COST ESTIMATES:
Unit of Unit
Measure Quantity Cost
Land Acquisition --- -——- -
Construction
Utilicies LS --- $75,000
Electrical distribution LS - 45,000
Building Sq. Ft. 46,000 21.00
Particular mech., plumb-
ing and electrical LS —-- 200,000
Equipment,
Nuclear magnetic resonance
equipment LS -——- 60,000
Microwave equipment LS - 97,000
Chemical analysis equipment LS - 60,000

Office of Advanced Research and

Office of Advanced Research and Technology

Moffett Field, Santa Clara County, Califormia

Total
Cost

$1,1286,000
75,000
45,000
966,000

200,000

$630,000

60,000
97,000
60,000
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Unit of Unit Total

Measure Quantity Cost Cost
Clean rocm LS -—- $40,000 40,000
Densitometric equipment LS -—- 35,000 35,000
Sensor materials process-
ing equipment LS --- 75,000 75,000
Shielded rcoms LS -—- 25,000 25,000
Supporting instruments LS --- 128,000 128,000
Instrument fabrication and
assembly tools LS == 110,000 110,000
Design ——- -—- ——- -——-
SUBTOTAL $1,916,000
Fallout Shelter $80,000
TOTAL $1,996,000

PROJECT DESCRIPTION:

This proposal covers an extension of the present Instrument Building as
shown on the attached drawing. The extension will add a total of about
46,000 square feet of space, included in two floors and a partial basement,
to the existing building. It will provide additional laboratories and
shops for research and development on sensors, instrument systems, and
measuremeunt techniques especially needed to support the enlarged physical
sciences and new life sciences activities at the Ames Research Ceater.

Included within the extension will be about 25,000 square feet of
laboratory-office area and 6,000 square feet of shop area. The new wings
will contain a diagnostics area primarily concerned with instrument problems
as approached by spectroscopic measurement techniques; a sensors area in
which transducers will be tailor-made for application to specific sensors
problems; a life-sciences-systems area which will provide for development of
complete instirument systems and for checkout and calibration of integrated
sensor systems such as might be incorporated in a restraint couch for a
centrifuge; and lastly, a shop area to be devoted to fabrication, assembly,
and calibration of instrumeunts and instrument systems.

PROJECT JUSTIFICATION:

The present instrumentation facilities were designed to meet the needs
of Ames Research Center in 1950, when the research programs of the Ceriter
were primarily concerned with "conventional' aeronautics. In addition to
the increased scope of the aeronautics programs, new research programs in
the physical sciences and life sciences have generated a greatly increased
requirement for instrumentation support. The initial expansion of th:.s
work has been accomplished within the existing instrumentation division
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facilities; hcwever, the degree of congestion existing there will not permit
further necessary growth. The quality of the present research is severely
handicapped by inadequate instrumentation support.

One important area in which the Center must expand its program is that
of long-range research on new measurement techniques. The instrumentation
division at Ames has emphasized short-range solutions to instrumentation
problems. The continulng trend toward higher speeds and operating altitudes
for aircraft and higher entry velocities for spacecraft have focused atten-
tion on the field of rarefied gas dynamics, an understanding of which is
dependent on data derived from pressure sensors. The instrumentation divi-~
sion has achieved a degree of success on this problem. One of the factors
limiting performance of a present sensor is the energy loss due to the
internal friction in the diaphragm material. Available theories describing
energy dissipation in vibrating solids are unable to predict or explain the
experimental results. A clear understanding of this phenomenon is furdamental
not only to the improvement of the pressure seusor but also to the develop-
ment of many devices ilmportant to space technology. The equipment and
laboratories proposed will greatly facilitate future instrumentation research

rojects. Other examples of highly specialized measurement requirements
Sssociated with research on the aerothermodynamics of atmosphere entry pose
dn entirely new set of instrument problems requiring such specialized equip-
ment as the microwave facilities and X-ray densitometers included in this
proposal.

Additional facilities are also needed in order to develop the integrated
circuits required in rugged instruments of small size and high reliability
suitable for ground-based or space experiments. There exists a need for
producing and processing sensors from semiconductor materials tailorec. to
these particular instrumentation problems.

Research in solar phenomena, particularly remote measurements of the
sun's magneti: field, requires that spectral measurements be made with high
precision over a narrow portion of the spectrum. Special optical measuring
techniques must be developed to meet these needs and the proposed facilities
will provide this development capability.

Finally, the proposed addition will also provide the laboratory space
and specialized equipment vitally needed to support biomedical and bio-
physical research at the Center, such as: development of a move absolute
measure of blood pressure; development of practical means of continuous
measurement of blood flow in the various parts of humans or animals wi.thout
injury to the subjects. A major increase in instrumentation support ..s also
required in connection with life sciences experiments sponsored by Ames for
inclusion in space-vehig¢le payloads involving such techniques as microwave
spectroscopy, or cellular resonance.

ESTIMATED FUTURE YEAR FUNDING: None
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CONSTRUCTION OF FACILITIES

FISCAL YEAR 1965 ESTIMATES

CENTER SUPPORT FACILITIES

PROGRAM OFFICE FCR THE INSTALLATION: Office of Advanced Research &
Technology

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research & Technology

AUTHORIZATION LIME ITEM: Electronics Research Center

LOCATION OF PROJECYT: To be determined

COGNIZANT NASA INSTALLATION: Electronics Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:

FY 1963 and Prior Years ———

FY 1964 Estimate -———
FY 1965 Estimate $1,950,000

Total Funding Through FY 1965  $1,950,000

PROJECT COST ESTIMATE:

Unit of
Measure
Land Acquisition -
Construction
Heating and refrigeration plant LS
Sewage treatment plant LS
Site preparation LS
Roads LS
Utilities LS
Equipment -
Design ---
For construction LS

Unit 'Total

Quantity Cost ost

51,850,000

~-- $700,000 701,000
~--- 50,000 53,000
--= 25,000 25,000
~-== 65,000 65,000
~--1,010,000 1,010,000

——- --= 100,000

--=- 100,000 1€0,000
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Unit of Unit Total

Measure Quantity Cost Cost
Fallout Shelter ——— -—- ——— am-
TOTAL §1,95C,000

PROJECT DESCRIPTION:

The site development and support facilities for the Electromics
Research Center located on a postulated 1,000-acre suburban site required
up to the point of construction completion of the Center are included.

Since a specific site has not been selected, these are the best available
estimates based on advice and experience of other NASA Centers and the U. S.
Army Corps of Engineers.

Site development includes site clearing and grading, topsoil and
seeding, storm drainage system, utility tunnels, basic road network, walk-
ways and street lighting.

Support facilities will comprise the heating and refrigeration plant
and appropriate distribution systems, the sewage collection and treatment
systems, the electrical transformer plant and distribution system, the
communications system and the water supply system,

PROJECT JUSTIFICATION:

3

The Center Support Facilities are required to permit operation of and
provide support for the individual laboratories and engineering and
administration building of the Electronics Research Center.

Without these basic road, clearing, and utilities the individual
laboratories of the Center could not function,

ESTIMATED FUTURE YEAR FUNDING: $2,950,000
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

ELECTRONIC COMPONENTS LABORATORY

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Research
and Technology

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research & Technology

AUTHORIZATION LINE ITEM: Electronics Research Center

LOCATION OF PROJECT: To be determined

COGNIZANT NASA INSTALLATION: Electronic Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1963 and Prior Years ———
FY 1964 Estimate .
FY 1965 Estimate $3,200,000

Total Funding Through 1965 §3!200!000

PROJECT COST ISTIMATE:

Unit of Unit Total
Measure Quantity Cost Lost
Land Acquisition ——— -—- - o=
Construction $1,19Z,000
Support building Sq. PFt. 45,900 $24.77 1,137 000
Site preparation LS can 2,100 2,100
Roads & parking LS -—— 12,900 12,900
Utilities LS ——— 40,000 40,000
Equipment $1,908,000
Component fabrication :
equipment LS ——- 734,000 734,000
Sample preparation
equipment LS - 90,000 90,000
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Unit of Unit Total

Measure Quantity Cost Cost

Laboratory analytical
equipment LS B $319,000 319,000
Component (est equipment LS ——- 461,000 461,000
Cryogenic equipment LS —— 100,000 100,000

Glass technology

equipment LS -—- 204,000 204,000
Design $100,000
For construction LS - 86,000 86,000
For equipment LS --- 14,000 14,000
Fallout Shelter ——- _— ——— ———
TOTAL $3,200,000

PROJECT DESCRIPTION:

This laboratory will be a three-story building containing laboratory
and related equipment spaces, special laboratory areas, office adjuncts,
utilities and equipment storage spaces housing 210 scientists and engineers,
research assictants, and clerical aides. Approximately 45,900 total square
feet will be divided into 15,000 square feet for laboratories om the first,
second, and third floors; 3,000 square feet for special laboratories on the
second floor; 1,400 square feet for a clean room on the third floor; 19,000
square feet for allied office space; and about 7,500 square feet for
utilities and storage of laboratory equipment, Air conditioning and air
filtering will be provided to maintain cleanliness and humidity control
necessary for the precise investigations to be undertaken. The building
will provide necessary isolation from noise, vibration, and radio
frequency interference, A fire alarm system will be provided. Appropriate
site development,, parking for 168 cars (based on one space per 1.25
persons), immediate access roads, walkways, and utilities, including vater,
sewer, electric power, and communications will be included,

The facility laboratories will contain the following equipment:
microcircuit research equipment, processing and testing equipment,
precision servo system research and testing equipment, a glass technol.ogy
laboratory, and thin film research and testing equipment; as well as
specialized eavirommental facilities related to microcircuit and thin film
work,

PROJECT JUSTIFICATION:
The Electronic Components Laboratory is required for the conduct of a

research program pertaining to electronic components to be used in th=2
space environment. The scope of the research will include studies ani
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investigations in the theory, behavior, and design of electronic components
in the following areas: solid state technology, materials, vacuum devices
and electro-mechanical componentry. Analysis in depth of NASA flight and
launch partial successes and failures has revealed in many instances
electronic cowmponents failure or deficient performance. A major factor
leading to failure or deficient component performance is found in the use
in space of electronic components designed for the earth or near-earth
enviromment., Although some improvements have been made in component
design and development for space use, improvements of several orders of
magnitude are required to meet the reliability and performance specifi-
cations of NASA's planned and future space flights,

The laberatory staff will conduct, supervise, and coordinate a
balanced research program within and without the laboratory aimed at the
creation and design of new and effective electronic components and circuits
for space use., These research efforts will be directly related to the
performance requirements of current and future space systems, The avail-
ability of tested component techuiques and designs will materially aic
NASA and industry project designers in their creation of new flight systems.
A strong basic and applied research effort of this nature is necessary for
success in the manned and urmanned space flight missions of the future.

ESTIMATED FUTURE YEAR FUNDING: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

ENGINEERING AND ADMINISTRATION BUILDING

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Research and
Technology

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Techriology

AUTHORIZATION LINE ITEM: Electronics Researcl: Center

LOCATION OF PROJECT: To be determined

COGNIZANT NASA INSTALLATION: Electronics Research Center

TYPE OF CONSTRUCTION PROGJECT: New

FUNDING:
FY 1963 and Prior Years -
FY 1964 Estimate ——
FY 1965 Estimate $1,850,000

Total Funding Through 1965 gl!BSO!OOO

PROJECT COST ESTIMATE:

Unit of Unit Totel
Measure Quantity Cost Cost__
Land Acquisition oo —m- - -
Construction §1,63:2,000
Support building Sq. Ft. 84,400 $18.67 1,574,000
Site preparation LS -~ 5,000 3,000
Roads & parking LS o 25,000 25,000
Utilities LS ——- 26,000 25,000
Equipment $122,000
Projection elquipment,
intercom, vaults and
JAadmin. equipment ‘LS - 67,000 67,000
Library stacks and repro-
duction équipment LS --- 35,000 35,000
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Unit of Unit Tot:al

Measufe Quantity Cost Cost

Infirmary equipment LS -~-  $15,000 $15,000
Security control station -
identification equipment

and guard alert services LS --- 5,000 5,000

Design $96,000

For construction LS —-- 91,000 91,000

For equipment LS - 5,000 5,000

Fallout shel.ter - --- -~ _ -==

TOTAL 1,850,000

PROJECT DESCRIPTION:

The Engineering and Administration Building will be a four-story building
with a portion two stories high, irregularly shaped, approximately 82,000
total square feet in area. The facility will be divided into about 43,000
square feet of office and administrative space and about 7,000 square feet
devoted to utilities, storage and equipment. In addition to prowviding
administrative office, conference and eungineering planning and drafting
space for Electroaics Research Center professional and engineering personnel,
the building will contain: a kitchen and cafeteria with a seating capacity
of 400, coaference rooms, an auditorium accommodating 350 persons, tte Center
infirmary and a technical library. The building will be air conditicned;
heating and air-conditioning will be supplied by the Center central Leating
plant. A fire alarm system will be provided. G5ite development, parking
for 272 vehicles (supporting the Engineering and Administration Builcing
and the Security control station), access roads, and utilities such s
water, sewer, electric power and communications will be included.

The Security control station will be a one story structure with base-
ment, contaiaing 2,400 square feet of special guard facilities for El.ectron-

ics Research Center security forces.

PROJECT JUSTIFICATION:

This building is required to house the first increment of administra-
tive and technical staff of the Electronics Research Center. The building
will provide for centralized location of center senior management, tachnical
program planning, administrative planning and during the first years of
Center operations, increments of the Center's research program staff.

NASA plans to be able to work out cooperative arrangemeats with

educational iustitutions in the area whereby courses may be offered at the
Electronics Research Ceuter to advance the education of the Center profes-
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sional staff. The auditorium and conference rooms will be used af:er
normal working hours to provide classroom facilities at the Center.

The professional staff members involved in basic research and advanced
development must have access to the latest scientific and technical manu-
scripts and professional journals in electronics and related disciplines.
Hence a technical library will be included to serve as a repository foir the

required scientific publications and to provide a reading room anc study
area.

The Becurity control station will serve as the administrative head-
quarters and initial visitor reception area for the Center and provides
facilities for the security force engaged in the maintenance of NASA's
security regulations and plant protection.

ESTIMATED FUTURE YEAR FUNDING: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

QUALIFICATION & STANDARDS LABORATORY

PROGRAM OWFICE  FOR THE INSTALLATION: Office of Advanced Research and
Technology

PROGRAM . OFFYCE FOR THE PROJECT: Office of Advanced Research and
Technology

AUTHORIZATION LINE ITEM: Electronics Research Center

LOCATION OF PROJECT: To be determined

COGNIZANT NASA INSTALLATION: Electronics Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1963 and Prior Years -
FY 1964 Estimate -———
FY 1965 Estimate $3,000,000
Total Funding Through 1965 $3,000,000

PROJECT COST ESTIMATE:

Unit of Unit Total

Measure Quantity Cost Cost

Land Acquisition --- - ——— .-
Construction : $1746,000
Support building Sq. Ft. 30,000 $23.58 707,400
Site preparation LS --- 800 800
Roads and parking LS - 7,400 7,400
Utilities LS -——- 30,400 30,400
Equipment $2,203,000

Test and environmental

equipment LS --- 1,425,000 1,425,000
Standards equipment LS --- 415,000 415,000
Special laboratory equipment LS - 363,000 363,000
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Unit of Unit Total

Measure Quantity Cost _Cost

Design $31,000
For construction LS -~ $38,000 38,000
For equipment S e 13,000 13,000
Fallout Shelter - - --- -—
TOTAL $3,000,000

PROJECT DESCRIPTION:

The laboratory will be a two-story building, providing office space and
laboratory facilities for 150 research personnel and clerical aides. Approx-
imately 30,000 square feet total will be divided into 10,000 square feet
devoted to laboratory areas €{ncluding 2,500 square feet reserved for a 100-
inch centrifuge), 10,000 square feet of office space on the first and second
floors, and 10,000 square feet of basement space for utilities and storage.

The building will be air-conditioned; heating and cooling will b2 sup-
plied by the Center central heating plant, A fire alarm system will »e
provided. Appropriate site development, parking for 120 vehicles (based on
1 space per 1.25 persons), access roads, and utilities such as water, sewer,
electric power and communications will be included,

PROJECT JUSTIFICATION:

This laboratory is required for the conduct of component qualification
and testing and the establishment of electronic design and fabricaticn
standards. Major difficulties have been experienced by NASA in obtaining
electronic components, subsystems, and systems meeting the high standards of
quality and reliability necessary for use in the space environment. The
large number of developers and suppliers of electronic components anc the
rapid changes in technology have made the establishment of basic standards
and reliability qualifications particularly difficult, The lack of & common
set of qualification requirements and standards has led to unnecessarily high
costs for component development and manufacture, and inability cf NASA system
and project engineers to specify appropriately qualified components :n their
designs., Costly redesign delays, flight failures, and confusior and waste in
the space electronics industry are a result of the existing lack of a common
set of space electronics components specifications and standards,

This laboratory will be the NASA focal point for the establishm2nt and
promulgation of space electronics qualifications and standards in thz2 form of
qualified parts lists, qualification specifications and standards, calibration
methods and procedures and environmental testing criteria serving otner groups
within the Center, other NASA Centers, other government agencies and intereste
industrial and university groups.
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Component. qualification testing; specifications for space qualified
electronic sub-~assemblies and subsystems preparation; design criteria rrepa-
ration for electronics and guidance elements; and component reliability
engineering including quality assurance, failure analyses, initial samrle
testing and test criteria will be carried out in this facility. The research
effort in environmental testing, standards, design criteria and related areas
of qualifications and standards must be increased significantly if NASA is to
reduce the hazard of mission failures resulting from faulty electronic com-
ponents and systems.

ESTIMATED FUTURE YEAR FUNDING: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

STADAN ENGINEERING AND REAL TIME STATION

PROGRAM OFFICE FOR THE INSTALLATION: Office of Space Science and
Applications

PROGRAM OFFICZ FOR THE PROJECT: Office of Tracking and Data Acquisitior.

AUTHORIZATION LINE ITEM: Goddard Space Flight Center

LOCATION OF PROJECT: Greenbelt, Prince Georges County, Maryland

COGNIZANT NASA INSTALLATION: Goddard Space Flight Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1963 and Prior Years -
FY 1964 Estimate .-
FY 1965 Estimate $400,000

Total Funding Through FY 1965 §400!OOO

PROJECT COST EGTIMATE:

Unit of Unit Total
Measure ~  Quantity ~  Cost Cost
Land Acquisition -—- - --- -—-
Construction $3¢5,000
Operations building Sq. Ft. 4,000 § 18.00 72,000
Raised floor Sq. Ft. 2,000 5.00 1.0, 000
Generator building Sq. Ft. 1,500 15.00 £2,500
Restore facility to
original condition LS - 150,000 150,000
Utilities LS - 85,500 85,500
Site preparation and
fencing LS --- 35,000 35,000
Roads and parking LS ——— 10,000 L0, 000
Equipment --- - s-- =---
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Unit of Unit Total

Measure Quantity Cost Cost
Design _—— _——- —ew $15,000
For constiruction LS - $15,000 15,000
Fallout Shelter .- .- -—— ——-
TOTAL $400, 000

PROJECT DESCRIPTION:

This project proposes the construction of a STADAN Engineering anc. Real
Time Station at the vicinity of the Goddard Space Flight Center. The pro-
posed location of the facility will be on a remote site of land obtained
from the Department of Agriculture on a use permit, and will be readily
accessible to Goddard personnel. The facility will be composed of an
operations building and a generator building. The operations building will
be of approximately 4,000 square feet area and will house electronic equip-
ment and operating personnel. The building will be constructed of concrete
and steel with movable partitions. A cavity in the raised floor will serve
as an air-conditioning supply plenum for equipment cooling and cable r:ice-
way for intra-equipment cabling. A return air plenum will be provided in
the ceiling arrangement. Foundations will be required for one pair of
Minitrack, Telemetry, Array, lLog Periodic, Command and Satan Antennas which
will be transferred to this facility. Special switchgear, with dual buss,
will be installed in order that the electronic equipment will not be subject
to transient load pulsations. The voltage and frequency of the pcwer will
necessitate special regulation to permit proper operation of the electionic
equipment. Communication connections will be made to the Goddard Space
Flight Center Communications Center. The availability of real time data is
a basic requirement. The construction will be such that enlargement o3 the
facility may be accomplished should the need arise, without interfering with
the operational capabilities of the station. The site will require that no
high voltage transmission lines or other sources of RF interference be
located in the immediate vicinity and no physical obstruction obscuringz the
horizon above ten degrees.

The generator building will be of approximately 1,500 square feet area.
The construction will be of concrete and steel and will house diesel
generators anc 'associated switchgear equipment. The necessary electrical,
chilled water, steam and drainage systems will be provided to adequately
support the proposed facility including a parking area for approximately 45
personnel.

The facility will be capable of serving as a primary telemetry station
in the NASA world wide network of satellite tracking and data acquisition
stations and s a readily accessible facility to permit development, check-
out and testing of new equipment and techniques as well as permitrting
engineering changes for network equipment to be verified and evaluated prior
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to modificaticn of equipment at remote stations. Another use of the station
will be spacecraft and ground equipment compatability testing prior to
satellite laurches.

PROJECT JUSTIFICATION:

As the unmanned space flight programs advance into a series of pro-
gressive and more complex flights the definite need for the design, develop-
ment and evaluation of advanced equipment through the network is apparent.
The advanced complex equipment required will have to be evaluated for deter-
mining operational performance prior to acceptability for field use. This
project proposes the construction of a station to provide the Goddard Space
Flight Center Engineering and Operations Division a means by which to per-
form this engineering function. At present, the development and avaluation
capability is very limited and requires considerable enhancement. The
complete telenetry system identical to the existing network system will pro-
vide spacecra’t compatibility checks with the network and network equipment
as well as the evaluation of any proposed engineering modifications.

The existing '"Real Time Telemetry Station' at College Park, Maryland
will be integrated into this facility. The proposed station will have the
capability to serve as a network link for gathering telemetry data. This
data will be available for real time data processing because of the proxi-
mity to Goddard Space Flight Center. It will provide the project manszgers
at Goddard Space Flight Center with real time data. The necessity of real
time data has been demonstrated by past S5-3, S-6 and S5~49 satellite flights
and future requirements.

The proposed facility will reduce total operating cost by closing the
Blossom Point and College Park stations while emhancing project required
capabilities. A savings of approximately $250,000 per year is expected
from the elimination of overlap of operation as compared with a capital
investment of $400,000. This savings results from elimination of contractor
personnel required to operate Blossom Point and College Park, travel and
duplication of logistics support. A recent detailed noise survey of the
area adjacent to the Goddard Space Flight Center reflects an acceptab’.e radio
frequency noise level. The diesel generators will be used during critical
tracking periods and as a standby in the event of commercial power fa: lure.

ESTIMATED FUTURE YEAR FUNDING: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

RELOCATION OF WALLOPS ISLAND TRAINING FACILITY

PROGRAM OFFICL FOR THE INSTALLATION: Office of Space Science and

Applications

PROGRAM OFFICE FOR THE PROJECT: Office of Tracking and Data Acquisition

AUTHORIZATION LINE ITEM: Goddard Space Flight Center

LOCATION OF PROJECT: Greenbelt, Prince Georges County, Maryland

COGNTIZANT NASA INSTALLATION: Goddard Space Flight Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1963 and Prior Years -
FY 1964 Estimate -
FY 1965 Estimate $400, 000

Total Funding Through FY 1965 $00,000

PROJECT COST ESTIMATE:

Unit of Unit
Measure Quantity Cost
Land Acquisition - - -—-
Construction
Operations and training
building Sq. Ft. 10,000 $22.50
Raised floor Sq. Ft. 4,000 5.00
Utilities LS -——- 68,000
Site preparation and
fencing LS --- 50,000
Roads and parking LS --- 13,000
Equipment ke -—-- --—-

Total
Cost

$376,000

215,000
20,000
68,000

%0, 000
13,000

CF 3-11



Unit of Unit Total

Measure Quantity Cost Cost_

For construction LS ——- $24,000 24,000
Fallout Shelter -—- ——— _——— -—-
rotaL si0s 30

PROJECT DESCRIPTION:

This project proposes the relocation of the existing Manned Space
Training Facility at Wallops Island, Va. to the Goddard Space Flight Coanter.
The facility will be located north of the Multi-Purpose Building #19, near
the northern boundary of the Center. The relocation will involve the con-
struction of a combined operations and training building consisting of a
ground floor and one additional floor, and will be of concrete and steel
construction with masonry walls, and masonry and movable partitions, The
operations area will be on the lower floor and will require approximately
4,000 square feet of raised flooring to accommodate cableways and air-
conditioning cducts for electronic equipment. The relocated facility will
continue to serve as a primary training center for personnel employed at
the various tracking stations around the world, It will serve, in addition,
as a readily accessible facility to permit the testing of new tracking and
data techniques pertaining to the Manned Space Flight Program. The site for
the facility will require that no high voltage transmission lines or cther
sources of RF interference be located in the immediate vicinity and nc
physical obstruction obscuring the horizon above ten (10) degrees. Offices,
laboratories, classrooms, and parking areas will be provided for apprexi-
mately 50 personnel. All necessary electrical, chilled water, steam &nd
drainage systems will be provided to adequately support the facility.

PROJECT JUSTIFFICATION:

In order to make more effective use of the network training facilities
by the personnel of the Manned Space Flight Operations Division located at
the Goddard Space Flight Center, it is proposed that the Wallops Island
Training Facility be relocated to the Center. The relocation is justified
on the basis of operating economy since the training facility is presently
staffed by coatractor personnel whose jobs duplicate, to a degree, those
performed by (oddard personnel, 1f the station is located at the Center,
some of the contractor personnel could be eliminated and reductions could
be made in travel, logistics, maintenance and operational costs. With the
advent of the Apollo program it is apparent that the existing training area,
established for the Mercury/Gemini programs, is unable to cope with the
increased demand of the more advanced program. If the facility is no: relo-
cated, the present area must be greatly expanded due to the increased work-
load which will be necessary to meet the Apollo program.

ESTIMATED FUTURE YEAR FUNDING: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

SUPPORTING SERVICES BUILDING

PROGRAM OFFICE ¥OR THE INSTALLATION: Office of Space Science and
Applications

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Techmnology

I — N

AUTHORIZATION LINE ITEM: Jet Propulsion Laboratory

e et e

LOCATION OF PROJECT: Edwards Test Station = Edwards Air Force Base
Kern County, California

COGNIZANT NASA INSTALLATION: Jet Propulsion Laboratory

TYPE OF CONSTRUCTION PROJECT: New

FUNDING :
FY 1963 and Prior Years ——-
FY 1964 Estimate -—
FY 1965 Estimate $400,000
Total Funding Thru FY 1965 $400,000
PROJECT COST ESTIMATE:
Unit of Unit Total
Measure Quantity Cost Cost
Land Acquisition ——- bl - -
Construction $355,000
Support building Sq. Ft. 14,000 $23.07 323,000
Site preparation LS - 2,500 2,500
Roads and parking LS ——- 1,000 1,000
Utilities LS --- 28,500 28,500
Equipment $25,000
Kitchen ' LS —-- 19,000 19,000
Photo laboratory LS ——- 6,000 6,000
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Unit of Unit Total

Megsure Quantity Cost Cost
Design $20,000
For construction LS -~=  $20,000 20,000
Fallout Shelter - -— -== ——-
TOTAL éééQAQQQ

PROJECT DESCRIPTION:

This project provides for the completion of a 13,200 square foot com=~
bined engineering and support services building for Edwards Test Station.
The propcsed construction will provide a centralized supporting facility
which will encompass almost all nonhazardous operations at the Test f{tation.
The building will include support shops, photo laboratory, cafeteria,

library and engineering offices.

The areas allocated for the various support functions housed in this
building are of adequate size to support the present technical programs.
The planned occupancy includes a total of thirty-six personnel.

PROJECT JUSTIFICATION:

All of the old support services area is incorrectly sited from the
safety standpoint as it lies within inhabited building distances «f the
test stands according to the Ordnance Safety Manual, ORDM 7-224, These
safety deviations exist because ORDM 7=224, which is a part of JPL's
contract, was not published until 1951, six years after the test stat:ion
was activated., The new support service area is properly sited well away
from explosive and toxic hazards yet close enough to provide a convenient,
well integrated operation within one fenced area which provides maximum
security and property control benefits with minimum manpower anc trans=
portation resources,

The proposed facility will provide support services for JPL technical
operations which cannot be conducted in Pasadena because of the explosive
and toxic hazards and the noise and atmospheric contamination which are
often associated with test and development operations, The fac:lity will
be used to support such current JPL programs as Mariner, Syncom, and the
liquid and solid propellant supporting research and advanced developnent
programs., It will have the further capability to support propulsion testing
of all spacecraft for which JPL is given responsibility.

In summary, the proposed facility is required to remove nonhazardous
activities from the test stand areas to permit compliance with the Ordnance
Safety Manusl and to provide adequate facilities for operation of support
functions.

ESTIMATED FUTURE YEAR FUNDING: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

THERMAL CONTROL HOUSING AND BUILDING ADDITION
FOR DYNAMICS RESEARCH LABORATORY

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Research and
Technology

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Technology

AUTHORIZATION LINE ITEM: Langley Research Center

LOCATION OF FROJECT: Hampton, Virginia

COGNIZANT NASA INSTALLATION: Langley Research Center

TYPE OF CONSTRUCTION PROJECT: Alteration

FUNDING :
FY 1963 and Prior Years ---
FY 1964 Estimate $60,000
FY 1965 Estimate 801,000

Total Funding Through FY 1965 §861!OOO

PROJECT COST ESTIMATE:

Unit of Unit Total
Measure Quantity Cost Cost
Land Acquisition — --- -—- --- ---
Construction $614,000
Laboratory Sq. Ft. 7,425 $20.10 149,200
Sphere enclosure Sq. Ft. 6,900 45,20 312,000
Additional ports Ls --- 10,100 10,100
Grading, paving,
landscaping LS -—-- 13,600 13,600
Utilities LS --- 85,800 85,800
Catwalks, platforms and
stairs in sphere
enclosure LS --- 43,300 43,300
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Unit of Unit Total

Measure Quantity Cost Cost

Equipment $187,000

Crane LS --- $60,350 60,350
Special environmental

control.s LS --- 126,650 126,650

Design ——- ——- —— -~

Fallout. Shelter --- -~- ——— ===

TOTAL 2391!000

PROJECT DESCRIPTION:

The proposed thermal control housing will enclose the 60-foct vacuum
sphere of the dynamics research laboratory. Air conditioning equipment
will be installed to maintain a uniform temperature around the sphere.
Within the enclosure a bridge crane will be installed and observer's
catwalk erected. The enclosure will be of steel frame and panel con-
struction and will be approximately 80 by 90 by 80 feet high.

The project also includes a two-story and basement addition approxi-
mately 45 by 55 feet to the dynamics research laboratory building.

PROJECT JUSTIFICATION:

The 60-foot vacuum sphere to be enclosed, constitutes a free-body
dynamics fac:ility for research and development of spacecraft orientation
and control systems in a simulated space environment. The requiremert for
temperature uniformity on the surface of the sphere is quite rigorous since
spacecraft sensors are quite sensitive to temperature differentials. The
sphere wall temperature differentials are caused by sunlight, wind, rain,
and other weather conditions.

Without some means of stabilizing the wall temperatures, use of the
sphere will be limited to a few hours beginning when temperatures stabilize
after sunset, and ending at sunrise, on those nights when other weather
factors are also constant. Uniform temperature of the sphere to about plus
or minus 9°F is necessary in order not to introduce a false radiation which
will interfere with evaluation of the sensor under test. A recent study
indicated that the air-conditioned enclosure would be the most economnical
means to maintain an adequately uniform wall temperature for the necessary
thermal differential between the planetary simulator and the walls.

The proposed bridge crane and catwalks are necessary to aid in
meeting the programmed workload. This workload also imposes a need for
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a more extensive laboratory support area which will be met by the propnsed
laboratory addition. The addition will provide added facilities for
evaluation and development of sensor and spacecraft elements relating :co
investigations to be carried on in the sphere.

ESTIMATED FUTURE YEAR FUNDING: None
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LANGLEY RESEARCH CENTER
FISCAL YEAR 1965 ESTIMATES

THERMAL CONTROL HOUSING AND BUILDING ADDITION
FOR DYNAMICS RESEARCH LABORATORY
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

FATIGUE RESEARCH LABORATORY

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Researcli and
Technology

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Techaology

AUTHORIZATION LINE ITEM: Langley Research Center

LOCATION OF PROJECT: Hampton, Virginia

COGNIZANT NASA INSTALLATION: Langley Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1963 ard Prior Years - 2
FY 1964 Estimate $70,000
FY 1965 Estimate 1,221,000

Total Funding Through FY 1965 $1,291,000

PROJECT COST ESTIMATE:

Unit of Unit Toteal
Measure Quantity Cost Cost
Land Acquisition - - - n--
Construction $873,:500
Laboratory Sq. Ft. 24,500 $24.20 592,900
Special foundations, fixtures
and c<ontrols LS - 44,100 44,100
Site preparation LS ——- 21,600 21,600
Mechanical utilities LS - 12,000 12,000
Electrical utilities LS -=~ 202,900 202,900
Equipment $347,500
Cranes LS -—- 55,200 55,200
Fatigue research equipment LS -=-- 112,000 112,000
Instrumentation LS - 170,700 170,700
Laboratcry equipment LS - 9,600 9,600
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Unit of Unit Total

Measure Quantity Cost Cost
Design - - - - - - o
Fallout Shelter —— - ~—— ———
TOTAL $1,221,000

PROJECT DESCRIPIION:
This project will provide a laboratory with a floor area of approxi=
mately 24,500 square feet divided into three general areas:

(1) Hot structure test area, approximately 5,000 square feet provided
to support large structural components during tests under cyclic heat:ng
and loading.

(2) General fatigue test area, approximately 15,500 square feet of
air-conditioned space to house existing Langley fatigue test machines and
associated equipment. Special cells will protect personnel from very high
intensity noise associated with high=performance hydraulic test apparatus.
A light=-controlled room for photo=elastic stress analysis and special
environmental control for tests in simulated space environments will be
provided,

(3) General work space, approximately 4,000 square feet of space for
working areas for scientific and supporting personnel.

This project will utilize the 1l0=megawatt power supply in an adjacent
building.

PROJECT JUSTIFICATION:

Fatigue failures of materials and structures in operational aircraft
continue to be very costly to the United States, both from a monetary
standpoint aad from loss in human lives.

Past efforts have been concerned primarily with aeronauticzl fatigue
research, and NASA will continue to play a major role in this area. Exten-
sive fatigue research is needed on high performance aircraft for which
fatigue will be a major design consideration. As manned exploration of
space is increased vehicles will be on longer missions and future space
vehicles will be recovered and reused. Prevention of fatigue failur: will
become a major design consideration in this area also.

The need for fatigue research will continue so long as new materials,
new structural configurations, and new environmental conditions occur.
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Fatigue research at Langley is handicapped in meeting the program
requirements because of the lack of adequate facilities. Tests require
a more controlled environment operation and more space than is available
in the present facilities.

This project was originally submitted in the Langley fiscal year 1964
budget estimates but was deferred by the authorization committee until a
following year. The facility is considered urgent and is now being re-
submitted.

ESTIMATED FUTURE YEAR FUNDING: None
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LANGLEY RESEARCH CENTER
FISCAL YEAR 1965 ESTIMATES

FATIGUE RESEARCH LABORATORY
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

CENTRAL HIGH PRESSURE AIR SUPPLY

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Research and
Technology

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Technology
AUTHORIZATION LINE ITEM: Langley Research Center

LOCATION OF PROJECTI: Hampton, Virginia

COGNIZANT NASA INSTALLATION: Langley Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1963 and Prior Years ——
FY 1964 Estimate 3$157.000
FY 1965 Estimate 2,077,000

Total Funding Through FY 1965 i 2!234l000

PROJECT COST ESTIMATE:

Unit of Unit Total
Measure Quantity Cost Cost
Land Acquisition ——- —-- - ——-
Construction $753,100
Building (including
equipment foundations) Sq. Ft. 12,840 $27.32 35C,800
Air storagie field and
manifold LS ~—- 245,800 245,800
Electrical utilities LS et 150,400 150,400
Road extension Sq. Yds. 790 7.72 €¢,100
Equipment $1,323,900
Compressors Each 3 301,200 903,600
Compressor auxiliary and
connector piping LS = 420,300 420,300
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Unit of Unit Total

Measure Quantity Cost Cost
Design --- --- .-- ———
Fallout Shelter ——- -—— -— -
TOTAL gz. 077,000

PROJECT DESCRIPTION:

This project will provide a central highe-pressure air supply at the
Langley Research Center capable of supplying 5,000 psi air at the rate of
about 400,000 pounds per shift. An existing compressor station will be
enlarged with the addition of three compressors, related electrical
equipment, and cooling towers. The existing air storage will be increased
by bottles providing about 73,000 pounds capacity.

PROJECT JUSTIFICATION:

The original 5,000 psi air compressor station at Langley was designed
in 1949 to generate hypersonic flows in a few adjacent blow=down wind
tunnels with a4 maximum test section diameter of 10 inches., The practical
applications of hypersonic flow phenomena have necessitated increased
experimental effort at these speeds and have required new facilities which
are now taxing the capacity of the present compressor statiom.

High pressure air to attain very high Mach numbers is presently used
in 19 experimental facilities supplied by a 5,000 psi compressor station
capable of producing nearly 200,000 pounds per 8-hour shift, and a
storage field of about 500,000 pounds capacity. The average daily air
requirement Lls presently about 320,000 pounds of air, so the compressors
are operated on a two-shift basis. The storage field acts as a reservoir
to supply the large, short-period demands for air. Imminent operation of
the 8-foot high-temperature structures tunnel will double the daily a:r
requirement. There will be delays in many vital programs to develop
information having application to military and civilian aerospace vehicles
if this facility is not obtained.

ESTIMATED FUTURE YEAR FUNDING: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

UTILITY IMPROVEMENTS - ELECTRICAL SYSTEM

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Research and
Technology

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Technology

AUTHORIZATION LINE ITEM: Langley Research Center
LOCATION OF PROJECT: Hampton, Virginia

COGNIZANT NASA INSTALLATION: Langley Research Center

TYPE OF CONSTRUCTION PROJECT: New

e o e

FUNDING:
FY 1963 and Prior Years ———
FY 1964 Estinate ———
FY 1965 Estimate $355,000

Total Funding Through FY 1965 $355,000

PROJECT COST JSTIMATE:

Unit of Unit Total
Measure Quantity Cost Cast

Land Acquisition ——- ——- ——- -———
Construction $35%,000
Transformers, circuit breakers LS --~ $189,700 189,700
Bus inst:all., cabling, switching LS = 165,300 165,300
Equipment -—= - - -—-
Design —— ——— ——— ———
Fallout Shelter ——- ——- —— -
TOTAL $354,000

i Srarr——
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PROJECT DESCRIPTION:

This project will consist of increasing the available electrical
distribution system capacity on the primary sub=station distribution bus
at LRC. Transformers, circuit breakers, and other electrical gear will
be added to provide the necessary isolation for circuits having high
transient electrical loads. Provisions will also be included for updating
and coordinating the balance of the distribution system at other secordary
sub=stations 0 accommodate existing and programmed research facility
requirements having transient power loads which affect the voltage regu-
lation of the entire distribution system.

PROJECT JUSTYFICATION:

Expansion and modification of the Langley Research Center distribu~
tion system is needed to accommodate increases and changes in electrical
load brought about by the addition of new research facilities.

Under present conditions, research facilities are being restricted
in operation due to the limited capacity of the existing system. 1In
addition, operation of the large (10,000 KW) electric arc air heaters
operated in several new research facilities is imposing transient load
disturbances on the distribution system. These disturbances affect the
accuracy of data recorded on some research instrumentation with the
resultant necessity for repeating test runs upon occasion.

The loads introduced by new facilities now under construction will
increase the Center's base load by approximately 16,000 KW. These facil-
ities involve new vacuum and helium pumping systems, power and auxiliaries
for high heat rate environmental test systems and short time (10-minutes)
high transient electric arc and heater power loads approximating 25,030 KW.

Isolation of the loads should be undertaken and the balance of the
distribution system updated and coordinated in order .to prevent possible

breakdowns and eliminate undue interference with other research facility
operations.

ESTIMATED FUTURE YEAR FUNDING: None
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

138-34.5KV ELECTRICAL POWER SUBSTATION
(Plum Brook Station)

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Research &
Technology

PROGRAM OFFICH FOR THE PROJECT: Office of Advanced Research & Technology

AUTHORIZATION LINE ITEM: Lewis Research Center

LOCATION OF PROJECT: Plum Brook Station, Sandusky, Erle County, Ohio

COGNIZANT NASA INSTALLATION: Lewis Research Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING:
FY 1963 and Prior Years -——
FY 1964 Estimate $40,000
FY 1965 Estimate 810,000

Total Funding Through FY 1965 $850,000

PROJECT COST ESTIMATE:

Unit of Unit Total
Measure Quantity Cost Cost
Land Acquilsition -—— —-—- ——— ———
Construction £81,000
Site preparation - clearing,
grading, and surfacing LS == $13,000 13,000
Roads and utilities - water,
gas, sewers, and communications LS --= 18,000 18,000
Control, relay, and metering
building Sq. Ft. 1,540 12.99 20,000
Foundations, fence, cable,
conduit and grounding LS -== 30,000 30,000
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Unit of Unit Total

Measure Quantity Cost Cost

Equipment $729,000

Power transformers LS -== $290,000 290,000

138 KV circuit breakers LS -== 140,000 140,000

34,5 KV circuit breakers LS === 65,000 €5,000
Control, metering, and relay

equipment LS -=-=- 90,000 ¢0,000

Substation structure, dis-
connect: switches, insulators,
bus bars, arresters, and

instrument transformers LS --= 144,000 144,000
Fallout Shelter --- -—- === ===
TOTAL gg;giggg

PROJECT DESCRIPTION:

This project consists of modifications and additions to the existing
electrical power system at the Plum Brook Station., A 138-34,5 KV substation
will be installed on a loop of a 138 KV transmission line to be run into
the station by the local utilities company., Two 40,000 KVA transformers
will be installed, with capability of being comverted to 50,000 KVA each by
future modifications, The new substation will transform the power to the
existing 34,5 KV transmission system level and will include all necessary
circuilt breakers, controls, metering, protective equipment, and automstic
features required.

PROJECT JUSTIFICATION:

The present: electrical service to the Plum Brook Station is provided
by the local electrical power utility company by means of two 34,5 KV
circuits emanating from a substation located in Sandusky, Ohio.

The estimated electric power requirements for the calendar year 1966
and beyond cannot be supplied by the existing 34.5 KV services.

On the basis of the estimated load development at Plum Brook Station,
the expected load growth in the area, and facilities available to require
additional service at the 34,5 KV level, it will be necessary to convert
to 138 KV supply by the second quarter of calendar year 1966,

The nature of several of the research testing facilities at the Flum
Brook Station requires a high degree of reliability of electrical power over

CF 7-4
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prolonged periods of time., Interruption of electrical power to these re-
search facilities during testing operations may result in loss of experimen-
tal test data, set-up and operational time, and in some cases may lead to
damage to research and facility compomnents.

ESTIMATED FUTURE YEAR FUNDING: None

CF 7-5



LEWIS RESEARCH CENTER
FISCAL YEAR 1965 ESTIMATES

34.5 KV. ELECTRICAL POWER SUB-STATION

138

PLUM BROOK STATION
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CONSTRUCTION OF FACILITIES

FISCAL YEAR 1965 ESTIMATES

FACILITIES FOR M-1 ENGINE PROGRAM

PROGRAM OFFICE

FOR THE INSTALLATION:

PROGRAM OFFIC

1551

FOR_THE PROJECT:

AUTHORIZATION LINE ITEM:

LOCATION OF PROJECT:

COGNIZANT NASA INSTALLATION:

TYPE OF CONSTRUCTION PROJECT:

FUNDING:
FY 1963 and Prior Years
FY 1964 Estimate

FY 1965 Estimate

Technology

Office of Advanced Research and

Office of Advanced Research and Technology

New

Total Funding Through FY 1965

PROJECT COST_ ESTIMATE:

Land Acquisition

Construct.ion

Test stand modulars
K-1 stand

Equipment

Controls
Propellant systems
Other
Instrumentation
Fabrication

Design

Various Locations

Sacramento County, California

Lewis Rescarch Center

$13,166,000

10,030,000

3,970,000

27,166,000

Unit of Unit

Measure Quantity Cost
LS ——- $200,000
1.8 - 40,000
LS --- 327,500
LS ——- 2,315,200
LS --- 176,500
LS --- 882,500
LS --- 28,300

Total
Cost

$240,000

200,000
40,000

$3 730,000

327,500
2,315,200
176,500
882,500
28,300
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Unit of Unit Total

Measure Quantity Cost Cost
Fallout Shelter ——- --- -—— -
TOTAL $3,970,000

PROJECT DESCRIPTION:

This proiect provides for the following items of construction:

(1) Additional propellant unloading, distribution, and storage
syst.ems for liquid hydrogen, liquid oxygen, liquid nitrogen,
gaseous hydrogen, gaseous nitrogen, and gaseous helium to
complete the test area support necessary for test stand
K-1.

(2) Additional deflector cooling water storage and pumping
facilities for the K-1 test stand.

(3) Additional control room equipment for test stand K-1.
(4) Test equipment and industrial equipment to provide for
equipment wear and replacement necessitated by damage,

technical improvements, and/or design revisions.

PROJECT JUSTIFICATION:

This project is required to provide the additional facilities ne:essary
to support the development of the M-l engine. Prior year construction
programs provided component test stands C, E, G, and H for thrust chanber,
gas generator and turbopump testing; initiation of the Engine System Test
Complex and partial construction of the limited firing duration K-~1 eagine
test stand. This year's construction funds will complete construction of
Engine Test Stand K-1.

The K-1 stand will provide a capability for evaluation of the interaction of
engine compcrnents, each operating at design conditions in an engine system.
Such evaluation cannot be obtained on the existing component test stands.
With the completed K-1 engine stand, the coupling of syster. components with
the possibilities of complex vibrations or oscillations can be evaluated for
the first time; components can also be evaluated in an engine system with
respect to start and stop transients; and total system performance czn be
obtained with a realistic propellant flow configuration. 1In additior.,, this
project allows for replacement of damaged test equipment, changes in test
requirements and design revisions.

The K~1 engine test stand is planned to be used for engine tests in
early 1966. Because of the funding exigencies of other programs, construc-
tion of this stand has been deferred. However, further delay in providing
these engine test facilities and equipment will prohibit obtaining o
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information on component interaction in the environment of the engine system.
Such information is vital to system integration and may require some compo-
nent modification and redevelopment. Thus, these facilities are now crucial
in the development of the 1,500,000 pound thrust liquid hydrogen/liquid

oxygen, M-1 engine.

ESTIMATED FUTURE YEAR FUNDING: $33,000,000
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CONSTRUCTION OF FACILITIES
FISCAL YEAR 1965 ESTIMATES

_ADDITION TO SPACE RADIATION EFFECTS LABORATORY

FOR _ADDED CAPABILITIES

PROGRAM OFFICE FOR THE INSTALLATION: Office of Advanced Research and
Technology

PROGRAM OFFICE FOR THE PROJECT: Office of Advanced Research and Technology

AUTHORIZATION LINE ITEM: Various Locations
LOCATION OF PROJECT: Newport News, Virginia
COGNIZANT NASA INSTALLATION: Langley Research Center

TYPE OF CONSTRUCTION PROJECT: Extension

FUNDING:
FY 1963 and Prior Years $12,382,000
FY 1964 Estimate 105, 000

FY 1965 Estimate 1,876,000
Total Funding Through FY 1965 §14!363!000

PROJECT COST ESTIMATE:

Unit of Unit Total
Measure Quantity Cost Cost
Land Acquisition == - -—- ---
Constructior $1,376,300
Building Sq. Ft. 5,600 $21.16 118,500
Piling and cooling
tower foundation LS ——- 106,000 10€,000
Shielding LS ——- 815,000 815,000
Environmental controls LS cwe 142,900 142,900
Electrical ytilities LS - 165,000 165,000
Demolition, excavating,
and grading LS - 10,900 10,900
Utility ftrench LF 60 300 18,000
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Unit of Unit Total

Measure Quantity Cost Cost
Equipment $499,700
Instrumentation LS -=-= $300,000 300,000
Experimental physics
facilities LS ——- 90,000 90,000
Radiation monitoring
system LS ——- 5,000 5,000
Beam transportation
system LS —— 88,500 88,500
Extension of crane rails LS ——— 16,200 16,200
Design - -——— ——— .
Fallout Shelter - === === ===
TOTAL 51,876,000

PROJECT DESCRIPTION:

The addition to the space radiation effects laboratory will include
a neutron-meson experimental area together with the necessary shielding,
beam transport systems, controls, instrumentation auxiliary equipment,
and building services. Suitable internal targets will be provided for the
production of neutrons and mesons by the collisions of the protons in the
synchrocyclotrorn with these targets, High~density concrete and steel
shielding will be utilized to minimize the thickness of this shielding
wall between the synchrocyclotron and the neutron-meson area. Appropriate
passages through the shielding wall for the neutrons and mesons will be
provided.

PROJECT JUSTIFICATION:

Recent space flight experience has indicated an urgent need to study
further aspects of radiation damage caused by secondary emission produced
by the impact of energetic protons on spacecraft.

The secondary radiation capability, inherent in the accelerators in
the space radiation effects laboratory, can be utilized by providing a
a general purpose research area in which the secondary particles such as
neutrons and mesons which occur when protons and electrons interact with
the space vehicle surface can be studied. The laboratory will then have
the unique capability of being able to conduct experiments with protorn,
electron, neutron, and meson beams in independent experimental areas, required
to determine the effects of particle radiation encountered in space flight.
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and the corrective measures required to minimize the hazards of this
radiation,

As time permits, the facility will be used for the education and
training of the very specialized people needed for this work,

ESTIMATED FUTURE YEAR FUNDING: Nome
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VARIOUS LOCATIONS
FISCAL YEAR 1965 ESTIMATES

ADDITION TO SPACE RADIATION EFFECTS LABORATORY
FOR ADDED CAPABILITIES
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CONSTRUCTION OF FACILITIES

FISCAL YEAR 1965 ESTIMATES

APOLLO NETWORK GROUND STATIONS - NEW STATIONS

PROGRAM OFFICE FOR THE INSTALLATION: Office of Space Science and
Applications

PROGRAM OFFICE FOR THE PROJECT: Office of Tracking and Data Acquisition

AUTHORIZATION LINE ITEM: Various Locations

LOCATION OF PROJECT: Cape Kennedy, Florida
Northwest Pacific
Ascension Island

COGNIZANT NASA INSTALLATION: Goddard Space Flight Center

TYPE OF CONSTRUCTION PROJECT: New

FUNDING: Northwest Ascens

ion

Cape Kennedy Pacific Island

FY 1963 anc¢ Frior Years - -—— -———

FY 1964 Estimate $15,000 $170,000 $170,000
FY 1965 Estimate 300,000 1,670,000 _ 2,040,000
Total Funding Through FY 1965 $315,000 $1,840,000 §},21Q,000

PROJECT COST LISTIMATE - CAPE KENNEDY:

Unit of Unit Total
Measure Quantity Cost Cost
Land Acquisition -—- -——— - -——
Construction $300,000
Instrumentation and
operations building Sq. Ft. 3,000 $29.,00 87,000
Generator building Sq. Ft. 1,000 25.00 25,000
Hydro-mechanical services LS --- 20,000 20,000
Utilities LS --- 58,000 58,000
Generators, switchgear
and transformers LS --- 90,000 30,000
Site preparation LS --- 10,000 10, 000
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Unit of Unit Total

Measure Quantity Cost Cost
Roads and parking LS --- $10, 000 10,000
Equipment -——— -——— - -
Design -——- - —— -———
Fallout Shelter -—— - - ———
TOTAL $300,000

PROJECT COST ESTIMATE - NORTHWEST PACIFIC:

Unit of Unit Total
Measure Quantity Cost Cost
Land Acquisition --- - -——— -—--
Construction 31,670,000
Instrumentation and
operations building Sq. Ft. 12,000 $53.75 645,000
Generator building Sq. Ft. 3,000 46.67 140,000
Hydro-mechanical services LS --- 20,000 20,000
Utilities LS - 295,000 295,000
Generators, switchgear
and transformers LS - 385,000 385,000
Site preparation LS - 130,000 130,000
Roads and parking LS --- 55,000 55,000
Equipment == --- --- -
Design - --- ~-- -
Fallout Shelter - -—- - ==
TOTAL $1,670,000

PROJECT COST ESTIMATE - ASCENSION ISLAND:

Unit of Unit Total
Measure Quantity Costz Cost
Land Acquisition -—— - - .-

CF 12-35



Unit of Pnit Total

Measure Quantity Cost Cost
Construction $2.040,000
Instrumentation and
operations building Sq. Ft. 12,000 $74.17 $90, 000
Generator building Sq. Ft. 3,000 66.67 200,000
Hydro-mechanical services LS --- 25,000 25,000
Utilities LS --- 345,000 345,000
Generators, switchgear
and transformers LS - 360,000 360, 000
Site prerparation LS -— 140, 000 140,000
Roads and parking LS .- 80,000 80,000
Equipment -——- - -— -——
Design --- - - -—-
Fallout Shelters -—- --- --- ---
TOTAL ~ §$2,040,000
GRAND TOTAL $4,010,000

PROJECT DESCRIPTION:

This project provides for the construction of three (3) new stations for
the Manned Space Flight Network (MSFN) to accommodate instrumentation systems
required to support the Apollo program. The physical features of the stations
will be virtually identical and the construction will differ only to conform
with the type of construction used in each locale, The new MSFN Stations
will be located at Cape Kennedy, Northwest Pacific and Ascension Island. The
instrumentation systems for these facilties are being procured under prior
year funding due to the developmental and fabrication lead-time involwved.

The proposed facilities will include a 12,000 square-foot instrumentation
and operations building (3,000 square feet at Cape Kennedy) to house lements
of the integrated Apollo Unified S-Band System, communication systems, hard-
ware for integration into the Apollo §ystem, logistic support areas and gen-
eral office space. The Cape Kennedy Operations Building will provide only
for installation of consoles and power distribution equipment necessary to
operate the S-Band Antenna System at a remote location. It is anticipated
that the remsinder of the system equipment can be installed in existing or
other planned facilities, The antenna must be remotely located in order to
avoid radio interference problems, A generator building of approximately
3,000 square feet (approximately 1,000 square feet at Cape Kennedy) will
house the diesel generators and electrical distribution panels. A hydro-
mechanical building will contain the collimation tower equipment and concrete
foundations will be supplied for the antenna systems associated with the
Apollo instrumentation. Provision is also made under this project fcr the
necessary utility services for each station. Although, as noted above, the

CF 12-36



facilities to be constructed are basically identical, due to factors such as
transportation costs and construction cost indexes which differ greatly due
to the locaticns of the stations, separate cost estimates for each station
are shown above.

PROJECT JUSTIFICATION:

The Manned Space Flight Network, which has proved successful in support-
ing Mercury flights to date, is in process of being modified to provide sup-
port to the Gemini project, As the manned flight program advances into the
Apollo spacecraft phase with its series of progressively more complex orbital,
cislunar and lunar space flights, the tracking, command, data acquisition and
communications operations increase in complexity and will require additional
and more complex ground support facilities., 1In order to provide the jnitial
and minimum ground network coverage for the Manned Saturn IB flights, the new
stations will be constructed and the existing ones will be modified to
include the Apollo unified S-Band system, This is instrumentation designed
to allow the zround station to transmit ranging signals, communications, and
all other up-data to the spacecraft on one S-band carrier frequerncy, and to
receive same from the spacecraft on a different S-band carrier frequency. To
provide this capability, the additional facilities requested in this project
are required to be completed prior to the end of calendar year 1965 in order
to allow sufficient time for equipment installation, station checkout and
network integration to support missions beginning in calendar year 1956.

ESTIMATED FUTURE YEAR FUNDING: None
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CONSTRUCTION OF FACILITIES

FISCAL YEAR 1965 ESTIMATES

APOLLO NETWORK GROUND STATIONS
ADDITIONS TO EXISTING STATIONS

PROGRAM OFFICE FOR THE INSTALLATION: Office of Space Science and
Applications

PROGRAM OFFICE FOR THE PROJECT: Office of Tracking and Data Acquisition

AUTHORIZATION LINE ITEM: Various Locations

LOCATION OF PROJECT: Corpus Christi, Texas
Guaymas, Mexico
Hawaii

COGNIZANT NASA INSTALLATION: Goddard Space Flight Center

TYPE OF CONSTRUCTION: Extensions

FUNDING:
Corpus Christi Guaymas
Texas Mexico Fawaii
FY 1963 and Prior Years --- --- --
FY 1964 Estimate $25,000 $30,000 $30,000
FY 1965 Estimate 380,000 475,000 475,000
Total Funding Through FY 1965 $405, 000 $505,000 $505,000

PROJECT COST ESTIMATE - CORPUS CHRISTI, TEXAS:

Unit of Unit Total

Measure Quantity Cost: Jost

Land Acquisition -——- ———- - -—-

Construction $380,000
Instrumentation and opera-

tions bldg. addition Sq. Ft. 2,500 $20.00 50,000

Generator building addition Sq. Ft. 1,000 25.00 25,000

Hydro-mechanical services LS ~-- 10,000 10,000
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Utilities

Generator, switchgear
and transformers

Site preparation

Roads and parking

Equipment

Design

Fallout Shelter

LA Y

Unit of
Measure

LS

LS
LS
LS

PROJECT COST JiSTIMATE - GUAYMAS, MEXICO:

Land Acquisition

Construction

Instrumentation and
operations building
addition

Generator building
additicn

Hydro-mechanical
services

Utilities

Generators, switchgear
and transformers

Site preparation

Roads and parking

Equipmeni:

Design

Fallout Shelter

PROJECT COST ESTIMATE - HAWAII:

Unit of
Measure

Sq. Ft.

Sq. Ft.

Quantity

TOTAL

Quantity

2,500

1,000

Unit
Cost

$130,000
120,000

40,000
5,000

Unit
Cost

$40.00
30.00

10,000
130,000

150,000

40,000
15,000

Total
Lost

130,000
120,000

4,000
5,000

10,000
30,000

10,000
130,000

150,000
40,000
15,000

$475,000
e ——— ]
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Unit of Unit Total

Measure Quantity Cost Cost
Land Acquigsition - - ——— -——
Construction $475,000
Instrumentation and
operations building
addition Sq. Ft. 2,500 $40.00 1€0, 000
Generator building
addition Sq. Ft. 1,000 30.00 20, 000
Hydro-mechanical
servi.ces LS --- 10,000 1.0, 000
Utilities LS - 130,000 150, 000
Generators, switchgear
and transformers LS - 150,000 150,000
Site preparation LS --- 40,000 %0, 000
Roads and parking LS - 15,000 5,000
Equipment --- - -—- ---
Design -—- --- - ---
Fallout Shelter -——- - -—— —
TOTAL iﬁ]S,
GRAND TOTAL $1, 330,000

PROJECT DESCEIFTION:

This project provides for the augmentation of facilities at three (3)
Manned Space Flight Network (MSFN) Stations to accommodate instrumentation
systems required to support the Apollo program. These instrumentation
systems are being procured under prior year funding due to developmental and
fabrication lead-time. The MSFN stations to be augmented are located at
Corpus Christi, Texas, Guaymas, Mexico, and Hawaii. The proposed effort
under this project includes at each station the construction of an acdition
of approximately 2,500 square feet to the existing lnstrumentation ard
operations building and the addition of approximately 1,000 square fecet to
the existing generator building. The additions to existing buildings will
house elements of the integrated Apollo unified S-Band system, additional
communications systems, hardware for integration of existing instrumentation
into the Apollo system, logistic support, diesel generators and distiribution
panels. A hydro-mechanical building will contain the collimaticn tower
equipment, and concrete foundations for the antenna systems asscciated with
the Apollo instrumentation will be installed. The proposed building con-
struction will conform to the architectural design of each area. By extend-
ing or modifying existing utility services to each building, all nec2ssary
electrical, chilled water, steam and drainage systems will be providad to
adequately support the additions or extensions to the existing stations.
Separate cost estimates are shown above.
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PROJECT JUSTIFICATION:

The Manned Space Flight Network, which has proved successful in support-
ing Mercury flights to date, is in process of being modified to provide
support to the Gemini project., As the manned flight program advances into
the Apollo spacecraft phase with its series of progressively more complex
orbital, cislunar, and lunar space flights, the tracking, command, data
acquisition and communications operations increase in complexity and will
require additional and more complex ground support facilities. In order to
provide the initial and minimum ground network coverage for the Manned Saturn
IB flights, the new stations will be constructed and the existing ones will
be modified to include the Apollo unified S-Band S8ystem. This is instrumen-
tation designed to allow the ground station to transmit ranging signals,
communications, and all other up-data to the spacecraft on one S-Band carrier
frequency, and to receive same from the spacecraft on a different S-Band
carrier frequency. To provide this capability, the additional facilities
requested in rhis project are required to be completed prior to the end of
calendar year 1965 in order to allow sufficient time for equipment installa-
tion, station checkout, and network integration check-out to support missions
beginning in calendar year 19066.

ESTIMATED FURTURE YEAR FUNDING: None
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