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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

RESEARCH AND DEVELOPMENT

GENERAL STATEMENT

The National Aeronautics and Space Administration program of research and
development and supporting activities is directed toward maintaining the
United States in a position of world leadership in aeronautics and space.
The major programs for achieving this objective are:

MANNED SPACE FLIGHT: A program for the development of a capability
for peaceful manned space operations and the utilization of that
capability for earth orbit and lunar missions.

SPACE SCIENCE AND APPLICATIONS: An unmanned space flight program
directed toward scientific investigations of the earth, moon, sun,
planets, stars and interplanetary space; and the development of
technology and spacecraft systems which can be utilized for mete-
orology, communications and geodetic observations.

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

TRACKING AND DATA ACQUISITION: The world wide activity required
to support the NASA manned and unmanned flight programs,

MANNED SPACE_ FLIGHT

The largest portion of the FY 1968 budget request is for support of the
Manned Space Flight program. The basic objectives of this program remain
unchanged. They include the development of a capability for manned space
operations and exploration and the supporting engineering, science, produc-
tion, and launch and flight operations capability. 1In this decade a specific
objective 1is landing men on the lunar surface for limited lunar exploration
and returning them safely to earth., Project Gemini was completed success-
fully in 1966. Project Apollo continues to be the hard core of the present
flight and ground test, and development effort. The Apollo Applications
program, directed at fuller development of manned flight capability in terms
of long duration flights and extended operations in space for technological,
scientific ard applied studies, is being amplified in FY 1968. It will take
full advantage of capabilities developed in the Apollo program.

In addition to continuation of the ground test activities, FY 1968 Apollo
efforts will continue the manned spacecraft development flight tests with the
uprated Saturn I launch vehicle, and the development flights of the Saturn V
launch vehicle and lunar mission configuration of the spacecraft. The Apollo
Applications program effort will concentrate on the definition and develop-
ment of experiments and extended spacecraft capability, and support the
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procurement of flight hardware and the preparation for flights, Flights
being supported include alternate flights on Apollo uprated Saturn I launch
vehicles and spacecraft in the event Apollo development proceeds smoothly
and successfully in FY 1967 and 1968.

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

SPACE SCIENCE AND APPLICATIONS

In the FY 1968 budget request the second largest program is that of Space
Science and Applications. A major part of the scientific program inwvolves
unmanned space flights for the study of the earth, moon, and planets, as well
as their space environment. The flight projects concerned with these ob jec-
tives include sounding rockets, Explorer, Pioneer, Mariner, Surveyor and
Voyager. Full scale design and development of the Voyager will begin in
FY 1968, aimed at a possible 1973 flight to Mars. The specific spacecraft
involved with the study of the sun is the Orbiting Solar Observatory. The
Orbiting Astronomical Observatory is used in the study of the stars, The
Biosatellite program will continue its flights in 1967 and 1968. 1In the
area of applications project Nimbus will continue to support present and
future sensor development requirements for operational weather satellite
systems for the Weather Bureau. Effort will continue on the Geophysical
family of spacecraft. Effort will also continue in the area of Applications
Technology Satellites for the development of information for future applied
and scientific spacecraft, and sensor systems.

ADVANCED RESEARCH AND TECHNOLOGY

The Advanced Research and Technology effort is a continuing program aimed
at providing the technological base for significant future aero-space mis-
sions. This effort covers the spectrum of activity from basic research to
improve our fundamental scientific knowledge, through applied technology to
improve our practical capability for developing advanced systems applicable
to space and aeronautical activity. The specific areas of effort in the
program are Basic Research, Biotechnology and Human Research, Electronics
and Control, Nuclear Systems and Space Power, Chemical Propulsion, Space
Vehicle Research and Technology, and Aeronautics.

TRACKING AND DATA ACQUISITION

v The tracking and data acquisition effort is directed toward providing the
support required by the NASA space flight programs. During FY 1968 the num-
ber of launches scheduled for both the manned and unmanned space flight
programs are approximately the same as for the current fiscal year. However,
the lifetimes of the spacecraft are longer, thus requiring additional effort
by the world-wide network of tracking stations. The program also provides
for supplementing and maintaining the tracking and data acquisition capabil-
ity of the natwork.
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TECHNOLOGY UTTILIZATION

The technology utilization program covers the dissemination of the scien-
tific, technological and engineering information and concepts resulting from
NASA programs so as to assist in the fullest use of this information for the
benefit of the nation. In order to assure fulfillment of this objective,
the program provides not only for the collection and dissemination of these
data but also for: (a) establishing effective mechanisms and systems for
assuring that all new knowledge is identified, collected and evaluated; and,
(b) establishing effective mechanisms for announcing and disseminating this
new knowledge in order to assure its wide application and utilization.

FINANCING

The FY 1968 Research and Development program plan, discussed in this
volume, requires an estimated $4,384,500,000, Of this amount $60,000,000
will be made available from the FY 1967 appropriations held in reserve, thus
requiring $4,324,500,000 of new FY 1968 authority. This compares with a
program of $4,175,100,000 for FY 1967.

Research and Devé10pment expenditures for the current fiscal year are
estimated at $4,680,800,000 and at $4,470,000,000 for FY 1968.

RD vii



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1968 ESTIMATES

SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY BUDGET
ACTIVITY AND RELATED FINANCING

Fiscal Year

Fiscal Year

Fiscal Year

1966 _1967 1,968
Budget Activity:
1. Manned Space Flight:
(a) Gemini.......... $197,275,000 $21,600,000 —--
(b) Apollo......c.. 2,940,985,000 2,916,200,000 - $2,606,500,000*
(¢) Apollo
applications.. 51,247,000 80,000,000 454,700,000
(d) Advanced mission
studies....... 10,000,000 6,200,000 8,000,000
2. Scientific Investigations
in Space:
(a) Physics and
astronomy..... 176,553,000 171,400,000 199,958,000
(b) Lunar and planetary
exploration... 294,596,700 207,350,000 235,158,000
(c) Bioscience...... 43,900,000 41,550,000 48,800,000
(d) Launch vehicle
development... 93,790,000 55,200,000 32,400,000
3. Space Applicationms.... 102,853,000 99,000,000 147,284,000
4. Space Technology...... 248,500,000 233,850,000 262,200,000
5. Alrcraft Techmnology... 41,496,000 35,900,000 66,800,000
6. Supporting Activities:
(a) Tracking and data
acquisition... 231,065,000 270,850,000 297,700,000
(b) Sustaining
university
program....... 46,000,000 31,000,000 20,000,000
(¢) Technology
, utilization... 4,750,000 5,000,000 5,000,000
Total Budget Plan... §4'483'010.700 §4.175.100-000 - §4 384.500‘0003

*Includes $6C million of prior year funds applied to FY 1968 budget plan.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FISCAL YEAR 1968 ESTIMATES

SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY BUDGEY
ACTIVITY AND RELATED FINANCING

Fiscal Year Fiscal Year Fiscal Year
1966 1967 1968
Financing:
Appropriation...... e seane . $4,531,000,000 $4,245,000,000 $4,324,500,000
Transferred to (79 Stat. 534
and 80 Stat, 676) -
"Construction of
facilities"..... cenenaes -940,300 -2,000,000 .-
"Administrative
operations"............. -27,895,850 -7,900,000 -
Appropriation
(adjusted)......... . 4,502,163,850 4,235,100,000 4,324,500,000
Unobligated balance, start
of year - available to
finance new budget plans.. - --- 60,000,000
Reprogramming to or from
prior year budget plams... -19,153,150 --- ---
Unobligated balance, end of
year - available to finance
new budget plams...... vene - -60,000,000 -
Total financing of the
budget plan.......... . $4,483,010,700 34!175!100!000 4,384,500,000

SUM 2
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1968 ESTIMATES

SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY PROGRAM BY COGNIZANT OFFICE

BUDGET

ACTIVITY

OFFICE/PROGRAM

la
1b
le
1d

rESPS

[ R -

6a TRACKING AND DATA ACQUISITION

6c

MANNED SPACE FLIGHT.....c000

Geminl...eoeeececcncccnces
APOI-]-O-...ocooooo.o-oo.ooo
Apollo applications.......
Advanced mission studies,,

SPACE _SCIENCE AND

APPHCAT]:ONVSQODO.O.......O

Physics and astronomy.....
Lunar and planetary
exploration...ceeceeeces
Voyagel'.................-.
Sustaining university
Program,.cccoseseccsccce
Launch vehicle development
Launch vehicle procurement
Bioscience,..ccccccececece
Space applications........

ADVANCED RESEARCH AND

mc}mou!iy_c..oonootooncoio

Basic research....ccececee
Space vehicle systems,....
Electronics systems,......
Human factor systems,.....
Space power and electric
propulsion systems......
Nuc lear rocket8..ccce0ecvs
Chemical propulsion,......
AeronautiC8,.eccc0eccccvas

Fiscal Year

Fiscal Year

Fiscal Year

TECHNOLOGY UTILIZATION,.....

TOTAL BUDGET PLAN....cccs.

1966 1967 1968

$3,199,507,000 $3,024,000,000  $3,069,200,000
197,275,000 21,600,000 -

2,940,985,000  2,916,200,000 2,606 ,500,000%*
51,247,000 80,000,000 454,700,000
10,000,000 6,200,000 8,000,000
759,092,700 607,100,000 694,600,000
142,753,000 129,800,000 147,500,000
204,300,000 169,400,000 142,000,000
17,096,700 10,450,000 71,500,000
46,000,000 31,000,000 20,000,000

57,790,000 31,200,000 ---

178,700,000 122,400,000 165,100,000
34,400,000 41,550,000 44,300,000
78,053,000 71,300,000 104,200,000
288,596,000 268,150,000 318,000,000
22,000,000 21,465,000 23,500,000
35,000,000 33,935,000 37,000,000
32,300,000 33,597,000 40,200,000
14,900,000 16,175,000 21,000,000
45,200,000 40,440,000 45,000,000
58,000,000 53,000,000 46,500,000
39,700,000 33,638,000 38,000,000
41,496,000 35,900,000 66,800,000
231,065,000 270,850,000 297,700,000
4,750,000 5,000,000 5,000,000

$4.483.010,700 $4,172.100,000 34,384,500 ,000%*

*Funds for the procurement of launch vehicles are statistically distributed to un-
manned flight programs (e.g. Physics and Astronomy, Space Vehicle Systems).

**Tnc ludes $60 million of prior year funds applied to FY 1968 budget plan,
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244-304 O - 67 (Face blank p. 2() No. 1

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1968 ESTIMATES

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR

(In thousands of dollars)

J. F. KENnEDY MaANNED MARSHALL G ODDARD JET AMFS FLECTRONICS FLIGHT LANGLEY LEWIS SPACE NUCLEAR
PROGRAM OFFICE ToTaL SPACE CENTER, SPACECRAFT SPACE FLIGHT SPACE FLIGHT PROPULS 10N WaLLOPS RESEARCH RESEARCH - RESEARCH RESEARCH RESEARCH PrRoPULSION HEAC
. e . NASA CENTER CENTER CENTER | ABORATQRY _ STATION CENTER CENTER CENTER CENTER CENTER OfFF)cE
Office of Manned Space Flight
1966..ccceneccasencassannas 3,199,507 128,859 1,506,278 1,517,982 1,986 - 200 1,721 - - 2,140 - -
1967.ccceuesnencsescnnnansns 3,024,000 224,050 1,407,527 1,354,141 93 - - 125 - - 1,070 - -
1968. . cccceececeancscacasans 3,069,200 232,200 1,392,000 1,390,800 100 - - - - - - - -
Office of Space Science and
Applications
1966.cc0vececescssscssnnnns 759,093 4,647 18 8,500 184,181 149,767 2,050 40,414 1,335 5 75,436 183,755 - 1
1967, cietesccesccncccncscss 607,100 3,987 - 2,295 173,373 139,675 1,148 41,493 1,715 10 42,607 118,213 -
1968..ccccescascvascacosnsnse 694,600 3,332 5,000 23,820 215,171 154,400 2,173 42,200 1,995 25 49,469 110,233 -
Office of Advanced Research and
Technology
1966.c0vceeseesscccccnnnnnse 288,596 193 3,011 20,010 9,676 20,788 - 19,454 7,325 15,828 43,431 68,023 50,431
1967 cccecencccescscansnnne 268,150 - 4,040 15,910 10,166 18,344 - 20,531 12,694 8,011 46,460 51,946 47,985
1968.ccccercescrcccnconnnns 318,000 100 4,925 21,942 10,115 21,840 - 25,788 20,375 23,590 56,095 59,770 39,350
Office of Tracking and Data
Acquisition
1966-.--.--00......0..--o-o 231’065 = 1.271 1,627 155’425 52’629 5,300 = = 1,900 1’800 = =
1967ccccencconscccscscccces 270,850 - - 800 191,400 55,800 6,600 - - 1,900 2,450 - -
1968.cccceccescccccsscancan 297,700 - - 800 213,100 60,400 7,100 - - 2,000 2,000 - -
Office of Technology Utilization
and Policy Planning
1966.cccieesencccansncsonas 4,750 > - - - - - - - - - - -
1967..ccveeteaccenccsccansns 5,000 - - - - - - - - - - - -
1968..c0icecnccstcncecsnnans 5.000 - - - - - - - - - - - -
Total Budget Plan
1966.c.ccececccnsoscscneesee 4,483,011 133,699 1,510,578 1,548,119 351,268 223,184 7,550 61,589 8,660 17,733 122,807 251,778 50,431 ]
1967..ceevecencnncsansnenes 4,175,100 228,037 1,411,567 1,373,148 375,032 213,819 7,748 62,149 14,409 9,921 92,587 170,159 47,985 ]
1968.0ceeccecrcccocrascnnss 64,385,500 1/ 235,632 1,401,925 1,437,362 438,486 236,640 9,273 67,988 22,370 25,615 107,564 170,003 39,350 ]

1/ 1Includes $60 millian unobligated balance available to finance new program plan.




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FISCAL YEAR 1968 ESTIMATES

(In thousands of dollars)

DISTRIBUTION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR

J. F. KENNEDY MANNED MARSHALL GODDARD JET AMES ELECTRONICS FLIGHT L ANGLEY LEWLS SPACE NUCLEAR NASA WESTERN
PROGRAM OFFICE ToTaL SPACE CENTER, SPACECRAFT SPACE FLIGHT SPACE FLIGHT PROPULS 10N WaLLOPS RESEARCH ResEAreH - RESFAREH Resesney RESEARCH ProPuLSioN HEADQUARTERS SUPPORY
NASA CENTER CENTER CENTER LABORATQRY STATION CENTER CENTER CENTER CENTER CENTER OFF|CE OfFiCcE
I Manned Space Flight
1966, . ........ . .. .iiass 31,199 847 128,85¢ 1,506,278 1,517,582 1,980 - 200 1,721 - - 2,140 - - 36,631 3,710
1967 ceseecccenscccssnscans 3,024,000 224,050 1,407,527 1,354,141 93 - - 125 - - 1,070 - - 36,79 200
1968. . i0vececcnncnccccsnnne 3,069,200 232,200 1,392,000 1,390,800 100 - - - - - - - - 54,100 -
! Space Science and
itions
1966.ccveeeccscncccacsscnns 759,093 4,647 18 8,500 184,181 149,767 2,050 40,414 1,335 5 75,436 183,755 - 100, 201 8,784
1967 cceeeccensncsccsssncans 607,100 3,987 - 2,295 173,373 139,675 1,148 41,493 1,715 10 42,607 118,213 - 74,659 7,925
1968..curiecrererencnnscnne 694, 600 3,332 5,000 23,820 215,171 154,400 2,173 42,200 1,995 25 49,469 110,233 - 72,417 14,365
" Advanced Research and
ORY
1966..c0cveecevcaccsccscnnns 288,596 193 3,011 20,010 9,676 20,788 - 19,454 7,325 15,828 43,431 68,023 50,431 22,432 7,99
1967.ccieeeveenccreveconnne 268,150 - 4,040 15,910 10,166 18,344 - 20,531 12,694 8,011 46,460 51,946 47,985 24,324 7,739
1968.cceeeccetersecncnenens 318,000 100 4,925 21,942 10,115 21, 840 - 25,788 20,375 23,590 56,095 59,770 39,350 29,410 4,700
Tracking and Data
tion
1966cccveececcsscccccasannes 231,065 - 1,271 1,627 155,425 52,629 5,300 - - 1,900 1,800 - - 11,113 -
19670 ceecececsnccccscnnsne 270,850 - - 800 191,400 55,800 6,600 - - 1,900 2,450 - - 11,900 -
1968.cccececascccnsccscccas 297,700 - - 800 213,100 60,400 7,100 - - 2,000 2,000 - - 12,300 -
Technology Utilization
icy Planning
1966.ccceevccccsccsccnscans 4,750 - - - - - - - - - - - - 4,750 -
1967 e eeiteecennnnncsnnnons 5,000 T- - - - - - - - - - - - 5,000 -
OB L iiieecectrtennnans 5.0CC - - - - - - = - - - - - 5,000 -
get Plan
1966..c00cvecseeesasenassss 4,483,011 133,699 1,510,578 1,548,119 351,268 223,184 7,550 61,589 8,660 17,733 122,807 251,778 50,431 175,127 20,488
1967 .0cecescscccccnnsccnss 4,175,100 228,037 1,411,567 1,373,146 375,032 213,819 7,748 62,149 14,409 9,921 92,587 170,159 47,985 152,677 15,864
1968...c00veccancrcccscscee 4,384,500 l/ 235,632 1,401,925 1,437,362 438,486 236, 640 9,273 67,988 22,370 25,615 107,564 170,003 39,350 173,227 19,065

jes $60 millian unobligated balance available to finance new program plan.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF MANNED SPACE FLIGHT APOLLO PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The program goal for Apollo is to create a viable manned space flight
capability, which will achieve and maintain a position of leadership :in space
for the United States., An immediate objective in acquiring this capability
is landing men on the moon and returning them safely to earth within this
decade. The Apollo program, as part of the overall manned space flight
program, will not only meet the near-term objective, but will also build a
broad base of operational capability in manned space flight and assoc:iated
skills and technology; a valuable complex of development, manufacturing, test,
and operational facilities; and an experienced Govermment and industrial team,
In a real sense, the operational skills, resources, and technology that have
been developed for Apollo bring the Nation to the threshold of a versatile
and vigorous space program,

To accomplish the immediate goal of lunar landing and return, the Apollo
program has focused on the development of a highly reliable spacecraft, which
is capable of supporting three men in space for periods up to two weeks, dock-
ing in space, landing on and returning from the lunar surface, and safely re-
entering the earth's atmosphere. The program includes three large launch
vehicles--the Saturn I, which completed its flight series in 1965; the Up-
rated Saturn I; and the Saturn V.

The Apollo program is divided into unmanned flights, manned earth orbital
flights, and manned lunar flights. Unmanned Apollo Uprated Saturn I flights
have demonstrated the structural integrity and the compatibility of the
spacecraft and adapter with the launch vehicle; the firing and restarting of
the spacecraft engines; the ability of the command module heatshield to with-
stand high speed re-entry; and the operational readiness of the ground
support and recovery crews. The three unmanned flights conducted during
1966 have qualified the Uprated Saturn I for manned missions.

Manned earth orbital flights on the Uprated Saturn I, scheduled to begin
in 1967, will include operations with the command and service modules and
the lunar module. The command module will be manned in long-duration missions
lasting up to 14 days. An unmanned lunar module will be remotely controlled
and evaluated for the purpose of checking the reliability of its systems and
the performance of the descent and ascent engines in the space enviromment.
Rendezvous and docking of the command and service modules with a separately
launched lunar module will also be accomplished. Rendezvous, docking, and
post-docking maneuvering will be refined, and the guidance and navigation
system, rendezvous trajectories and ground support network will be validated
in subsequent earth orbital flights.
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The Saturn V will be used initially for unmanned earth orbital qualifica-

tion flights.

Unmanned re-entry of the command module at 36,000 feet per

second will be demonstrated to qualify the heat shield for re-entry conditions
that will be encountered on the return to earth from a lunar mission.

During 1968, manned earth orbital flights, using the Saturn V launch
vehicle, will be conducted with a fully loaded space vehicle to qualify the

Apollo spacecraft for lunar flight and to simulate the lunar mission.

Al

1

phases of crew operations and equipment performance will be validated during

these Apollo Saturn V flights.
end of this decade.

Manned lunar flight is planned before the

Funds for FY 1968 are required to support a period of intemsive flight

activity.

using the Uprated Saturn I launch vehicles,

Manned earth orbital rendezvous operations will be conducted

In addition, heavy emphasis

will be placed on Apollo Saturn V flight qualification to demonstrate the
efficiency of the ground support network and to validate the operational

reliability of the spacecraft and launch vehicle systems.

These steps le

ad

to the complex lunar mission simulations which precede manned lunar landing

and return.

SUMMARY OF RESOURCES REQUIREMENTS:

Spacecraft...ccecencocncsas
Uprated Saturn l....ce0000
Saturn V... ecececcvocccss
Engine development........
Mission support..ceccecess

Total program plan...... $2,940,985,000 $2,916,200,000

Unobligated balance available to finance new>program plan

Total ne'u authority rquSted..........................

1966 1967 1968
$1,233,800,000 $1,250,300,000 $1,036,300,000
274,786,000 236,600,000 156,200,000
1,134,871,000 1,135,600,000 1,108,:500,000
133,200,000 49,800,000 24,500,000
164,328,000 243,900,000 281,000,000
$2,606,00,000
-60,000,000
$2,546,.:500,000

Distribution of Program Amount by Installation:

John F. Kennedy Space
Center, NASA....cc00.cs
Manned Spacecraft
Center....ccco00000000
Marshall Space Flight
Center....coccveec00ee
Goddard Space Flight
Center..cceceececcncoes
Ames Research Center....
Langley Research Center,
NASA Headquarters.......
Western Support Office..

$128,109,000 $223,450,000 $228,500,
1,279,394,000 1,350,073,000 1,160,400,
1,506,935,000 1,314,096,000 1,188,100,
425,000 93,000 100,
230,000 -—--
——- 170,000
23,022,000 28,118,000 29,400,
2,870,000 200,000
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BASIS OF FUND REQUIREMENTS :

Spacecraft
1966 1967 1968

Command and service

modules......cevevveucee $612,799,000 $560,400,000 $494,000,000
Lunar module........ ceiene 362,615,000 472,500,000 373,100,000
Guidance and navigation... 137,169,000 76,654,000 55,400,000
Integration, reliability,

and checkout.,..... seeens 32,334,000 29,975,000 23,200,000
Spacecraft support........ 88,883,000 110,771,000 90,600,000

Total...o.ieveoseraoncens $1,233,800,000 $1,250,300,000 §1,036,300!000

The Apollo spacecraft, which stands 54 feet high (excluding the laumch
escape system) and weighs approximately 95,000 pounds, is composed of three
modules: the command module, the service module, and the lunar module.

The command module, which is the recoverable portion of the Apollo space-
craft, houses the three astronauts in a controlled environment. The cone-
shaped command module is approximately 11 feet high and 13 feet in diameter
at the larger end. Life support and communications systems, as well us
control systems for in-flight and re-entry maneuvers, are contained in this
module.

The service module, which is 14 feet high and 13 feet in diameter, contains
the propulsion system used for mid-course corrections on the way to the moon,
injection into lunar orbit, and ejection from lunar orbit for the return trip
to earth, Additional utilities are also carried in the service module. The
unit is jettisoned on the return trip after it has performed mid-course
corrections required to place the command module into the proper moon-to-earth
trajectory,

The lunar module, which is 20 feet high and 19 feet in diameter, is a self-
contained vehicle comprised of a descent stage with landing legs and an ascent
stage with a habitable two-man cabin. During the launch phase, the lunar
module is enclosed in an adapter, which also serves as a structural support
to join the Apcllo spacecraft and the Saturn launch vehicle,

This spacecraft, launched by a Saturn V, will be used for manned lunar
landing and return before the end of this decade., The mission plan for
achieving this national goal is based on a step-by-step progression from one
checkpoint to the next. After launch from the John F. Kennedy Space Center
(KSC), the Apollo spacecraft, with the Saturn V 3rd Stage still attached,
will be inserted into a 100 nautical mile earth~parking orbit, and tracked
by the world-wide Manned Space Flight Network stations. As the spacecraft
orbits the earth, a thorough crew and equipment checkout will be conducted to
verify that the systems are operating effectively and are ready for the lunar
mission. When the crew and systems readiness have been confirmed and the
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precise translunar injection window has been determined, the Saturn V 3rd
Stage (the S-IVB) will be restarted., The S-IVB will accelerate the space-
craft to the seven-mile-a-second velocity required to escape the earth's
gravity, and move into a translunar path. After a detailed checkout pro-
cedure, the astronauts will separate the command and service module from the
combination of the lunar module, S-IVB, and instrument unit, turn their craft
around, and dock with the lunar module., The adapter section, S-IVB, and
instrument unit, will be jettisoned after this docking maneuver is completed.
The next step will involve mid-course corrections using the service module
propulsion to keep the spacecraft on the right path to the moon. At the
proper time, the service module propulsion system will again be fired f:0 slow
down the spacecraft and inject it into orbit around the moon. The astionauts,
in communication with the ground stations on earth, will conduct a thorough
checkout of all systems. Provided that the outlook is favorable, two of the
three Apollo astronauts will transfer from the command module to the lunar
module, separate from the command craft (which remains in lunar orbit) and
prepare to land on the moon. The lunar module's descent engine will be fired
to provide the deceleration required to escape from lunar orbit and descend
to the surface of the moon. After collecting lunar samples and implanting
experiment equipment and instrumentation, the two Apollo astronauts will
return to the lunar module and perform an extensive systems checkout in prep-
aration for the critical take-off from the moon's surface. The descent stage
will serve as a launching pad for the ascent stage and cabin. Once the two
astronauts safely rendezvous with the orbiting command module and re-enter
it, the ascent stage will be jettisoned. The ascent stage will be left in
lunar orbit to relay information on the systems lifetime back to earth. Omn=~
board guidance and navigation data, combined with deep-space tracking data
transmitted firom earth, will provide the crew with the references necessary
to determine the return trajectory. The service module propulsion system
will be used o escape from lunar orbit, Following a coasting period, the
service module propulsion system will be ignited for the final time tc¢ per-
form any mid-course corrections required to place the command module into

the correct re-entry corridor. The command module will come back into the
earth's atmosphere at speeds up to 36,000 feet a second. The returnirg
astronauts will be aiming at a narrow re-entry corridor about 26 miles wide.
This brief description of the plan for manned lunar landing and returmn out-
lines the basic mission profile, but greatly simplifies the painstaking
procedures that will be observed to maximize crew safety and mission success.

The Apollo spacecraft has been undergoing extensive development and
gqualification testing on the ground and on unmanned Uprated Saturn I flights,
These ground and flight tests are conducted to detect procedural or technical
problems before manned flights are attempted. As an example, this type of
test was being conducted on October 25, 1966, when the propellant taniks failed
in the service module that was to be launched on the first Saturn V mission,
The failure was traced to the loss of structural integrity of the stressed
titanium tank after prolonged exposure under pressure to the methyl alcohol
used in cold flow testing, and led to a change in the procedural approach.
Ground qualification tests on the environmental control unit revealed
technical procblems in operating the critical water boiler and resulted in
modifications to the injector design, These experiences have confirmed the
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value of rigorous ground testing and have illustrated the difficulties in-
volved in developing a spacecraft as complex as Apollo. The problems bring
home the point that the Apollo spacecraft must achieve a higher level cf
operational reliability and maturity than was required of the highly success-
ful Gemini spacecraft, and reflect the significant differences between the
requirements for systems operating in low earth orbit and those operating
almost 240,000 miles from earth.

Manned earth orbital missions on prated Saturn I launch vehicles will
begin in 1967. The manned missions are designed to demonstrate the effective
operation of the spacecraft and the ground and flight crews for periods of up
to 14 days, and to develop Apollo earth orbital rendezvous and docking
techniques. The first manned command and service module will be flown on an
Uprated Saturn I in early 1967. Current plans call for an unmanned lunar
module development flight (designated AS-206) after the first manned esrth
orbit mission.

Unmanned Apollo spacecraft will be flown on Saturn V launch vehicles
during 1967. The objectives of the unmanned flight phase are to qualify
the space vehicle for manned flight and to demonstrate the heat shield
reliability during high speed re-entry. Manned Apollo spacecraft, launched
by the Saturn V, are scheduled to be flown in 1968. The spacecraft flcwn on
these missions will be capable of lunar landing and return and will be used
for earth orbltal simulation of the lunar mission.

Command and Service Modules (CSM)

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

The command and service modules are produced and checked out at North
Anerican's Downey plant and then shipped to various ground test locations or
directly to the Kennedy Space Center for pre-launch preparations, including
altitude chamber test runs in the Manned Spacecraft Operations Building.

The adapter, which surrounds the lunar module and connects it with the
command and service module, is built at North American's Tulsa, Oklahoma
Division, as is some of the spacecraft ground support equipment.

The command and service modules are built in three configurations: boiler-
plate models: Block I models; and Block II models. The boilerplate versions
are outfitted or weighted for unmanned ground and flight qualification
testing, including verification of the launch abort and landing systems, and
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compatibility among the complex systems, Block I versions are the early
configuration of the spacecraft which are also used for unmanned and manned
ground and flight qualification of the systems and assessment of dynamic
characteristics, such as high speed heatshield re-entry. The Block I models
do not have the capability for rendezvous and docking; however, they are
capable of long~duration missions in earth orbit. The Block II wersions

are equipped with a mechanism to permit the command module to dock with the
lunar module and are equipped for lunar missions.

In line with the overall Apollo test philosophy, the command and service
modules have been undergoing an exacting series of ground tests leading to
certification for manned missions. During 1964 and 1965, boilerplate
versions were subjected to a variety of dynamic, structural, and environmental
tests to support Block I and II design and development. One boilerplate
served as a ground test vehicle at North American to validate the effective-
ness of flight systems. An additional boilerplate was used for Apollc
Saturn 1 dynamic testing at the Marshall Space Flight Center to assess its
structural integrity under simulated launch and flight conditions. Landing
impact, parachute, and flotation tests were also conducted. In addition to
the active ground test effort, boilerplate versions of the command and
service modules were delivered for flight testing. Abort tests were con-
ducted at White Sands, New Mexico, aiming at qualification of the laurch
escape system, Three boilerplates were delivered to the Kennedy Space
Center and launched on the Saturn I Pegasus missions. Service module pro-
pulsion tests began at White Sands in February 1965.

Activity in FY 1966 was highlighted by a continuation of the ground test
effort, peak activity in production of Block I command and service modules,
delivery of the first flight article (CSM 009) to the Kennedy Space Center,
and initiation of fabrication of the first Block II lunar-configured space-
craft. Acoustic tests, using a Block I command module, were completed in
September, 1966, and Block I flotation and water impact tests were initiated.
The launch escape system was qualified for manned flight on January 2C, 1966,
when the Litt'le Joe II series was concluded at the White Sands Test Facility.
The first flight command and service module (CSM 009) was flown on a sub-
orbital, unmanned Uprated Saturn I mission on February 26, 1966.

Fiscal year 1967 has been marked by extensive ground and flight qualifi-
cation testing. On August 25, 1966, a second Block I model (CSM 0l1l) was
successfully launched, orbited three-quarters of the way around the world,
and recovered after withstanding high speed re-entry. The Block I spacecraft
was qualified for manned flight as a result of this mission. The first
command and service module (CSM 012) for manned flight on an Uprated Saturn I
vehicle was delivered to Kennedy Space Center for checkout in August. 1In the
same month thermal vacuum tests, simulating space conditions in support of
the first manned flight, were completed at the Manned Spacecraft Center,

The first Block I command and service module for the Saturn V flight series
(CsM 017) was accepted at Downey and delivered to Kennedy Space Center in
December, 1966.
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The tempoc of Block II activity is increasing and production has reached
its peak. Two Block II flight articles, capable of rendezvous and docking,
are scheduled for delivery to the Kennedy Space Center in late FY 1967, and
nine additional Block II flight CSM will be undergoing assembly, systems
installation, and checkout at North American.

Activity in FY 1968 will focus on manned command and service module
flights on Uprated Saturn I vehicles to develop Apollo earth orbital ren-
dezvous and docking techniques, Flight qualification of lunar-capable CSM
will be emphasized on the Apollo Saturn V flights, Six Block II CSM are
scheduled for delivery to the Kennedy Space Center in FY 1968. These space-
craft, plus the two delivered in late FY 1967, will undergo checkout in
preparation for Uprated Saturn I and Saturn V flights., The remaining seven
Block II CSM will be in various phases of assembly, systems installation,
and in-plant checkout.

Lunar Module (LM)

Study and design effort for the lunar module was initiated by Grumnman
Aircraft Engineering Corporation, Bethpage, New York, in early 1963. The
funding in this line item provides for the Grumman effort and related ex~-
periments and hardware that will be carried in the lunar module.

Since 1963, preliminary designs have been established and mock-up reviews
vere held., Subsystem development was started. The lunar module development
program follcws the command and service modules by roughly a year. The
ground test program, which involves mock-ups, engineering test models,
propulsion test rigs, and lunar module test articles, was initiated. A
mock=up version has been used to determine the best location for equipment
and to evaluate crew performance capabilities. Test models are required for
further evaluation of crew mobility and visibility, thermal vacuum tests in
the environmental test laboratory at the Manned Spacecraft Center, assess~
nment of the descent and ascent stage interfaces and separation character-
istics, and full scale drop tests to demonstrate the landing gear capability.
Propulsion test rigs are used to conduct tests on the lunar module propulsion
system at the White Sands Test Facility, During these test firings, the
nission conditions, such as starts, stops, and throttling, are simulated to
provide information on the subsystems performance. A '"house" lunar module
test article is used at the Grumman plant for installation, functional
testing, and electrical integration of the subsystems, as well as for eval-
uation of equipment compatibility and performance, development of operations
and procedures, and support of flight tests. Descent engine firings began,
and heavy weight propulsion rigs for use in the test program were assembled
and delivered. A lunar module test article was manufactured and used for
structural tests with the LM/S-IVB stage adapter, and a second test article
was used in the spacecraft/Uprated Saturn 1 dynamic tests conducted at the
Marshall Space Flight Center,

Activity in FY 1966 included establishment of the final lunar module
design following detailed review of a mock~up version at the Grumman plant.
The final significant design decision involved use of a radar rather than an
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optical tracking system for rendezvous in lunar orbit. Major subsystem
development, fabrication, and testing continued during this period. Ascent
and descent propulsion system tests were in progress at the White Sands Test
Facility. Interface tests with the Apollo spacecraft adapter were corducted
at Tulsa, Oklahoma.

In FY 1967, the test article which had been used in the adapter tests
was refurbished for flight on a Saturn V. The test article used in the
spacecraft/launch vehicle dynamic test will also be refurbished and prepared

for flight. Three lunar modules are scheduled for delivery to the Kennedy
Space Center, and six others will be undergoing structural assembly, sub-
system installation and factory checkout., The first flight article, desig-
nated LM-1, is being completed at Grumman. LM-1, launched by an Uprated
Saturn I, is scheduled for unmanned development mission to verify the
operational reliability of the systems, This key mission will be one of
the most ambitious undertaken to date. 1In addition to verifying the wequip-
ment reliability, the propulsion system will be ignited to demonstrate start
and stop capabilities during flight. A test article will be flown on the
first Apollo Saturn V mission as part of the unmanned flight qualification
test program.

In FY 1968, the refurbished lunar module test article will be launched
on a Saturn V earth orbital flight. Five lunar modules are scheduled to be
delivered to the Kennedy Space Center, and the remaining seven will be under-
going structural assembly, subsystem installation and factory checkout.

Guidance and Navigation (G&N)

The guidance and navigation system units for the Apollo spacecraft were
designed by the Massachusetts Institute of Technology. The General Motors/
A.C. Electronics Division in Milwaukee, Wisconsin, is the prime contractor
for fabricating the inertial guidance, including the associated electironics,
ground support, and checkout systems, and for assembling and testing all
components of the system. The onboard navigational computer is being
manufactured by the Raytheon Company, Waltham, Massachusetts, under a sub-
contract; the optical subsystem, including a space sextant, sunfinders, and
navigation display equipment; is being built by the Kollsman Instrument
Corporation, Elmhurst, New York, also under a subcontract. Ground quialifica-
tion testing and delivery of flight units for Block I command modules was
completed during FY 1966. 1Initial flight test occurred on February 26, 1966.

Design and development of lighter weight G&N units for the Block II
command module and the lunar module was completed in FY 1966. G&N units for
two Block II command modules and two lunar module ground test articles were
delivered for environmental and qualification testing.

Nine Block II command module and seven lunar module G&N units are sched-

uled for delivery in FY 1967. The intensive ground test program, leading
to system qualification and demonstration of reliability, will continue.

RD 1-8



In FY 1968, six Block 11 command module and six lunar module G&N unifs
will be delivered. By the end of the year, all but three G&N units will be
undergoing manufacturing, subsystems installation, or checkout.

Integration, Reliability, and Checkout

Integration, reliability, and checkout funding provides for the engineer-
ing support required for spacecraft specification maintenance and review;
systems performance analysis; reliability and quality assurance; trend anal-
ysis of failure reports; critical parameter studies and technical problem
analysis; mission planning and analysis; post-flight data processing and
analysis documentation; simulation and training; and interface control. As
the program progresses, emphasis is shifting to support of hardware verifica-
tion, mission accomplishment and analysis of flight results. Funding for
FY 1968 continues this effort at a level consistent with the increased rate
of hardware deliveries and frequency of Apollo missions,

The integration, reliability, and checkout funding also provides for auto-
matic checkout equipment (ACE) stations, including design, development,
fabrication, installation and operation. The spacecraft ACE is used at. the
contractor plants and at NASA test and launch sites for separate and combined
checkout of the spacecraft systems, The basic design of ACE ground stations
for each of the major elements of the program was completed in FY 1964.

Five stations became operational during FY 1965: three at North American
Aviation; one at the Manned Spacecraft Center; and one at the Kennedy fipace
Center, During FY 1966, five more stations became operational: two at
Grumman; two at the Kennedy Space Center; and one at the Manned Spacecraft
Center, Two final stations, one at Grumman and one at the Kennedy Space
Center, became operational in FY 1967. 1In FY 1968, funding provides for
operation of all the stations, as well as related engineering changes and
spare parts to maintain the operational equipment.

Spacecraft Support

Spacecraft support funds provide for the requirements for test operations,
crew equipment including space suits, logistics, instrumentation, and &cien=
tific equipment.

Funds for test operations are required to conduct spacecraft development
tests at the Manned Spacecraft Center, the White Sands Test Facility, and
other government test laboratories., Testing at the Manned Spacecraft (enter
facilities includes unmanned and manned thermal-vacuum testing in the environ-
mental test laboratory, docking simulation tests, component and subsystem
qualification, reliability and verification testing, and electronic systems
compatibility tests,

Spacecraft launch escape systems tests, using Little Joe II vehicles,
were completed ar the White Sands Test Facility on January 20, 1966. Service
module propulsion system testing and lunar module ascent and descent engine
testing were emphasized at White Sands during FY 1966 and 1967, The lunar
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module propulsion system and reaction control system testing, which is con=-
ducted in special test cells at the Arnold Engineering Development Certer,
Tullahoma, Tennessee, is scheduled for completion during FY 1968.

Spacecrafi: support funding also provides for development and procurement
of spacesuits and related crew equipment, survival equipment, food, extra-
vehicular activity umbilicals, personal hygiene systems, and bioinstrumenta-
tion. Major effort in FY 1968 relates to manufacture and test of a spacesuit
and portable life support system, which is required on the lunar surfece.

Logistic funding for FY 1968 is required for transportation of spacecraft
between installations, reimbursement to the Department of Defense for inspec-
tion services, and procurement of spacecraft fuels and propellants used in
the test programs at the Manned Spacecraft Center, the White Sands Test
Facility, the Kennedy Space Center, the Arnold Engineering Development:
Center, and conftractor sites.

Instrumentation and scientific equipment funding for FY 1968 provides for
development and procurement of specialized flight research and test instru-
mentation for spacecraft development flight testing. Typical equipment
includes signal conditioners, sensors, transmitters, antennas, ground
support equipment, cameras, and radiation measuring devices.

Uprated Saturn I

1966 1967 1968
1st stage (S5=1B)...c.00.. $51,580,000 $43,100,000 $30, 500,000
2nd stage (S=IVB).ceveeos 63,999,000 56,900,000 37,100,000
Instrument unit..ccocee.e 47,660,000 40,600,000 22,600,000
Ground support equipment. 26,575,000 11,500,000 6,500,000
H-l engines...ececececass 10,150,000 8,050,000 5,200,000
J-2 enginesS.ceeeececevcce 13,500,000 6,716,000 %00,000
Vehicle support...ceoeeecss 61,322,000 69,734,000 53,400,000

Total..ceeececececacnns $274,786,000 $236,600,000 156 300,000

The Uprated Saturn I is an improved version of the original launch vehicle
in this class - the Saturn I. The Saturn I demonstrated the feasibility of
large launch vehicle systems and, in July of 1965, completed a highly success-
ful series of ten flights, The fabrication techniques, test concepts, trans-
portation modes, and ground operational experience gained in the Saturn I
series contributed significantly to the production progress and flight success
of the uprated version.

The two-stage Uprated Saturn I stands 142 feet tall, excluding the Apollo
spacecraft, and has a diameter of 22 feet. The lst stage is 80 feet high;
the 2nd stage ~ 59 feet; and the instrument unit - 3 feet, The lst stage,
which is powered by eight H-l engines yielding about 1.6 million pounds of
thrust, is an uprated version of the lst stage used successfully on the

'
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Saturn I. The 2nd stage, which has the same basic design as the 3rd stage of
the Saturn V, is powered by a single hydrogen-fueled j-2 engine capable of
over 200,000 pounds of thrust.

The Uprated Saturn I can place about 20 tons of payload into a low earth
orbit and is used for unmanned, manned, long duration, and rendezvous flights
in the development of the Apollo spacecraft., This payload capability, as
compared with the ll-ton capability of the pioneer Saturn I, represenis a
major addition to the nation's inventory of large launch vehicles and offers
a versatile means for carrying out a variety of operations in earth orbit.
The Uprated Saturn I will be utilized for Apollo applications missions, as
described under the Apollo Applications portion of the budget estimates.

The Apollc program includes a total of twelve Uprated Saturn I flight
vehicles (AS-201 through 212)., This series is designed to verify the relia-
bility of the systems which will be incorporated into the Saturn V 3rd stage
and instrument unit, and to provide a launch capability for manned earth-
orbital rendezvous missions with Apollo spacecraft modules. The Uprated
Saturn I was qualified for manned flight after three missions. The flight
series began on February 26, 1966, with the successful launch of Apollo
Saturn 201 (AS-201) from Launch Complex 34 at the Kennedy Space Center. An
unmanned suborbital flight, AS~201, demonstrated the structural stability and
operational characteristics of the launch vehicle systems, provided partial
qualificaticn of the spacecraft, and paved the way for the second unmanned
qualification flight.

An Uprated Saturn I flight, designated AS-203, occurred on July 5, 1966,
and provided valuable scientific and engineering data on the operational
characteristics of the liquid hydrogen fueled upper stage and the guidance
and control subsystems contained in the instrument unit., 1In addition, the
restart capability of the upper stage J-2 engine, which will also be used on
the Saturn V, was tested. The liquid hydrogen experiment conducted during
the mission furnished critical flight test data on the storage and behavioral
characteristics of cryogenic fuel under zero-gravity conditions. A third
launch (AS-202) --the second qualification flight of an unmanned spacecraft--
occurred on August 25, 1966. The launch vehicle was qualified for manned
flight on this mission.

An Uprated Saturn I is scheduled to launch the first manned Apollc space-
craft in early 1967. Following this initial manned Apollo flight, arother
Uprated Saturn I will launch the first unmanned lunar module into earth
orbit for development testing. The next two vehicles will be used for a dual
launch, designated Apollo Saturn 205/208. 1In the first phase of this mission,
a manned Apollo command and service module will be orbited by an Uprsated
Saturn I. Approximately one day later, an unmanned lunar module will be
orbited by another Uprated Saturn I to support the development effort on the
CSM/LM and provide experience in rendezvous maneuvers. ‘

By the end of 1966, five Uprated Saturn I launch vehicles had been
delivered to the Kennedy Space Center in support of the flight schedule.
Five additional vehicles are scheduled for delivery during 1967, and two
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are being fabricated and checked out for delivery during 1968. Procurement
of follow-on vehicles will be financed from the Apollo Applications program.
These requirements are discussed in the Apollo Applications program portion
of the budget estimates.

lst Stage (S-IB)

The Chrysler Corporation Space Division is producing, assembling, checking
out, and testing the S-IB stages., Production, assembly, and initial checkout
are conducted at the government-owned Michoud Assembly Facility near New
Orleans, Louisiana. The stage is then barged to the Marshall Space Flight
Center, Huntsville, Alabama, for static testing. After testing, the stage is
returned to Michoud for post-static checkout. The completed stage is then
shipped to the Kennedy Space Center for pre-launch checkout.

In FY 1966, the lst stage of the Uprated Saturn I entered a period of
intensive ground test qualification. Emphasis was placed on the qualification
of flight-critical components in preparation for initiation of the launch
series. The first three flight stages were delivered to the Kennedy S3pace
Center. Seven flight stages were in production, assembly, or checkout, and
the long lead procurement began for the last two stages.

_ FY 1967 has been marked by an intensive production, checkout, test and
delivery schedule. The fourth flight stage was delivered to the Kennady
Space Center for pre-launch checkout. Three additional flight stages are
now scheduled for acceptance testing, post=-static checkout, and delivery

to the Kennedy Space Center by the end of this fiscal year.

During FY 1968, the remaining five stages for Apollo Uprated Saturn I
vehicles, which are currently phased into fabrication, assembly, and in-plant
checkout, are scheduled for completion of acceptance testing, post-static
checkout, and shipment to the Kennedy Space Center, Funds requested support
delivery and pre-launch checkout of the eighth and ninth flight stages; accept=
ance test, and shipment of the tenth and eleventh stages to Kennedy Space
Center; and final assembly, in-factory checkout, acceptance test, and delivery
of the last stage. Also covered are specific stage support activities, which
encompass electrical and flight data measuring equipment, as well as propel-=-
lants and special test equipment required for acceptance firings. Field
support services for ground and flight test evaluations of the stage are
also included.

2nd Stage (S~1VB)

Basic development costs for this stage are funded in the Saturn V project.
Procurement and engineering design effort and modifications to adapt the
stage to Uprated Saturn I requirements are funded in this budget line item.
The stage, wvhich is produced by the Douglas Aircraft Company, Missiles and
Space Division, has the same basic design as the S-IV used in the Saturn I
series, However, a single J-2 engine developing about 200,000 pounds of
thrust has replaced the six RL-10 engines yielding 90,000 pounds of thrust.
The Uprated Saturn 1 provides early experience with the S~IVB stage, which
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will be used as the 3rd stage of the Saturn V. The S-IVB is manufactured,
assembled, and checked out at the Douglas Huntington Beach, California,
facilities. Hydrostatic tests to assess dynamic pressures are conducted at
Huntington Beach. The flight stages undergo acceptance testing to verify
performance specifications and launch readiness at the Sacramento Test:
Cperations (5ACTO) site.

Design and production of this stage began in the fall of 1963. During
1965, a dynamic test program was conducted to validate the overall sty uc-
tural design under simulated stresses of launch and maximum aerodynami.c
pressure, The stage ground testing was essentially completed in FY 1966,
The S-IVB stage assemblies were subjected to loads in excess of design
limits to validate structural integrity; over 2,500 seconds of battleship
test firings were conducted to verify the operational reliability of the
systems; and in excess of 15,000 tests were conducted to qualify indiwvidual
flight-critical components. In addition, the first three S-IVB flight stages
were shipped to the Kennedy Space Center and long lead procurement was
initiated on the last flight stage (AS~212). The basic design of the S-IVB
stage was verified on Uprated Saturn I flights and the stage was qualified
for manned flight.

The fourth flight stage was delivered to the Kennedy Space Center for
pre-launch checkout early in FY 1967. Three additional stages will b
static tested at SACTO and shipped to the Kennedy Space Center by the end
of this fiscal year. The remaining five flight stages will be in various
phases of fabrication, test, and checkout by the close of FY 1967.

The FY 1968 funding supports delivery of the last five S-IVB fligh: stages
for Apollo to the Kennedy Space Center, The eighth and ninth will arrive
at the Center and undergo pre-launch checkout; the tenth and eleventh
will complete acceptance testing at Sacramento and will subsequently be
shipped to the Kennedy Space Center., The twelfth flight stage is scheaduled
to be through assembly, in-plant checkout, acceptance testing, and post-
static checkcut in preparation for shipment.

Instrument Unit (IU)

The instrument unit is the '"nerve center'" of the wvehicle. It contains
the all-important primary guidance, control, measuring, and telemetry systems
which govern the engine gimballing, in-flight sequencing of the engine pro-
pulsion system, staging operations, and primary timing signals. These units
are being assembled and tested by the International Business Machines
Corporation in Huntsville, Alabama. The components and configuration are
essentially the same as those used for the Saturn V.

During FY 1966, the instrument unit design was verified by extensive
structural, dynamic, and vibration testing. Component qualification was
also achieved during FY 1966 and Guidance and Control Laboratories were set
up for field support at the Kennedy Space Center, Three flight units were
completed, delivered to the Center, and flown on Uprated Saturn I missions.
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Fiscal year 1967 activity has concentrated on completion of final assembly,
checkout and shipment of flight units. Three instrument units have performed
successfully on Uprated Saturn I missions and the unit has been qualified
for manned flight. The fourth flight IU has been delivered to the Kennedy
Space Center for the first manned Apollo mission. By the end of FY 1967,
seven instrument units will have been delivered and the remaining five units
will be in process.

Funding in FY 1968 supports completion of assembly and checkout, as well
as delivery of the remaining five flight instrument units. In addition, the
funds provide for IBM launch support at the Kennedy Space Center.

Ground Support Equipment (GSE)

The automatic ground support equipment used to checkout the Uprated
Saturn I provides a transitional step to the even more complex procedures
required for the Saturn V. This category includes electrical support equip=-
ment which is provided by the General Electric Corporation, and mechanical
support equipment, which is provided by the Chrysler Corporation Spaca
Division., Automatic ground checkout stations provide a means of protecting
the investment in flight hardware and reducing the length of time and cost
of manual checkout. Vehicle hardware is subjected to extensive checknut on
the ground to verify systems reliability after assembly and static firing
and during the pre-launch period at the Kennedy Space Center. 1In addition
to these checkout stations, a GSE development system or breadboard is operated
at the Marshall Space Flight Center to provide the capability to validate
the computer programs used at the Kennedy Space Center. The basic computer
is the RCA 110A.

During FY 1966, electrical and mechanical support equipment for vehicle-
oriented requirements at Launch Complexes 34 and 37 was installed in prepara-
tion for Uprated Saturn I launches. An automatic checkout station operates
at each complex to verify the flight worthiness of the launch vehicle,
Activity in FY 1967 was highlighted by the activation of this equipment in
support of Uprated Saturn 1 launches,

The FY 1968 funds support operation and updating of stage and vehi:le
ground support equipment, including mechanical and electrical support equip-
ment, to satisfy the specific mission requirements for the scheduled lUprated
Saturn I launches. Included are the checkout operations for the stages,
instrument units, and assembled launch vehicles used for the earth orbital
and rendezvous missions planned during this period.

H~1 Engines

The H~-l engine, developed and produced by the Rocketdyne Division of
North American Aviation Incorporated, is used in clusters of eight to propel
the first stage of the Uprated Saturn I. Development of the H-l engine was
initiated by the Department of Defense in September 1958 as a 165,000
pound thrust, improved version of the Thor-Jupiter engine. The responsibility
for development of the engine was transferred to NASA in 1960. The 155,000
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pound thrust engine was used successfully in the first four Saturn I launches,
and a 188,000 pound thrust version of the engine was used on the remaining
six Saturn I vehicles. The thrust of each liquid oxygen/kerosene H-1 was
increased to 200,000 pounds for the Apollo Saturn 201 through 205. Beginning
with the Apollo Saturn 206 mission, the thrust capability will be increased
to 205,000 pounds per engine.

In FY 1966, the first of these 205,000 pound thrust H-l1 engines was
delivered and passed a series of ground tests to assess operational relia-
bility at the increased thrust level. 1In June 1966, the uprated version
completed the necessary requalification tests, including functional safety,
and calibration tests of the components. The readiness of the engine for
manned flight was also verified.

Fiscal year 1966 was the last full year of funding the contractor =zffort
of the H-1 under the project line "engine development'. Following completion
of H-1 qualification in June 1966, the funding of contractor effort relating
to field and engineering support for flight evaluation and problem solving,
maintenance of test engines in a configuration for rapid solution of problems,
component and engine system testing, and periodic verification of flight
worthiness was transferred to this account.

Fiscal year 1967 marked the delivery of the twelfth and final set of H-1
engines. A total of 114 H-1 engines has been delivered to meet Uprated
Saturn I requirements, including flight units, test units, and spares.

Funds for FY 1968 will provide for continued support of the flight
program and for evaluation of flight data for use in subsequent missions.

J=-2 Engines

The J-2 engine, which was developed and produced by the Rocketdyne
Division of North American Aviation, is used in the upper stages of both the
Uprated Saturn I and the Saturn V. A single J-2 is used in the 2nd stage
of the Uprated Saturn I. This version of the J-2 engine utilizes liquid
hydrogen and liquid oxygen as propellants and delivers up to 200,000 pounds
of thrust,

The flight: rating tests of the 200,000 pound thrust engine were ccmpleted
in July, 1965. The J-2 engine was subjected to 25 tests for a total of
2,750 seconds of accumulated firing time. These flight rating tests were
conducted to demonstrate engine reliability for initiation of the flight
series. In December, 1966, the 200,000 pound thrust version completed the
qualification test program which was a prerequisite to certifying the
configuration for manned flight.

By the end of FY 1966, a total of thirteen J-2 engines were delivered
for use in the Uprated Saturn I 2nd stage. The total included three ground
test engines, one spare, and nine flight engines,
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By the end of the current fiscal year, all of the nineteen J-2 engines
required for the Apollo Uprated Saturn I series will have been delivered.

In FY 1968, funds will cover J-2 field support, which provides for rapid
response to any problems encountered in the flight series.

Vehicle Support

Vehicle support includes funds for studies, services, and equipment common
to more than one stage of the Uprated Saturn I. Funding provides for engineer~
ing services; reliability tests; fabrication services; transportation; pro-
pellants; expendable supplies and equipment; and launch pad refurbishment.

This funding also covers contract administration, audit, quality assurance
and inspecticn services performed on a reimbursable basis by the Department
of Defense.

During FY 1968, heavy emphasis will be placed on pre-launch and launch
support at the Kennedy Space Center in preparation for highly complex dual
launches from Complexes No. 34 and No. 37. The ability of the complete
launch vehicle to function as an integrated, reliable system will be validated
on the ground before the precision timed dual launches are attempted, Activ=-
ities will include component and subsystem testing, analysis and correction
of pre-launch problems, incorporation of flight data into reliability assess-~
ments, and development of an integrated reliability report for each mission.
Guidance and control system studies will be conducted. In addition, the
requirements cover refurbishment of the launch pad in preparation for the
next mission. The FY 1968 vehicle support funds also include transportation
of the flight stages and instrument units. Barges, sea-going vessels, and
specially designed aircraft are used to carry the outsize stages and
components .

Saturn V
1966 1967 1968
1st stage (S«lC)uvecscees $191,906,000 $184,900,000 $174,700,000
2nd stage (S*II)ececcoces 256,164,000 248,600,000 245,900,000
3rd stage (S~IVB)....e0s. 162,016,000 154,000,000 151,200,000
Instrument unit..ececeeee 67,760,000 72,900,000 75,100,000
Ground support equipment. 107,572,000 60,900,000 35,800,000
F-l enginess..coeeeevccces 66,200,000 92,307,000 105,300,000
J=2 engines...c.coececaces 67,200,000 83,493,000 78,500,000
Vehicle support...ceeeec.. 216,053,000 238,500,000 242,000,000

Totaleswseovsooocsccceons §1!1341871!000 $1,135,600,000 $1,108,500,000

The Saturn V, which is the most powerful member of the Saturn family of
launch vehicles, is composed of three propulsion stages and an instrument
unit. This wvehicle is designed to boost payloads up to 140 tons into a low
earth orbit and to accelerate payloads up to 48 tons to the seven-mile-a-
second velocity required to escape the earth's gravitational field and
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accomplish lunar or deep space missions. In its present configuration, the
vehicle will provide a broad capability for manned space operations. Devel-
opment of the versatile Saturn V began in January 1962 when managemeni:
responsibility was assigned to the Marshall Space Flight Center. The decision
to develop this version of the Saturn class vehicles was preceded by exhaus-
tive studies on the most feasible configuration for a large launch vehicle
with high performance and payload capability for earth orbital and lunar
missions.

The physical characteristics of the Saturn V are as impressive as its
mission. The assembled launch vehicle is 282 feet high. The lst and 2nd
stages (S-1C and S-11) measure 33 feet in diameter and stand, respectively,
138 and 82 feet high; the 3rd stage (S-IVB) is 22 feet in diameter and 59
feet high; and the instrument unit is three feet high. At lift-off, the
Saturn V will weigh 6 million pounds., As an indication of the booster power,
the Saturn V lst stage yields about 7.5 million pounds of thrust in comparison
with the 1.6 million pounds generated by the lst stage of its predecessor,
the Uprated Saturn I.

Consistent with the overall Apollo test philosophy, the Saturn V hardware
and systems are subjected to rigorous testing on the ground before they are
flown. As in the case of the Uprated Saturn I, this exhaustive ground test
effort is necessary to protect the hardware investment and to maximize
safety and reliability. Since no substitute stages will be available, the
operational readiness of each of the hundreds of thousands of components
must be proven in advance of a launch. The ground test series leading to
unmanned and manned Saturn V launches has been progressing steadily. However,
the loss of twe S-II development stages over the past two years illustrates
the difficulties inherent in accomplishing this highly complex R&D effort.

During FY 1966, an extensive ground test effort was carried on at numerous
locations across the country. The three Saturn V stages and instrument unit
underwent a series of critical tests to assess structural integrity, systems
reliability, and simulated operational characteristics. For example, all
three stages were subjected to battleship testing, which is conducted to
verify the operational reliability of the propulsion system, and structural
testing, which is required to evaluate the soundness of the design criteria.
All design standards were achieved, although the S-II structural stage
ruptured above this level. The instrument unit also passed its structural
tests during this period. All systems testing on the Saturn V lst stage
{(S-IC) was successfully completed at the Marshall Space Flight Center in
December, 1965. A total of 842 seconds of static test firing was accomplished.
The first 2nd stage test stand--the A-2 position test stand for the 2nd stage
-~-was activated at the Mississippi Test Facility in early 1966. All systems
firings with the 2nd stage were then conducted through the full duration
flight requirements. However, the all systems test stage later failed when
the liquid hydrogen tank was inadvertently overpressurized. The loss of
this stage before the completion of ground development testing required
ad justments within the ground test program. After the damaged stand at the
Mississippi Test Facility was repaired, the first S-II flight stage was
placed in the stand, fueled, and checked out for a full-duration acceptance
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firing, which was successfully conducted on December 1, 1966. An additional
full duration firing was conducted on December 30, 1966. The flight stage
has been shipped to the Kennedy Space Center for the first Saturn V launch.

A major Apollo milestone was accomplished on May 25, 1966--five years to
the day that the goal of manned lunar landing and return within this decade
was established. The crawler transporter, which has a platform large: than
a baseball diamond, moved the 365-foot Apollo Saturn V facilities checkout
vehicle (the '"S500-F'") and mated spacecraft from the Kennedy Space Cenier
Vehicle Assenbly Building at Launch Complex No. 39 along three miles of
specially constructed roadway to the launch pad. This 500-F vehicle was
required to complete a variety of tasks leading to the first Saturn V flight
in 1967. It was used to activate the first set of facilities at Launch
Complex No., 39, proving out the delivery, handling, checkout, vertical
assembly, and transport procedures. It was used to verify the physical and
electrical compatibility of the vehicle stages with each other and with the
launch facility, to develop the automatic checkout procedures that will
precede each launch, and to demonstrate the propellant loading techniques.
It also provided actual test data on the ability of Saturn V to withst:and
high winds, This test series came to a close in November, 1966, when the 500-F
was rolled back from the pad to the vehicle assembly building, clearing the
way for the first Saturn V mission.

The component qualification test program, which was undertaken to certify
through ground testing the flight readiness of some 3,500 different com=~
ponents, is also progressing. Approximately 2,500 components were qualified
on the basis of reliable performance on previous systems; of the remaining
1,000, over 950 had been certified by December, 1966. An intensive drive to
qualify the remaining components is in progress.

Saturn V dynamic testing or ''shaking", which is conducted to monitor the
reactions of the vehicle under simulated flight conditions, such as launch,
maximum aerodynamic loading, and stage separation, is conducted at the
Marshall Space Flight Center. Dynamic tests in support of the first unmanned
Saturn V laurich are scheduled for completion in early 1967, Additional
dynamic testing will be conducted at Marshall during the year to support the
initiation of manned Saturn V launches.

The Saturn V schedule provides for fifteen launch vehicles in support of
Apollo unmanred qualification flights, manned lunar mission simulations, and
manned lunar missions. Saturn V hardware production and deliveries are
rapidly building up to meet the mission requirements. Peak production
activity, based on hardware in process, will be reached during 1967. Work
is already urderway on all the fifteen Saturn V launch vehicles. Manufacture
of the first five has been completed and long leadtime components for the
last launch vehicles are being fabricated. By the end of the year, assembly
of the fifteenth launch vehicle will be underway.

The first launch of a Saturn V vehicle from Complex No. 39 at the Kennedy
Space Center will be in 1967. This mission, designated AS-501, will be an
unmanned orbital flight to test the vehicle's dynamic characteristics, the
reliability of the propulsion systems, and the accuracy of the guidance and
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control sequencing system, as well as a spacecraft heatshield qualification
test. The second unmanned qualification flight, AS-502, is also scheduled
for 1967. Again, the operational reliability and performance characteristics
of the vehicle will be validated. The mission will also be designed to
demonstrate that the 3rd stage has the capability to provide the propulsion
to eject the Apollo spacecraft out of earth orbit and on to the moon. Major
emphasis during 1967 will be on flight qualification of the Saturn V. Assum-
ing success with the inftial flight tests, manned missions are planned for
1968.

lst Stage (S-IC)

The Saturn V lst stage, which generates approximately 7.5 million pounds
of thrust, is the most powerful developed by this country to date. The stage
is powered by five liquid oxygen-kerosene F-1 engines, each developing about
1.5 million pounds of thrust. This large cylindrical stage is 138 feet high
and 33 feet in diameter; its dry weight is approximately 290,000 pounds.

The fuel tank has a capacity of 210,000 gallons of RP-1 (kerosene), while
the oxidizer tank can hold 327,000 gallons of liquid oxygen., At launch, the
S~IC will be 1lifting a total space wvehicle weight of six million pounds.
During flight the stage burns for two and a half minutes, consuming about

15 tons of propellant a second.

Development began in early 1962. The Marshall Space Flight Center, with
the assistance of the Boeing Corporation, manufactured the structural test
components, the first ground test stage, and the first two flight stages at
Huntsville, Alabama. Manufacturing of the first flight stage began at
Huntsville in July, 1964. Boeing was awarded the contract to manufacture two
other ground test stages (dynamic and facilities checkout) and thirteen
flight stages at the government-owned Michoud Assembly Facility near New
Orleans, Louisiana.

During FY 1966, the all-systems test runs reached full duration status.
Five-engine, automated test firings were completed at Marshall in December,
1965. This ground test program, consisting of 15 captive firings for a
total of 842 seconds, verified the basic propulsion system. Structural
testing was also conducted. The dynamic test stage and facilities checkout
stage were completed., The facilities checkout stage was shipped from
Michoud to the Kennedy Space Center in January, 1966, The first flight stage
(5-IC-l) went: through manufacturing, assembly, and acceptance testing, and
post-static checkout at Marshall; and the second (and final Marshall-
manufactured flight stage) completed acceptance testing. By the end of
FY 1966, five S-IC flight stages were undergoing manufacturing, assembtly,
or in-plant checkout at Michoud.

Activity in FY 1967 has been highlighted by the delivery of the first

flight stage to the Kennedy Space Center. The stage is undergoing pre-
launch preparations in the vehicle assembly building at Launch Complex No. 39.
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The second flight article completed post-static checkout and the third
passed its acceptance test firing at Marshall. The fourth flight stage will
be completed and delivered to the Mississippi Test Facility to inaugurate
acceptance testing at this location., The fifth and sixth are scheduled to
complete manufacturing, and the remaining nine will be phased into marufactur-
ing or long-lead procurement.

The FY 1963 funds support completion of the S-IC structural test program
and continuation of assembly, in-plant checkout, acceptance testing, and
shipment of flight stages to the Kennedy Space Center. The fourth, fifth, and
sixth stages will be put through post=-static checkout at Michoud, delivered
to the Kennedy Space Center, and prepared for flight., The seventh and eighth
lst stages are scheduled to complete assembly, in-plant checkout, and static
testing; and the ninth and tenth are scheduled to be through manufacturing
and checkout at Michoud. The five remaining stages are planned to be in
manufacturing during FY 1968.

2nd Stage (S-1I)

The 2nd stage of the Saturn V is powered by a cluster of five liquid
oxygen-liquid hydrogen J-2 engines, producing a total thrust of approximately
1 million pounds at altitude. It is the nation's largest liquid-hydrogen
powered stage. The cylindrical stage is approximately 82 feet high and 33
feet in diameter. The aluminum alloy skin on the initial stages is only
«153 inches thick and will be reduced to ,128 inches in subsequent stages.

The structure contains two propellant tanks separated by an insulated common
bulkhead. The top tank holds almost 290,000 gallons of liquid hydrogen;

the lower tank, located below the common bulkhead, holds almost 94,000 gallons
of liquid oxygen. Starting off on the launch pad, its gross weight, including
engines, is about one million pounds - 907% of which consists of propeilants.
Puring flight the stage burns for six and a half minutes and withstands
temperatures ranging from about +400 to -400 degrees Fahrenheit. The com-
ponent qualification requirements for the S-II are particularly stringent
because the stage stretches to the utmost existing hydrogen propulsion tech-
nology and related manufacturing techniques,

Design, production, and ground test of this stage are performed by the
North American Aviation Space and Informations Systems Division. Manufactur-
ing, assembly, and factory checkout are accomplished at government-owned
facilities at Seal Beach, California. North American conducts developmental
ground testing at its Santa Susana Static Test Laboratory. Flight stages are
shipped through the Panama Canal to the Mississippi Test Facility to undergo
acceptance firing before being delivered to the Kennedy Space Center,

Development of the 2nd stage began in January, 1962, The early test stages,
including an electro-mechanical mock-up, as well as a battleship, a
structural/dynamic, and a facilities checkout ground test stage, were all
in progress during 1963 and 1964. The first flight stage entered fabrication
in August, 1964.
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During FY 1966, the production and ground development test efforts were
building up at a rapid rate. Six flight stages were in fabrication and
assembly at the North American Seal Beach facilities. Battleship testing
to check out the propulsion system was also conducted at the company's Santa
Susana Static Test Laboratory. These ground tests consisted of repeated
firings of the cluster of five 200,000 pound thrust J-2 engines to demon-
strate the performance capabilities of the propulsion system. In addition,
a series of structural tests was performed to certify the design criteria.
On September 29, 1965, the S-II structural stage failed while undergoing its
final major test at Seal Beach. The stage had withstood pressure and temper-
ature stresses in excess of design requirements, and had demonstrated struc-
ttural integrity under simulated flight conditions before it ruptured.

During FY 1967, the development and qualification ground test program has
been continuing. The facilities checkout stage was used for activation of
the first set of facilities at Launch Complex No. 39 and shipped to the
Marshall Space Flight Center for use in the Apollo Saturn V dynamic test
program. The all-systems test stage was used to check out the first S-II
test stand at the Mississippi Test Facility. Static tests had progressed
through the point of a full-duration firing of approximately 390 seconds.
The stage failed when the liquid hydrogen tank was inadvertently over-
pressurized, as tests leading to a second full-duration firing were being
conducted.

A key milestone was passed on December 1, 1966, when the first flight
stage (S-II-1) was successfully static fired at the Mississippi Test Facility.
The stage, which will fly on the first Saturn V mission, was static tested
for 384 seconds--approximately the length of time required to operate in
flight, The test yielded about 800 critical measurements on the stage
performance, including tank temperatures and pressures, propellant flow
rates, and vibrations. The stage will be refurbished and shipped to the
Kennedy Space Center in early 1967. To avoid delay in checking out the first
Saturn V flight vehicle, an S-II spacer was furnished to the Kennedy Space
Center. The spacer is a substitute structure for the stage which permits
the balance of the vehicle to be stacked and checked out.

The production of flight hardware has increased during FY 1967. By the
end of this fiscal year, the first two flight stages are scheduled for
completion of acceptance testing, post-static checkout, and delivery to the
Kennedy Space Center. The second S-II test stand (designated A-1) will be
operational at the Mississippl Test Facility. Manufacturing or procurement
activity for the remaining stages will be underway.

Fiscal year 1968 activity will continue to emphasize production of hardware
in support of the Apollo Saturn V flight requirements. The third, fcurth,
fifth, and sixth flight stages are scheduled for completion of acceptance
test, post-static checkout, and shipment to the Kennedy Space Center.
Exhaustive pre-launch checkout procedures will be conducted at Kennedy to
assure that these stages measure up to the stringent performance standards
established for manned flight.
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The tempo cf hardware production for the following flights must also be
sustained. The stages for the seventh through twelfth Saturn V vehicles will
be in an intensive period of manufacturing, assembly, in-plant checkout, or
acceptance firing to support the planned launch rate. In addition, procure-
ment activity will be underway on the three remaining flight stages.

3rd Stage (S-IVB)

Basic development cost for this stage, which is also used on the Uprated
Saturn I, are funded in this line item. The S-IVB is being developed, produced,
and tested by the Douglas Aircraft Company, Missile and Space Systems Division,
which also prcduced the upper stage of the Uprated Saturn I. The stages are
manufactured end tested at the Douglas Space Cemter, Huntington Beach, Caliform
nia, and acceptance testing is conducted at the Sacramento Test Operations Site.

In addition to furnishing the final increment of velocity to put the
Saturn V payload into orbit around the earth, this stage provides the stabi-
lization for the spacecraft during the earth orbital coast period. During
this time, the stage has to provide roll, pitch and yaw control. The stage
attitude control system is also used to position the stage and spacecraft
for the second burn of the single J-2 engine that injects the Apollo space-
craft into a lunar trajectory. Once out of the earth orbit, the S-IVB
stabilizes the spacecraft until the accuracy of the lunar trajectory is
confirmed and maintains the stability of the lunar module while the astronauts
perform separation, turn-around, and docking maneuvers with the Apollo command
and service modules,

Ddring 1963 and 1964 production of the ground test development stages was
underway. The first flight S-IVB stage entered fabrication in the fall of
1964. The steady progress on this stage can be traced in a sense to the bank
of technology carried over from the previous Saturn projects. For example,
the S-IVB has already demonstrated its operational reliability on Uprated
Saturn I flights,

Fiscal year 1966 activity focused on the ground development test program.
Battleship tests to verify the operational reliability of the stage propul-
sion system were conducted at the Sacramento Test Operations Site. The re-
start capability of the J-2 engine, burning liquid hydrogen and liquid oxygen,
was demonstratecd during these tests. The stage used for Uprated Saturn I
dynamic testing was modified to add a flaired interstage section and readied
for the Saturn V dynamic test program. The facilities checkout stage was
also ready for use in the activation of the first set of facilities at Launch
Complex No. 39. The first five flight S-IVB stages were undergoing manufac-
turing, assembly, or acceptance test.

During FY 1967, these ground test stages will be used for Saturn V dynamic
testing at Marshall and for checking out Pad B in the second set of facilities
at Launch Complex No. 39. The second and third flight stages are scheduled
for completion and delivery to the Kennedy Space Center. The fourth will com-
plete checkout at Huntington Beach and will undergo acceptance testing at the
Sacramento Test Operations Site; and the remaining five flight stages will be
phased into fabrication and assembly to meet flight schedule requirements.
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Fiscal year 1968 activity will focus on continued production and delivery
of flight stages to support the Apollo Saturn V schedule. The fourth flight
stage will be shipped from the West Coast to the Kennedy Space Center for
pre-launch checkout. The next two flight stages are scheduled to be through
fabrication and in-plant checkout at Huntington Beach, as well as acceptance
testing and post-static checkout at the Sacramento Test Operations Site;
these stages are also scheduled for delivery to the Kennedy Space Center by
the end of FY 1968. Fabrication, assembly, in-plant checkout, and acceptance
testing of the seventh and eighth flight stages are planned, and the ninth
and tenth will be through fabrication and assembly in preparation for accept-
ance firing at Sacramento. The remaining five stages will be in various
phases of manufacture and assembly,

Instrument Unit (IU)

The Saturn V instrument unit is essentially the same as the one used on
the Uprated Saturn I, The instrument unit contains the guidance and control
system that issues commands to the attitude control devices of each stage
during powered flight to guide the Apollo Saturn V. A major component of
the IU guidance and control system is the launch vehicle digital computer.
This computer is a micro-miniaturized liquid-cooled electronic device which
performs a variety of operations during pre-launch checkout, launch, earth
orbital operations, injection into a translunar path, and spacecraft separa-
tion. Another key component of the IU is the instrumentation system, which
includes the measurement sensors, telemetry, and communications systems.

The instrument units are assembled and checked out by the International
Business Machines Corporation in Huntsville, Alabama. During 1965, &n inten-
sive ground test program was underway to demonstrate its reliability for
Saturn V flilgzhts. Structural and dynamic testing was conducted. Procurement:
activity for the first flight unit (S-IU-501) was started in January 1965.

During FY 1966, the development test effort was intensified. The systems
test unit was subjected to a series of development tests to validate the
guidance and control, instrumentation, and electrical power equipment.. The
facilities checkout unit was shipped to the Kennedy Space Center and used
for checkout and activation of Launch Complex No. 39. Procurement activity
for the second, third, and fourth flight units began.

Effort in FY 1967 has focused on assembly and inspection of flight units
to meet the delivery schedule, The IU for the first Saturn V flight was
delivered to the Kennedy Space Center in August,1966. Checkout of the second
flight unit was completed at IBM, Huntsville, for delivery to Kennedy in
early 1967. Assembly and factory inspection of the third flight IU has been
completed, and checkout is underway. By the end of FY 1967, the third flight
unit will be ready for delivery to KSC.

Fiscal year 1968 will also be marked by a steady delivery rate in support
of the scheduled Apollo Saturn V missions. The fourth, fifth and sixth
flight units will be checked out and delivered to the Kennedy Space (enter,
Assembly, inspection and checkout of the seventh flight unit will be completed.
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Ground Support Equipment (GSE)

The Saturn V ground support equipment consists of electrical and mechan-
ical support equipment required to test and check out the stages, instrument
units and associated hardware. The checkout procedures developed for the
Saturn V are based on the concept that improved vehicle reliability and
minimum time at the launch site can be attained by using a computer-controlled
system in which the operational soundness of components is automatically
verified. Automatic checkout equipment is used at the manufacturing, static
rest, and launch sites,

The General Electric Company is under contract for design, fabrication,
checkout, and logistic support of the Saturn V electrical support equipment,
The Boeing Company is contractor for a Saturn V equipment management system,
which provides a master record for all vehicle ground support equipment.
Boeing 1s also responsible for the integration and logistic support of all
mechanical support equipment. The Radio Corporation of America is providing
the computer systems and Sanders Assocliates the display systems for use at
Launch Complex No. 39,

Fiscal year 1964 and 1965 funds were used for design and initiation of
long leadtime procurement of electrical and mechanical checkout equipmwent
for use at Launch Complex No. 39. 1In addition, installation and testing of
an electrical checkout equipment and flight hardware simulator (breadboard)
was in progress at the Marshall Space Flight Center. Funds were also used
to develop and procure special test equipment and components, such as hard-
ware for the umbilical/swing arm test facility.

During FY 1966, installation and checkout of the equipment for the
Saturn V breadboard was completed at Marshall. This equipment was used to
develop and test operating procedures for the electrical ground support
equipment. In addition, delivery, installation and checkout of the vehicle-
oriented GSE for use on the first launch umbilical tower, the first high-bay
and the low-bay of the vehicle assembly building, the first firing room of
the launch control center, the first launch pad and the necessary support
areas were completed. Saturn V — oriented GSE for the second launch umbilical
tower, high-bay area, firing room, and launch pad was also procured.

Activity in FY 1967 includes preparation and verification of computer
tapes for the initial Saturn V flight missions. 1In addition, the vehicle
GSE for the second set of facilities at Launch Complex No. 39 will be
installed and checked out to support the site activation and flight schedule.
Delivery and installation of vehicle-associated GSE for the third lauvnch
umbilical tower, high-~bay, and firing room will also be underway during the
year,

Funds in FY 1968 support preparation and verification of computer tapes
for the manned Saturn V missions and also provide for completion of Saturn V -
related GSE for the third launch umbilical tower, high-bay, and firing room
at Launch Complex No. 39.
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F-1 Engines

The F-1 engine is being developed and produced by North American Aviation/
Rocketdyne Division at Canoga Park, California. Engine testing is conducted
at Edwards Air Force Base, California. Five liquid oxygen/kerosene F-1
engines are clustered in the first stage of the Saturn V. Each engine
generates approximately 1.5 million pounds of thrust, for a total thrust of
approximately 7.5 million pounds.

The initial contract for the F-1 was awarded to Rocketdyne in January,
1959. The first full thrust, full duration firing was conducted at Edwards
in June, 1962. In December, 1964, the engine was certified for flight. The
first clustered engine firing was conducted in April  1965,and was followed
in May by the delivery of the first set of flight engines.

By the end of FY 1966, a total of forty F-1 engines had been delivered
to support Saturn V requirements. This total included spares, stage test,
and flight engines. Fiscal year 1966 was the last full year of funding the
contractor development of the F-1 under the project line '"Engine Development.™
Following completion of qualification in September, 1966, the funding of
contractor efforts for field and engineering support was transferred to this
account. Field and engineering support for flight evaluation and problem
solving, maintenance of test engines in a configuration for rapid solution
of problems, component and engine system testing, and periodic verification
of flight worthiness are included in this category.

Activity in FY 1967 has also emphasized the delivery of flight engines to
meet the Apollo Saturn V schedule. By the end of the current fiscal year,
twenty-three additional F-1 engines will have been delivered for the ground
test and flight program.

Funds in FY 1968 provide for continued engine deliveries to meet flight
requirements. Thirty-four F-1 engines are scheduled for delivery during
this period. The funds also cover quick response to any F-1 problems en-
countered in the flight missions.

J-2 Engines

The J-2, which was developed and is being produced by North American
Aviation, Rocketdyne Division, is used in the two upper stages of the Saturn V.
The second stage is powered by five J-2 engines, each producing over 200,000
pounds of thrust. The third stage is powered by a single J-2 engine with
restart capability.

The J-2 entered development in September, 1960,and the first flight demon-
stration was achieved in February,1966. Qualification of this engine at a
thrust level of 230,000 pounds was recently completed in support of the
Saturn V flight missions.
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The last full year of funding for the contractor effort under the project
line item 'Engine Development' was in FY 1966. Following completion of
engine qualification at the 230,000 pound thrust level, the funding cf con-
tractor field and engineering support was transferred to this account., The
field and engineering support activity includes flight evaluation and problem
solving, maintenance of test engines in a configuration for rapid solution of
problems, component and system testing, and periodic verification of flight
wor thiness,

During FY 1966, the engine delivery rate intensified to meet the schedule
requirements. By the end of that fiscal year a total of 57 J-2 engines,
including ground test and flight articles, had been delivered.

During FY 1967, an additional 39 engines are scheduled for delivery.

The funds in FY 1968 will provide for delivery of 36 more engines and for
rapld response to any problems encountered during the Saturn V flights,

Vehicle Support

Vehicle support funds are required to provide services and equipment that
are common to more than one stage of the vehicle. Funding in FY 1966 and
FY 1967 included instrumentation, recording and data reduction equipment for
the Saturn V dynamic test stand at Marshall Space Flight Center; transporta-
tion costs, which include use of marine vessels and aircraft for movement of
stages, engirnes and components; activation and operation of the Mississippi
Test Facility; operation of the Slidell Facility; range safety and tracking
devices; propellants; systems integration; and computation services, engineer-
ing services, quality control and inspection, contract administration, audit
and property administration services by other government agencies. 1In FY
1968, emphasis will be placed on static test activities at the Mississippi
Test Facility and vehicle support at the Kennedy Space Center., Systems
integration will continue to insure proper interface control of all stages,
systems, and structures and reliability and flight evaluation programs will
also be funded.

Engine Development

1966 1967 1968

Engine development......... $133,200,000 $49,800,000 $24,500,000

Total......coeeeeveeesse. $133,200,000 $49,800,000 $24,500,000

Development effort on the family of engines used in the Saturn launch
vehicles was initiated in September, 1958, by the Department of Defense under
a contract with the Rocketdyne Division of North American Aviation to develop
an improved version of the Thor-Jupiter engine. Responsibility for this
development activity was transferred to NASA in 1960. The improved version,
designated the H-1, was the 165,000 pound thrust liquid oxygen/kerosene
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engine that was used on the first Saturn I development flights. This engine

was successively uprated to 188,000 pounds; to 200,000 pounds; and finally

to the 205,000 pound thrust engine that will be used in clusters of eight in

the first stage of Uprated Saturn I launch vehicles after AS-205. Qualifica-
tion of the 205,000 pound thrust version of the H-1 was accomplished In June,
1966. :

The development of the F-1 and J-2 engines was also awarded to the Rocket-
dyne Division of North American Aviation. The initial contract for the F-1,
a 1.5 million pound thrust, liquid oxygen/kerosene engine, was awardad in
January, 1959, The F-1 was certified as a qualified engine, at its rated
capacity, in September, 1966. This engine is used in clusters of five in
the first or booster stage of the Saturn V launch vehicle. The first flight
demonstration of the engine will occur in 1967 when the Apollo Saturn V
flight series is initiated.

The J-2 engine 1is used in a cluster of five on the second stage of the
Saturn V, and as a single engine on the third stage of the Saturn V and the
second stage of the Uprated Saturn I. The J-2 uses liquid oxygen and liquid
hydrogen as propellants. The development contract was let in September, 1960,
and the first flight demonstration was accomplished in February, 1966, on
Apollo Saturr 201. Qualification of the engine at a rated thrust of 230,000
pounds has just been completed.

Fiscal year 1966 was the last full year of funding for contractor effort
on H~1, F-1 and J-2 engine development under the Engine Development project.
Upon completion of engine qualification, funding of contractor effort is
transferred to the respective engine accounts of the Saturn launch vehicles,
This transfer covers all field and engineering support for evaluation and
problem solving. Included are static testing for quick response in support
of flight requirements; component and engine system testing; periodic
verification of flight worthiness; and maintenance of test engines in a
configuration required for problem solution. Transfer dates for these
efforts were July, 1966, for the H-1; October, 1966, for the F-1; and January,
1967, for the J-2, Fiscal year 1967 funding after these dates provides for
government- furnished propellants and ancillary chemicals; services and
equipment associated with contractor effort; contract, audit and property
administration; and quality assurance and inspection services.

During FY 1968, the funds requested will provide for government-furnished
propellants, reimbursement to the Department of Defense for contract adminis-
tration and quality assurance services, and a continuing program of govern-
ment in-house and independent contractor evaluation and analysis of prime
contractor-produced hardware. The major activity in this area is the J-2
engine environmental test program conducted at the Air Force Arnold Engineer-
ing Development Center, Tullahoma, Tennessee, Other activities include
operating limits investigation, materials investigation, and quality and
reliability studies. The total evaluation and analysis program is directed
toward ldentification of those materials and components which have the
greatest operational restrictions or least confidence. Improvements, which
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will result in a launch vehicle of greater operational flexibility, reliabil-
ity, or safety, are then incorporated into the engines.

Mission Support

1966 1967 1968
Operations............... $112,928,000  $196,900,000  $229,000,000
Systems engineering...... 20, 000, 000 20,000, 000 20,000, 000
Supporting development... __ 31,400,000 27,000,000 32,000,000

Total..ceoeeoeeeessoes. $164,328,000 $243, 900,000 $281, 000,000

Mission support provides for the over-all launch, flight, crew and recovery
operations; program-wide systems engineering; and supporting development
necessary for the successful accomplishment of manned space flights.

Operations

Operations include those activities at the Kennedy Space Center and the
Manned Spacecraft Center directly concerned with the launch and flight of
Apollo missions. Funding for the Kennedy Space Center covers the operation
of checkout, launch, and instrumentation facilities. These requirements
also provide for contractor services, equipment and supplies, and reimburse-
ment for services performed by the Air Force. At the Manned Spacecraft
Center, activity includes mission control for Apollo flights; support of

astronaut training and flight crew requirements; operation and updatin
of mission simulation; mission planning and analysis; contractuaf deve%op~

ment of real-time computer programs for flight missions and flight monitor-
ing; remote site operations; and recovery equipment and activities, jincluding
reimbursement to the Department of Defense for recovery operations.

Funds for FY 1967 are supporting Apollo Uprated Saturn I unmanned and
manned flights and the initfal Saturn V unmanned flights. FY 1967 funds
also provide for intensified training of astronauts for Apollo missions
and procurement of lunar landing training vehicles,

The increase in the FY 1968 fund requirements is directly related to the
increase in the Apollo flight rate. At the Kennedy Space Center, the con-
tractor effort for launch instrumentation and operational support of launch
activities, and at the Manned Spacecraft Center, the contractor effort for
operational support of the mission control center, will increase directly in
relation to tthe number of flights planned.

Systems Engineering

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

During FY 1967, emphasis is being placed on developing and maintaining a
quick response capability for validation and analysis of flight data on a
time scale compatible with the turn-around time of Apollo flight missions.
The FY 1967 funding also provides for contract administration and related
services of the Department of Defense, as well as non-recurring maintenance
and rehabilitation of government-owned industrial plants.

The systems engineering requisite for trajectory analysis, checkout
effectiveness, analysis of flight mission results, detailed studies of
specific lunar landing areas and constraints, and technical documentation
will continue through FY 1968 to support the increased flight activity.

Supporting Development

Supporting development is a continuing program which involves individually
selected engineering efforts to eliminate potential deficiencies in on-going
programs and to provide a firm base for hardware decisions pertinent to exten-
sion of the program. The end objectives are to remove identified deficiencies,
and to provide backup solutions where required. Supporting development also
covers development of improved hardware or manufacturing, test, and evaluation
techniques to reduce cost and to upgrade performance and confidence. In
addition, supporting development includes the identification of marginal
components, systems or techniques and the development of modifications that
could also be used in new projects. The character of the work varies with
each work unit, depending on the state of development of the hardware or
technique, and is strongly influenced by the nature of the mainstream program
problems or long leadtime system requirements for program modificaticns or
extensions. In some cases, the potential problem may best be overcome by
developing new hardware or techniques; and, in other cases, by modification
of the mainstream approaches through better definition of specificationms.

Work initiated during previous years is providing developed hardware
during FY 1967. For example, a wide band telemetry system, designed to meet
a data transmission requirement which could not be handled by the restricted
channel capacity of existing telemetry, was recently incorporated into the
mainstream Apollo program. A constant bandwidth FM system with four times
the data capability formerly available has been developed and has come into
standard industry use. In another supporting development area,an electrical
device designed to activate Apollo spacecraft pyrotechnics, was found to be
dangerously sensitive to the effects of static electricity and radio frequency
energy. A new initiator that eliminated these deficiencies was developed and
qualified.

The supporting development requirements remain substantially constant to
provide for the solution of potential Apollo mainstream deficiencies. These
solutions will also be incorporated into the development of hardware and
techniques associated with probable new projects., The supporting development
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efforts will be concentrated largely in the S-II stage area and tasks related
to the Apollo spacecraft. In the S-II stage area, continued work to develop
alternate approaches to the difficult fabrication techniques is considered
essential. In the Apollo spacecraft area, there are still some remaining
materials compatibility problems, and a requirement to provide for the pos-
sibility of additional on board data storage.

In the long leadtime development area, increased effort is planned to
investigate the exploitation of the inherent capabilities of the current
Apollo/Saturn systems and facilities. Application of these capabilities for
long term low and synchronous earth orbital and extended lunar effort will
require such tasks as development of multiple restart capability for upper
stages, improved insulation for propellant storage in space, and improved
guidance and navigation systems.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF MANNED SPACE FLIGHT APOLLO APPLICATIONS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

In 1961, the United States undertook the first step toward a major manned
space flight capability by selecting the goal of a manned lunar landing within
the decade., The Apollo and Saturn systems have been developed to meet that
goal, and the successful Gemini program has provided the necessary early
experience in maneuver, rendezvous, docking, extravehicular activity, and
l4-day flight. The Apollo Applications program is the second significant step
toward that capability and represents an effort even more important and far-
reaching in its implications than the Apollo effort upon which it is based.
The program will carry out a full investigation of man's role in the effec-
tive exploitation of the environment of space to meet man's needs on the
earth and in the long term exploration of the universe,

The Apollo Applications program proposed for initiation in the FY 1968
budget is based on an average annual launch rate of 4 Uprated Saturn I and &
Saturn V flights per year following those required for the manned lunar
landing. The planned program will avoid any hiatus in the continued devel-
opment of United States' manned flight capability, will continue the avail-
ability of the nation's two most powerful rocket vehicles, and will not affect
the on-going Apollo effort. Maximum economy will be achieved through the
full utilization and extension of Apollo and Saturn developments. The
experimental payloads included in the Apollo Applications program arz designed
to provide significant data on the capabjlities of man and equipment, and on
their potential ability, as promptly and as economically as possible, These
plans have the flexibility of employing for new missions any spacecraft and
launch vehicles currently on order for the Apollo program that, in the event
of early successes, are not required to meet Apollo objectives,

The Apollo Applications missions will build upon the strong base of flight
experience, ground facilities, and trained manpower developed in past and
current programs, Each mission is designed to take full advantage cof the
Saturn-Apollo system to make significant contributions to a wide range of
objectives, Missions are planned to concurrently gain experience, test
theory, perform experiments, and collect data. By establishing multiple
objectives for each flight mission, a program limited to a minimum economical
launch rate can achieve rapid progress and make great gains at low cost., Key
elements of this planning include the decision to use, modify, and expand
present Apollo systems capabilities rather than move toward whole new devel-
opments, the strategy of reusing basic hardware for many missions by storing
it in orbit and returning later with fresh crews and expendables, and the
approach of designing experiments that will gather important data while at
the same time testing the experimental concepts themselves,
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The program of investigations and development to be carried forward in the
Apollo Applications program will meet two basic objectives: to make unique
contributions to practical applications, operational capabilities, science,
and technology; and, at the same time, to place the nation in a position to
assess, on the basis of valid scientific experimentation and actual experience,
the value and feasibility of future space flight and the interrelated roles
of manned and unmanned systems.

In support of these objectives, the principal areas toward which the
FY 1968 effort will be directed are the development of an extended flight
capability, the conduct of manned astronomical and earth observations from
space, and the continued exploration of the moon.

The early development of long duration flight capability is clearly one
of the most ilmportant areas to be pressed forward, in that it is a key re-
quirement for most of the possible significant advances in manned flight,
Apollo Applications flights of up to one year or more in duration will rep-
resent a significant increase in the nation's operational capabilities in
space and opportunities for important scientific and technological experi-
mentation. Extended duration flight experience is also necessary to provide
a sound basis for those future decisions on manned programs of the greatest
interest and potential, such as permanent manned facilities in space or
manned flights to the planets.

Apollo Applications experiments will permit important and unique observa-
tions of the sun starting in 1969 and will at the same time provide experience
that is essential for the design and operation of future large telescopes in
space (manned, man-tended, or unmanned) which will open up a whole new
chapter in the exploration and understanding of the universe,

Apollo Applications experiments with a wide variety of sensing devices
will test the feasibility and utility of advanced types of meteorological
observations and earth resource surveys from space. These experiments will
provide the data for decisions on future systems-~-unmanned or manned--to
derive additional practical benefits from space observations.

Saturn V flights in the Apollo Applications program will provide for
following up the first Apollo landings with additional lunar exploration
missions of up to 14 days on the surface and for observation and mapping
from lunar crbit. These missions will yield important additional scientific
data about the moon and will also provide the information necessary for
deciding whether our manned capabilities for exploration of the moon should
be further developed and exploited.
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Within this framework, specific program elements have been selected for
initiation in FY 1967 and 1968 that, in combination, provide the greatest
contribution to the nation's space objectives at the lowest cost. These are:

The spent, orbiting second stage of an Uprated Saturn I will be
converted into a habitable, 10,000 cubic foot orbital workshop.
Provided with an airlock, the workshop will provide in 1968 an
economical long duration manned shelter for many experimental
activities and will be revisited and reused during the course of
the program,

The support systems of the basic Apollo command and service modules
will be modified for long duration operations.

The lunar module will be modified to serve as a base for manned lumnar
investigations of up to two weeks,

The Apollo developed lunar mapping and survey system will be used to
complete the cartography of the moon,

The command module will be modified to carry up to 6 men for short
duration ferry and resupply missions and will be provided a land
landing capability, thereby reducing costs and increasing operating
flexibility.

Bpecialized payloads will be developed for operation in various

orbits and on the moon, including multispectral earth and weather
sensors, biological and biomedical experiments, mobile lunar vehicles,
and communications systems.

A manned solar telescope system, forerunner of long-lived orbital
astronomical facilities, will be flown during the peak of solar

activity.

SUMMARY OF RESOURCES REQUIREMENTS :

1966 1967 1968
Space vehicles....ceeeeueans $8,500,000 $38,600,000 $263,700,000
ExperimentsS.ceecsceccsonnnss 40,347,000 - 35,600,000 140,700,000
Mission support...ceeseceacs 2,400,000 5,800,000 50,300,000

Total..iveeeeeenvocaconns $51,247,000 $80,000,000 $454,700,000
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Distribution of Program Amount by Installation:

1966 1967 1968

John F., Kennedy Space

Center, NASA....coveee.e $250,000 $250,000 $3,300,000
Manned Spacecraft Center,. 28,109,000 32,604,000 228,700,000
Marshall Space Flight

Center..oeesseneesccanns 5,352,000 37,445,000 199,600,000
Goddard Space Flight

Center,iuieeeesveccnaces 1,561,000 - -
WallopS.u,evsesseescscnsoncs 200,000 —— ae-
Ames Resiearch Center...... 1,491,000 125,000 -
Langley Research Center... 1,590,000 900,000 -——-
NASA HeadquarterS....,.... 11,954,000 8,676,000 23,600,000
Western Support Office.... 740,000 -—- -

BASIS OF FUND REQUIREMENTS :

Space Vehicles

1966 1967 1968

Command and service module

procurement eecosencsoececcese hadded m-e $43 ’300 ’000
Uprated Saturn I

PrOCUremeNt . ceeesosonscass $1,000,000 $24,000,000 78,500,000
Saturn V procurement........ - LT 45,600,000
Spacecraft modification..... 7,500,000 14,600,000 91,300,000
Launch vehicles )

modification......... ts e e - - - - - SlO'JOLOOO

Total..veeesoncancascocans $8,500,000 $38,600,000 $263,700,000

Procurement

Phasing of space vehicle procurement and deliveries by the Apollo Appli-
cations program is compatible with the present Apollo hardware production
schedule. Incremental procurement fund requirements for FY 1968 are based
on detailed study of individual procurement schedules and review of the
cost and trernd histories of each major Apollo hardware contractor as well
as on an assessment of the minor contract support required by the planned
program,

The FY 1968 budget request provides for continued incremental funding of
the follow-orn Uprated Saturn 1 procurements initiated in FY 1966 and 1967
and for the jnitial funding for follow-on Saturn V vehicles and command and
service modules (CSM). The first follow=-on Uprated Saturn I will be
delivered in late 1968. The delivery of the first follow=-on CSM is planned
late in 1969, The first follow-on Saturn V will be delivered in mid-1970.
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Modification

Apollo Applications missions require a growth in the orbital stay-time
capability of the spacecraft,

Fiscal year 1968 funds will provide for the continuation of the design
and development efforts, begun in FY 1966 and FY 1967, required to furnish
modified Apollo spacecraft systems for the planned missions. Apollo space-
craft systems, including the electrical power, life support amd envircnmental
control systems, are currently being subjected to extemsive tests to determine
their ability to operate in the environments and for the durations proposed
for the Apollo Applications missions, To minimize the cost of this phase of
the program, the plan is to incorporate only those changes required by the
planned missions,

A longer duration electrical power system, consisting of the presernt
Apollo fuel cells with upgraded components and increased cryogenic fuel
storage and an off-the-shelf solar cell power subsystem, will be provided
for support of spacecraft stored in orbit and for long-term experiment
support,

A two-gas (oxygen/nitrogen) atmosphere life support and environmental
control system, a modification of the Apollo system, is also planned.
Effort will include development of nitrogen storage tanks, partial pressure
atmosphere sensors, and controls, and the integration of associated hardware
in the spacecraft.

Fiscal year 1968 funding includes the initiation of development of a
land landing capability for the command module, The initial flight is
planned for 1970, Land landing will allow elimination of water landing as
the primary recovery mode, thereby providing greater operating flexibility,
allowing refurbishment and re-use of command modules, and reducing recovery
and new procurement costs. The changes to the spacecraft that permit
incorporation of the land landing capability will also allow the interior
of the command module to be rearranged to accommodate up to three additional
astronauts for short duration ferry and resupply missions.

Limited development of a lunar module (LM) shelter/taxi to extend Lunar
surface exploration time beyond that planned for the Apollo program will
commence in FY 1968. The LM shelter, carrying scientific exploration equip-
ment such as a lunar mobility vehicle and drill, is intended to be landed
unmanned on the lunar surface where it will remain quiescent. The manned
IM taxi, launched up to three months later, will land near the LM shelter,
This shelter/taxi combination and its equipment will be used as a base for
lunar exploration for periods of up to two weeks.
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Experiments

1966 1967 1968
Definition.eeseacecceccnsss $34,447,000 $12,000,000 $33,700,000
Development.e..ceeseveccsese 5,900,000 23,600,000 107,000,000

Total,ceieereeceecnccecas $40,347,000 $35,600,000 $140,700,000

Apollo Applications experiments cover a wide range of objectives in the
fields of space medicine, science, applications, technology, and engineering,
The definition and development of experiment payloads to meet these objectives
will include activity by elements of NASA, other government agencies and the
scientific and industrial communities.

Effort in FY 1966 and FY 1967 was primarily confined to definition of
experiments and experiment hardware for use in the early Apollo Applications
missions. Included in these efforts were studies which led to the Apwnllo
telescope mount (ATM) and the spent-stage S-IVB orbital workshop, now under
development.

The FY 1968 effort will continue the development of the Apollo telescope
mount and the orbital workshop and will define and develop other experiment
payloads for follow-on Apollo Applications missions. The following descrip-
tion highlights the scientific and technical areas in which effort is planned
in FY 1968.

The Apollc telescope mount provides a new capability for a variety of
solar and stellar scientific experiments to be performed above the earth's
atmosphere, where the sun and stars can be clearly observed without being
obscured by the earth's atmosphere, For the first time, film can be re-
turned from a space astronomy mission, and the role of the astronaut in
astronomical observations can be evaluated. The ATM provides a stabilized
platform which will be carried on Apollo Applications missions to accommodate
instruments requiring finely controlled pointing, The ATM will be mounted
in a structural rack attached to a lunar module ascent stage.

Five experiments using 13 separate instruments to obtain solar data
during the period of maximum solar activity have been selected for develop-
ment for the initial ATM mission., These experiments are: Intensity of
solar flares; ultraviolet spectrometer; X-ray telescope; solar atmosphere
photography; and white light coronagraph.

The orbital workshop permits astronauts to work and perform experiments
in the empty hydrogen tank of a spent second stage of the Uprated Saturn I.
A 65~inch diameter airlock and docking adapter provides the connection
between the Apollo spacecraft and the spent stage. A hatch in the airlock
permits the astronauts to go into space without depressurization of the
workshop or the spacecraft. In orbital flight, the command and service
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module docks with the airlock and the crew activates systems to pressurize
the workshop for habitation., The experiment equipment for use in the
workshop is stored elsewhere and carried into the workshop for operation.

An extensive list of experiments is planned for operation within the
orbital workshop. Some are directed at evaluating the habitability of the
workshop for long duration flight, the work capability and mobility of
astronauts in zero-g, and the effect of long duration zero-g on man. Others
are directed at engineering and technology experiments which utilize the
large enclosed volume of the workshop.

Medical experiments during 1968 and 1969 will concentrate on the bio-
medical effects of long duration flight on men. A biomedical laboratcry is
planned for fiight in 1970. This laboratory will consist of an Apollc
spacecraft module equipped with biomedical and behavioral apparatus tc test
and record human responses during long duration space flights, to various
stresses such as: physical exercise, variable gravity, and the performance
of complex tasks.,

Bioscience and biotechnology laboratories are planned to extend earlier
investigations on various life forms ranging from simple cells to primates.
In these laboratories, greater stresses can be applied to specimens than
are normally planned for human subjects, and the results will benefit both
the bioscience community and manned space flight technology.

The extended lunar exploration missions plamned for Apollo Applications
include both orbital mapping missions and extended lunar surface explcoration.
The objective is to extend knowledge of the moon beyond that achieved in
the earlier Ranger, Surveyor, Lunar Orbiter missions, and Apollo missions,
and to provide the basis for the decisions on the establishment of semi-
permaneni: or extensive research facilities or manned stations on the moon,

The lunar orbital missions are planned to acquire high quality mapping
and survey photography from polar or near-polar lunar orbits, This will
allow the detailed study of the geological features of the total lunar
surface. Lunar surface missions are planned to provide up to two weeks
stay-time at selected lunar sites for extensive geological, geophysical and
biological exploration. Equipments planned for these missions include small
vehicles to perform traverses at moderate distances from the landed space-~
craft; drills for subsurface sampling and vertical profile measuremenis;
and deployed instrumentation for acquiring geophysical data to be trans-
mitted back 0 earth by radio frequency link for up to a year after departure
of the astronauts. One extended lunar surface mission per year is planned,
beginning in 1971.
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Applications experiments are planned to develop techniques for, and to
measure the effectiveness of, man's participation in such fields as orbital
meteorology, communications, and remote sensing of earth resources. Low-~
altitude orbits at medium and high inclinations have been studied for
meteorology and natural resources missions during 1969 and 1970, An initial
synchronous orbit mission is planned to test man and spacecraft operation
in that operational mode, Also planned 8 a test of operational techniques
for communicating between the low altitude manned spacecraft, synchronous
spacecraft, and ground control stations. Later synchronous orbit missions
are under study for continued operational use, as well as for experiments in
astronomy, space physics, meteorology and advanced communications techniques.

Technology and engineering experiments planned for Apollo Applications
missions are focused generally toward the development of equipment and
techniques which are fundamental to the accomplishment of the next generation
of space flight missions. During 1968 and 1969, emphasis will be placed on
conducting related experiments in and with the orbital workshop. Resupply
and crew transfer flights are planned to extend mission duratiomn, rota:e
crews, and to test orbital rescue operations. Orbital assembly of complex
structures and in-flight maintenance of vehicles and experiment appararus
are also planned.

Mission Support

1966 1967 1968
Payload integration........ $100,000  $4,400,000  $40,000,000
OpPerations....cceeeeeeeseess 2,300,000 1,400,000 10,300,000

Total...vveeeeeoceercenns $2,400,000 $5,800,000 §50,300,QQQ

Payload integration includes the system analysis and development eflort
required to assemble experiments into mission compatible payloads, and the
effort required to physically install and qualify them for flight readiness.
This activity includes definition, design and development, modificatiomn,
and installation, The definition phase of payload integration was initiated
during FY 1966 and will be essentially completed by the end of FY 1967.
Design and development includes control documentation, interface, qualifi-
cation and acceptance test specifications, and testing plans, Modification
and installation provide for changes to space vehicles and experiment
carriers to accommodate experiments and physical installation of experiments
into applicable carriers, The FY 1968 effort will provide for the analyses
of payloads to determine detailed payload integration requirements and the
implementation of design and development activities for the initial Apollo
Applications flights.
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Operations include efforts at the Kennedy Space Center and the Marned
Spacecraft Center that are directly concerned with launch, flight crew
and recovery activity. Basic support is provided in the Apollo program
for those missions currently scheduled as alternate Apollo Applicaticns
flights, 1In FY 1967 operations efforts are related to accomplishing
definition of Apollo Applications requirements peculiar to launch, mission
planning and mission control. FY 1968 funding will also provide for
initiation of operations support for missions including the augmentation
of the mission control center located at the Manned Spacecraft Center
required to support the increased data demands resulting from the enlarged
experiment and operational activity associated with the Apollo Applications

program.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF MANNED SPACE FLIGHT c SSIONS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Advanced Missions program is to examine advanced
manned space flight mission concepts, Included are: logical extensions
of the NASA space program through analysis of present hardware systemi
for growth potential; development of requirements for future sgystems;
guidance for research and technology activities; provision of technical
information and cost data upon which future program decisions can be hased,
and initiation of the definition, preliminary design and specification of
probable future missions.

SUMMARY OF RESOURCES REQUIREMENTS :

1966 1967 1963
Advanced missions studies,..... §1o,ooo.ogg §6|2091000 8 0001000

Distribution of Program Amount by Installation:

John F, Kennedy Space Center,

400,000

NASA........................ 500.000 350,000
Manned Spacecraft Center,.,.. 1,900,000 3,250,000 3,400,000
Marshall Space Flight Center. 5,695,000 2,600,000 3,100,000
Langley Research Center...... 550,000 --- -—-
NASA Headquarters,..ccecceces 1,255,000 -—-- 1,100,000
Western Support Office....es. 100,000 -——— ———
BASIS OF FUNI} REQUIREMENTS:
Advanced Missions Studies
1966 1967 1968
Advanced studies,....ccecccove0e $10,000,000 $6,200,000 $8,000,000

Advanced studies provide a firm foundation for planning and selecting
future manned space flight missions, Specific areas of investigation
include manned earth orbital, lunar, and planetary missions and launch
vehicles, Fiscal year 1966 and 1967 studies provided support for the
evolving Apollo Applications program, including both the definition cf
experiments and other mission payloads and the cost-effectiveness examina-
tion of alternate flight equipment approaches., The FY 1966 and 1967 studies
also examined the feasibility of a long duration space station module,
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In addition to the varied potential applications for earth orbital missions,
the space station study includes analysis to identify design features
common to manned planetary flight requirements,

Earth Orbital Studies

During FY 1967, advanced studies in the earth orbital area emphasi:e
alternate steps to the Apollo Applications program, including a one-year
earth orbital workshop which could evelve into a continuous-operation space
station, Alternative approaches for an eventual one-year workshop in:lud-
ed module configurations utilizing the third-stage structure of the Saturn
V; a Saturn V-launched module containing all expendables for a one-year
duration; and a system based on a flexible subsystem module, In addition,
the studies are defining rescue concepts and space station re-supply
and logistic systems, Efforts are continuing on the selection and defini-
tion of candidate experiments for advanced missions, This selection considers
the constraints placed on the space station and logistic system by the
experiments, The potential economic benefits that can be derived from
space station operations are also being assessed, Based on the results
of the conceptual studies, a preliminary definition of a one-year worlkshop
module will be initiated, together with the preliminary definition of a
modular spacecraft capable of supporting earth resources experiments aind
astronomy activities, The FY 1968 studies will concentrate on the defini-
tion of a space station which will furnish the basis for conducting a
large variety of earth applications, astronomy, biology and research as
well as interplanetary exploration,

Planetary Mission Studies

Manned planetary mission studies have examined a number of mission
modes and systems concepts for manned Mars and Venus reconnaissance,
sample retrieval from Mars, and ultimately, for Mars landing missions,
Studies identified the practicability of using Apollo space vehicle hard-
ware for sample retrieval or reconnaissance missions, and developed
spacecraft concepts for ultimate manned Mars landing missions,

The FY 1968 study program will emphasize further definition of the
technology requirements and concepts for a Mars sample retrieval mission,
This manned mission would have the unique capability of returning to
earth samples of the Mars surface and atmosphere for scientific analysis
by means of an unmanned sample return probe targeted, launched, and retrieved
by the manned spacecraft, Additional orbiting and landing probes could
be launched for obtaining more definitive scientific data on the Mars
environment, The studies will include preliminary definition of the wission
spacecraft, sssociated propulsion stages and onboard experiments that might
be conducted by the crew members during the mission, The studies will define
the total system for Mars sample retrieval in enough depth to permit defini-
tive planning of the funding requirements, of the technological development
program required to support this mission, and of the total program support
required within NASA,
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Lunar Mission Studies

Manned lunar mission studies are directed toward identifying and defining
the most effective exploration systems, Included are studies of improved
Apollo-type system, alternate shelter and mobility concepts, and the defini-
tion of orbital and surface experiments,

Studies in FY 1968 will provide for updating the current plan for lumar
exploration to develop the accompanying conceptual designs, This explora-
tion plan will review the basis for a continuing series of manned anid
unmanned missions, Studies will define various alternatives for improving
and extending the capabilities of Apollo-type systems for extended mobility,
Future direct flight systems which can meet extended lunar exploration
requirements will also be studied,

Launch Vehicle Studies

Launch vehicle studies to support earth orbital, planetary and lunar
manned missions will be continued during FY 1968, These studies will
stress preliminary definition of improved Saturn vehicles, Efforts will
continue on reusable re-entry spacecraft, The related facilities and support
requirements will also be studied,
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS PHYSICS AND ASTRONOMY PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Physics and Astronomy program is to increase our
knowledge of the space environment of the earth, of the sun and its relation-
ship to the carth and of the imnterplanetary medium, and of the fundamental
physical nature of the universe. 1Im order to achieve this objective, research
programs have been undertaken to study intensively the upper atmosphere, the
ionosphere, the earth's magnetosphere, the region beyond the boundaries of
the magnetosphere, solar radiation and the solar wind and their interactions
with these regions, cosmic rays from beyond the solar system, radiation from
stars and other celestial bodies in areas of the spectrum which cannct be
observed from the earth's surface,

While the objective of the program has been divided into three major areas,
they are by no means independent of each other. Knowledge gained in omne
area contributes to the understanding of the others. Many studies contribute
directly to knowledge in all three areas. Practical applications of the
knowledge gained in this program occur in other national programs such as
meteorology, communications, manned space flight, and cartography. However,
the program is primarily intended to be a basic research program dedicated
to the expansion of human knowledge. As such, it is integrated with the
programs of educational and scientific research institutions throughcout the
United States and in many foreign countries. Intensive efforts are made to
insure that the results of the research are made generally available in a
manner to facilitate future advancements in technology, scientific research,
and education.

SUMMARY OF RESOURCES REQUIREMENTS:

1966 1967 1968

Supporting research and

technology/Advanced studies $20,594,000 $19,900, 000 $19,900,000
Solar observatories.......... 19,052,000 9,800,000 11,900,000
Astronomical observatories... 22,300,000 27,700,000 40, 600,000
Geophysical observatories.... 28,215,000 24,000,000 20,000,000
Ploneer......vccveeenevecnsccs 12,700,000 7,200,000 7,500,000
Explorers. . ..coeceeecaccsocncss 18,592,000 19,200,000 21,600,000
Sounding rockets......ce00... 19,300, 000 20,000,000 22,000,000
Sunblazer...icicieeseceonsncs --- --- 2,000,000
Data analysis......cov0eeeven 2,000,000 2,000,000 2,000,000

Tot‘lluou----.-..oooocn.o.--u

$142,753,000

$129,800,000

$147,500,000
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Distribution of Program Amount by Installation:

Marshall Space Flight Center....
Goddard Space Flight Center.....
Jet Propulsion Laboratory.......
Wallops Station...cceeevcccccccs
Ames Research Center..........0
Electronics Research Center.....
Flight Research Center..........
Langley Research Center,,...ec..
NASA Headquarters,,..cecccececcse

BASTIS OF FUND REQUIREMENTS:

Supporting Research and Technology/Advanced Studies

Particles and fields....cccc0ees
Ionospheres and radio physics...
Interplanetary dust and
cometary physic8...ccccvaecs.,
Solar physics.....ccccviececcoes
ASTIONOMY. . .cucecvsocsccsscccsns
Spacecraft technology...........
Interdisciplinary space science.
Advanced studies...ccoceeavceces

Total.l-l-lnnlb...‘l.“.‘......‘l

1966 1967 1968
$25,000 $125,000 $100,000
100, 753,000 95,061,000 108,911,000
759,000 338,000 300,000
1,610,000 996,000 1, 800,000
15,219,000 10, 502,000 10,100,000
--- 60,000 75,000
5,000 10,000 25,000
1,869,000 1,230,000 3,139,000
22,513,000 21,478,000 23,050,000

E——=—

1966 1967 1968
$6,305,000  $6,400,000  $6,400,000
994,000 1,100,000 1,100,000
1,423,000 1, 300, 000 1, 300,000
3,518,000 3,500,000 3, 500, 000
3,686,000 3, 700,000 3, 700, 000
848,000 490, 000 500, 000
3,211,000 2,910, 000 2, 900, 000
609, 000 500, 000 500, 000
$20,594,000  $19,900,000  $19,900,000

The objectlves of the Supporting Research and Technology program are to
provide a sound theoretical base for the flight programs; to initiate devel-
opment of insarrumentation for future experiments; to provide laboratory data
as a basis for evaluation of flight data; to conduct balloon and aircraft
observations for correlation with space flight results.

Particles and Fields

Work in this area concerns the development of new instruments for measur-
ing the direction, magnitude and time variations of magnetic fields ard for
measuring the energy, direction and mass of charged particles.
consists of theoretical research and ground and balloon-borne observations
vhich will aid in the interpretation of space measurements.

It also
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Ionospheres and Radio Physics

Ionospheres and radio physics involve ground-based observations; theoret-
ical studies; and instrument development relating to the ionized regions of
the atmospheres of the earth and other planets and of interplanetary space.

Interplanetary Dust and Cometary Physics

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

Solar Physics

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

Astronomy

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

Spacecraft Technology

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

Interdisciplinary Space Science

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

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

Earth orbital mission studies include feasibility studies of small modular
scientific satellites which could be assembled with comparatively short
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leadtimes to meet a variety of scientific mission objectives, as well as for
specialized explorers to conduct experiments requiring unique spacecraft
designs. Also included are studies aimed at defining the role of man in
astronomical observations from space and in defining system concepts for
carrying out these observations.

Interplanetary mission studies include the development of a concept and
preliminary design of a Galactic-Jupiter Probe of the Pioneer class space-
craft., It would be capable of extending interplanetary exploration through
the asteroid belt and the space environment near the planet Jupiter and
beyond. Also included are studies leading to the development of small probes
capable of transmitting signals and a limited amount of data back to earth
from distances as close as 0.4 AU to the sun, Studies of scientific pay-
loads for these small probes include solar corona studies, interplanztary
plasma studies, and comet simulation studies,

Solar Observatories

1966 1967 1968

Orbiting Solar Observatory (0S0):
Spacecraft.....cconiecncccanccnn $6 ,584,000 $6,963,000 $7,904,000

EXperiments.....e..oeeeeeseneess _3,104,000 2,837,000 __ 3,996,000

Subtotal 0S0.....ccc0secvesses $9,688,000 $9,800,000 $11,900,000

Advanced Orbiting Solar
Observatory (A0SO):
Spacecraft...ccceecenccavenccasess $8,114,000 -—- ---

Experiments....ceccieeeccescances 978,000 --- ---
Ground O*perations....-.......... 272,000 - - -
sutht.l Aosobo.-oobooo-oooooo $92364)000 e -

Total 0SO and A0SO............ $19,052,000 $9,800,000 $11,900,000

Delta (Launch Vehicle
Procurement Program)............ (1,000,000) (2,000,000) (4,200,000)

Total (including Launch

e —————

The objective of the Solar Observatory program is to advance the study of
solar physics by orbiting a spacecraft above the earth's atmosphere to permit
observations of portions of the electromagnetic spectrum which are normally
absorbed in the atmosphere. The solar observatories are designed to provide
a thorough investigation of the gun, especially of both rapid and long-term
changes in solar radiation during a complete solar cycle; and to probe the
underlying causes of these changes by observations of the regions of activity
on the solar surface. The Orbiting Solar Observatories (0SO) have operated
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during a per:ilod of decreasing solar activity with the flight of 0S0-1 and
0S0~-II in 1962 and 1965, respectively. Continuous program effort will be
pursued with 0S50 through the period of increasing and maximum solar activity
to 1970. Orbiting Solar Observatories are stabilized satellites capsble of
pointing scfentific instrumentation with an accuracy of greater than one arc
minute at the center of the solar disc in order to study solar ultraviolet
radiation, gamma rays, and X-rays. Five additional 0SO's are scheduled to
be launched hetween 1967 and 1970 to provide continuous coverage of solar
phenomena as the sun reaches the period of maximum activity. The first solar
observatory, 0$0-1I, launched on March 7, 1962, provided over 2,000 hours

of observation of the solar spectrum in the UV, gamma and X-ray regionms.
0S0-1I was successfully launched on February 3, 1965. All of its spacecraft
systems operated at or above their design goals, and the spacecraft was
commanded off after more than nine months and 4,100 orbits of near perfect
operation. 5even months later the spacecraft was successfully turned on and
operated uni:il the stabilization gas supply was exhausted. Eight of the nine
experiments on board 0SO-1I returned data during the lifetime of the observa-
tory. Prelilminary analyses of these data have been made and further analysis
is being accomplished. 0S0-C, the third solar observatory, was launched
August 25, 1965. However, a malfunction in the third stage of the Delta
launch vehicle prevented the booster from placing the observatory in orbit,
Using spare QSO-C experiments and a spacecraft under construction for a

later flight, a replacement observatory was built and launch of the mission
is scheduled for early 1967. Experiment selection for the five 0SO missions
scheduled for flight up to 1970 has been completed; and development of the
instrumentation is underway. Planning is underway for experiments for pos-
sible missions beyond these five.

Project management responsibility for the 0SO has been assigned to the
Goddard Space Flight Center. The spacecraft are being procured through
contracts with the Ball Brothers Research Corporation of Boulder, Colorado.
FY 1966 funds provided for continuing the work on the fourth and fifth
observatories and for inttiation of work on the three follow-on spacecraft
and experimental packages. FY 1967 funds provided for completion of data
analysis on 0SO-1I; completion of work, launch, and initial dats analysis
on the fourth and fifth observatories; and for continuing the hardware
effort on the follow-on 0SO's., FY 1968 funds will provide for completion
and launch of the sixth observatory; for continuing work on the two follow-
on gpacecraft and experimental packages; and for data analysis on the fourth,
fifth, and sixth observatories. FY 1965 and prior funding for the 050 project,
including launch vehicles, was $48,187,000. FY 1969 and later funding re-
quired to complete an eight flight program, including launch vehicles, is
estimated at $17,400,000.
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Astronomical Observatories

1966 1967 1968

Spacecraft and support....cccee. $16,366,000 $23,239,000 $36,208,000
Experiments...c..ccocecvvecconsss 5,934,000 _ 4,461,000 _ 4,392,000

Total Spacecraft and Support.. 322,300,000 $27,700;000 $40,600,000
Atlas-Agena (Launch Vehicle

Procurement Program).......... (8,500,000) (5,400,000) -—-
Centaur (lLaunch Vehicle '

Procurement Prograﬂ'I) ceseerosene = (6 ’617 ’000) (10' ’000 ’000)

Total (iIncluding Launch
Vehicles).ooveviveneeooanass ($30,800,000) ($39,717,000) ($50,600,000)
The Orbiting Astronomical Observatory (OAO) program will provide a cap-
ability forr obtaining fundamental astronomical information outside the narrow
boundaries of the visible portion of the electromagnetic spectrum where earth-
based optical telescopes studies are constrained. High resolution observa-
tions made in space by OAO of our solar system, our galaxy, and the universe
as a whole, using infrared, ultraviolet, X-ray, and gamma ray spectral
regions, can greatly enhance our understanding of the origin, evolution,
present condition, and future life of the solar system, the galaxy, and the
universe. The 0AO is a stabilized spacecraft that can be precisely pointed
to any object in the celestial sphere for long observational times. It can
carry telescopic instruments up to about three feet in diameter by 1.0 feet
in length and weighing over 1,000 poumds.

In addition to the fine pointing stabilization and control system, the
spacecraft includes power, thermal control, and communication and data
handling subsystems. Extensive ground facilities are provided for orbital
operations. The OAOQ missions currently scheduled will carry instruments of
increasing capability to investigate the ultraviolet spectrum of celestial
bodies starting with exploratory sky mapping surveys using low resolution
instruments and progressing to larger aperture instruments with higher
resolution capable of viewing faint celestial objects.

The first OAO (OAO-I) was launched as scheduled on April 8, 1966, and
was placed in a nearly perfect orbit by an Atlas-Agena vehicle. However,
technical problems associated with the power system adversely affected the
mission and the spacecraft operation ceased on April 10, 1966, after the
twentieth orbit. During the spacecraft life, successful spacecraft opera-
tions were performed in several complex areas. No data were obtainad from
either the University of Wisconsin experiment or the X-ray and gamma ray
instruments developed by Lockheed Missiles and Space Company, the Goddard
Space Flight Center, and the Massachusetts Institute of Technology. Thorough
analysis and review of the OAO-I operation identified problem areas and has
resulted in a detailed plan for design modification, additional testing
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(including the re-establishment of a Prototype Observatory for qualification
tests) and improved operation which will assure success for the follow-on
OAO missiong, In order to proceed logically to the missions with increased
stabilization and control requirements, the mission sequence has been changed
as follows:

Flight Sequence

Pointing Previous Current
Mission Accuracy Plan Plan
OAO-I +1 arc. min. First Launched
0AO-A, +1 arc. min. Third Second
OAO-B +2 arc. sec. Second Third
QAO-C +0.1 arc. sec. Fourth Fourth

The Prototype Observatory for qualification testing of all flight missions
will be reinstated as recommended during the review of the OAO-I failure.
This will be accomplished by utilizing a flight model structure and other
available hardware. Use of an available flight structure is required since
the original prototype spacecraft was assigned to the OAO-A2 flight in 1965
upon completion of the scheduled qualification test sequence and cannot be
returned to the prototype configuration at this time and still meet the
schedule goal.

The second CAO (0AO-A2), to be launched in 1968, will consist of the
original prototype spacecraft refurbished to carry the Smithsonian Astro-

physical Observatory and the University of Wisconsin experiment. The
Smithsonian experiment utilizes four telescopes with imaging photometers to
map the sky in the ultraviolet portion of the spectrum. The Wisconsin
experiment equipment will be identical to the equipment flown on CAO-1.

The third 0OAO (OAO-B), scheduled for a 1968 flight, will carry the
Goddard Space Flight Center 36-inch aperture telescope. This telescope is
designed to obtain spectrophotometric data on stars, nebulae, and galaxies
in the ultraviclet spectral region with a capability of resolution up to
two angstroms.

The fourth OAO (0AO-C), to be launched in 1970, which will require fabri-
cation of a rnew structure since one of the flight structures was assigned to
the prototype model, will fly the Princeton University 32-inch aperture
reflecting telescope with a grating spectrograph to study the composition
of interstellar material and to obtain high dispersion ultraviolet spectra
of stars with a resolution up to 0.1 angstrom. This observatory will also
carry telescopes developed by the University College, London, England, in
conjunction with the University of Leicester to study the X-ray emission of
stars and nebulae.
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Management. responsibility for the OAO project has been assigned to the
Goddard Space Flight Center. The spacecraft are being developed under prime
contracts with the Grumman Aircraft Engineering Corporation. Integration of
experiments into the spacecraft, environmental tests of the observatories,
and in-orbit operation will be accomplished at Goddard.

Development of the OAO was initiated in 1960. Funding prior to FY 1966
provided for the design and development of the basic spacecraft; fabrication
and testing of a prototype; fabrication, integration and test efforts on two
flight spacecraft; and development, fabrication, and initiation of tests of
experiments for four flight missions.

In FY 1966, the first OAO flight (OAO-Al) was launched. The refurbishment
of the original prototype observatory was started in FY 1966 to provide
another flight: cpportunity (0AO-A2). Development and test of the Smithsonian
experiment assigned to the OAO-A2 continued and work was initiated to provide
a second Wisconsin experiment for this mission. Also, FY 1966 funds provided
for the continuation of fabrication and test of the OAO-B spacecraft and for
the manufacture of components for the OAO-C spacecraft, as well as continued
support for manufacture of experiments for these latter two missions.

Fiscal year 1967 funds provided for the completion of the analysis of the
OAO-1 operation, thus determining the improvements for the follow-on 0AO
missions. Remaining effort in FY 1967 will be concentrated on revising the
0AO-A2 spacecraft in preparation for delivery in FY 1968. The prototype of
the OAO-A2 spacecraft has been delivered to Goddard for training personnel
in test and flight operation procedures and for electromagnetic compatibility
tests. The instruments for the Smithsonian and Wisconsin flight experiments
were completed and acceptance tests performed. To accomplish the program
within the funding limitations, work at the prime contractors on the OAO-B
and OAO-C spacecraft was essentially stopped for the later part of FY 1967.
In addition, Princeton was directed to continue the development of the proto-
type experiment hardware for OAO-C, but essentially to stop work on the
flight experiment.

Fiscal year 1968 funds will provide for integration of the experiments
and observatory tests for the prototype and the OAO-A2 mission as well as
for initiation of launch preparations for the OAO-A2 flight. Development,
fabrication, and test of the OAO-B and OAO-C spacecraft will be reactivated
as well as construction of the flight hardware for the Princeton experiment
on OAO-C. Acceptance tests of the OAO-B experiment will be accomplished in
FY 1968.

Fiscal year 1965 and prior funding, including launch vehicles, was

$169,648,000. FY 1969 and later funding required to complete four missions
is estimated to be $55,701,000 including launch vehicles.
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Geophysical Observatories

1966 1967 1968

Spacecraftli..0..'........'..... $12’593’0m $16,434’0m $12’839’0m
Experimntail.'..".....0.0...'C. 1§.622.000 7.§6§.0m - 7.1'61.m0

Total Spacecraft and Support.. $28,215,000 $24,000,000 520,000,000

Thor-Agena (Launch Vehicle

Procuremerit Program)..cccccese (2,600,000) (1,400,000) (5,500,000)
Atlas-Agena (Launch Vehicle

Procuremernt Program)...ccc.ee. (5,500,000) (4,400,000) (900, 000)

Total (including Launch
Vehicles). ..o ceveveoncenss. ($36,315,000) ($29,800,000) (326,400,000)

The Orbiting Geophysical Observatory (0GO) program has as a prime objec-
tive the accomplishment of a series of scientific measurements to correlate
the geophysical phenomena occurring in the near-earth environment with the
effluent activity of the sun and with phenomena in interplanetary space.
Early satellite measurements of the near-earth enviromment indicated its
general nature. As knowledge of this region has progressed, the picture
that unfolds is one of dynamic enviromment with a fine structure of electro-
magnetic fields and particles which is strongly dependent on events and
processes occurring at other locations. Correlated interdisciplinary
measurements obtained aboard a single satellite and by several satellites
at different spatial locations are required to better understand the
near-earth environment. Successful accomplishment of the OGO program will
undoubtedly contribute substantially to this understanding and thus to
evaluation of the hazards of manned space travel.

Support of these scientific objectives requires the development of space-
craft capabilities to accommodate the many diversified instruments used for
the correlative studies. In essence, this requirement establishes the need
for a laboratory-like satellite in which viewing direction, electric power,
thermal control, and data handling systems are shared by many experimenters.

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

0G0 missions were launched into the highly elliptical orbit in September
1964 (0GO-I) and June 1966 (0GO-III) and into the low altitude, nearly-polar
orbit in October 1965 (0GO-II). The 0GO-III mission was the first to achieve
extended operation in three-axis stabilization as planned. After forty-six
days, the failure of an electronic component disabled portions of the atti-
tude control system. Therefore, the spacecraft was commanded to the second-
ary mode of stabilization, spin-stabilization. All three OGO missions are
st:111 operaticnal in the spin-stabilized mode and forty-seven of the total

RII 4-9



of sixty-one experiments assigned to the three missions are providing useful
data. From September 1964 (coinciding with the period of minimum solar
activity) tc the current period of increased solar activity, over 300,000
hours of experiment data have been acquired, much at the high data rates
important for detailed time resolution of rapid fluctuations. Seventy-four
reports and presentations have been made by the OGO experimenters. The more
significant results relate to geomagnetic control of the ionosphere, the
first global magnetic survey in space, magnetic field and particle fluctua-
tions, and the propagation of very low frequency (VLF) noise,

The next mission will be OGO-D which is in the final phase of environ-
mental testing. OGO-D carries essentially the same complement of instru-
ments as 0GO-I1 and will be placed into a similar low altitude polar orbit
during the second quarter of 1967.

The fifth (0GO-E) and sixth (OGO-F) are scheduled for launch in 1958 and
1969, respectively., The OGO-E is in the first stages of integration and
will carry a new complement of experiments into a highly elliptical orbit
similar to 0GO-I. The OGO-F mission will be placed in a polar orbit during
solar maximum. Modification of spacecraft hardware and fabrication of exper-
iment hardware for this mission are in progress. Activity directed
toward possible missions beyond OGO-F during the scientifically important
period of mawimum solar activity is currently being held to the planning
level only.

Management responsibility for the OGO project has been assigned to the
Goddard Space Flight Center. The spacecraft development and fabrication 1is
under contract to Thompson Ramo Wooldridge Systems,

Funding prior to FY 1967 provided for design and development of the basic
spacecraft, including design modifications required following 0GO-I in-orbit
operations; the preparation and launch of the first three missions; fabrica-
tion and integration of spacecraft for the 0GO-D and OGO-E missions; develop-
ment and fabrication of experiment instrumentation for the first four missions;
initiation of experiment development for the OGO-E mission; and support of
data analysis for the first two missions.

Fiscal year 1967 funds provided for continuation of preparations for the
0GO-D and OGO-E missions, including the incorporation of several technical
modifications; completion of experiment instrumentation fabrication for
0GO-E; initiation of experiment hardware development for the OGO-F; and
continued data analysis support for the three operational missions.

Funds in FY 1968 provide for completion and launch of OGO-E and integra-
tion and test of OGO-F. They will also provide for completion of first run
data analyses for 0GO-1I and II; continuation of data analysis for 0GO-III;
initiation of data analysis for OGO-D and E; and completion of OGO-F experi-
ment hardware fabrication,

Fiscal year 1965 and prior year funding for OGO was $157,628,000, Includ-
ing launch vehicles. FY 1969 and subsequent funding needed to complete six
missions is estimated to be $15,985,000, including launch vehicles.
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Pioneer

1966 1967 1968
Spacecraftl.c.cccececccnsnssccens $6,973,000 $1,698,000 $3,332,000
Experimntvs....'..'......'.....l 4’779’000 4’673’000 2.'948’000
Ground operations.......c0000u0 948,000 829,000 1,220,000

Total Spacecraft and Support.. $12,700,000 $7,200,000 $7, 500,000

Delta (Launch Vehicle
Procurement Program)....ccc... (3,999,000) (1,217,000) (2,100,000)

Total (including Launch
Vehicles).........0cu.vvee.. ($16,699,000) ($8,417,000) ($9,:500,000)

The objectives of the Pioneer program are to investigate the interplane-
tary environment and the propagation of solar and galactic phenomena through
this medium. Correlation with similar measurements made near the earth by
satellites are required to attain the full objective.

The current series of Pioneers weigh about 140 pounds and are launched
with the Thrust-Augmented Improved Delta (TAID). The first of these, Pioneer
VI, was launched successfully in December 1965 and continues in operation.
Pioneer VII was launched in August 1966 and also is operating successfully,
Three additional Pioneer spacecraft are scheduled for missions approaching
as close to the sun as 0,8 AU and going away as far as 1,2 AU, (1 AU is
equal to the mean earth-to-sun distance, 92,900,000 miles)., Planning is
underway for experiments for possible follow-on missions,

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

Responsibility for overall management of this program rests with the
Office of Space Science and Applications, with the Ames Research Center
responsible for project management. The spacecraft are being procured
through contract with TRW Systems. The Jet Propulsion Laboratory is
responsible for tracking and data acquisition systems management and the
Goddard Space Flight Center for launch vehicle systems management.

Funds in FY 1966 provided for testing, launch and post-launch operations
for Pioneer VI, and the assembly and testing of Pioneer VII. Funds for
FY 1967 cover the launch of Pioneer VII and post-launch operations for VI
and VII, and the initiation of the subsystems for the third, fourth and fifth
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spacecraft, Funds requested for FY 1968 will continue to support the post-
launch operations for Pioneer VI and VII, final testing and launch of the
third spacecraft, and initial integration and testing for the fourth space-
craft,

Funding for FY 1965 and prior, including launch vehicles, amounted to
$40,175,000. FY 1969 and later funding required to complete the first five
flight programs, including launch vehicles, is estimated at $9,368,000

Explorers
1966 1967 1968

Geophysical and interplanetary
explorers.ciiioceciiossnncons $13,843,000 $13,050,000 $14,7¢62,000
Astronomy exXplorers.....sc..ee. 4,749,000 6,150,000 6,838,000

Total Explorers......cceevev.. $18,592,000 $19,200,000 $21,600,000

Scout (Laurnch Vehicle
Procurement Program)......... (6,300,000)  (4,300,000) (4,600,000)

Delta (Launch Vehicle v
Procurement Program)......... (4,817,000) (13,683,000) (12,900,000)

Thor-Agena (Launch Vehicle
Procuremerit Program)......... (1,100,000) {200,000) ---

Total (including Launch
Vehicles).....cceiueunreoe. ($30,809,000) ($37,383,000) ($39,100,000)

The Explorer satellites are the smallest of the NASA's scientific space-
craft and are launched on Scout, Delta and Thor-Agena vehicles.

The Explorers are specifically designed and instrumented to provide for
specialized scientific investigations and are flown in orbits especially
selected for these investigations. The Explorer spacecraft and their experi-
ments are developed by NASA centers, universities, industry and cooperating
foreign countries, and are used for investigations of the earth's environ-
ment, solar-terrestrial relationships, solar-interplanetary relationships,
and for astronomical observations,.

A substantial portion of the scientific data obtained and many new dis-
coveries are attributable to instruments carried in Explorer spacecraft.
Thirty-three U.S. and five international cooperative Explorer missions have
been successfully accomplished since the founding of NASA through 1965,

These missions have provided substantial portions of our present know-

ledge about the earth's environment, including the ionosphere, the atmos-
phere, micrometeoroid environment, the radiation belts, the earth's magnetic
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field and some of the principal effects of solar radiation on the atmosphere.
As a result of these efforts and other related investigations, the picture
of the interactions between solar activity, the interplanetary medium, and
the immediate environment of the earth is becoming clearer.

During 1967, it is planned to launch four U,S, Explorers; IMP-E and F,
RAE-A and NRL Solar Explorer-B; and four cooperative international explorers;
UK-E, San Marco-B and ESRO I and II, These spacecraft will provide fnvesti-
gations of many of the space science disciplines during the period of high
solar activity,

Some incrcase in emphasis during FY 1967 is being given to Astroncmy
Explorers with continued development of the Radio Astronomy Explorer (RAE)
and the initiation of Scout-size X-ray Astronomy Explorer and Solar Radio
Explorer, Development of Geophysical and Interplanetary Explorers is being
continued, ‘Two IMP spacecraft are scheduled for 1967 and one per year thru
the 1968-1971 time period is planned for a variety of orbits, A Scout
launch vehicle is also being provided for the launch of a Solar Explorer
developed by the Naval Research Laboratory,

The FY 1968 funds provide for an essential level of effort program with
initiation of follow-on missions emphasizing radio and X-ray astronomy.

Sounding Rockets
1966 1967 1968
Experiments. ..cccocecceccccccesns $7,318,000 $6,699,000 $7,891,000
Rocket d‘!velomntooooco.--..oo 808,000 1,375,000 1,669,000
Attitude control systems....... 3,553,000 3,962,000 3,648,000
Engineering support..cccccecoss 588,000 440,000 640,000
Test and evaluation......cec00 245,000 275,000 325,000
Ground instrumentation......... 2,843,000 3,178,000 3,581,000
Rocket procurement.....cceoosee 3,945,000 4,071,000 4,246,000

Total. . seieeeseoanneneeanseee $19,300,000 $20,000,000 $22,000,000

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

Sounding 1ockets have been used to measure atmospheric density and tem-
perature; to analyze the various gases present in the upper atmosphere, and
responges of the atmosphere to varying solar activity. Chemicals released

RD 4-13

244-304 O - 67 - ¢



from sounding rockets for wind and temperature measurements launched from
various sites all over the world have improved our knowledge about the
dynamics of the ionospheric region. Recoverable sounding rocket payloads
have been used to collect extraterrestrial dust originating in meteor streams,
comets, and asteroids. Noctilucent clouds formed by the condensation of ice
about this dust have been probed by flights from Sweden and Ft. Churchill,
Canada; interplanetary dust has been sampled by rockets recently over

White Sands, New Mexico.

The aurora and airglow have been investigated by rocket probes containing
spectrophotometers, filter photometers, and particle detectors.

Ionospheric experiments have been carried out with sounding rocket:; and
have proved extremely valuable both for scientific investigations of fhe
physics of the lonosphere and for calibrating instrumentation on satellites
already in orbit by simultaneously measuring the same region of the iono-
sphere. Instruments have been developed to measure electron concentrations
and temperature, electromagnetic waves, ionic and neutral mass spectrn, mag-
netic fields, and E region currents. Flights to measure these parameiers
have been made from many launching sites with a wide global distribution.

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

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

Ninety-nine highly successful major sounding rockets of the Nike Cajun/
Apache/Tomahawk, Aerobee and Javelin types, and nine of the Arcas type were
launched during 1966 from sites in the United States, Canada, Brazil, India,
and Norway. ‘[hese include seven Arcas rockets launched from a ship into a
solar eclipse near Koroni, Greece, as part of a cooperative USA/Greece expedi-
tion in May and five Nike-Apaches launched into a solar eclipse from the
beach at Cassino, Brazil, as part of a NASA/DASA/AEC-Brazil cooperative
expedition in November. These flights also include the successful flight in
August of the new Aerobee 350 which has been developed in-house by Goddard to
1ift large payloads (100-500 lbs.) to high altitudes (200-500 miles) us well
as the first two successful flights of the Stellar Tracking and Positioning
Control System (STRAP), developed by Goddard to point rocket payloads with a
spatial resolution of 10-20 arc. sec. Two flights conducted in September as
part of a cooperative U.S./Germany program were successful barrium release
experiments which allow visual observation of the earth's magnetic field.

An Aerobee flfight in April resulted in the discovery of a new X-ray scource
"gtar."
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Sounding rocket projects are planned to be continued in FY 1967 and FY
1968 in many areas where experimentation has begun, including atmospheric
and ionospheric measurements, cosmic dust collections, chemical releases in
the upper atmosphere; and X-ray, ultraviolet, and infrared observations of
celestial sources and the sun. Increases in the program for FY 1967 and
FY 1968 are largely due to the development and increased use of improved
attitude control systems and to an increased use of the larger, more axpen-
sive vehicles to carry stabilized payloads, as well as heavier payloais,
with several instruments for a number of simultaneous measurements.

Sunblazer
1966 1967 1968
Splcecrlft.........-............ se= .= $1,:l!00,000
Experiﬂents..............-.o...- - == - == ‘:;O(L‘_Qoo
Total Spacecraft and Support.. --- - $2,000,000
Scout (Launch Vehicle
Procurement Program).......... --- --- ($1, 500, 000)
Total (including Launch
Vehicles).ccveeeveseocncocos —-- - (§3,§00!000)

Sunblazer, the small interplanetary probe program, has as its objective
the study of the solar corona by a propagation experiment, magnetic fileld
mapping and the observations of solar particle fluxes. The Sunblazer program
will place small, relatively inexpensive, scientific spacecraft into helio-
centric orbits. These small sun-oriented or spin-stabilized spacecraft will
weigh 15 to 60 pounds and will be placed around the sun into orbits lwing
between earth distance and 0.4 earth distance from the sun by a 5-stape
Scout or equivalent launch vehicle. The initial missions are to measure the
electron density and other features of the solar corona by use of a radio
propagation method based on the observation of multi-frequency transmissions.
The satellite will achieve superior conjunction, the point directly opposite
the sun from the earth, in approximately one and one-half years. The use of
both light weight spacecraft and low cost solid propellant launch vehicles
make it economically attractive to launch several spacecraft per year so
that systematic measurements of the corona and electron density profile,
vwhich is known to fluctuate markedly with solar activity, can be made.

FY 1968 funds will initiate the procurement of components, fabrication
and assembly, integration, test and preparation for launch of an engineering
model of the spacecraft on the first test shot of the 5-stage Scout launch
vehicle. Experiment funding will allow for the pre-launch formating and
programming of the propagation experiment. Other funds are required for
spacecraft launch support and post-launch analysis. FY 1969 and later fund-
ing required to fund the first five missions, including launch vehicles, is
estimated at 313,500,000,
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Data Analysis

1966 1967 1968
Operation of the data center.... $300,000 $500,000 %700, 000
Research tasks8....ecoceccossocas 1,700,000 1,500,000 1,300,000

Total.l.l"..'.'...'.......... 22!0002000 §2!000!000 Lz—:!ooolooo

A National Space Science Data Center has been established at the (joddard
Space Flight Center to provide for the collection, cataloging, storage and
dissemination of data obtained from space sciences flight experiments. Data
collected will be made available at a cost commensurate with reproduction
and distribution to those interested in using the data for further research,.
To encourage the full use of the data obtained on NASA flight programs,
support will be provided for scientific research efforts which make use of
the data. Proposals for research are competitively evaluated, and support
is provided for those efforts which can be expected to contribute most to the
total advancement of knowledge in space science, Fiscal year 1968 funds will
provide for operation of the Data Center at a level consistent with tthe input
of data and for support of data analysis efforts.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

QFFICE OF SPACE,_ SCIENCE AND APPLICATIONS LUNAR AND PLANETARY
EXPLORATION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

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

The lunar program consists of three types of missions. The first of
these, the Ranger program, has now been completed, yielding over 17,000
photographs which have provided a much better understanding of the nature
of the surface of the moon. The current series of lunar missions involve
a total of seven soft landing Surveyor spacecraft and five orbiting space-
craft which will conduct scientific measurements on the lunar surface and
provide detailed high and low resolution photography of the moon. Four
of these missions were attempted during 1966 and three were successfully
completed., The initial Surveyor spacecraft accomplished the first scft
landing on the moon and transmitted over 11,000 high resolution television
pictures back to earth. This mission indicated the bearing strength of
the surface where it landed to be sufficient for a safe landing. Surveyor
I1 impacted the moon as a result of a vernier engine failure. Lunar Orbiters
I and II returned very detailed photographs of candidate Apollo landing
sites covering thirty thousand square miles of the lunar surface, including
wide angle coverage of twenty-two Apollo sites with high resolution (down
to one meter) detail on thirteen of these sites, and photographs of four
million square miles of the far side of the moon, which indicates that the
surface is much rougher than the side which faces earth. Lunar Orbiters
also have obtained data on the micrometeoroid flux and radiation enviromment
near the moon. Analysis of Orbiter tracking data improves our knowledge of
the moon's gravitational field. Subsequent Surveyor and Orbiter missions
will photograph and examine other potential Apollo landing sites and determine

~surface and subsurface physical and chemical properties.
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The planetary programs have experienced a high degree of success with
the Mariner II flyby of Venus and the Mariner IV photographic mission to

Mars.
mation.
the atmosphere of Venus.

These planetary missions have yielded a wealth of scientific infor-
Mariner II provided new data on the physical characteristics of
Mariner IV produced the first close up photographs

of the surface of Mars and, in addition, performed many important scientific
measurements permitting a considerably better understanding of the nature

of that planet.

The next steps in the evolution of planetary exploraiion

will be Mariner flyby missions to Venus in 1967 and to Mars in 1969 and
1971 respectively, prior to the Voyager orbiting and landing missions to

be made beginning in 1973.

probe into the Martian atmosphere during the 1971 mission.

SUMMARY OF RESOURCES REQUIREMENTS:

Supporting research and tech-
nology/advanced studies......
SUrVeYOT.cevverensosessscsacnns
Lunar orbiter.....ceeeeeceeceee
Mariner......ccocceceeeicoccons
Ranger,..eoececececercsccsccacns
Total..

Marshall Space Flight Center.
Goddard Space Flight Center..
Jet Propulsion Laboratory....
Ames Research Center.....
Electronics Research Center..
Langley Fesearch Center......
NASA Headquarters...

LA B B ]

BASIS OF FUNI REQUIREMENTS :

Supporting Research and Technology/Advanced Studies

Present plans call for launching a capsule

1966 1967 1968
$23,000,000 $20,900,000  $20,900,000
104,634,000 84,500,000 42,200,000

58,081,000 28,800,000 10,000,000
17,585,000 35,200,000 68,900, 000
1,000, 000 -—- ---

§204!300!000
Distribution of Program Amount by Installation:

$169,400,000

L

$142,000,00

Lunar and planetary science....
Advanced technical development.
Advanced studies.......c000000

TOt&l...-...-..

Seecsesorss v

1966 1967 1968
$630,000 $635,000 $400,000
1,119,000 800,000 1,000,000
131,668,000 129,184,000 120,500,000
668,000 480,000 500,000
—— 40,000 50,000
58,842,000 29,425,000 10,500,000
11,373,000 8,836,000 9,050,000

1966 1967 1968
$13,495,000 $11,305,000 $12,000,000
7,085,000 7,495,000 6,800,000
2,420,000 2,100,000 2,100,000

23,000,000

$20,900,000 _ $20,900,000
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Supporting Research and Technology and Advanced Studies programs are
he research activities which provide the base for defining the scientific
objectives of future missions, establish the technological criteria essential
o these missions, and supply the scientific and engineering capability for
performing flight programs.

The science program consists of activities involving laboratory, astro-
nomical, and theoretical research. It is under this program that new
concepts and experiments for scientific investigation of the moon and
planets are conceived and developed. These activities also provide sci-
entific data essential to the design and calibration of flight instruments
for the analyses of the results of experiments already performed.

Observaticns of the moon and planets are being carried out with optical
and radio instruments to supply data essential for the design of spacecraft
and the selection of experiments for lunar and planetary investigation.
Research activities concerned with the characteristics, specifically the
bearing strength of the lunar and Martian surface, and the nature of the
surface environment continue to be the most important problems currently
under investigation. More information about the physical nature and the
topegraphy of the lunar surface is essential to the safety of manned
exploration and for the successful performance of soft landing automated
scientific payloads on Mars. The physical characteristics and properties
of the Martian atmosphere are of major concern due to observations made
in recent years which indicated a lower surface pressure and possibly
much higher velocity surface winds than previously accepted. Further
studies by astronomical spectroscopic techniques are being conducted this
year and will be continued in FY 1968 to provide more precise values of
the parameters defining the Martian atmosphere to permit the designs of
efficient entry vehicles. Laboratory, theoretical, and observational re-
search under this program are being conducted at NASA centers, other
government fagcilities, universities, and industrial concerns throughout
the country.

The Advanced Technical Development program is directed toward developing
and improving performance of subsystems, components, and techniques required
for the spacecraft to perform future missions to the moon and the planets.
Successful completion of these missions requires the development of reliable
equipment that will survive the rigors of sterilization and long exposure
in deep space. In the FY 1967 program primary emphasis has been in the areas
of communications, power, landing technology, and the sterilization of space-
craft components to prevent contamination of Mars. Mariner IV data, in-
dicating a lcw atmospheric pressure on Mars), has confirmed the need for
intensive effort to be given to landing techmology to ensure safe landing
on the surface of the planet. The FY 1968 funds will be used to continue
the efforts in support of Mars missions and initiate activities related
to Venus and the other planets.
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The Advanced Studies effort is essential to future lunar and planctary
mission planning. The evaluation of possible missions to the planets is
a continuing process as new information is obtained about the planets, and
as new flight techniques and increased booster capabilities evolve. Fiscal
year 1967 funds were utilized in initiating such studies as a multiple
planet mission, which would examine the potential of utilizing graviiy
assist maneuvers at Jupiter, Saturn, and Uranus for the scientific investi-
gation of these plants and Neptune. Fiscal year 1968 funds will be used
to conduct conceptual designs of spacecraft for such a multiple planet
mission, study the design requirements for large Mars entry vehicles with
surface mobility and sample return capability. In addition a series of
advanced studies are planned for advanced system concepts to further ex-
plore the moon from lunar orbit and by means of automated landers and
surface stations.

Surveyor
1966 1967 1968
Spacecraft....coeeieencesansas $99,891,000 $79,100,000 $36,900,000
Experiments.....cceceveeesnesoe 1,980,000 2,500,000 2,500,000
Ground operations......ccees.s 2,763,000 2,900,000 2,800,000

Total Spacecraft and Support $104,634,000 $84,500,000 $42,200,000

Atlas-Centaur (Launch Vehicle
Procurement Program)........ (15,000,000) (7,600,000) _(3,8(0,000)

Total (including Launch

Vehicles)............o0.0. ($119,634,000) ($92,100,000) ($46,00 0,000)

The objectives of the Surveyor program are to develop the technology
required to accomplish successful soft landings at predetermined sites on
the moon, and to conduct scientific measurements on the lunar surface.
Studies to dztermine the optimum strategy for verifying Apollo landing
sites, considering both safety and economic aspects, indicate the desirable
use of the Surveyor and Lunar Orbiter spacecraft acting as a team. (lper-
ational plans call for Surveyor landings at various lunar sites with
"aerial survey'" of these sites and surrounding areas by Lunar Orbiters.

This combination of coverage provides detailed measurements on the surface
by Surveyors which can be extended to larger areas with Orbiter photographs.

Surveyor [ made the first controlled descent to the surface of the
moon and transmitted over 11,000 high resolution television pictures back
to the earth, Surveyor instrumentation showed that the lunar surface where
it landed has a dynamic bearing resistance of 6 to 10 pounds per square
inch, which should be sufficient for a safe Apollo landing.
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Surveyor 11 crashed into the moon after one of its vernier engines failed
to ignite prcperly during the mid-course maneuver. Subsequent Surveyors
will examine other potential Apollo landing sites and determine the lunar
surface and subsurface physical and chemical properties. These data are
essential to ensure a high confidence that the topographic and structural
characteristics of alternate sites are suitable for manned landings before
these missions are attempted.

The Office of Space Science and Applications, NASA Headquarters, is
responsible for overall management of the Surveyor program. Responsibility
for project management is assigned to the Jet Propulsion Laboratory. The
Surveyor spacecraft system was developed by the Hughes Aircraft Company.
Major subcontractors are Thiokol/Elkton for the main retro.motor, Thiokol
Reaction Motors Division for the vernier engine thrust chamber assemblies,
and Ryan Electronics for the radar altimeter and doppler velocity sensor.

In addition to completing analysis of the data obtained from the first
Surveyor flight, which was conducted close to the end of last fiscal year,
current year funds provide for the final testing, launch and post-launch
operations for the second, third, and fourth Surveyors, and will allow for
-initiation of subsystem testing and assembly of the fifth, sixth, and
seventh spacecraft.

The funds requested for FY 1968 are required to complete assembly,
systems environmental and flight acceptance tests for the sixth and seventh
Surveyors, and for launch and post-launch operations for the fifth, sixth,
and seventh Surveyor missions.

Fiscal year 1965 and prior Surveyor program expenditures were
$388,877,000 for both spacecraft and launch vehicles. Funding requirements
beyond FY 1968 for completion of the program are estimated to be $1,000,000.

Lunar Orbiter

1966 1967 1968
Spacecraft......ccivneennnenen .o $56,667,000 $26,750,000 $8,780,000
Experiments....oeo0evee teosesnas 178,000 250,000 220,000
Ground operations.....ecceeeio0oen 1,236,000 1,800,000 1,000,000

Total Spacecraft and Support.. $58,081,000 $28,800,000 $10,C00,000

Atlas-Agena (Launch Vehicle
Procurement: Program).......s.. (14,500,000) (9,300,000) (£§00,000)

Total (including Launch

Vehicles)..cooveenen, ceevnoe ($72,581,000) ($38,100,000) ($10,800,000)
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Lunar Orbiter, operating as a team with the soft landing Surveyor,
provides detailed information about the lunar surface and the near lunar
environment, Each Lunar Orbiter spacecraft serves as an orbiting platform
for a photographic system designed to take extended area photographs of
the lunar surface for use in the selection and certification of suitable
Apollo landing sites, and to increase our scientific understanding of the
moon. The first two Lunar Orbiters returned high resolution (one meter)
photographs of thirteen candidate Apollo landing sites covering an area of
four thousand square miles and wide angle pictures of twenty-two candidate
Apollo landing sites covering an area of thirty thousand square miles. These
photographs are being carefully screened in order to locate suitable sites
for Surveyor and Apollo landings. In addition, these two spacecraft pro-
vided photographs of about four million square miles of the hidden face
of the moon, which differs substantially in appearance from the side that
always faces the earth.

Lunar Orbiter I was the first American spacecraft to orbit a body other
than the earth. The actual orbital parameters of Lunmar Orbiters 1 and II1
were extremely close to those planned. The precision is comparable to the
best achieved by earth-orbiting satellites. A total of nine velocity
changes have been commanded in the two missions and in each case the actual
change achieved was exactly what was commanded. Lunar Orbiter I and II
have contributed enormously to the quantitative definition of the mocn's
gravitational field. As one noted astronomer stated; "We learned more in
the first seven days of Lunar Orbiter I than in all the previous fifty
years!" This information, which is of prime scientific interest, is also
useful for refinement of guidance requirements for Apollo missions,
Environmental experiments on the Lunar Orbiters have provided measurements
of radiation and the micrometeoroid flux near the moon.

Although the first two missions have provided significant quantities
of data in support of manned landings and in scientific exploration of the
moon, much additional work remains. The third mission is planned primarily
for additional landing site search, since it is necessary to have a number
of alternate sites across the Apollo zone of interest near the lunar equator.
To the extent that the Apollo requirements are satisfied, following missions
might allow a shift in emphasis toward scientific exploration of the numerous
areas of interest in other parts of the moon. More than four hundred specific
areas of high scientific interest have been delineated by members of the
scientific community.

The Office of Space Science and Applications, NASA Headquarters, is
responsible for the overall direction of the Lunar Orbiter project.
Responsibility for project management is assigned to the Langley Research
Center, The prime contractor is the Boeing Company which designed and
developed the Lunar Orbiter spacecraft and performed the systems integra-
tion and testing. Major subcontractors are the Radio Corporation of
American for the power systems and communications, and Eastman Kodak for
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the photo system. The missions are tracked and controlled by the Deep
Space Network of the Jet Propulsion Laboratory. The Lewis Research Center
is responsible for management of the launch vehicle system.

Current year funds are being used for the assembly, integration, and
systems testing of the spacecraft, and for mission operations and analysis
of photographs, selenodetic and other lunar environmental data for the
first three missions.

Funds requested for FY 1968 will provide for the systems testing and
mission operations of the last two spacecraft. These funds are also re-
quired to complete the analysis of data obtained from the later missions.
Fiscal year 1965 and prior expenditures for Lunar Orbiter were $87,200,000
including launch vehicles. Subsequent to FY 1968 about $1,000,000 will
be needed to complete final data analysis and project reports.

Mariner
1966 1967 1958
Mariner-Mars 1964...cc0cccvavs $2,335,000 $200,000 .--
Mariner IV.eeececocesccocoscsas 250,000 1,000,000 $60%,000
Mariner-Venus 1967...cc.0000ece 10,900,000 11,000,000 4,200,000
Mariner-Mars 1969...cccccoceee 4,100,000 23,000,000 54,001,000
Mariner-Mars 197l....c0000ce0es - - 10,101) ,000

Total Spacecraft and Support  $17,585,000 $35,200,000 $68,900,000

Atlas-Agena.....c.ccoceeneeenes (8,700,000) (200,000) (--=)
Atlas-Centaur......ccoeneseees (-==) (1,420,000) (14,438,000)

Total (including Launch

Vehicles)..oovveeennnnness  ($26,285,000) ($36,820,000) (§83,§§§SOOO!

The objective of the Mariner program is to conduct the early exploration
of the planets and interplanetary medium with spacecraft in the 400 to 1200
pound class, and to provide the scientific and technological basis for de-
tailed exploration by spacecraft of the Voyager class. Mariners II and IV
measured the magnetic fields, charged particle fluxes, and cosmic dust in
interplanetary space and in the vicinity of Venus and Mars respectively.
On December 14, 19626 Mariner II observed microwave brightness temperatures
of approximately 800 F on Venus, but did not detect a magnetic field when
it passed within 22,000 miles of the planet's surface. Mariner-Venus 1967
is designed to obtain additional information on the field and particle
environment, to detect atomic hydrogen and oxygen, and to obtain a deasity
profile of Venus' atmosphere by means of occultation experiments as iL passes
within 2000 miles of the planet in October 1967. The Mariner-Venus 1367
spacecraft is the flight qualified Mariner-Mars 1964 back-up spacecraft
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modified for the Venus mission. Mariner IV transmitted to earth the first
close-up photographs of another planet after it passed within 6200 miles
of the surface of Mars on July 15, 1965. Mariner IV's television pictures,
with a resolution of 1500 meters, showed a cratered surface much like that
of the moon. At the flyby distance, Mariner IV could have detected a
magnetic field a thousand times weaker than earth's, but such a field was
not perceptible. The occultation experiment found the atmosphere to te
much less dense than previously indicated. The 1969 Mars mission will
take advantage of the greater payload weight capability provided by the
Atlas-Centaur launch vehicle to examine the surface with an improved
television system and measure the spectrum of the planet in both the in-
frared and ultraviolet wavelengths.

The mission planned for 1971 will use the same basic spacecraft designed
for the 1969 mission with the modifications required to not only obtain
higher resolution pictures of the surface than those to be obtained by the
1969 Mars mission but, also, to eject from the flyby spacecraft a scaled-
down Voyager entry capsule into the Martian atmosphere. The probe will
telemeter qualitative data on atmospheric constituents and structure to the
spacecraft during entry and descent to the surface. This mission will not
only yield significant scientific results but will also provide the scientific
information and technological advancements that will enable a much greater
return from the Voyager program and enhance the efficiency of its develop-
ment program.

The Jet Propulsion Laboratory is responsible for Mariner project meanage-
ment under the overall guidance and direction of the Office of Space Science
and Applications. The early Mariners were designed, fabricated, assembled
and tested in-house at JPL, with extensive subcontracting at the assembly
and component. level for such items as the Canopus sensor, gyros, solar panel
structures, solar cells, batteries and tape recorders., JPL will perform the
systems integration function of the prime contractor for Mariner-Mars 1969,
but subcontracting will be for complete subsystems, such as attitude control,
power, and propulsion. Subcontracting will be even more extensive in the
Mariner-Mars 1971 project, with perhaps a systems prime contractor for the
complete spacecraft, and contracts for subsystems on the atmospheric probe.

Current year funds will cover the cost of completion of fabricatior,
assembly, test and launch of Mariner-Venus 1967. They will also finarce
subsystem breadboarding and engineering model testing on Mariner-Mars
1969, and complete the design of the spacecraft to permit initial flight
hardware procurement in July 1967. Current year funds also will cover the
cost of operations associated with the reacquisition of Mariner 1IV.

The funds requested for FY 1968 will finance post~launch operations
for Mariner-Venus 1967 through encounter, and analysis of scientific &nd
engineering data., Fiscal year 1968 funds requested for Mariner-Mars 1969
will also provide acquisition of flight hardware, financing to initiate
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assembly of the flight spacecraft, and to complete type approval tests of
prototype subsystems and environmental systems tests of the prototype
spacecraft., Fiscal year 1968 funds will be used to establish the functional
specifications for Mariner-Mars 1971 and to complete systems design. There
will be extensive testing of prototypes of critical subsystems, such as
relay commnications, sterilizeable batteries, and aeroshell and experiment
instrumentaticn. Flight experiments and the spacecraft system contractor
will be selected. Fiscal year 1968 funds requested for Mariner IV will

be used to complete reacquisition, for data analysis, and for preparation

of final reports.

Fiscal year 1965 and prior year expenditures for Mariner are-
$196,259,000 for both spacecraft and launch vehicles. Funds required
beyond FY 1968 for completion of the Mariner program are estimated to
be $238,442,000 of which $205,900,000 is for Mariner-Mars 1971.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF SPACE SCIENCE APPLICATIONS VOYAGER PROGRAM
PROGRAM OBJECTIVES AND JUSTIFICATION:

The Voyager is a major new program for which full-scale design and
development will start in FY 1968. The Voyager will provide the first:
opportunity for man to obtain sufficiently detailed data concerning the
planets of our solar system to permit a significant step in the under-
standing of planets and to apply this information to the earth itself., The
objective of the Voyager program beginning with the missions planned for
the 1973 and 1975 Mars opportunities is to obtain information relevant to
the existence and nature of extraterrestrial life, the atmospheric, surface
and body characteristics of the planet Mars, and the nearby space enviromment.

The overall requirements to be placed upon post-Mariner missions to the
planets have been under careful study for several years. To perform
meaningful planetary exploration, detailed measurements of the planetary
enviromment, atmosphere, and surface characteristics must be made. 1In
addition, such missions must have the capability to detect life, if present;
.o characterize it chemically and physiologically; to determine its relation
to terrestrial life forms, if any; and to aid in establishing the evolutionary
path of such life. The missions should also have the capability to look for
fossil life; and if only fossil life were found, to examine those factors
that might have been associated with the extinction of extraterrestrial
life.

After careful consideration of the type of scientific investigations to
be performed in a planetary exploration program, four main capabilities
are identified that any follow-on program to Mariner must have. The first
is the ability to observe the planet both from orbit and on the planetary
surface. Data on extraterrestrial life will only be obtained conclusively
from observaticns made on the planetary surface. However, the scientific
understanding of a planet, its origin, and evolution will be heavily
dependent upon correlating surface measurements and large-scale survey-type
measurements obtained by observations from planetary orbit.

The second capability needed on post-Mariner missions is the high instru-
ment weight. Thus, either heavy single experiments or groups of complementary
experiments can be supported during each mission to obtain the multicdisciplinary
types of scientific information required.

The third capability is long-lifetime at the planet; that is, the space-

craft should operate on the surface of the planet and in orbit about the
planet for long periods of time. This is particularly important for Mars
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since seasonal variations have been observed and an understanding of such
variations and their effects are critical to the scientific understanding
of the planet.

The fourth capability is for a large amount of data. This will permit
high quality visual data similar to that obtained of the moon by Luna:r
Orbiter and Surveyor and high quality spectroscopic type data which is
needed for chemical and physical investigatioms.

The requirements noted above are being used to define the Voyager mission
capability. The Voyager capability far exceeds that of the Mariners and
represents a major step in this country's planetary exploration capab:ility.
The Saturn V, developed for Apollo, will be used as the Voyager launch
vehicle.

Three primary objectives will shape the Voyager missions: To gain know-
ledge about the origin of the solar system, to gain knowledge about the origin
of life, and to apply both to a better understanding of terrestrial lilfe.

Not only do these objectives directly bear on man's place in the universe,
but they are closely related to the origin of the universe itself.

In pursuit of these goals, beginning with the 1973 Mars opportunity,
Voyager will orbit, and soft-land on the planet and search for evidence of
forms of life. The first Voyager mission will provide data on the physical,
thermal, and chemical properties of the planet, transmit to earth high
resolution photographs of Mars' surface. It is planned to design the
Voyager spacecraft so that many of its basic systems, such as the spacecraft,
can be used with a minimum of modification for exploration of planets other
than Mars. 7This would minimize development costs for possible future planetary
missions, such as landing on Venus, which are currently being studied.

SUMMARY OF RESOURCES REQUIREMENTS:

1966 1967 1968

VOYALEreesoesaconosossssccesonns $17,097,000 $10,450,000 $71,500,000

Total.ee.eceesoeconacsconcraanns $17,097,000  $10,450,000 371,300,000
Distribution of Program Amount by Installation:

Marshall Space Flight Center... $210,000 $1,000,000 $21,300,000
Jet Propulsion Laboratory...... 15,502,000 8,200,000 31,200,000
Ames Research Center..c.ccceeee 200,000 250,000 500,000
Langley Research Center........ 585,000 1,000,000 18,000,000
NASA HeadquarterS...csceeeccscese 600,000 - 700,000
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BASIS OF FUND REQUIREMENTS :
oyage

1966 1967 1948

Spacecraft SysteMeececocessccese $8,191,000 $1,300,000 21,400,000
Capsule bUS Systmn..-ocuo-o'on }7,622’000 }8’100 Ooo 21,60‘[)’000

Surface laboratory system.e.... 24,000,000
Voyager biological laboratory.. 1,000,000 450,000 2,500,000
Launch vehicle systeme.cccccees 210,000 500,000 1,509,000
Mission operationSe.ecesccsccsss 74,000 100,000 502,000

Totaleecovecesoscsosassccnonss 17,097,000 §10!420!000 521!209!000

Initially, Voyager will investigate the closest planets, beginning with
Mars. The first flight missions are planned for Mars during the 1973 and
1975 opportunities. In pursuit of its objectives, the Voyager will place an
automated spacecraft in orbit and soft land an automated laboratory on the
surface of Mars. One Saturn V launch vehicle will carry two Voyager planetary
vehicles mounted in tandem at each of the two launch opportunities. Each
planetary vehicle consists of a spacecraft and a landing capsule. The space=-
craft will accomplish the transit to Mars, deliver the capsule into orbit,
and conduct scientific observations of Mars from orbit over a period of
several months. The landing package includes a capsule bus system and a
surface laboratory system. The landed surface laboratory system will include
instruments to study the chemistry of the atmoshpere and surface; measure
radiation, temperature, and seismic activity; and search for evidence of
extraterrestrial life to the maximum extent possible on the early Voyajger
missions.

It is anticipated that changes will be made to the surface laboratory
from mission to mission as the scientific understanding of Mars is increased.
As this progression occurs, it is expected that adaptive and reprogrammable
experiments will be conducted and the surface laboratory will evolve into
the Voyager Biological Laboratory (VBL). The VBL concept is based upon the
conviction that a flexible scientific laboratory type spacecraft will bhe
required to provide results capable of unambiguous interpretation. It will
be an integrated set of experiment packages and be capable of performing
these experiments in a near real time programmable fashion rather than
having completely discrete experiments aboard. The VBL will contain a
reprogrammable computer capable of controlling and commanding its own operations
based on data feedback from previous experiments, or by command from earth.

The results of the preliminary design of the Voyager orbiting spacecraft
cempleted in FY 1966 confirmed its feasibility and that it would achieve
the assigned mission objectives. Funds for FY 1967 provide for preliminary
design of the capsule (capsule bus and surface laboratory), continuing in-
house effort on the capsule to bring the understanding of this system t0 a
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level comparable with that of the spacecraft, and maintaining a supporting
development program in critical, long leadtime subsystems.

During FY 1968, system design and development will be initiated for the
spacecraft, capsule bus, and surface laboratory systems. A single prime
contractor will be chosen for each of the three systems to initjiate final
system design and to begin the development of long leadtime subsystems.

The system design effort will culminate in completed system specifications
and in preliminary detail specifications for each subsystem and critical
component. Examples of long leadtime developments which are expected to be

initiated in FY 1968 are:
Spacecraft System

High power S-band amplifiers and large steerable antennas
Long life cycleable batteries
Data compression, block coding, and data storage

Capsule Bus System

Sterilizable, throttlable liquid retropropulsion
Terminal guidance subsystem
Sterilization cannister and actuating mechanisms

Surface Laboratory System

Sterilizable S-band and VHF amplifiers
Sterilizable power supply
Command storage, programmer, and receiver

In addition, it is expected that advanced development of scientific fnstru-
ments which are candidates for the 1973 mission will be conducted in FY 1968,
These will include visual imaging devices, mass spectrometer/gas chromatograph,
various types of spectrometers, and life detection instruments,

During FY 1968, the VBL and its objectives will be defined in detail. The
scientific community will be actively involved in this definition. In addi-
tion, subsystem design of the VBL will be initiated. It is also expected
that breadbcarding of critical VBL subsystems will be undertaken.

During FY 1968 development of the launch vehicle nose fairing and shroud
required for the Voyager missions will be continued. 1In addition, studies of
Voyager launch criteria and planning of mission operations will be continued.

Funding during FY 1965 and prior years for Voyager amounted to $7,593,000,
The total cost of the 1973 and 1975 missions is estimated to be $1,800,000,000
including four sets of flight hardware, prototypes, development, and spare
hardware.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS SUSTAINING UNIVERSITY PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

NASA depernds upon universities to conduct portions of the basic research
in support of the space program. To improve this support, the universities
are strengthened by the Sustaining University Program. The Sustaining
University Program encourages the universities by supporting graduate
students in space-related disciplines. It also assists universities in the
acquisition of facilities suitable for the effective conduct of space
research. 1Its accomplishments contribute to the replenishment of the
national supply of highly trained manpower, to an increase in the scope of
research leading to advances in fundamental knowledge, and to improvement of
the physical facilities for the conduct of both training and graduate
research at universities.

SUMMARY OF RESOURCES REQUIREMENTS:

1966 1967 1968
Training....ccovveseccccccccacs $25,290,000 $16,000,000 $7 ,000,000
Research...ccecevecccascccccces 12,860,000 11,000,000 10,000,000
Research facilities........ cees 7,850,000 4,000,000 3,000,000
Totaleseeeveroons escevsaceces $46 ,000,000 $31,000,000 $20,000,000

Distribution of Program Amount by Installation:

NASA Headquarters............ $46,000,000  $31,000,000  $20,000,000

BASIS OF FUNL} REQUIREMENTS:

Iraining
1966 1967 1968

Training.cceecveesceccccoccnces $25,290,000 $16,000,000 $7 ,000,000

As the national space effort proceeds towards attainment of its program
goals, training activities conducted under NASA's Sustaining University
Program have been reviewed and reassessed to ensure consonance with the new
conditions and tasks the Agency will encounter in the years ahead. 1In fields
with the characteristically long lead times associated with doctoral and
postdoctoral training, a timely review of the training requirements for
future space activities 1is especially necessary.
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In the past, the largest effort has been devoted to predoctoral traimning.
The NASA predoctoral program was initiated in 1962, 1Its initial target was
to sponsor the annual production of 1,000 Ph.D.'s in space-related science
and technology. This was estimated to require the annual entry into the
universities of some 1,335 new predoctoral candidates for three years of
training toward the doctorate. In FY 1966 NASA reached this input goal for
the first time, with the addition of 1,335 new entrants to the previous
years' candidates, making a total of 3,681 NASA sponsored trainees now in the
program,

The FY 1967 budget for training is $16 million. With this amount of
money, about 800 NASA sponsored trainees will enter the program in September
1967, 1In FY 1968, the program level will be $7 million, and the numbar of
new predoctoral students will be about 350.

With this decline in the number of predoctoral trainees, greater emphasis
is being placed upon special training activities. Critical in this effort {is
NASA's Summer Faculty Fellowship Program to help young faculty members keep
up with the latest technical developments in engineering and science.
Originally established with the assistance of the American Society for
Engineering Education, these 10-week summer sessions are cooperative
endeavors undertaken in conjunction with one or more universities located
near NASA Research Centers. Faculty members spend their summer at the
Centers where they choose problems of common interest to themselves and the
Centers. In 1967, seven such programs are being planned, with an increased
number of participants over the 1966 program. It is planned to continue this
effort at the same level in FY 1968.

A faculty program in Systems Engineering Design was begun in 1966, under
which faculty members from different engineering disciplines are brougzht
together to work on broad space-related problems requiring an integrated or
team approach. Two or three are usually selected from the same university,
so that they can introduce new techniques in the teaching of systems
engineering design at their parent institution at the conclusion of the
program. As in the Summer Faculty Fellowship Program above, these activities
are carried on in cooperation with one or more universities located near a
NASA Center and NASA Center personnel having special competence in the area
of systems engineering lend strong support. Three such summer programs are
planned for 1967 and continuation in 1968.

In 1967, NASA plans to sponsor four Summer Institutes for upper division
undergraduates to acquaint them with some of the current substantive problems
encountered in space sciences and engineering. As in previous years, the
student participants will be especially talented young men and women who
show promise of continuing these studies at the graduate level. 1In 1968,
continuation at the same level is planned.
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NASA supports two small post Medical Doctors' training programs in aero-
space medicine. Their purpose is to help provide a few carefully chosen
medical doctors with special advanced training to work in direct or support-
ing roles in manned space flight efforts. Physicians trained in this program
have already been employed by NASA at the Manned Spacecraft Center at Houston
in space medicine operations. The 1968 level of effort will be the same as

that of previous years,

Research
1966 1967 _ 1968
Research......c.convveereee cee $12,860,000 $11,000,000 $12,000,000

Multidisciplinary research grants under the Sustaining University Program
augment NASA's project research by giving universities increased encourage-
ment to extend and enhance their space-related research capabilities. Through
the use of broadly based research grants with long-term funding stability,
NASA has been able to increase the response from those universities already
participating in space research and offer new opportunities to many universi-
ties which wish to participate for the first time. The net result has been
to strengthen the efforts of those universities which are the chief suppliers
of talent and fresh ideas to the space program, and at the same time foster
innovations and the development of skills which are so necessary to the
continuation of a strong and vital space effort. Additionally, these grants
have served to interest scholars and students throughout the nation In
critical areas of space science and technology.

The flexibility and relative stability of these special purpose research
grants permit universities to build research programs responsive to national
space needs within the framework of balanced and creative institutional
development. Thus NASA, in sharing the management of these efforts with the
university, allows them to take full advantage of their research competence
and ingenuity without distorting their traditional academic values. Further,
the breadth of support provided induces the formation of multidisciplinary
teams which are so necessary to the solution of the problems inheren: in
many undertakings of national scope, of which the space program is but onme.
This special purpose research is now underway at 48 universities in 29
states. Each institution has different capabilities, interests, and talents,
but all have helped NASA bring to the attention of their regions the
challenges of the national space program.

Through this program, groups are evolving which should become incireasingly
able to bring the sum of the institutions®' talent and knowledge closer to
national needs. Effective channels of communication have been opened between
NASA researchers and their university counterparts. The universities have
made significant contributions to NASA's current research progress and some
are beginning to look into the more difficult long-range problems. KEach
institution has increased its research capabilities in areas of interest to
NASA and has involved both faculty and students. Some have begun to establish
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themselves as regional and even national centers of aeronautical and space
research, Finally, significant growth and changes have occurred in the
development of forward-looking curricula and training activities.

For the continuation of this special purpose research program with empha-
sis on newly developing institutions, approximately 50 universities will be
supported during FY 1968 at a cost of $10 million. Work at approximately 45
universities will be continued and five institutions will participate for the
first time.

Research Facilities

1966 1967 1968

Research facilities.............. $7,850,000 $4,000,000 $3,000,000

The conduct of research and training in space-related science and tech-
nology in direct support of NASA's mission is being impeded by lack of suit-
able laboratory space at many educational institutions. The provision of
adequate space is essential if the universities are to contribute their
knowledge and experience to the solution of problems being encountered in
the exploration of space. In a fundamental sense, these contributions of
university activity may be regarded as the sole means for maintaining or
augnmenting the intellectual and creative resources upon which the whole
superstructure of the space program may ultimately rely. Therefore, where
additional research facilities are urgently needed to support the nai:ional
space program, NASA intends to provide a limited amount of funds for their
acquisition.

The research facilities to be acquired by universities with this support
must first have met one of three general requirements. The first category
includes construction of multidisciplinary space research and engineering
laboratories which serve project research and the training supported by the
Sustaining University Program. Half of the facilities grants to date have
been for this type, where there has been an urgent need to house individuals
and combined research groups from several departments. Universities develop-
ed and organized along the lines of the classical disciplines do not have
adequate laboratories to accommodate activities organized to meet the require-
ments of a multidisciplinary approach to space-related research and :raining,

Universities have another need for new facilities in which researchers
are able to develop, fabricate and test experiments to fly on satellites,
rocket probes and balloon flights. The need for unique laboratory buildings
for these purposes is large and growing, and is not being met by any source
of funds other than NASA, Adequately equipped laboratories and shops for
the design and initial testing of flight packages must be available on
campus if the space program is to involve the best experimenters in the
country, since conscientious faculty members insist on participation by
graduate students.

RD gD 7-4



The third type includes the highly specialized facilities for research
and training unique to astronautics and aeronautics. Examples in this cate-
gory include accommodations for solid and liquid propulsion research, astro-
nomical observatories, exobiological laboratories, high Mach number wind
tunnels, and a human centrifuge. By no means does every university nreed
structures of this type, but if basic research in the areas vital to NASA is
to be done in universities, and if graduate students are to be trained for
the national space program, then NASA must help fund and develop highly tech-
nical research facilities which are not normally available to universities,
At this time, the interested universities have more requirements for facili-
ties than NASA alone can provide,

A large fraction of future university laboratory requirements will result
from growing opportunities for flight experiments. Approximately 45 univer-
sities are now concerned with NASA space flight programs, of which probably
less than a third have fully equipped laboratories for preparation of experi-
ments and interpretation of data. Post-Apollo manned and automated flights
will have the capability of carrying many times the present number of experi-
ments, and {f more institutions are to participate, more laboratories will
be required.

Some of these facilities may be expected to become focal points for centers
of excellence around which universities may mobilize their total capabilities
for the benefit of the nation. All facilities are intended to put universi-
ties in a position to undertake the work for which they have competence and
which is required 1f this competence is to support the space program properly.

RD 7-5



RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS LAUNCH VEHICLE DEVELOPMENT PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Launch Vehicle Development program is to provide for
the availability of a launch vehicle capability for automated mission require-
ments in a timely and economical manner. Advanced studies are conducted to
analyze future mission requirements and to define methods of achieving the
required performance characteristics. Supporting Research and Technology
investigates the new technological developments required to support these
methods. New launch vehicles are developed when it is determined that a
new vehicle or stage is required to support automated mission requirements.
The Scout and Delta vehicles developed under this program became operational
during FY 1963. In a similar manner, the Centaur Development effort will be
completed during FY 1967.

Since no major new vehicle development effort will be conducted during
FY 1968, support for the on-going Advanced Studies and Supporting Research
and Technoleogy efforts is budgeted under the Launch Vehicle Procurement
Program.

SUMMARY OF RESCURCES REQUIREMENTS:

1966 1967 1968

Supperting research and tech-
nology/Advanced studies...... $4,000,000 $4,000,000 .-
Centaur development.....eecesee 53,790,000 27,200,000 ===

Total.ll........‘...“....... §57’790’000 31 200 000 —_—_‘_—~_:._

Distribution of Program Amount by Installation:

John F. Kennedy Space

Center, NASA...vscocacveocce $470,000 $200,000 ---
Mar shall Space Flight Center. 7,205,000 --- ---
Jet Propulsion Laboratory.... 140,000 .-= ---
Electronics Research Center., 600,000 1,025,000 ---
Langley Research Center...... 890,000 487,000 -
Lewis Research Center........ 48,125,000 28,988,000 .-
NASA HeadquartersS..ccccsecess 360,000 500,000 -

BASIS OF FUNL REQUIREMENTS:

No funds are being requested in FY 1968 for Launch Vehicle Developmrent.

RD 8-1



RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS LAUNCH VEHICLE PROCUREMENT PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the Launch Vehicle Procurement program is to provide
launch vehicles, with their related supporting equipment and services, to
support automated mission requirements. The program includes a broad
spectrum of activity including Advanced Studies to analyze future mission
requirements for determining and defining methods of achieving the required
performance and Supporting Research and Technology to investigate new
technological developments required to support these methods. In additionm,
the program includes the procurement of vehicles, maintenance and operation
of support equipment, vehicle related services, and the Sustaining Engineering
and Maintenance effort required to support the operational vehicles. The
operational vehicles currently being procured and supported are: Scout,
Delta, Thor Agena, Atlas Agena, and Centaur.

Operational vehicles are procured in support of current mission require-
ments., In order to identify total project requirements, the launch vehicle
procurement activity associated with specific projects is shown parentheti-
cally with each project. Procurement levels are adjusted to maintain
required inventory levels. The factors considered in determining the
quantity of vehicles to be ordered are: (1) current and projected inventory
which includes vehicles ordered but not delivered; (2) launch schedules; and
(3) procurement lead times required for vehicle delivery.

In addition to the procurement of vehicle hardware, various services
associated with each launch are also included in the program. These include
such items as trajectory studies, mission modifications to the support
equipment and vehicle, launch crew services, guidance services, range
reimbursable support, and propellants.

The Sustaining Engineering and Maintenance effort associated with each
operational vehicle is not directly related to a specific mission and these
costs are not included in the parenthetical notations shown with each
project, This effort, in this sense, is general in nature and beneficial to
all projects associated with a particular type vehicle. Through this effort,
a means 1s provided for maintaining high levels of performance and reliability
in operational vehicles and ground support equipment. These goals are
achieved through product improvement programs which provide for the updating
of vehicle systems and components, maintenance of ground support equipment,
vehicle system engineering, and other supporting services.

In previous budget submissions, Launch Vehicle Development and Launch
Vehicle Procurement have been presented as separate programs. Since there
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will be no major launch vehicle development effort in progress during FY 1968,
the remaining development activities, Supporting Research and Technology and
Advanced Studies have been consolidated with the Launch Vehicle Procurement
Program,

SUMMARY OF RESOURCES REQUIREMENTS:

1966 1967 1968

Supporting Research and

Technology/Advanced studies.. co- ——- $4,000,000
SCOUL.ccevsoseccsccecsssscsvens $11,700,000 $9,400,000 16,800,000
Delta..csetceoccsscccessoscscee 27,729,000 20,900,000 32,600,000
AgeNna..ceeisscssccocssccssscccee 70,669,000 37,100,000 24,700,000
Centaureecscosscscocosssnccscnce 65,000,000 55,000,000 87,000,000
AtlaSIOOOOJ0000..0.0..0.0.00000 3,602,000 - - -

Totalecscsecscccoscoscsscccces §178!700!000 §122!400!000 21654100!000

Pistribution of Program Amount by Installation:

John F. Kennedy Space Center,

NASAceeecoevocsocseecsrccccosne $4,177,000 $3,787,000 $3,332,000
Marshall Space Flight Center... - ——- 1,100,000
Goddard Space Flight Center,... 11,879,000 12,563,000 18,400,000
Electronics Fesearch Center.... ce- ——— 1,270,000
Langley Research Center.ecccess 12,090,000 9,400,000 16,900,000
Lewis Research Center....eeceeee 135,430,000 88,725,000 109,233,000
NASA HeadquarterS.ieescccocscsss 6,340,000 ——- 500,000
Western Support Officeceescceecs 8,784,000 7,925,000 14,365,000

The overall mission plan for launches during this period is:

Calendar Calendar Calendar
Year Year Year
Vehicle 1966 1967 __1968

6(+2 B/U)* 8(+1 B/D)*

SCO‘ltoocuoooto'c.........tt..

1
Delta.oc»oomooooooooooaoooco.o 4 7 9
Agellao.-0.0-..0.00.000.0.0'000 7 5 4
cen':aurllli.l'l........‘.....Q.. —& _ﬁ -‘é
T()tal-no..o..coo.oooo.oo..o g =2(+2 B/U) 3:g(+1 B,U‘)

* "B/U" indicates backup missions.
Above table includes Advanced Research and Technology missions.
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BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology
Advanced Studies

1966 1967 1968

AdvanCEd E‘J:Udlies- ss0secsvcrOOO O - - - $1 ’000 ’000
Propulsiom....................... - - 75’000
Guidance, control and navigation e = 1,070,000
Instrumentation and electronics, ——— c—- 200,000
Structures and materials........ ce- - 955,000
Vehicle erlt;iﬂeering. oo o‘. seseovee --- hodudd — 700 ‘000_

TOta100|-1b.l'000.'.00..00...0... - - - o - 3:5000!000‘-

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

The FY 1956 and FY 1967 Advanced Study efforts have been directed at
mission requirements for very high velocity launch vehicles. Particular
efforts in technology were directed at a high energy upper (kick) stsge to
be used with existing lower stages. FY 1968 efforts will be directed at
mission analyses, investigation of vehicle and stage alternatives, and
program planaing.

Supporting Research and Technology efforts are being conducted in the FY
1967 program on upper stage propellant systems, FW4S rocket propellant
characterization, alignment and calibration of strapdown guidance systems,
investigation of existing aerospace computers for strapdown guidance system
applications, preparation of a test program for a state-of-the-art strapdown
guidance system, gyroscope and accelerometer evaluation, elimination of
initial launch azimuth errors, insulation and penetration of cryogenic tanks,
cocooning of solid propellant flight vehicles, pressurization and dynamics of
cryogenic tanks, and tests of insulated liquid hydrogen tanks. In FY 1968
work will continue on the definition of capabilities and limitations of
strapdown guidance systems for launch vehicles for science and applications
missions. ‘Tasks will also be directed at studies of launch vehicle astrionics
systems, launch vehicles for very high velocity missions, launch vehilcle
family studies, mission analyses, ullage control screen for Delta second
stage restart, fiberglas filament damage in rocket cases, deep flaws in thin
wall tanks, self-evacuated insulation applications, storage of hydrogen in
space vehicles, longitudinal dynamics of the Atlas booster, and a module to
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test advanced componentry in space on spent Delta vehicle stages.

Scout Procurement

1966 1967 1968
VehicleSeeecescsacssscscssocscns $5,025,000 $2,400,000 $9,600,000
MOtOrSeeceonsosessssecsesascnsosse 2,300,000 2,000,000 1.500,000
Logistics and spareS..eccececcee 375,000 1,000,000 700,000
Sustaining engineering and
mAintenancCe.ccecssccacescccone 4,000,000 4,000’000 5 .000,000

Total....oeeeececsacnscssece 211‘700!000 §9!4001000 §16¥800!000

Scout Procurement provides for the production, checkout, field pro:essing,
and launch of the Scout vehicle. The Scout is the smallest launch vehicle in
the basic NASA vehicle family and provides a reliable, relatively inexpensive
vehicle system which is capable of meeting the requirements of a variety of
small payloads for orbital, probe, and re-entry missions.

The Office of Space Science and Applications has assigned management of
the Scout Project to the Langley Research Center and Ling-Temco-Vought is the
prime contractor for the production, checkout, and launch of Scout vehicles.
There are two Scout launch sites: One 1s at the Western Test Range,
California, and one at Wallops Station, Virginia.

The Scout vehicle was first launched on July 1, 1960, There have heen
49 launches through December 1966, fulfilling the requirements of a variety
of missions for NASA, DOD, AEC, and international users.

The FY 1968 funds for Scout Procurement will be utilized to continue the
current Scout vehicle and systems management contracts. Funds are also
required for the Scout launch services, logistics requirements, and for
vehicle adaptation to meet individual mission requirements.

Scout Sustaining Engineering and Maintenance funds provide for requirements
in the areas of environmental testing, data reduction and analysis,
engineering support, maintenance of Scout standard GSE at Dallas and both
launch sites, publication and maintenance of Scout standard procedures, and
other related requirements.
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Delta Procurement

1966 1967 1.968
Delta 8tageBeccccsceccscscsccccnce $9,044,000 $8,725,000 $14,500,000
Thor boOSterS..ceesesccccscccccsne 10,450,000 7,000,000 10,.700’000
PropellantScescccceccscsccsccccesne 616,000 695,000 920,000
Third stages..o.oooo.ooooocooooooo 790’000 480’000 480,000
Sustaining engineering and
maintenance.cecccccscccccsscccce 6,8294000 41000,000 6,,000,000

Total.....ooeseeencenncesneass $27,729,000  $20,900,000  $32,600,000

Delta procurement provides an economical, reliable launch vehicle fior a
wide variety of medium~-size satellites and small space probes. The Delta
vehicle has proven to be one of the most versatile members of the national
launch vehicle stable by successfully launching an assortment of
communications, meteorological, and scientific satellites.

The Office of Space Science and Applications has assigned management of
the Delta project to the Goddard Space Flight Center. The prime contractor
for the Delta launch vehicle is the Douglas Aircraft Corporation. The Thor
first stages are procured by NASA through the Air Force on Air Force
contracts.

On October 2, 1966, the operational weather satellite ESSA III was
successfully launched by Delta from the Western Test Range. This was the
first Delta launched from the Western Test Range, which will be used for
Delta launches into polar and nearly polar orbits. Delta operations at the
Eastern Test Range will continue as before for lower inclination orbits.

FY 1968 funds for Delta Procurement will be utilized to incrementally
fund the procurement of Delta second stages, the procurement of 14 long tank
Thor (THORAD) boosters ordered on Air Force contracts, and the procurement of
FW~4D and TE~364 third stage motors. These funds are required to meet. the
launch schedule for the Delta vehicle. Launch services funds are plarned to
support launch requirements at the two launch sites.

Fiscal Year 1967 Sustaining Engineering and Maintenance funds were used
to continue the maintenance and support effort and to initiate two major
product improvement efforts, These were the adaptation of the TE-364
(Surveyor retro-motor) as a third stage for Delta and the effort required
for the utili:zation of the Long Tank Thor (THORAD) as a booster for Delta.
Each of these improvements will increase the payload capability of the Delta
vehicle by approximately 100 pounds.

The FY 1968 Sustaining Engineering and Maintenance funds are required to
complete the TE-~364 and THORAD efforts and to continue maintenance and
updating of ground support equipment, mission analysis, and performance
studies in support of the Delta vehicle program.
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Agena Procurement

1966 1967 1768

Agenﬂ. production................ $11,695,°00 ’6,800,000 $5"[)°0’000
Agena mission modifications..... 24,617,000 9,100,000 8,500,000
Thor procurement....ecseeccecesee 3,895,000 2,800,000 6,500,000
Atlas procurement....cececocease 23,230,000 11,600,000 1,100,000
Propellants..cccececccccccncancee 663,000 800,000 200,000
Sustaining engineering and

mAintenance.ceceecsceascssacsce 6,569,000 6,000,000 3,400,000

Total..eeesesconsesncssccases §70.669i000 §371100!OOO $24,700,000

The Agena launch vehicle is a versatile second stage employed extensively
by NASA in combination with Thor and Atlas boosters. With itg versatility,
proven reliability, and capability to restart in space, the Agena provides
considerable latitude in performing various earth orbital and lunar or
planetary missions.

The Thor Agena configuration provides the capability for polar or nearly
polar orbits from the Western Test Range. Nimbus, PAGEOS, and the
international satellite Alouette 1I were launched by this configurxation.

NASA uses the Atlas Agena for many automated missions. It was utilized in
the Ranger, Mariner Venus, Mariner Mars, and Lunar Orbiter missions. It was
also used for the heavier scientific and applications satellites such as the
Geophysical Observatories, the Astronomical Observatory, and the Applications
Technology Satellite. Atlas Agena is normally launched from the Eastern Test
Range in support of NASA missions, although capabilities for its launch also
exist at the Western Test Range.

The Lewis Fesearch Center has been assigned project management of the
Agena Project by the Office of Space Science and Applications. Lockheed
Missiles and Space Corporation is the prime contractor for the Agena,
Douglas Aircraft Company and General Dynamics/Convair are the prime
contractors for the Thor and Atlas boosters which are procured for NASA by
the Air Force.

The funds requested for FY 1968 will provide continued procurement of the
basic Agena stages and the Thor and Atlas boosters. They will provide the
necessary mission peculiar adaptation of the Agena and the total mission
integration effort, i.e., that effort associated with the integration of a
particular booster, a modified Agena, and & spacecraft into a complete space
vehicle capable of performing its specific mission. Launch support at the
launch base such as launch services, propellants, etc., as well as launch
support at the factory will also be funded.

Fiscal Year 1968 Sustaining Engineering and Maintenance funds are planned
for continuatien of maintenance of launch pad ground support equipment at
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both ranges and miscellaneous engineering support services not attributable
to any one mission.

Centaur Procurement

1966 1967 1968
Vehicle production.eceeceesccccee $37,635,000 $29,900,000 $55,100,000
Atlas boostar procurement....ece 9,291,000 9,600,000 9,600,000
RL-10 engine procuremente,ec.sse 2,260,000 4,400,000 6,000,000
Propellantli..'..........-......-. 814,000 1,100,000 2:»300,000
Sustaining engineering and
maintenance..ccececcccecscccnces 15,000,000 10,000,000 14,000,000

To‘tal.‘.l‘ PO OSSP OSSP OCCQONOODIeS oS 265‘000!0m $55§000!000 287-'|000£000

The Centaur vehicle is a versatile, high energy second stage employed by
NASA in conjunction with the Atlas booster. The development phase was
completed during 1966 resulting in the introduction of the first operatiomal
rocket employing liquid hydrogen/liquid oxygen propellants into the national
launch vehicle family. The high energy propellants and the ability to restart
in space make the Centaur uniquely suited to high velocity deep space missions
as well as various eartheorbital, lunar, and near planet missions. The
present procurement of operational Centaur vehicles is programmed to meet
the requirements of lunar, planetary, and earth~orbital projects, including
Surveyor, Mariner, Orbiting Astronomical Observatories, and Advanced
Technology Satellites.

The Office of Space Science and Applications has assigned project
management to the Lewis Research Center and the prime contractor is General
Dynamics/Convair, San Diego, California. Pratt and Whitney Division of
United Aircraft Corporation, West Palm Beach, Florida, is an assoclate
contractor for the liquid hydrogen engines, and Honeywell, Inc., St.
Petersburg, Florida, is an associate contractor for the Centaur guidance
system, -

Funds requested for FY 1968 will provide for the continued procurement of
hardware and supporting services necessary to provide a launch vehicle
capability for the above missions. The FY 1968 hardware procurement will
include incremental funding of Centaur stages, Atlas boosters, guidance, RL=10
engines, and spares support for Centaur launch vehicles AC-16 through AC-20,
now under contract, and for other new procurement. The supporting services
include the maintenance of production equipment, sustaining engineering and
maintenance at the contractors' plants, operation and maintenance of a
combined systems test stand and a launch capability at the Eastern Test
Range during this period.
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Fiscal year 1968 Sustaining Engineering and Maintenance funds will provide
for maintenance of ground support equipment, preflight and postflight engi-
neering analyses of performance and reliability, and for product improve-
ment effort in support of the operational Centaur vehicle. The product im-
provement effort will be directed at increased system simplicity and
versatility with an attendant increase‘in reliability and decrease in
production and operational cost.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS BIOSCIENCE PROGRAM
EROGRAM OBJECTIVES AND JUSTIFICATION:

The Bioscience program has two principal objectives. The first is the
search for extraterrestrial life, with the primary emphasis directed
initially to the planet Mars. The specific aims of this objective include:
(a) physical and chemical evaluation of the martian surface as a possible
environment for life; (b) determination of whether or not life exists, or
has existed on Mars; (c) if 1life in some form exists, determinaticn of its
characteristics; and (d) if no life exists on Mars, investigation of the
pattern of chemical evolution in order to evaluate the probability of its
future occurrence either spontaneously or by contamination. The planetary
quarantine program has the objective of minimizing the possiblity that
terrestrial organisms could contaminate Mars and thus destroy its scientific
value as a means of testing the various hypotheses regarding the existence
of extraterrestrial life. The Voyager spacecraft will provide the first
capability for landing a sterilized scientific package on the surface of
Mars. Continuous effort will be made before initiation of the Voyager
flights to assure an adequate understanding of and solution to the very
complex problems associated with this planetary quarantine effort.

The second objective is directed towards attaining a thorough understanding
of the effects of the space environment on terrestrial organisms. Its imple-
mentation includes ground-based research, the Biosatellite project, and devel-
opment of flight experiments for other missions. The first Biosatellite was
successfully launched on December 14, 1966, and was flown for three days with
" all experiments being operated successfully. However, the spacecraft was not
recovered due to failure of the retro-rocket system to function. This first
. flight and the back up, scheduled for March, 1967, both have the same payload

and the objective of determining the effects of space environment on biologi-
cal payloads of seedlings, plants, and simple forms of life, expecially with
reference to interaction of weightlessness with a known intensity of icnizing
radiation. This first flight checked out most of the engineering aspects of
the spacecraft system and its flight capability. All systems responded
effectively except the retro-rocket system which did not fire. The Bicsatel-
lite project has as its purpose the study of the biological effects of weight-
lessness, the effects of an environment dissociated from the influence of the
earth's rotation, and the combined effects of radiation and weightlessuess.
Nineteen experiments have been assigned to the respective payloads of the
Biosatellite spacecraft. Each of the three payloads has a back up in the
event of fFailure or to repeat the experiments for confirmation of the results.
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A supporting program of basic and applied research is being conducted
in conjunction with and support of the Bioscience program objectives. This
effort includes such work as structural and chemical analysis of terrestrial
fossils as a means of tracing the history of life on earth in order to improve
our capability of looking for life or its precursor chemicals on the moon and
planets, the development of automatic systems for conducting chemical urinary
analyses during flight, analysis of perception in relation to continual trans-
formations of the visual scene of the perceiver, and the development and
miniaturization of a biological telemetry device which may be utilized for
telemetry of blological activity aboard space vehicles.

SWMMARY OF RESOURCES REQUIREMENIS :
1966 _1967 1968

Supporting research and
technology.cseesoocessnssccsse $11,100,000 $11,550,000 §14,300,000

Blosatellfte.eeesoeaosennneannese 23,300,000 _30,000,000 _30,000,000
TOtALieeieereeeennnnanennees  $36,400,000 $41,550,000  $44,300,000

Distxibution of Program Amount by Installation:

Marshall Space Flight Center.. $60,000 $100,000 $120,000

Goddard Space Flight Center... 420,000 369,000 350,000

Jet Propulsion Laboratory..... 1,151,000 1,784,000 2,300,000

Wallops StatloDeccecsceccoccecses 100,000 25,000 153,000

Ames Research Centere...cecee- 24,127,000 30,161,000 31,000,000

Langley Research Center....... 30,000 160,000 200,000

NASA Helldqluartets............. 8,512,000 8’951,000 1(', 177’000

BASIS OF FUND REQUIREMENTS :
Supporting Research and Techpology
1966 1967 1968

mohiolog:yoon-ooooocooooo----ooo $3)800,000 “,425’000 $‘:F,900)00()
Envirommental biology..cocecoees 2,400,000 2,000,000 2,600,000
Behavioral biology.eeecccccsccns 2,100,000 2,000,000 2,400,000
mysi‘cal ]biologyoooo-o‘oocoooono 1,800,000 1,800’000 ‘.,900,00()
Planetary quarantine..cccecececce 1,000,000 _ 1,325,000 _ ,500,000

TOtalusevesoeeseosasacansasse 11,100,000 $11,550,000 $14,300,000
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Exobiology

The Exobiology program has as a primary purpose the search for extra-
terrestrial life. In connection with this mission ground-based analytical
studies of the origin of life on earth and its adaptation to the earth's
enviromment are being conducted. Similar studies of life in a simulated
Mars enviromment are in progress. The ground-based studies are directly
related to the search for extraterrestrial life since the data from these
studies may lead to the development of testable hypotheses regarding the
origin and nature of planetary life.

One of the methods of evaluating the earth for analysis of the origin
and nature of life is the study of fossil remains. One of the oldest
sedimentary rocks that we know of, the Fig Tree Chert, Sudan in Africa,
is computed to be 3.1 billion years old. It contains fossil bacteria which
have been demonstrated to have been living in the rock at the time of fossil
formation. This puts the origin of life on earth back 3/5 of the estimated
age of the earth.

In recent simulation studies of the Jovian atmosphere in the laboratory,
electrical discharges have been applied to the presumed Jupiter primitive
atmosphere of methane, ammonia, and water, colored molecules have beer
produced which appear similar to the colored regions, such as the 'red spot"
on Jupiter. A red chromophore is possibly produced from ammonium cyarnide
(produced from methane and ammonia) in the presence of ammonia.

In automated life detection studies, broadening the analyses made ¢n a
single sample will increase the reliability of the data. Chemical anelysis,
metabolic activity, and evidence of growth in the same sample of material
would be most convincing evidence of biological activity. The chamber in
which organisms from a soil sample are induced to grow can also be monitored
for metabolic activity by gas chromatography, and samples removed for chemical
analysis. Positive data from all three experiments would be very convincing.
Such experiments can be completely automated for a Voyager biological labora-
tory.

Envirommental Biology

Living organisms, from bacterial forms to man, are very responsive to
their enviromment. Research in Envirommental biology is concerned with the
response or interaction of living earth systems with the variables of the
space enviromment. Knowledge of this nature is required to establish expedi-~
tious and efficient means for using a vartety of living organisms to assist
in the biologic exploration of space.
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There is a real need for identifying and understanding the effects on
living systems of such space flight factors as weightlessness, acceleration,
vibration, radiation, and magnetism. 1In a study of the influence of wvery
low or no magnetism, a counsistent difference has been observed in the growth
of shoots and roots of wheat seedlings. The seedlings grown in the zero
field were larger and more robust than their controls grown in the earth's
field.

Accurate information is required concerning the ability of earth organisms
to live, grow and repopulate in planetary enviromments. Our effort in study-
ing as much alien enviromment (by human standards) as possible on ear:h is
generating some intriguing observations. For instance, evidence has heen
sccumulated to contradict the unfortunate generalization that '"strong
ultraviolet (UV) light on Mars would prevent any earth-type life from exist-
ing on the planet‘'s surface.....'" Tarantulas, spiders, and turtles survived
simulated martian UV conditions for eleven days without any physiologic im-
rairment for months after exposure. The turtle absorbed a dose in the cornea
of the eye that would normally blind a human.

With the extension of space missions to the planets, regenerative life
support systems will be needed. Research on hydrogen-fixing bacteria indi-
cates an ability to supplement current systems with living or bioregenerative
organisms that can utilize animal wastes and carbon dioxide to synthesize
protein, fat, and other nutrients. This bacterium, known as Hydrogenomonas,
fulfills its energy requirements with hydrogen from the electrolysis of water.
Electrolysis makes pure oxygen available for respiration for man. A signifi-
cant spin-off from this research is that this and related micro-organisms
may be a source of dietary supplements for populations lacking a nutritional
abundance and adequacy.

Based on our present knowledge of current problems resulting from exposure
to the space enviromnment, we must continue to pursue basic research that
will expeditiously and effectively provide some of the answers. A continued
insight into the biochemical and biophysical mechanisms may help us to
explain and prevent physiologic complications due to prolonged space flight
such as bone mineral mobility and loss, cardiovascular problems, reduction in
red blood cell mass, and losses in muscle mass.

Behavioral Biology

Current research has emphasized ground-based studies preparatory to
in-flight experiments on the effects of low gravity and weightlessness and
other conditions peculiar to the space enviromment on the behavior of
organisms. Emphasis has been placed on the capacity of organisms to adjust
to alterations in gravity, particularly the determination of responsiwveness
of gravity receptors to transient and prolonged stimulation. Ground-based
studies have been conducted on the orientation of biological organisms in
time and space in the absence of terrestrial cues. During FY 1968, several
Aerobee launches are scheduled to study gravity level preference of animals
in space,
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Research has involved neurophysiological, biochemical, and behavioral
analyses which have further elucidated brain-behavior relationships of
importance to organisms in envirommental adaptation. These studies have
emphasized those neurobehavioral relationships which maintain activation
and alertness. Other research has been concerned with problems of informa-
tion storage and retrieval in living systems, using biochemical, biophysical,
and electrophysiological approaches. Related studies on processes such as
attention, discrimination, perception, and motivation, as well as complex
sensori-motcr functions have been productive of new insights into the
mechanisms of behavior and their interactions with the space enviromment.

Physical Biology

The Physical Biology program supports research in comparative physiology,
bio-instrumentation and molecular biology. Research in comparative physi~
ology includes studies on living organisms which specifically lend themselves
to investigations in orbiting biological vehicles, on the nutritional require-~
ments of living organisms for prolonged space travel, and on the phenomena
and dynamics of various physiological and behavioral systems. Basic data
have been accumulated on desert pocket mice which are uniquely suited to space
experiments especially on rhythmicity phenomena.

The dynamics of the body temperature regulatory system, the blood flow
(cardiovascular system), and the hormonal system are being studied by physical
modeling and analysis in an attempt to understand the mechanics of these
systems under normal conditions as well as in stress situations. Physiologi-~
cal oscillatory activity has been demonstrated in these systems.

Various types of biological instrumentation are being developed to mea-
sure and analyze biological, biochemical, and biophysical phenomena. In
biological telemetry, work is proceeding on the development of & muli:ichanne!l
sensing implantable device in order to measure, simultaneously, a number of
biological and behavioral activities, and to enable measurement of normally
inaccessible physiological activities under a variety of conditions. This
is especially important in space flight experimentation where data have to
be telemetered and acquired under conditions not normally found in earth
laboratories.

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

Planetary Quarantine
The search for extraterrestrial life has the prerequisite that texrestrial
organisms must not be transported to the planets prior to the time scientific
life detection payloads are landed. It is also mandatory that life detection

RD 10-5



instruments be devoid of earth organisms when they land on the planet to
prevent the possibility of obtaining false positive information related

to life on the planets. 1In order to achieve the goal of preventing the
transmission of earth organisms to the planets, various methods have under-
gone rigorous and intensive study. Current evidence indicates that the
conditions encountered in space flight (cold, vacuum, ultraviolet, sclar
radiation, etc.) will not reduce microbial life to undetectable levels.

With the accomplishment of each successful flight mission relative to
the probing of space, the United States is increasing the scientific know-
ledge about the moon and planets of the solar system. In the immediate
future there will be manned landings on the moon, the Mariner 1967 Venus
mission, and the Mariner 1969 Mars mission.

A primary objective of the scientific exploration of space is the search
for life or life-related molecules. Information thus far obtained has
neither verified nor denied the possible existence or pre-existence of life
on Mars, Venus, or the subsurface of the moon. Until positive eviderce
has been obtained relative to this scientific question, it is absolutely
nécessary that measures be taken to prevent the introduction of terrestrial
biological macromolecules into these enviromments. Of particular importance
is the need to assure that life-detection instruments which are to perform
the scientific experiments are free from contamination in order to prevent
false positive information from being obtained.

A moral obligation to prevent introduction of terrestrial organisms
which may radically affect the ecology of the planets rests with all nations
engaged in space exploration. If the landed terrestrial organisms should
find a favorable extraterrestrial environment to permit growth and spread
which would result in extinction of the indigenous life forms, an oppor-
tunity for scientific exploration would be lost for all time. Although
it is believed that the possibility of reproduction of terrestrial organisms
in these enviromments is extremely unlikely, until such a possibility is
ruled out the exercise of caution is necessary. The policy of the National
Aeronautics and Space Administration is that outbound planetary spacecraft
must have either trajectory controls to assure that the probability of
unsterile spacecraft impacting or entering a planet's atmosphere is ().00003,
or that the spacecraft is sterile with a certainty of 0.9999.

During the past year, work has been directed at the problem of developing
realistic methods for reducing the microbial load on a spacecraft during
assembly and reduction of physical degradation of spacecraft components
from the stress placed upon them by the terminal heat sterilization process
immediately prior to laumch. An example of the progress made in this area
as a result of laboratory research is the reduction in time and temperature
constraints for the sterilization cycle. Previously, based on studies of
garden soil, it was determined that 4.4 hours at a temperature of 125
degrees C were required to reduce the number of microorganisms by on2 decade.
The research results from studies of organism deaths inside plastics treated
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with heat have reduced this time to at least 3.5 hours. This is significant
when applied to the treatment time required for a spacecraft having 1
crganisms as the burden when subjected to the heat cycle. During these
investigations, the kill kinetics indicated that a full decade reduction
occurred during the period of heat-up of the material to the holding iempera-
ture.

A further reduction in the time required to subject the spacecraft to
sterilization temperatures can be achieved by the application of clean
assembly techniques in the spacecraft manufacture and test facilities.

Biogatellite
1966 1967 L1968
Spacecraft..................... $15,585’000 $22,M6’000 $19p400)000‘é“
ExperimentS.ccceccecccosccccsse 7,431,000 7,007,000 10,100,000 —-=
OperltionS- Soeceoeneorsss s s se z&&.ogo :&2 .099 ecem— :00.090:\"“’
Total Spacecraft Operationms.. $23,300,000 $30,000,000 $30,000,000

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

Total (including Launch

Vehicles)eeeoooorecrsccanoes ($32,800,000) ($30,000,000) ($34,500,000)

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

The first two flights (3 days' duration) have the purpose of investigating
the biological effects - on seedlings, plants, and simple forms of life =
of weightlessness, and the effects on plants, animal cells, and insects of
the combination of weightlessness and radiation. Biosatellite A was
successfully launched on December 14, 1966, but was not recovered due to
failure of the retro-rocket system. Biosatellite B is currently scheduled
for launch in March 1967. The third and fourth flights, of 30 days' dura-
tion,will investigate the effects of weightlessness on a primate's general
metabolic behavior and performance, and cardiovascular and nervous systems.
The fifth and sixth flights, of 21 days' duratiom, consist of general
biology experiments to determine the effects of weightlessness on plant
growth and development, growth of isolated human cells, gross body composi-
tion and function in mammals, and circadian (24~hour) rhythms.
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The Biosat:ellites are launched from Cape Kennedy by two-stage, thrust-
augmented Thor Delkta launch vehicles. The experiments are contained in the
re~entry vehicle while other supporting equipment is located in the adapter
section. The adapter is separated from the re-entry vehicle prior tc¢ the
retro maneuver. Recovery of the spacecraft is acocomplished by the United
States Air Force using aerial recovery techniques. A back-up recovery methocd
employs various water recovery techniques. The recovered capsules will be
delivered to the laboratory at Hickam Air Force Base, Honolulu, within six
hours for post-flight examination of the experiments.

It is anticipated that the Biosatellite flights will result in data
which will have a wide range of applicability. The testing of biological
hypotheses in the areas of genetics, developmental biology, envirommental
physiology, and general metabolism will be one result of these flights.

The Biosatellites should also provide valuable data pertaining to biological
requirements for prolonged manned space flight, and the possibility ¢f
delayed effects appearing in later life or subsequent generations of animal
subjects, with possible applications to man. Also, these flights shculd
result in the development and test of new instrumentation techniques,
surgical preparations, and other procedures and devices which may have
medical and other applications to human beings.

FY 1965 and prior years' funding for this six-flight program including
launch vehicles amounted to $28,915,000. Funding for FY 1966 provided for
design, fabrication, and testing of the spacecraft, and continued funding
for experiment development. Funding for FY 1967 provides for fabrication
and testing of the spacecraft, subsystem and system acceptance and qualifi-
cation tests of the prototype vehicle, assembly and functional testing of
the 3-day and 30-day flight vehicles and continued funding for experiment
development with primary emphasis on the 3-day flight. Funding for FY 1968
will emphasize fabrication, qualification, and systems testing of the 30-
day and 2l-day spacecraft, and continued funding on experiment develcpment
for these two spacecraft. Funding requirements subsequent to FY 1968 for
completion of this effort, including launch vehicles, are estimated to be
$31,312,000.
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RESEARCH & DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF SPACE SCIENCE AND APPLICATIONS SPACE APPLICATIONS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

This program combines the Communications and Applications Technology
Satellites and Meteorological Satellites programs shown separately in the
FY 1967 and prior budgets, It also includes the Geodetic Explorers pro-
ject, which was previously funded under the Physics and Astronomy program,
The Meteorclogical Flight Experiments project, previously identified sepa-
rately, is riow made a part of the appropriate Space Applications flight
project,

The objectives of the Space Applications Program are to: (1) develop a
capability to expand human knowledge of the phenomena in the atmosphere
and space, and support the exploration and utilization of space, by conduct-
ing a broad-based program of applications-oriented research and technology
development (National Aeronautics and Space Act of 1958); (2) develop and
test procedures, instruments, subsystems, spacecraft, and interpretive
techniques in the various applications areas; (3) accomplish long-range
studies of the potential benefits to be gained from, and the problems
involved in, utilization of space activities for peaceful and technological
purposes for the benefit of mankind; (4) fulfill NASA's responsibilities
under the Communications Satellite Act of 1962; and (5) develop and imple-
ment for the Environmental Science Services Administration (ESSA), Depart-
ment of Commerce, the operational meteorological satellite system,

The democratic countries throughout the world have traditionally looked
to the U,S, for economic, scientific, and technological leadership. By
pursuing a comprehensive and meaningful space applications program, the
U,S. can demonstrate this leadership in terms readily understandable by
everyone, Applications Technology Satellites offer great potential to
mankind in the areas of communications, meteorology, navigation, geodesy,
and earth resources survey; by developing and extending technology commonly
required for all these types of applications and by providing flight testing
of promising applications and techniques, Communications Satellites offer
the possibility of direct voice broadcast to all or parts of the world by
economical means, Meteorological Satellites offer the possiblity of pre-
dicting weather conditions on a global basis, and provide data on hurricanes,
typhoons, cyclones, and other destruative weather disturbances, Naviga-
tion Satellites could provide location, traffic control, search and rescue,
and communication systems for aircraft and ships. Geodetic satellites
offer the weans to determine the size and shape of the earth and the vector
properties of its gravitational field, Earth Resources Survey via satellite
would offer valuable data in such areas as agriculture and forestry,
geology and mineralogy, hydrology and water resources, geography and carto-
graphy, and oceanography,
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SUMMARY OF RESCURCES REQUIREMENTS:

Supporting research and technology
TIROS/TOS improvementS....cceeecese
Nimbus:
Nimbus A«D,..ccceevcosecssscnaccs
Nimbus E-F.coecesrcesesoccccasons
Meteorological soundings...ccecese
French satellite (FR=2).....c00000
Applications technology
satellites:
ATS A-E..veeeerocescscscscaces
ATS F and Geivevscocevcooncens
Geodetic satellites (A=E)....ccees
Voice broadcast satellite.........

TOtEll.-.-....--.......-.o....o.-

Distribution of Program Amount by Lgstallation:

Manned Spacecraft Center........
Marshall Space Flight Center....
Goddard Sipace Flight Center.....
Jet Propulsion Laboratory.......
Wallops StatioN...cceecocescnnce
Ames Research Center......ceecee
Electroni.cs Research Center.....
Langley Research Center.........
Lewis Research Center.....
NASA Headquarters....cececeeesees

BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology

Meteorologyeecervsececceccvcconces
CommunicationS.ceeveveccccescacoce
Navigatiol..cceeoeovsceccoesscncnece
Applications technology......ccce.
GeOodes Yoo secsossocavesocostsonsana
Earth resources...ccsececcecssceone

Total..vievoeones

CICIE IS N NS NE NY B

244-3014 O - 87 - 4

1966 1967 1968
$10,839,000 $11,630,000 $16,600,000
2,500,000 3,100,000 7,500,000
22,560,000 23,400,000 29,500,000
.- .- 5,000,000
2,730,000 3,000,000 3,000,000
. 100,000 100,000
34,431,000 28,470,000 19,800,000
- --= 15,700,000
4,993,000 1,600,000 4,700,000
-—- -=- 2,300,000
$78,053,000  $71,300,000 $104,200,000
$18,000 --=  $5,000,000
370,000 $435,000 800,000
70,010,000 64,580,000 86,510,000
547,000 169,000 300,000
340,000 127,000 220,000
200,000 100,000 100,000
735,000 590,000 600,000
1,130,000 905,000 730,000
200,000 500,000 1,000,000
4,503,000 3,894,000 g,940 ,000

1966 1967 1968
$7,470,000  $5,865,000  $5,300,000
1,659,000 3,449,000 3,200,000
360,000 475,000 900,000
1,350,000 1,171,000 1,300,000
--- 670,000 900,000
-e- —-- 5,000,000
$10,839,000  $11,630,000  $16,600,000,
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In meteorology, FY 1966 funds continued effort in such areas as an improved
automatic picture transmission (APT) camera and storage system, and improved
elements for the interrogation, recording, and location subsystem (IRLS) for
processing meteorological data from remote instrumented platforms. Research
has been continued into the relationship between the heat energy budget of
the earth and large scale atmospheric phenomena, and the development of an
interferometer, spectrometer, and other instruments to measure the si:ructure
and radiation of the atmosphere. Techniques are being developed to ieasure
the intensity and location of sferics signals to determine the areas in which
thunderstorms are occurring, and the refraction of starlight to determine the
density of the atmosphere. Advanced simulated and scaled down systeins are
being completed for the optimization of satellite control and power components
with emphasis on long life and reliable operation., FY 1967 funds arz being
utilized for design and development work on remote microwave radiation sensors
to take advantage of recent break-throughs in frequency-multiplier components
at experimental millimeter wavelengths in the electromagnetic spectrum.
Prototypes of advanced new cameras on which work was initiated in prior years
will be qualified for space flight. Advanced satellite control techaiques,
to replace present reaction wheels and associated gas=-fed nozzles with
passive gravity reacting masses and improved momentum damping technijques,
will proceed beyond initial study stages. The design of a flexible automatic
computerized telemetry system will begin in a two~year development period
providing an extremely versatile method of collecting several types and rates
of environmental data aboard the satellite for transmittal to the ground.
Microminiaturized transmitters and receivers will be developed for various
satellite needs, and will significantly advance the present capabilities for
very low power, high reliability, and compactness in physical size. Solid
state devices will be investigated. Advanced mission studies will be con=-
tinued on future meteorological systems. FY 1968 funds are required for
developing &nd evaluating components for potential meteorological satellite
system applications; design and development of satellite sensors for the
detection and controlled acquisition of meteorological data directly from the
atmosphere; investigation of scientific techniques for the systematic observa-
tion, analysis, and subsequent interpretation of meteorological atmcspheric
phenomena; system analysis; and exploration of the atmosphere in the region
of 20 to 60 miles altitude.

In communications no additional passive satellite launches are planned,
however, a modest effort continued in FY 1966 and FY 1967 on materials,
structures, ard erection systems development for advanced passive satellites
because such satellites have unlimited multiple access and frequency response
capabilities, inherent long life, and high reliability. Investigations con~-
tinued in FY 1967 on active satellite systems capable of linking terminals of
greatly reduced size and cost, making possible communications with cver-ocean
aircraft, ships at sea, and small land stations., Investigations will con-
tinue on the effect of scattering electromagnetic waves by earth's atmosphere
and space environment; results have and will make important contributions to
the International Telecommunications Union Conference on Space Communications,
Measurement: techniques have been developed for measuring radio reflectivity
characteristics of large inflatable structures on the ground so that their
potential usefulness in space can be predicted. In FY 1967, these techniques
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are being used to measure small segments of new and improved passive satellite
materials and structures, and on advanced antenna designs to determine their
characteristics, FY 1968 effort is primarily in the active satellite area.
This effort consists of system comparison studies to determine the merits of
advanced concepts and techniques applicable to small terminal multiple access
communications and satellite aids to lunar and planetary communicatious;
evaluation and development of components and subsystems required for broadcast
applications; propagation studies and component development in the frequency
region between 10 to 100 GHz where frequencies are more available for space
communications, but much less understood; and interference analysis ard pre-
diction methods needed for developing sharing criteria. Data analysis con=-
sisting of reliability, spacecraft degradation, and lifetime data for ECHO-II,
RELAY, and SYNCOM will continue in FY 1968,

Navigation and traffic coordination satellite system conceptual studies
funded in FY 1966 and FY 1967 indicated that satellites could assist over-
ocean aircraft and ships at sea to obtain more precise position information
under all weather conditions, and could aid air-sea traffic control and
coordination of emergency rescue operations. As a result, interagency review
of existing and future agency needs is continuing. Various navigation and
traffic coordination systems will be analyzed and compared (including those
involving satellites) to determine the course of future research and cdevelop=-
ment., In FY 1967, studies were conducted in the navigation-traffic control
area to determine the feasibility of incorporating position-fixing experiments
on future NASA satellites to egtablish the operational capabilities o the
more promising techniques. In FY 1968, navigation and data collection effort
will include studies and experiment development on data and voice transmission
via satellite to ships, aircraft, and other mobile platforms; position deter=-
wination techniques; studies of future navigation and traffic control satel-~
lite concepts; and the collection and retrieval of data from moving platforms
such as balloons, ocean going buoys, ships and aircraft.

In applications technology FY 1966 and FY 1967 investigations of multiple
beam forming, electronically steerable spacecraft antenna array techniques
have yielded promising results., Laboratory models of promising arrays were
developed for experimental purposes to determine their potential for space
applications such as multiple access communications with small mobile
terminals, and possibly direct broadcast satellites. Efforts in FY 1967
continued in the area of attitude measurement such as starfield readeys, RF
sensors, and non-RF sensors; and control devices such as gravity gradient
components, momentum wheels and small thrusters were investigated. Effort
continued on the design and preliminary development of a spaceborne millimeter
propagation experiment for Applications Technology Satellites. Funds in
FY 1968 are required for control systems studies directed at stabilization
of spacecraft in orbit; spacecraft equipment developments to improve ampli-
fication and antenna system capabilities and increase the reliability and
useful lifetime of satellite elements. Studies on long-lived, fully stabilized
spacecraft having a large space erectable antenna which can be pointed pre-
cisely to selected geographic areas on earth will be continued, Active and
hybrid gravity gradient stabilization control systems will be considered. A
feasibility study will also be conducted to determine satellite system con-
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cepts and approaches to provide wide band communications between interplane-
tary probes and earth terminals via satellite relays; provide aids to inter-
planetary navigation and tracking; and provide spacecraft-to-spacecraf:
comimunications and global navigation aids.

The FY 1966 and prior year Geodetic effort was included in the Physics and
Astronomy program. The FY 1967 and FY 1968 geodesy effort will consist: of
(1) conceptual studies, feasibility analysis, and configuration definition of
geodetic spacecraft, (2) analysis of geodetic requirements by various dis-
ciplines in terms of spacecraft mission and instrumentation configurat:ion,
(3) analysis of feasibility and effectiveness of geodetically optimized
ground-based spacecraft observation systems, and of data analysis techniques
for active and passive geodetic satellites, and (4) research into geodetic
effectiveness and feasibility of advanced observations systems and techniques,
to provide more precise and detailed measurement of geodetic data, and to
calibrate geodetic observation methods intended for extraterrestrial use,

The FY 1966 and FY 1967 effort in Earth Resources Survey was funded under
the Apollo Applications program and is included under this project effective
with FY 1968. The FY 1966 and FY 1967 effort supported feasibility studies
aimed at developing a research capability and at defining the potential for
using remote sensing technology in detecting, measuring, and mapping edirth
resource phenomena from space. Studies have been conducted to determine the
capability of remote sensing devices for obtaining data relevant to the
fields of agriculture, forestry, geography, geology, hydrology, and oce¢an-
ography. Two NASA aircraft equipped with experimental sensors gatherec data
over selected test sites in support of feasibility studies to assess potential
space applications. The aircraft-acquired data, as well as data from such
projects as Gemini, TIROS, and Nimbus, were distributed to the investigators
for analysis. The Departments of Agriculture, Interior, and Navy are partic-
ipating in this multidiscipline research. Studies to define the cptimum
earth resources sensing instrumentation configuration for space flights were
also conducted. FY 1968 funds are required to continue the gathering of data
from gerial ovaerflight of test sites; for data interpretation; for application
techniques; and to further study and improve remote sensing equipnent,

TIROS/TOS_Improvement

1966 1967 1968
Spacecrilft.u.o»--o.oooooocc'o-o.on $800,000 $2,100,000 SS,C'OO’OOO
TOS improvements....oeveeeesocsses 1,700,000 1,000,000 1,900,000

Total Spacecraft and Support.... $2,500,000  $3,100,000 $7,500,000

Delta (Launch Vehicle Procure-
ment Program)....eceeceeeeeseses  (1,584,000) (===) (===

Total (including Launch
Vehicles)....coveevensnnnesees  ($4,084,000) ($3,100,000) ($7,500,000)

RD 11-5



Ten TIROS spacecraft have been successfully launched including TIROS X
funded by ESSA. The first eight TIROS spacecraft were spin stabilized and
contained two vidicon camera systems and in some cases infrared radiometers;
TIROS IX was a ''Cartwheel' configuration carrying two wide-angle vidicon
camera systems. In response to the requirements of ESSA for an early day-
night capability in a single spacecraft, a development effort was initiated
for a spacecraft designated TIROS M, The spacecraft design will be based
on utilizing flight proven sensors for day and night coverage in a single
spacecraft employing a gyromagnetic stabilization system and primarily
flight proven components for the basic spacecraft subsystems. The space-
craft will also test a flat plate radiometer to map the earth's heat budget
and a solar proton monitoring experiment. The TIROS M spacecraft scheduled
for launch in 1968 from the Western Test Range (WIR) will contain two Ad-
vanced Vidicon Camera Systems (AVCS), two Automatic Picture Transmission
(APT) systems, two High Resolution Infrared Radiometer (HRIR) systems, and
secondary sensors., TIROS Operational Systems (TOS) Acquisition Stations
at Wallops Island, Virginia, and Gilmore Creek, Alaska, will be utilized.
Data will be utilized by the Goddard Space Flight Center (GSFC), ESSA, and
cooperating gcvernment and non-government meteorological organizations.

The TOS improvements effort provides for the research and development
of components and subsystems for meeting the evolutionary requirements of
the TOS system which are: (1) increased reliability, (2) extended life,
(3) expanded sensor capability, and (4) improved operational capability.
Efforts currently being undertaken include development of improved vidicon
cameras, automatic picture transmission (APT) location system, radiometers
for higher resolution day-night coverage, and a multi~channeled narrow band
radiometer.

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

The FY 1965 and prior years funds for this project, including launch
vehicles, amounted to $50.0 million. FY 1966 funds were utilized for the
design study of the TIROS M spacecraft and continued TOS improvements.

FY 1967 funds are being used for initial hardware procurement for the TIROS
M spacecraft and TOS improvement sensors development. FY 1968 funds are
required to complete development and initiate qualification of the TIROS M
spacecraft and to continue TOS improvement subsystem development on the two
channel radiometer, high resolution cameras, and vertical profile radio-
meters, Subsequent funding requirements for completion of TIROS M are
estimated to be $3,9 million, TOS improvement effort will continue.
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Nimbus

1966 1967 L968
Mimbus (A-D):
Spacecraft......civeeiveinrocnnns $15,300,000 $13,200,000 $14,100,000
EXPETiments .. . oueeeneeeaneeennnns 5,300,000 7,800,000 11,300,000
Ground operations and support.... 1,960,000 2,400,000 4,100,000

Sub-Total A-Dueeeuvenvereenssns. $22,560,000  $23,400,000 $29,500,000

Nimbus (E&F):

Spacecraft..cceeceececsssanancasns - - $3,500,000
EXperiments..ccecseeccsosoenscoss - el 1,500,000
Sub-Total E&F....ceconvevsocness --- --- $5,000,000

Total NimbuS....eveeveseesanaes $22,560,000 $23,400,000 534,500,000

THORAD-Agena (Launch Vehicle
Procurement: Program)....... cevona (7,400,000) (3,500,000) (5,000,000)

Total (including Launch Vehicles) (§29.960|000) ($26,900,000) 39,500,000)

The Nimbus project supports the development of improved meteorological
satellites designed to provide data for use by meteorologists, flight test
improved spacecraft instrumentation and sensors, and fulfill special data
requirements of the atmospheric science research community.

The successful launches of Nimbus I on August 28, 1964 and Nimbus II on
May 15, 1966 proved the basic spacecraft configuration and the usefulness of
the meteorological sensors tested which included vidicon cameras for global
daytime cloud cover data, high resolution infrared radiometer (HRIR) for
global nighttime cloud cover, automatic picture transmission (APT) system
for direct transmission of realtime daylight cloud cover pictures to small
local weather stations and a medium resolution infrared radiometer (MRIR)
for full global study of the earth's heat balance. The data from Nimbus II
was made available to ESSA for meteorological research and operational use
and is being utilized by other domestic users and foreign weather services.

Currently the major effort is being applied to Nimbus B scheduled for
launch in 19568 and Nimbus D scheduled for launch in 1970. Significaunt
spacecraft and meteorological sensor advances being developed for testing
on these flipghts are (1) an infrared interferometer and a spectrometer for
measurement of the vertical distribution of the atmospheric structure, (2)
a solar ultraviolet photometer to extend meteorological observations to
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regions of the terrestrial and solar spectrum, (3) an interrogation, recording,
location system (IRLS) to collect meteorological data on a global scale, (4)

a 50-watt radioisotope thermoelectric generator (RTG) to assess the applicability
of this power .source for operational meteorolegical satellites, (5) a sferics
detector for location of global thunderstorhs, (6) a cloudtop altitude spec-
trometer to measure cloudtop pressure altitudes during the day to an &ccuracy
of a few hundred meters, (7) a filter wedge spectrometer to monitor witer

vapor content in the atmosphere and its vertical distribution, and (8) a

high data rate storage system and a versatile information processor to col-
lect, transmit and process the variety of meteorological data acquirec. Im-
proved versions of these initial test sensors as well as additional sensors

for obtaining meteorological data will be tested on the subsequent Nimbus
missions, in addition to advanced control and power supply systems.

Two subsequent missions, Nimbus E&F, are planned for initiation in 1968.
These spacecraft will continue the evolution of the current series toward
greater weight and power capability, providing the basis for further tiech-
nological advances in meteorological satellites for scientific and operational
purposes.

The Office of Space Science and Applications is responsible for the over-
all management of the Nimbus project. Responsibility for project management
is assigned to Goddard Space Flight Center. The major contractors for the
Nimbus A-D missions are General Electric for integration and test of the
spacecraft and for the controls subsystems and the Radio Corporation of
America for camera, power, and data storage subsystems. Selection of the
contractors for the additional missions will be initiated in FY 1968.

"Piscal Year 1965 and prior years' funding including launch vehicles,
amounted to 5126.5 million. Fiscal Year 1966 funds were utilized to complete

the spacecraft, integration, test and launch of Nimbus II, and provide ground
operations and support; for incremental funding of the Nimbus B spacecraft
and experiments and to initiate definition and design efforts on the limbus

D spacecraft and experiments. Fiscal Year 1967 funds are being utili:ed for
continued data handling on Nimbus II, continued development of Nimbus B
spacecraft and experiments and initial procurement of Nimbus D spacecraft

and experiments. Fiscal Year 1968 funds are required for evaluation and
analysis of experiments and spacecraft data from Nimbus II, complete
development of the Nimbus B spacecraft and experiments, continued development
of spacecraft and experiments for Nimbus D and for definition and design
studies and initiation of procurement for long lead experiments for N:mbus
E&F. Subsequent funding requirements for completion, including launch
vehicles, are estimated to be $102.3 million.
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Meteorological Soundings

1966 1967 1968
Large research sounding rockets.... $1,920,000 $1,920,000 31,920,000
Sounding rocket system development., 630,000 630,000 630,000
Field experiment support........... 180,000 450,000 450,000

Total.ecvieerreeovocnocaeonsnossocnns $2,730,000 $3,000,000 33,000,000

The large research sounding rockets effort is to explore atmospheric
characteristics and develop and improve sensors and techniques for obtaining
meteorological data on the composition, structure, and behavior of the
atmosphere in the region 30 to 60 miles above the earth. The small souading
rocket system development effort is to develop a reliable, inexpensive,
simplified system, for obtaining similar data in the region 20 to 40 miles
above the earth. The field experiment support effort provides for the sound-
ing rocket experiments in cooperation with other countries. NASA is coop-
erating with several foreign countries in assisting them to establish their
meteorological rocketsonde capabilities. Through this support, useful data
. are obtained over the territories of cooperating foreign countries on a cost-
sharing basis, involving no exchange of funds. '

The Office of Space Science and Applications is responsible for the over-
all management of the project. Project management for large research rockets
is assigned to Goddard Space Flight Center, for small developmental rockets
to Langley Research Center, and for the field experiment support to Goddard
Space Flight Center and Wallops Station.

Fiscal year 1965 and prior year funding amounted to $6.5 million of
which $5.4 million was utilized for large research rockets and $1.1 million
for small rocket development. Approximately 50 large research rockets and
a number of smell developmental sounding rockets are launched each year. Funds
for FY 1966 were utilized for launch of large research and small developmental
sounding rockets, flight test of various payload components, research for
system improvements and for initiation of the international cooperative field
experiment project with Argentina. Funds for FY 1967 are being utilized to
launch large research rockets and small developmental sounding rockets; de-
velopment and improvement of sounding rocket systems; initiation of design
and development efforts on an advanced system; continuation, extension, and
development of field experiment projects jointly with countries in South
America, Europe, and Asia, to study and observe the upper atmosphere through
the coordinated launches of small developmental sounding rockets,

FY 1968 funds are required to provide for the launch of approximately 50
large research rockets to continue study of the relationship of the arctic
atmosphere structure to that in the sub-arctic, mid-latitudes, and the tropics
during various seasons including the time of greatest frequency of noctilucent
clouds; for launch of a8 number of small development sounding rockets; flight
test of various payload components; research to improve rocket performance;
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and the continuation and development of the field experiment projects with
other cooperating countries,

French Satellite FR-2

ey

1966 1967 1968

Spacecraft and SUpport...ccevecessccanse --- $100,000 $100,000

This project is to provide for U. S. cooperation with France in a space
meteorology experiment involving free floating balloons and an earth orbiting
satellite. This experiment will provide the in situ speed and direction of
air masses at various altitudes. Data from the experiment will be used to
assist in understanding the structure of the atmosphere and extending weather
forecasts. A launch, with backup if required, is scheduled for 1969.

France will: (a) design, build, test, and launch balloons and balloon
payloads which will be equipped to gather meteorological data in conjunction
with an orbiting spacecraft; (b) demonstrate that the balloon position fixing
technique developed is feasible; (c) design, build, test and deliver o the
launch site two spacecraft; (d) perform satellite ground checkout and track-
ing, scientific data acquisition and analysis; and (e) provide to NASA the
technical data acquired.

NASA will: (a) provide a Scout vehicle and a backup; (b) launch the
satellite from either Wallops Island or the Western Test Range; (c) provide
technical assistance to France during the spacecraft development and testing
phases; (d) assist in data acquisition, as requested; (e) analyze, along
with French scientists, the resulting scientific data obtained.

The Office of Space Science and Applications is responsible for the over-
all management of this project. Responsibility for project managemeni is
assigned to Goddard Space Flight Center.

This project was initiated in FY 1967 and included in the Space Appli-
cations Program since it has meteorological applications. The FY 1967 funds
are being utilized for spacecraft and balloon subsystems development support
and studies. Fiscal Year 1968 funds are required to continue this effort
including analysis of balloon and spacecraft antenna, electronics, balloon
position fixing techniques, and general project support. Subsequent. fund-
ing requirements for completion, including launch vehicle and backup, are
estimated at $2,6 million,
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Applications Technology Satellites

1966 1967 1968
Applications Technology Satellites:
Spacecraft..sveeceaccccssaass eeses $20,300,000 $14,500,000 $7,000,000
ExperimentsS....ceeceevceosvenenes 12,800,000 11,500,000 9,100,000
Operational support.....eevecsoes 1,331,000 2,470,000 3,700,000

Sub-Total, A=E....e00cveess0ess $34,431,000 $28,470,000 $19,300,000

Applications Technology Satellites:

Spacecraft.c.cveesssccscecscsocea --- -=-= 512,000,000
Experiments...ccccccoccccscnvccns -—- --- 3,700,000

Sub-Total, F and G....cvvvene .o ——- --= $15,700,000
Total........... e eecesaererasean . $34,431,000 $28,470,000 $35,500,000

Atlas Agena and Atlas Centaur
(Launch Vehicle Procurement

PrOSram)...oeevecnssseseenseses. (11,600.000) (15,166,000) (14,024,000)

Total (including Launch Vehicles) $46,031,000 $43,636,000 $49, 524,000

The objectives of the Applications Technology Satellite project are to
design, develop, flight test, and evaluate spacecraft capable of performing
communications, meteorological, gravity gradient stabilization, scientific
and other technological experiments in medium and synchronous orbits. Five
spacecraft (A-E) scheduled for launch in the 1966-69 period, will be
developed; one spacecraft to be launched into a 6,500 mile circular orbit,
primarily to evaluate the performance of a gravity gradient stabilization
system; two spin stabilized spacecraft to be launched into synthronous orbit,
one of which was successfully launched December 6, 1966; and two gravity

'gtadient stabilized spacecraft to be launched into synchronous orbit.

Two additional ATS spacecraft (F&G) are planned for initiation of
development in FY 1968. These are new spacecraft that are both larger and
more complex than the initial A-E series. The objectives of these missions
are to: (1) develop the technology for erecting and accurately pointing
large antennas in space; (2) test multi-beam phased array antennas; ().
extend the accuracy of stabilization systems; and (4) perform a numbe:r of
technological and scientific experiments. These spacecraft represent an
extension of the ATS philosophy of combining the development of technology
common to a number of space applications with the flight testing of several
promising space applications concepts and associated instrumentation on each
individual spacecraft., The additional missions will represent substantial
technological advances over the initial ATS A=E series in the areas of
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stabilization, antenna pointing, communication techniques and equipment;
and in the mmber and capability of the technological and scientific ex-
periments tested. Studies have indicated that these types of satellites
weighing approximately 1,600 pounds can be placed in the synchronous orbit
with Atlas Centaur launch vehicles and appropriate apogee kick motor, and
the feasibility of developing the technology for erecting large anternas in
space,

The Office of Space Science and Applications is responsible for overall
management. Responsibility for project management is assigned to Goddard
Space Flight Center. The major contractors for the first five ATS's are
Hughes Aircraft Company for spacecraft development, and General Electric
Corporation for gravity gradient stabilization system development.

FY 1965 and prior year funding for this project, including launch
vehicles, amounted to $46.6 million, Funding through FY 1966 provided for
the continuation of development including assembly of the first spin
stabilized synchronous spacecraft, its experiments and their integration;
parts fabrication and prototype model assembly of the second spacecraft
and its experiments; and procurement of common components for the remain-
ing spacecraft. Funding in FY 1967 provided for the first launch, com-
pletion of the second spacecraft and its experiments and preparation for
its launch, fabrication of the third spacecraft and its experiments, and
continuation of development on the fourth and fifth spacecraft. FY 1367
and prior years funding includes funds formerly budgeted under the
Meteorological Flight Experiments. FY 1968 funds are required for the
fabrication of the C-E spacecraft; launch of the A and C spacecraft; sci-
entific and technological experiments including continuation of the
meteorological experiment effort; operational support; and for systems
studies, preliminary spacecraft design, and for definition and initial
development effort of experiments in the communications, meteorological,
navigation and geodetic areas for flight test on the new spacecraft that
are being initiated to support the F and G missions. Subsequent funding
for completion, including launch vehicles, is estimated to be $83.4 willion.

ode atellites (A-

1966 1967 1968

Spacecraft and Support...cceeesese.. 94,993,000 $1,600,000 $4,700,000
Thor Agena and Delta (Launch
Vehicle Procurement Program)...... (4,200,000) (200,000) (3,000,000)

Total (including Launch Vehicles) $9,193,000 $1,800,000 $7,700,000

This project was previously included in the Geodetic Explorers project
under the Physics and Astronomy program but was transferred to the Spice
Applications program during FY 1966.

The objective of the Geodetic Satellites project is to conduct geo-
detic satellite measurements on a world-wide basis which, in combinat:ion
with astrogeodetic, surface baseline and gravity data available from
other sources, will result in: (1) the establishment of a unified world
datum accurate to within + 10 meters in a geocentric coordinate system to
which the major world datums will be connected; (2) the definition of the
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structure of the gravitational field of the earth and refinement of the
locations and magnitudes of large gravity anomalies; (3) the improvement
of the positioning accuracy of tracking sites and the location of isolated
islands and areas; and (4) an evaluation and correlation of the resuits
obtained from the geodetic instrumentation and techniques utilized.

The Geodetic Satellite Project consists of the PAGEOS I and GEOS A-E
missions. PAGEOS I, a passive satellite of an ECHO 1 type ballcon was
successfully launched on June 23, 1966 into a near-circular orbit of
2400 nautical miles. GEOS I (Explorer XXIX) was successfully launched on
November 6, 1965. All ground observational systems have successfully
observed GEOS-I. Considerable data have been taken and are being trans-
mitted to the Geodetic Satellites Data Service at Goddard Space Flight
Center.

GEOS-B, like GEOS-I, will carry a full instrumentation complement;
including flashing lights; minitrack beacon; doppler beacon transmitters;
and C band transponders, Optical reflectors for laser tracking will be
included and possibly passive radar reflectors,

GEOS C-E will be developed to contain the experiments required for
fulfilling the scientific objectives of the National Geodetic Satelli.te
Program (a joimt NASA-DOC-DOD program). The spacecraft are scheduled for
launch in the 1969~71 period at the inclinations and altitudes required
for: (a) supplying the data for the improvement of the description of
the earth's gravitational field, and (b) enabling the several observational
networks to obtain data to complete a unified world datum and improve the
location of the tracking stations. The three spacecraft will carry :ome
basic GEOS-A and B geodetic instrumentation systems; in addition, other
existing systems for an evaluation of their ability to provide precision
geodetic data. The spacecraft will also enable the recently developed
laser tracking systems to immediately realize their geodetic accuracy of
+ 1 meter. Two spacecraft, GEOS D and E, will be launched from the llastern
Test Range; GEOS-C from Western Test Range.

The Office of Space Science and Applications is responsible for the over-
all project management. Responsibility for the PAGEOS project management
was assigned to Langley Research Center and for GEOS to NASA Headquarnters.
The major contractor for the GEOS A and B spacecraft development is Applied
Physics Laboratory, Johns Hopkins University.

FY 1965 and prior year funding, including launch vehicles, amounted to
$14.3 million. FY 1966 funds were utilized to complete the GEOS I and
PAGEOS I spacecraft and experiments, and for integration, launch and data
acquisition. FY 1967 funds are being utilized to continue development of
the GEOS B spacecraft with modification based on experience gained fiom
GEOS I and for continued data acquisition and analysis from the GEOS I
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and PAGEOS I missions. Funds in FY 1968 are required to complete the GEOS B
spacecraft and provide systems engineering and ground support for its launch
in 1968, for continued data acquisition and analysis of GEOS I and PAGEOS I
and for initial hardware procurement of the spacecraft and experiments for
the GEOS C-E missions, Subsequent funding requirements for completicn, in-
cluding launch vehicles, are estimated to be $25.8 million,

Voice Broadcast Satellite

1966 1967 1968

Spacecraft...oiieccceccocscccnnns .- ——- $2,300,000

The objectives of this project are to develop the capability and demonstrate
the feasibility of broadcasting aural program material directly to conventional
FM and/or shortwave AM radios. The spacecraft transponder could be made wide-
band to make possible an alternative mode permitting the transmission of wideband
program material to specifically designed receivers for experimental purposes,

Two flights are planned for launch in the 1971-72 period on Atlas Centaur
vehicles which will carry the necessary equipment aboard a large spacecraft
structure to demonstrate the capability for transmission of aural program
material via satellites to radios on earth, An active spacecraft stabi-
lization system is planned, but passive control system augmentation is still
being considered, A large aperture spacecraft antenna and a high pover
transmitter are required to provide signals of sufficient magnitude to be
received by the receiving systems identified in the project objectives, 1In
addition, antenna pointing and orientation systems are required to direct
and provide efficient transmission of aural program material to specified
sreas. The smount of primary space power required is dependent upon the
extent of the capability to direct broadcast signals toward the earth, the
quality of reception desired by the users, and the ability of ground receiv-
ing systems 0 receive the signals. Since the power required for aural
broadcasting will be several kilowatts, both large sun oriented solar cell
srrays and body mounted solar converters are being considered, NASA is cur-
rently studying voice broadcast satellites in various orbits, The results of
these efforts will be used in selecting the orbit for this project,

The Office of Space Science and Applications is responsible for the over-~
all management of this project. Responsibility for project managemen!: will
be assigned to a NASA field center.

The FY 1968 activity is to be concentrated on spacecraft design and
definition. The FY 1968 funds are required for detailed spacecraft defini-
tion studies and analysis to be performed by contractors to be selected.
Funding requirements from initiation of development in FY 1969 to completion
including launch vehicles are estimated to be $117.7 million.

ED 11-14



RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY BASIC RESEARCH PROGRAM
PROGRAM OBJECTIVES STIF :

The Basic Research program supports fundamental research in the physical
and mathematical sciences. It is aimed at providing an understanding of the
physical phenomena pertinent to other NASA programs concerned with current
and future aircraft and space activities. This basic research is carried out
principally in NASA's Research and Flight Centers with some contract assistance
by universities, industrial research laboratories, and other Govermment re-
search centers. Since fundamental understanding of physical phenomena in
many fields of science is required to develop the technology for NASA's pro-
rrams, basic research in NASA encompasses a wide spectrum of disciplines. It
ranges from very fundamental studies into the nature and properties of atoms
and molecules to the more applied research areas of determining the beast
materials for the supersonic transport airplane. Although much of the Basic
Research program cannot be identified with current NASA projects, it increases
our knowledge of those scientific areas related to NASA's missions.

The Basic Research program is divided into four broad disciplines: Fluid
Physics, Electrophysics, Materials, and Applied Mathematics.

Fluid physics phenomena of significance to aircraft and spacecraft propul-
sion and power generation, as well as to atmospheric entry dynamics, communi-=
cation and simulation in laboratory tests, are being investigated in the
disciplines of fluid mechanics, aerodynamics, and gaseous physics.

Electrophysics is a research program to gain a better understanding of the
interaction of acoustic, magnetic, electric, nuclear and gravitational forces
with the electrons and ions of the atomic and molecular constituents of solids,
liquids, and gases. This new information is the basis for advancing the state
of knowledge of various technologies, especially electronics, space power
systems, and propulsion.

The broad goal of our materials research is to understand the behavior of
materials under the diverse envirommental conditions encountered in aerospace
missions. With such an understanding, materials can be rationally designed
to cope with high vacuum, high temperature, ionizing radiation, micrometeorite
impact, corrosive fluids and electromagnetic fields.

The basic research program in applied mathematics is concerned with the

investigation and development of mathematical techniques necessary for
applications to the many problems of science and technology which arise in
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connection with the aerospace missions of NASA.

Mathematical research is

extremely valuable in that firm bases for continued research in the other
disciplines of science and engineering are provided and, in many instances,
significant economies are achieved through the elimination of costly non=-

mathematical experimentation.

SUMMARY OF RIESOURCES REQUIREMENTS :

Supporting research and
technologyeeeoeeconcesncassanse

TOtEll-..o..;...-.............-

Distribut;ien of Program Amount by Installation:

Marshall Space Flight Center
Goddard Space Flight Center.
Jet Propulsion Laboratory...
Ames Research Center........
Electronics Research Center.
Flight Research Center......
Langley Research Center.....
Lewis Research Center.......
NASA HeadquarterS.c.scececss
Western Support Office......

BASIS OF FUND) REQUIREMENTS :

Supporting Research and Techmology

Fluid physicSeiccevaceccncssccncs
ElectrophysicS.e.veeeseccensacee
Materials....icceeeecreacacscnse
Applied mathematicsS.s.eveceenreas

TOta.l-.o...........-.........-

Fluid Physics

1966 1967 1968
$22,000,000 $21,465,000  $23,500,00Q
$22,000,000 $21,465,000  $23,500,000

1966 1967 1968

$815,000 $888,000 8992, 000

117,000 145,000 175,000
5,056,000 4,757,000 5,125,000
2,070,000 2,106,000 2,313,000
1,035,000 1,126,000 1,695,000

30,000 --- ---
2,144,000 2,360,000 2,420,000
2,731,000 2,775,000 2,960,000
7,351,000 6,698,000 7,170,000

651,000 610,000 650,000

1966 1967 1968

$7,538,000  $7,710,000  $8,615,000
4,726,000 4,335,000 4,740,000
8,438,000 8,038,000 8,655,000
1,298,000 1,382,000 __1,490,000
$22,000,000 $21,465,000  $23,500,000

Ma jor emphasis in the Fluid Physics program will concern the radiant heat
generated by the high temperature gas cap in front of re-entry vehicles at
entry velocities in the 40,000 to 70,000 feet per second range.

At these
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velocities, radiation cooling and large self absorption and precursor effects
will require intensive study. The blocking of the radiation by ablation
vapors which are added to the flow field by large rates of ablation will also
be studied.

During FY 1968, the Langley Hot Gas Radiation Research Facilities will
become operational and begin to contribute to the research program in super-
orbital re-entry radiation. Other facilities will be investigated, such as
the explosively driven shock tube, because of its potential for producing the
extremely hot gas and high velocity required for laboratory simulaticn of
superorbital flight conditions.

In the study of the radiation properties of gases the emphasis is very
much on the basic physics of atoms and molecules and their interacticns.
Such knowledge contributes to the study of nonequilibrium gas dynamics,
chemical kinetics, transport properties and a number of other areas of fluid
physics such as the fluid-mechanical laser. Efforts will be made to accele-
rate research on fluid mechancial lasers because they offer the possibility
of generating continuous beams of high power and efficiency and have potential
promise for direct conversion of heat to radiation. If such potentials are
realized, new possibilities arise for space communication and even for space
power transmission.

Re-entry into the earth's atmosphere at superorbital speeds introcuces
other heating problems besides thermal radiant heating. The trend in vehicle
configurations is expected to depart from the blunt shapes in favor of some=
what slenderized shapes where the radiation is less severe in the heating of
the vehicle, However, more slender shapes are prone to have turbulent
boundary layer flow connected with higher frigction and, therefore, higher
convective heating rates. Careful investigations have to be made of the
onset of turbulent flow to determine at what speed laminar flow can bhe main-
tained. Only in the latter case will the more slender shapes with the reduced
radiant heating be fully advantageous. The Fluid Physics program will con=~
centrate substantially on this position.

Another fimportant role of boundary layer research is connected with hyper-
sonic aircraft performance; specifically with the large fuel penalty incurred
at the expense of payload for any increase in drag. Therefore, research in
the field of turbulent boundary layers will expand significantly.

Related to the high speed turbulent boundary layer work is research on flow
in advanced rocket nozzles. In such flows, the cumbustion gases accelerate
rapidly in the throat region which also is the region of highest heat: transfer.,
The behavior of the turbulent boundary layer and particularly the heat transfer
characteristics under those conditions is not well understood. Progirams under
way are expected to contribute significantly to the design of high performance
nozzles having optimum performance and cooling.
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In interplanetary flight, the payload fraction increases with specific
impulse, and the duration of the mission reduces with increasing thrust to
engine weight ratios. Both of these desirable factors require working fluids
at high energy densities. High energy density fluids, which exist in the
plasma state, are not yet well enough understood, however, to be utilized
for relevant system design. Therefore, emphasis is being put on research
on the stability, the transport properties, and on the interactions of such
plasmas with electromagnetic radiation over the whole spectrum.

Electrophysics

The Electrophysics program consists of in-house and contractual research
investigations in the areas of nuclear, atomic, molecular, solid state,
and theoretical physics. Concerned with the interactions of various force
fields with the fundamental constituents of solids, liquids, and gases, the
results contribute to the advancement of technology programs such as =lectronic
communications, space power, and propulsion.

The following are four examples of research presently underway in the
Electrophysics program. The first is concerned with the movement of electrons
through a thin film of titanium dioxide (Ti02) placed between aluminun films.
The TiO2 film is an electrical insulator so that electrons normally do not
pass freely through the film. To date, this work has been able to explain
the electron passage from one aluminum film through the Ti02 film to the other
aluminum film. This understanding shows promise of a device being developed
which is a very sensitive detector of long wavelength infrared radiation
such as emanates from the planets. The investigation of the various parametexs
involved will be continued.

The second example is a determination of the attenuation of high frequency
acoustic waves by dislocations in the lattice structure of sapphire (A1203).
The dislocations are introduced into the crystal and their density altered
by irradiating the Al1203 with fast neutrons, whereby the attenuation is
changed. Data are being obtained and analyzed in order to clearly understand
the mechanism responsible for the attenuation. Such information should be
helpful in achieving new type solid state amplifiers in electronic systems.

The third example is that of self-confinement of a laser light beam. It
has been found that when a very intense laser light beam is passed through a
liquid-carbon-disulfide cell, the diameter of the light beam is reduced along
the cell lemgth. This beam narrowing effect may be applicable in such advanced
uses as optical communications and computer readout where very small diameter
optical beams are needed. This work will continue to find the explamation of
this mechanism by considering the interactions between the laser light and
the molecular structure of the liquid.
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An investigation of the growth and formation of tornadoes is the fourth
example. The reason for the tornado formation is traced back to the circula-
tion of electrically charged water droplets in the atmosphere. The usual
explanation for tornado growth is that the violent atmospheric motion is due
to temperaturre and pressure differences. If the investigation is successful
in proving that tornado formation is an electric phenomenon, it may be possi-
ble to prevent tornado growth by short=circuiting the charges prior to the
circulation build up. A properly constructed laboratory model will be installed
and experiments will be conducted to simulate the formation of tornadoes and
to investigate in detail the electrical mechanism responsible for their growth.

Nuclear physics research will be intensified using the 600 million electron
volt proton accelerator at the NASA Space Radiation Effects Laboratory. The
data from the experiments should contribute to our understanding of the
effects of impacts of solar protons on the structure of the spacecraft and
its equipment:. The data may be useful in improving the design of shielding
material needed to prevent radiation damage to the spacecraft. Additional
attention will be given to obtaining a better understanding of electron
oscillations in solid state plasmas. Such research may lead to the generatiocn
of coherent radiation at the far ultraviolet and X-ray wavelength regions
by techniques not now available. This will extend the spectra of frequencies
available for space communications.

Materials

The Materials program ranges from the academic study of submicroscopic
phenomena in solids through the more pragmatic development of new materials
to the research aimed at producing permanent solutions to such operational
difficulties as stress corrosion and fatigue. The kinds of materials within
the scope of the program cover a spectrum which includes polymers, ceramics,
metals, lubricants, minerals and the composites which take advantage of the
mechanical interactions between diverse constituents.

Fundamenital research in electronic properties of materials will continue
as the Electronics Research Center approaches full operation. Contrclled
excitation of the vibrations of the electrons in materials produces electro-
magnetic radiation, as in the laser. Transport of the electrons by way of
crystalline defects characterizes such materials as thermistors, supercon-
ductors and thermoelectric energy converters. Control of electron spins
produces new families of magnetic materials. All of this work will require
the highest level of cooperation between the physicist and the materials
scientist if continuing advances are to be made.

New discoveries have explained the friction and wear of completely unlubri-
cated solids in terms of the arrangement of the atoms in their crystals. This
work will be extended in several directions to include studies of single
crystals and of non-metallic materials and development of heat treatments
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to change friction and wear characteristics. This effort will assist greatly
in obtaining simple and trouble free lubrication systems for advanced space
vehicles.

High temperature materials continue to draw attention. The streng:h of
tungsten and tantalum, for example, has been further increased by new techniques
for alloying these metals. Development of a slurry process for application
of oxidation-resistant coatings increases their reliability for re-ent:ry
structures. On the theoretical side, studies of diffusional behavior and
of strengthening mechanisms are guiding further improvements. The mechanical
working of ceramic materials at high temperatures will also be emphasized in
order to develop optimum microstructures which in turn should improve the
properties of these brittle materials. Through such techniques as extrusion
or swaging the strength of oxides and carbides may be doubled. In a 3lightly
lower temperature regime renewed effort is making dispersion-strengthened
nickel-chromium alloys leading contenders for high performance gas turbines.

New temperature-resistant and radiation-resistant polymers such as the
pyrrones extend the capabilities of organic materials to approximately 1000°F.
Intensified effort will be devoted to their development in sufficient quantity
and form for such uses as adhesives and dielectric films. Modifications in
chemical structure will be made to optimize useful properties.

Applied Mathematics

The Applied Mathematics program is concerned with mathematical investigations
the results cf which have applications to the many problems of science and
technology relevant to the aerospace missions of NASA. The program consists
of both in-hcuse and external research activities and basic mathematical in-
vestigations in such areas as ordinary and partial differential equations,
numerical analysis, celestial mechanics, and statistics. As the research
efforts in the other disciplines of science and engineering within NASA
advance, new mathematical problems, requiring new methods and technigques,
are continually being raised. Thus, the necessity for a continuing program
of research in applied mathematics is clearly demonstrated.

The area of gravitational and orbital mathematics will continue to receive
heavy emphasis. This area includes the complex theories necessary for predic-
ting or planning the motion of any object moving under gravitational and
other possible forces. The precise mathematical representation, at all times,
of any mass moving under the forces of gravitational attraction centered on
one or more other moving bodies is a particularly important and difficult
problem. Investigations in celestial mechanics and differential equations,
including the development of methods 6f solution and studies of the properties
of solutions, are major phases of research in this area. Also, since the
differential equations involved in the problems of orbit determination
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and prediction are usually so complicated that no exact analytic solution
may be known, investigations concerned with approximation techniques and
the development of sophisticated numerical procedures will be important
problems in this area.

Reseaxrch will continue in aerodynamic mathematics for investigatiorns of
the flow field around or within a body moving at hypersonic speeds, arnd to
improve the mathematical techniques for describing and solving problems in
1lift and drag theory for various shaped bodies in the gases of planetary
atmospheres from high to near vacuum pressures. In addition, studies will
also continue in the theory of plates and shells of various shapes and at
various temperatures in order to provide the mathematical basis for ssfe and
efficient design of advanced or proposed aircraft and spacecraft structures.

Investigations in propulsion and control mathematics will include in-house
research on the applications of modern functional analysis and the calculus
of variations to problems concerning the optimization of space flight trajec-
tories. Grants and contracts in this area will be concerned with research
-in partial or ordinary differential equations, variational methods, and
numerical analysis with special emphasis on the development of techniques which
have applications to the problems of optimal control theory.

Finally, increased effort will be made in the area of tracking and data
processing mathematics. This area is concerned with the development of
abstract numerical analysis and computing principles for the purpose c¢f
allowing more effective exploitation and efficient use of computation facili~
ties. The mathematical problems include numerical error analysis of tracking
accuracy, as related to orbit determination, methods for obtaining the fastest
as well as tha most precise and convenient handling of large amounts c¢f data,
and techniques which allow the reduction of data to simple but scientifically
sound summaries.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objectives of this program are to identify and solve critical techni-
cal problems of spacecraft and launch vehicle design, The program is con-
cerned with the more immediate problems of vehicles in actual use or under
active development by NASA and the Military Services, as well as the more
advanced problems related to the next generation vehicles required for new
missions, Although the objectives remain much the same from year to year,
the program is continually refocused on new problems as required by the
National Space Program and by advancing technology,

The program encompasses the technical areas of Aerothermodynamics,
Structures, Space Envirommental Factors, Design Criteria, and Flight Experi-
ments, It deals with launch and exit through the atmosphere of the irte-
grated spacecraft and launch vehicle, flight of the spacecraft ‘through space,
entry into the atmosphere of the earth and other planets, and landing,
Research in all these aspects is accomplished in a complex of advanced
ground-based facilities which include high-speed, high-temperature wind
tunnels and arc jets, vacuum chambers, high-energy charged particle accelera-
tors, and other equipment, Carefully selected critical flight experiments
are carried out in close association with the ground-based regsearch to verify
and extend the laboratory results,

Special emphasis in the Space Vehicle Systems Program will be placed in
FY 1968 on the continuing M-2 and HL-10 lifting-body flight research program,
developing the technology of parachutes and other decelerators for entry
and terminal flight in the atmosphere of Mars, and on an aggressive effort
to develop the technology of maneuverable gliding descent techniques and
systems for the recovery on land of current types of manned spacecraft,

SUMMARY OF RESOURCES REQUIREMENTS:

1966 1967 1968

Supporting research and
technologY.vecocovsscocccscce $26,450,000 $26,635,000 $29,000,000
Lifting-body flight and landing

teBtS. .. 0100000000000 00ssccso 1,000,000 1,000,000 1,000,000
Scout re-entry project,...ceess 3,000,000 4,050,000 4,500,000
Small space vehicle flight

experiments,..cevecccccecccces 3,000,000 2,250,000 2,500,000
Projec‘: Fireoo»oooo-o-oooooo.ooo 50,000 - -
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1966 1967 1968
Project Pegasus (Saturn-Launched
meteoroid experiment)......... 1,500,000 -—— -
Total....eeveccecesnsscnceness $35,000,000 $33,935,000 $37,000,000
Distribution of Program Amount by Installation:
1966 1967 1968
Manned Spacecraft Center,....c.. $456 ,000 $560,000 $485,000
Marshall Space Flight Center,,.. 4,617,000 3,682,000 4,260,000
Goddard Space Flight Center,,,... 1,624,000 1,905,000 2,100,000
Jet Propulsion Laboratory..,.... 3,718,000 2,426,000 1,575,000
Ames Research Center....scceeeee 3,126,000 2,825,000 3,215,000
Electronics Research Center,,,.. 250,000 320,000 470,000
Flight Research Center,....c.cc00 1,010,000 1,010,000 1,200,000
Langley Research Center,....cse. 13,442,000 15,963,000 18,535,000
Lewis Research Center.,...ccccee 3,199,000 2,288,000 2,425,000
NASA Headquarters,,.cccccececees 3,062,000 2,665,000 2,935,000
Western Support Office,...ccc0ce 496,000 291,000 ---
BASIS OF FUND REQUIREMENTS :
Supporting Research and Technology
1966 1967 1968
Spacecraft aerothermodynamics.,.. $ 6,033,000 $ 4,813,000 $ 5,420,000
Spacecraft structures,...ceescee 6,260,000 6,661,000 6,935,000
Launch vehicle aerothermodynamics 735,000 1,118,000 1,230,000
Launch vehicle structures,...c.e 2,523,000 2,909,000 3,040,000
Space vehicle environmental
f‘Ctor'. 000000000000 000COISOIOIPPEYS 8,5“,000 10)181)000 10)795)000
Space vehicle design criteria,.. 1,725,000 953,000 1,580,000
Advanced space vehicle concepts, 630,000 --= ~==
Totale..veceososecocecocnsenes $26,430,000 526,633,000 $29,000,000

Spacecraft Aerothermodynamics

Spacecrafr serothermodynamics deals with the problems of heating, motions,
and control of manned and unmanned spacecraft in hypervelocity entry into
the atmosphere of the earth and other planets, and with terminal atmospheric
flight and landing of spacecraft,
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The FY 1967 program to investigate recovery of manned spacecraft om
land has resulted in the testing of several promising steerable-parachute
and flexible-vwing systems to investigate aerodynamic and structural problems
associated with deployment and controlled flight, This program will continue
during FY 1968, It will include tests of two full-scale systems appropriate
for future Apollo applicatioms,

Continued progress has alao been made in research programs on several
advanced manned spacecraft concepts including the M-2 and HL-10 lifting-
body types. ‘The higher maneuvering potential of these configurations,
compared to the Apollo type of spacecraft, permits greater flexibility of
return from orbit, The M-2 and HL-10 manned flight research vehicles,
constructed to investigate the special problems involved in transomic and
terminal flight, have been flown successfully, Flight characteristics of
these vehicles in the transonic speed regime will receive emphasis in FY
1968,

During FY 1967 research was intensified on spacecraft configurations for
landing instrumented capsules on Mars, This research included the initia-
tion of flight tests of parachutes at very high altitudes in the earth's
atmosphere where the air density is comparable to that near the surface of
Mars, (See Small Space Vehicle Flight Experiments,) Research on Mars
probe entry and landing will continue in FY 1968,

Progress has been made toward better understanding of re-entry heating
of spacecraft, lncluding accomplishment during the past year of an important
Scout-launched flight experiment of a promising heat shield material that
had been extensively tested in ground facilities, Uncertainties still exist,
however, regarding the heating environment, ablation processes, and the . -
heating-ablation interactions which are important in tailoring ablation
heat shields to particular vehicle configurations and flight conditions,
These problems will receive greater emphasis in FY 1968 with the objective
of decreasing spacecraft weight and enchancing reuse,

Re-entry heating flight and ground-based experiments in FY 1968 wiil
investigate the heating associated with turbulent boundary layers at high
Mach numbers, Ground-based research during FY 1968 will also include
studies of re-entry heating problems associated with planetary return at
speeds of 50,000 feet per second,

Spacecraft Structures

Ma jor elements of this program are advanced structural concepts and
materials applications, protection against entry heating and space enwviron-
mental hazards, determination of critical loads and structural response,
protection against vibration enviromments and landing impact, and prolonged
storage of cryogenic liquids in space,
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An important objective is to provide the structures technology necensary
to permit expensive spacecraft to be reused, A critical component of current
spacecraft is the entry heat protection system which cannot be used more
than once nor conveniently repaired, Research is being conducted on concepts
for heat shields which could be readily and economically refurbished for
repeated flight operations, One promising configuration consists of a
number of individual ablative heat shield panels which are insulated from
the basic structure and can be easily replaced, The behavior of the joints
between such panels under entry heating conditions is, however, a potential
problem which requires new testing techniques, Research in FY 1968 will
be directed to requisite testing methods as well as to a variety of advanced
materials and heat shield concepts,

For long-term space missions such as manned orbiting laboratories,
research is being directed toward new concepts for protection against
meteoroids to minimize weight penalties, Double-wall structures with fhinner
walls but with greater wall-spacing than previocusly considered appear promis-
ing., Experimental research to determine the potential weight savings will
be undertaken,

Preliminary studies of a large orbiting 120-inch-diameter optical tele-
scope have identified important structural problems related to the high
optical quality requirements of the mirror, The mirror must either wirh-
stand the gevere loads and vibrations of launch and exit flight or be iso-
lated and protected from these forces by suitable mounting systems to
prevent damage, The mirror must also be rigid and lightweight, Research
will be conducted in FY 1968 to develop solutions to these conflicting
requirements,

Another potential mission requiring advanced structures technology is
a large radio-telescope antenna, Consideration is being given to the
possible use of a very long expandable lattice column that might be used
as the central mast for the antenna, Such a mast could be of the orde:r
of one-half a mile long and only ten feet wide,

Other areas of research in FY 1968 include structures for landing of
minned gpacecraft and the problems associated with long-term cryogenic
storage in space, '

Launch Vehicle Aerothermodynamics

This program deals primarily with aerodynamic characteristics, base
heating problems, and the acoustic environment associated with the roclet
exhaugt, The program also seeks to devise advanced launch vehicle concepts,

Base heating arigses from three primary sources: jet-flame radiation,
which is complicated by the interaction of multiple jets; convective heating
from the rocket exhaust; and after-burning of vented gases in the rocket
exhaust, Base heating investigations in these problem areas will be
continued in FY 1968,
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Studies of the acoustic enviromment of launch vehicles during flight
and ground testing and research to develop more accurate methods of pre-
dicting sound propagation over large distances will be continued,

Aerodynamic research in FY 1968 will be focused on improvements tc
existing launch vehicles and on performance of advanced configuratioms,
including reusable launch vehicle concepts,

Launch Vehicle Structures

The primary objectives of this program are to explore and evaluate
advanced structures and materials concepts for launch vehicles, to pro-
vide improved methods for determining the loads on and the relponaet of
the structures, and to develop more reliable means for predicting and
confirming Lhei strength,

In 1966, development of a generalized computer program for space vehicle
structural analysis was initiated, This program will provide a much’
improved NASA-wide capability for solving various static, dynamic, ard
thermal structural problems of space vehicles, One portion of the
program will be available in FY 1967, and during FY 1968 the dynamics and
thermal sections will be completed,

Another method of determining structural behavior is to test the actual
vehiclea. In the past, dynamic testing was required either on the full-
scale launch vehicle, or on a specially contructed full-seale model., 1t
would be simpler and less costly if tests on small-scale models could be
conducted with confidence. Research at Langley during the last three years
has been directed to advancement of dynamic modeling technology. Results
using models of the Saturn I, Saturm V, and Titan III, indicate that full-
scale tests may not be necessary in most cases for launch vehicles of these
types., Efforts to improve the technology for simulation of certain vibra-
tion characteristics will continue in FY 1968,

Effort will also continue on the more important structural design
considerations which affect the weight and cost of launch vehicles, New
applications of materials and improved structural configurations will be
emphasized,

Space Vehicle Environmental Factors

The objective of this program is to determine the effects of space
environment on space vehicle design and operation and to develop the
technology for controlling and minimizing these effects, High-energy
radiation effects and shielding, the meteoroid environment and impact
hazard, low-gravity fluid behavior, thermal radiation and temperature
control, and high-vacuum technology are the principal research areas,
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Effort is continuing to resolve problems resulting from charged-particle
radiation in space, Research is required on the more critical radiation-
sengitive materials and components, Emphasis will be placed on applying
knowledge of basic damage mechanisms for pure materials to actual operating
devices for the purpose of improving the radiation resistance of spacecraft,

Research {8 continuing to develop improved shielding materials and
methods, Techniques developed have been applied to Gemini and Apollo
spacecraft, An advanced shielding concept which uses magnetic and electro-
static forces to deflect space radiation was investigated in FY 1967, This
promising work will continue,

The three Pegasus meteoroid detection satellites continue to furnish
significant data which together with those obtained by the smaller Explorer
meteoroid satellites, have resulted in a revision of the meteoroid design
guidelines for the Apollo program, and are being used to formulate defini-
tive generalized space vehicle design criteria,

To obtain information on large meteoroids, natural meteors entering
the earth's atmosphere are being studied using radio reflection and optical
techniques, Increased emphasis has been placed on this area,

Research will continue in FY 1968 on the behavior of fluids under near-
zero gravity conditions, Low-gravity research using drop towers at the
lLewis Research Tenter has led to improved propellant management systemns
for the Centaur and Saturn S-IVB stages, The effectiveness of these nystems
was demonstrated in a successful rocket flight experiment in mid-1966, The
new 500-foot drop facility at Lewis Research Center has greatly extended
cur capability for ground testing,

The investigation of thermal equilibrimm of space vehicles will continue
in FY 1968, In space, ultraviolet solar radiation impinges directly upon
the spacecraft and affects the ability of the surface coatings t¢ reflect
sunlight, complicating the heat control problem, Research on thermal-
vacuum problems in FY 1968 will emphasize development of improved surface
coatings and means of simulating the solar/vacuum environment of space as
well as investigation of such physical quantities as the thermal radiative
properties of solids,

Space Vehicle Design Criteria

The objective of this program is to develop, document, and issue space
vehicle design criteria or guides to design to promote the development: of
more reliable and efficient space vehicles, This object requires the
identification of design problems, evaluation of existing information bear-
ing on these problems, and formulation of the required authoritative
criteria,
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The criteria program encompasses the areas of structures, chemical
rocket propulsion, stability, guidance and control, and enviromnment, This
work is carried out in the various NASA centers and industry,

This program, which aids in developing more reliable and efficient gpace
vehicles, will continue in 1968,

Lifting-Body Flight and Landing Tests

1966 1967 1968

Flight vehicle and support
8eYVIiCeS8,.cne0avev0svtsssncos $1,000,000 $1,000,000 $1,000,000

Flight research will be continued on the M-2 and HL-10 lifting-body
test vehicles during FY 1968, These vehicles are representative of a
class of lifting-re-entry configurations that offer poasibilities of sub-
stantial improvement in waneuverability over current types, together with
a capability for horizontal landing at prepared sites,

The objective of the flight program is to determine the performance
and handling characteristics of these vehicles at transonic speeds and
during terminal flight and landing, The M-2 configuration has been success-
fully flown in gliding flight by Air Force and NASA test pilots, The HL-10
is now in flight status, During FY 1968, both vehicles will be flown under
rocket power through the transonic and low supersonic speed range,

In FY 1968 it is anticipated that the Air Force will provide a third
test vehicle of different design, designated SV-5, to be flown at the Flight
Research Center, Funding in FY 1968 will support the continuing flight
test program,

Scout Re-entry Project

1966 1967 1968

Spacecraft and support,........ $3,000,000 $4,050,000 $4,500,000
Scout (Launch Vehicle Procurement

Prosram)cvuowocooooooooooo.ooo ! "") ( 200,000) (3,800',000)

Total (including Launch

Vehicles)ieeeoooeoeoeosesss (83,000,000 ($4,250,000) ($8,300,000)

This project supports atmosphere entry technology by performing critical
anchor-point experiments in hypervelocity re-entry flight, Scout vehicles
are used, Emphasis is on the technologies of aerothermodynamics and high-
temperature structures and thermal protection systems with the aim of
correlating, verifying, and extending research results obtained in
laboratory facilities,
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Two flight experiments will be flown in calendar year 1968 to provide
data which cannot be acquired in ground facilities on the aerodynamic
heating associated with a turbulent boundary layer at high Mach number,
These data are required in the prediction of heating rates and skin fric-
tion on a variety of advanced vehicles including lifting-re-entry vehicles,
ballistic missiles, hypersonic-cruise aircraft, and certain classes of
reusable launch vehicles, Data will also be obtained on the conditions
under which transition from laminar to turbulent flow in the boundary
layer takes place on a clean, non-ablating surface,

Flight experiments are being studied to determine heat shield per-
formance and to determine aerodynamic-ablating surface interactions at
speeds in excess of 50,000 feet per second, Valuable data can be obtained
in precursor experiments at intermediate speeds using Scout launch vehicles
before proceeding to a much larger and more expensive 50,000-feet-per-
second experiment, Development of the intermediate experiments will
proceed during FY 1968,

Small Space Vehicle Flight Experiments

1966 1967 1968

Spacecraft and Bupport....ecc.e. $3,000,000 $2,250,000 $2,500,000

Planetary Entry Technology - Small-scale and full-scale parachute
testing will be continued in FY 1968 in an effort to evaluate promising
parachute concepts for terminal descent of ummanned Mars instrument capsules,
Since ground testing cannot duplicate expected Mars descent conditious,
small-scale test vehicles and parachutes are carried by a two-stage MNike
rocket to test altitudes above the earth which simulate closely the expected
Mars atmospheric conditions, Testing will also continue with near full-
scale parachutes which are deployed behind a representative Mars entry
spacecraft under realistic deployment conditions, These test vehicles are
carried aloft by large balloons built especially for these high-altitude
tests, In both the full-scale and small-scale tests, the primary objective
is to study parachute opening characteristics, structural loading, stability,
and the effects of parachute size, Results from these flight tests will
provide a basis for later selection and development of the most relisble
parachute for a soft landing on the Mars surface,

Further improvement in the size and weight of payload to be landed
on the Mars surface can be attained by drag augmentation devices deployed
at supersonic or hypersonic speeds before terminal parachutes are deployed,
Exploratory flight tests of devices such as extendable skirts and trailing
ballutes will be initiated in FY 1968,

Heat Shield Materials Technology - The NASA ground-based program ¢n
heat shield materials requires complementary flight tests using Scout
launch vehicles (see the Scout Re-entry Heating Project) and also smaller
launch vehicles such as the Pacemaker., The small vehicle flight program

RD 13-8



provides a needed link between the ground-based results and the larger
Scout-launched tests, An important part of the heat shield materials

program is test vehicle recovery to permit inspection and analysis of
the material after flight,
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF ADANCED RESEARCH AND TECHNOLOGY ELECIBO§ICS SYSTEMS_PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATIONS:

The Electronics Systems Program has the basic objective of deriving the
knowledge and technology through which the requirements of future space and
eeronautical systems can be satisfied most effectively. The program
encompasses all aspects of electronics and control functions from conceptual
system studies to the development and evaluation of new or improved components
techniques, and hardware subsystems. Specific examples of program goals are:
(1) Long-life attitude control systems, (2) Terminal guidance capability for
unmanned planetary spacecraft, (3) Optical technology for space applications,
(4) Technology to support direct broadcast of radio and TV from space, and
(5) Improved avionics systems for all types of aircraft from light planes to
advanced supersonic transports. Complementary to these efforts are the
general research in new or advanced techniques for instrumentation, data
processing, communications, guidance, control, and component technology.
Analytical and experimental studies, performed in industrial, university, and
government laboratories are used to achieve program goals. Flight experiments
validate research results, collect data, and obtain verification of predicted
per formances in those areas which cannot be simulated in earth-bound
laboratories.

SUMMARY OF RESOURCES REQUIREMENTS:

1966 1967 1968
Supporting research and
technology....... tetean cesves $29,848,000 $31,797,000 $39,200,000
Flight projects.oooooc seseecccoe 2)452’000 1)800L000 1,")00,000
Total.......‘......O.....l... §32!300!000 233!597!000 &200!000
Distribution of Program Amount by Installation:

1966 1967 _1968
Manned Spacecraft Center,..... $500,000 $340,000 $340,000
Marshall Space Flight Center,. 4,408,000 4,019,000 4,090,000
Goddard Space Flight Center,.. 3,090,000 2,990,000 2,990,000
Jet Propul.!l:lcm hbor‘tory. xXxx) 3, 591 ,000 2 ’ 182 ,000 3,040,000
Ames Research Center......c.... 3,893,000 3,635,000 3,710,000
Electronics Research Center.,. 5,407,000 9,651,000 15,710,000
Flight Research Center,.,.,..... 683,000 810,000 890,000
Langley Research Center,...... 7,442 ,000 7,024 000 5,915,000
Lewis Research Center,........ 539,000 450,000 460,000
2,747,000 2,496,000 3,055,000

NASA Headquarters,,...coecceee
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BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology

1966 1967 1968
Guidance systemB.eccceccsccoccas $5,940,000 $5,868,000 $6,560,000
Control syStemS8..cccasvececccscss 6,073,000 6,365,000 6,755,000
CommunicationS.cecceccccsccccses 4,725,000 5,027,000 6,445,000
Tracking and data acquisition... 3,372,000 3,100,000 4,380,000
Data handling and processing.... 3,532,000 3,821,000 4,755,000
Instrumentation.cecccecccocosccee 3,981,000 3,816,000 4,160,000
Electronic techniques and
Cmonents.oooooooooooooooooo. 2,225,000 3,800,000 51""'45’000
Totaleecesoosososscsccosccesncae 229!848!000 §31!797!000 239!@00!000

Guidance Systems

Guidance systems research and technology efforts are directed toward
identifying requirements and characteristics of future space guidance and
navigation systems, and developing sensors, components, and subsystems
capable of attaining advanced performance goals. Systems and trajectory
analyses provide a basis for determining the optimum integration of advanced
sensor technology with implementation methods derived from guidance theory
etudies. Research to develop more powerful tools for analyzing guidance
system requirements and performance will be continued in FY 1968.

During the coming year, the development of the first strapdown inertial
guidance system using electrostatic gyros will be completed, and laboratory
testing will be initiated, in preparation for aircraft flight demonstration
in calendar year 1968. Research will continue on fundamental problems
limiting the performance of gas bearing, laser and electrostatic gyros, and
on advanced strapdown system concepts.

Optical and electromagnetic sensor research and technology will be
increased. In the area of simple manual navigatiom, the excellent accuracy
attained in a Gemini star-toe-star navigation sighting experiment in FY{ 1967
will be applied to the development of an Apollo experiment incorporating
lunar limb and lunar landmark sightings to be performed in calendar year 1968.

Results of simulator and aircraft flight evaluation of a first gensration
laser rendezvous guidance system will be applied to extending the technology
to wide=angle gimballess optical guidance system development.

Control Systems
Control and stabilization research efforts develop technology for space

and aeronautical control systems., Emphasized are precise pointing for
astronomical or applications optical systems, increased lifetime of satellite
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attitude control for earth orbital missions, aeronautical flight control,
display and avionic subsystems and synthesis techniques.

As reported last year, the Langley Research Center placed stromng ~cmphasis
on controlling and stabilizing space telescopes on manned spacecraft to
within 0.1 arc seconds. The control moment gyro subsystem was developed, and
consequently incorporated by the Apollo Telescope Mount (ATM) project. Space
station application of control moment gyros will be developed.

Gravity-gradient stabilization is typical of the efforts to increanse
lifetime of satellite attitude control. Concepts developed at the Ames
Research Center are being used on the Applications Technology Satellilte and
the Department of Defense DODGE satellite. Sensors and actuators for long
life economical control must be developed.

Both the aircraft flight control and display areas are centers of
concentration in a program intended to improve the utility of general
aviation. Analytical studies, simulation, and flight test will be used to
develop flight control and display systems providing improved navigation and
approach capabilities. Fluidic technology is being applied to a 3-axis
multimode flight control system recently flight tested. Further cos:
reduction must be obtained for economical application to light aircraft.

Communications and Tracking and Data Acquisition

Research is directed towards understanding the environment in which
communication processes take place, and developing the technology required
to optimize the speed, capacity and accuracy of communications and tracking
systems, To accomplish these ends, efforts are pursued in the microwave,
millimeter, submillimeter, and optical frequency domains.

Space qualified transmitter tube technology has progressed, in the recent
years, from tens to several hundreds of watts of transmitted power. Tubes
in the 500-watt to 20,000-watt power range are required for earth orhital
applications and future deep space missions, Solutions to major environmental
problems and long life times must be found, The Electronics Research Center
will seek these solutions in the vacuum tube research facility currently
being acquired. This equipment will be initially installed in the temporary
facilities and moved to the permanent Microwave Laboratory at that Center
upon completion.

Larger spacecraft and ground antennas will provide technological support
to radio astronomy and direct broadcast migssions as well as significantly
increase data rate capabilities, A 9-foot deployable spacecraft antenna,
described last year, has been successfully tested and is being used as a
laboratory instrument to further refine deployment techniques. Research is
needed to provide the capability to erect and employ antennas with apertures
larger than 30-feet for earth orbital applications, radio astronomy, and deep
space missions. Large mechanically-steered antennas present pointing problems.
Research on electronically steered arrays now under way should ultimately
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result in simplifying these problems.

Information theory is a powerful tool that is being used to increase
communication efficiency. For example, coding improvements, recently
developed under a university grant, will provide the advanced Pioneer space-~
craft with a significant communication efficiency gain without the need for
increasing power sources, or introducing expensive spacecraft antenna and
structural changes.

There is a critical need for high resolution space telescopes of 6() to 120
inches diameter for optical astronomy and communications. These instruments
will provide the capability to study celestial objects which cannot be viewed
from the ground because of atmospheric attenuation and will provide vastly
improved resolution over that attainable through the earth's atmosphere. The
environmental, structural, and control problems associated with such large
mirrors in space are almost insurmountable using conventional fabrication and
alignment techniques, and unique approaches must be developed. One concept
employing a 24-inch diameter, 3-segment mirror feasibility model is now being
tested. Initial results have been promising and this will be continuzd.
Successful development of this concept will provide a significant technological
breakthrough in space applications of optical astronomy and communications.

Data Handling and Processing

The expanding base of new aerospace knowledge and increasingly more
complex experiments require continuing research in data processing techniques
and devices t.o keep pace with our basic capabilities for scientific advance-
ments.,

One developument to advance technology for high capacity, low power computer
memories capable of long life in the space environment employs laminated
ferrites as the storage medium. Significant reductions achieved in weight,
power, volume, and cost will contribute to enhanced capability for future
spacecraft, Efforts will be continued in Fy 1968 to develop circuitry for
programming anc communications with the memory elements,

A longer range effort to develop optical techniques for spacecraft
computer memories with potential advantages of minimum interconnecticms,
greater storage density and ultra-reliability will be continued. The
technique uses the magnetic and optical properties of the memory material to
store data in binary form. Access to the memory involves a beam of light
and a photo-cell sensor, thus eliminating mechanical interconnections to the
memory and resulting in higher reliability.

A feasibility study of an automated flight failure warning system for
advanced experimental aircraft has been completed. The system employs a
computer to monitor many sensors at high rates and provide identificetion to
the pilot/engineer of potentially dangerous conditions in the aircraft.
Computers in many future missions, will be required to program and ccmntrol a
wide variety of operations ranging from scientific measurements, guidance,
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navigation, control, system testing, and performance monitoring to control of
life support systems. To provide the necessary computer capability, research
is being directed toward application of time-sharing and multiprocessing
concepts to spacecraft use. This work will continue in FY 1968.

Computer techniques, originally developed for enchancement of pictures
such as those transmitted from Mars by Mariner IV, have been applied to other
pictures such as medical X-ray photographs, and have indicated the possibility
of obtaining information not otherwise available. Exploitation of these
techniques for other applications will continue.

Instrumentation

Expansion of scientific and engineering knowledge requires continuous
advancement in instrument technology. Aerospace instrument research is
needed to increase accuracy and resolution, to extend the measuremenit range
and to improve signal conversion capabilities.

The advent of the laser has made it possible to advance along seviral
measurement frontiers., Examples to illustrate its wide range of application
are:

1. The measurement of atmospheric density to altitudes higher
than 40 kilometers by recording the backscatter of a ground
based pulsed laser has been accomplished. Clouds and aerosol
concentrations observed in the lower atmosphere up to 12 km,
show promise for successful studies of meteorological phenomena
at higher altitudes. Further efforts are required to expand
the method for day-light operations and to perform tests at
different laser wavelengths.

2. The visualization of flow phenomena around models in wind
tunnels at hypersonic speeds becomes increasingly difficult
because of the reduced gas density under higher altitude
conditions. The introduction of laser light sources permit
better optical adjustments since the laser beam is essentially
a point source and filters can be used to block the self-
luminescent lighting. An overall improvement of a factor of
10 is expected in such systems.

3. Remote measurement of vibrating surfaces has been accomplished
by utilizing the doppler shift of a laser beam. This technique,
developed for vibration mapping of large structures such as
launch vehicles, is also applicable to the calibration of micro-
phone membranes where any attached sensors would grossly distort
the vibration characteristics.
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4, The measurement of the velocity of a gas stream having variable
pressure and density has been difficult in the past because of
the disturbing effect of sensing devices placed in the gas stream.
Using the doppler frequency difference between undisturbed laser
light and light scattered by the flow, a direct measure of the
flow speed can be obtained. This method can be used over a wide
range of velocities from 1 cm/sec up to 300 meter/sec. Research
is planned to extend the technique to higher speeds and to multi-
dimensional velocity measurements.

Gamma backscatter techniques are being studied for measuring the density
of the Martian atmosphere. Proven feasible for measurement of Earth atmospheric
density from rockets, the techniques appear well suited to probing the
atmosphere of other planets. Research is needed to provide compensation for
the effects of heat shield ablation during planetary approach.

In the field of bio-electronics, a miniature telemetry transmitter and
biopotential sensors have been developed and incorporated into a conventional
flight helmetf to obtain electro-encephalograms with minimum incoanvenience to
the subject.

Successful. tests have been conducted in the Ames Research Center
centrifuge and on aircraft training flights. Future efforts are plamned to
include addit:ional channels for pulse and respiration data and communications.

Electronic Techniques and Components

This project covers the development of electronic components having the
performance and reliability required for future space and aeronautical
missions, and techniques to improve the quality of procured parts, and
extend their useful lifetime.

The usage by NASA of microelectronics is rapidly increasing, largely
because they reduce the size, weight, and power consumed, while at the same
time increasing reliability. Because of this, the technology of micro-
electronics is being given major attention. Materials and processes of
manufacture, inspection techniques, increased functionality, and lifetimes of
microelectronics are being given special emphasis. Recent advances include
development of techniques for vacuum~depositing thin film active devices,
and for silk-screen deposition of thick film active elements. These, and
related efforts will continue.

The problem of component reliability falls in two major areas: assurance
of the quality of procured components, and determination of expected
operational lifetime under stressed environments. Improved criteria and test
methods for inspecting parts, and more precise methods for analyzing failures
and determining their effects on performance and lifetime are needed. The
advantages to be realized from increased commonality of procurement and
inspection will be studied on an inter-Center basis. The effects of process
variation upon quality will be studied by the Electronics Research Center in
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recently acquilred laboratory equipment in which each of the manufacturing
steps can be varied at will, to ascertain the type and degree of process
control required for quality parts.

Since the lifetime of the spacecraft ultimately depends on the lifetime of
its parts, research to extend the reliable lifetime of parts, and short-term
means for ascertaining long-life characteristics are important segments of
this subprogram. Techniques for optimizing the design of circuitry; for
improving soldering, welding, and packaging; and for detecting errors in
assembly, are¢ under development and will continue in Fiscal Year 1968.

Many factors, external to a part itself, have an influence upon its
performance and lifetime. Parts that will endure environmental hazards,
such as shock and vibrations of launch, high-voltage arc-over and space
radiations; and as an alternative, methods for protecting the parts and
circuits from such hazards will be developed. As future space missions
reach destinat:ions near the sun or far out from the sun, extreme temperatures
will be experienced that are beyond the capability of current part-types.
Efforts to develop parts that will operate in extreme temperatures will be
expanded in Fiscal Year 1968.

SST Avionics

A new segment. of the Electronic Systems Program is the effort to develop
an integrated avionics system for high speed aircraft of the future typified
by the current supersonic transport development program. During FY 1967,
the Electronics Research Center initiated a concerted systems analysis
program to delineate the avionics requirements of such advanced aircraft. In
FY 1968, system requirements resulting from this study will be used to direct
research programs to provide the technology for all elements of an integrated
avionics system. The system will include the functions of navigatiom,
guldance, control, communications, instrumentation and on-board data
processing.

Flight Projects

1966 1967 1968

Radio Attenuation Measurements

(RAM.C)'.III.Q.I..O'..II'... $1,300,000 $1,300,000 $400,000
Small Flight. Project

(SCANNER)...........-....... 1,152,000 500,000 hadednd
Earth Coverage Horizom .

Measuremeritececceccococccscsse o - - ' o o= oo 6'00_;000

Total Flight ProjectS...c.. $2,452,000 $1,800,000 $1,000,000

Scout (Launch Vehicle Procure-
ment Programo.-o--ooooo-ouo' (lnaootooo) (9001000) (1'900,000)

Total (including Launch

Vehicles)....ooeveecanss (83,852,000) ($2,700,000) ($2,900,000)
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Flight projects serve to substantiate experimental results obtained in
laboratory investigations and to measure natural phenomena required in the
development of advanced sensors and systems. Brief descriptions of these
projects are provided in the following paragraphs.

Radio Attenuation Measurement (RAM)

Project RAM is directed towards understanding the phenomena of plasma
formation and its interactions with the spacecraft antenna during atmospheric
reentry. This understanding should lead to the development of means of
overcoming the signal attenuation and communication blackout present during
reentry.

RAM A and B experiments demonstrated the relative merits of using water
injection, aerodynamic shaping, and higher radio frequencies as methods of
overcoming the blackout problem in the lower reentry velocity ranges.,

RAM C will obtain reentry communications measurements in the 28,000 feet
per second velocity region. At these velocities, as yet undetermined
ionization amd recombination phenomena occur which are not present at lower
velocities and which cannot now be simulated in ground facilities.

A launch is scheduled in calendar year 1967 for RAM C-A, RAM C-B is
scheduled for 1968. Provisions are made for an additional launch during
1968, if the results from the first or second launch make it advisable.

Horizon Definition Research (SCANNER)

The objective of the SCANNER project was to make detajled measurements
of the earth's horizon radiation profile and to determine the existence of
relatively stuble gradients in the profile which could be used to design
precise horizon sensors. The project was undertaken as an extension cf
laboratory research on horizon characteristics to verify theoretical
predictions of the existence and nature of radiation gradients. 1Iwo
ballistic flights were performed by Langley Research Center in FY 1967. The
flights provided excellent correlation between the theoretical predictions
and experimental results. Continuation of efforts on this problem are now
centered in the Earth Coverage Horizon Measurement program.

Earth Coverage Horizon Measurement

This project will extend limited measurements attained through Project
SCANNER and supporting X-15 flights to a comprehensive measurement of the
earth's horizon radiance profile over a broad range of seasonal and latitude
variations. Advanced studies have been initiated in FY 1966 to identify
suitable flight experiments and techniques. The preliminary results of
these studies and Scanner rocket flights carried out in FY 1967, indicate
that an order of magnitude improvement in the definition of the earth's
horizon is feasible, and that obtaining comprehensive measurements will
require polar orbit satellite measurements over a complete cycle of seasonal
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variations. In FY 1967, these feasibility studies will be completed.

The funding requested in FY 1968 will provide for the initiation ¢f project
definition studies.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY HUMAN FACTOR SYSTEMS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

This program has four major objectives: (1) to determine man's reaction;\‘
to the unique environments of space and aeronautical flight; (2) to define \
the essential requirements for sustaining and protecting man in these j
environments; (3) to develop the technology necessary to provide suitable /
1ife support and protective systems; (4) to integrate man's capabilitles

with those of machines to obtain composite systems of superior performance, Y,

e

/

The success and the spectrum of missions-of-choice available to future
aeronautical and manned space missions are dependent upon the timely solu-
tions to identified technology problem areas, These technology problem
areas in the Human Factor Systems program are: physiological effects,
human engineering, extravehicular technology, personal protective systems,
and life support, The understanding of the physiological effects of wman as
he responds to long-term manned space flight and future aeronautical flight
regimes is necessary for effective integration of man as a functional part
of the total system. Human engineering is essential to human factors in
aviation, maintainability in space, and for the appropriate design for man
in the man-machine complex, Extravehicular technology will provide the
astronaut with work aids, translation devices and other astronaut augmnenta-
tion systems for use in free space as well as on extravehicular surface
environments, The technology area of personal protective systems is being
pursued to provide the astronaut with protection from all envirommental
factors noxious to him and to maintain him with personal life support
systems, Life support is one of the most difficult technology areas be-
cause of the many subsystems capabilities that must be integrated as a
functional system,

The Human Factor Systems program is accomplished through a multi-disci-
plined approach including researchers in nearly every field of medicine,
biology, psychology, engineering, physics, and electronics located in NASA
Centers, Department of Defense aerospace medical facilities, universities
and industry,

SUMMARY OF RESOURCES REQUIREMENTS:

1966 1967 1963

Supporting research and

technology..cceeoescocacnse $13,000,000 $14,675,000 $19,500,000
Small bictechnology flight

PrOJeCtE, cneecroooccosscne 1,900,000 1,500,000 1,500,000

Total,seeeeescoovenccces $14,900,000 $16,175,000 $21,000,000
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Distribution of Program Amount by Installation:

1966 1967 1968
Manned Spacecraft Center,.,. 795,000 $1,160,000 $2,300,000
Marshall Space Flight Center 310,000 300,000 300,000
Goddard Space Flight Center, 25,000 --- ---
Jet Propulsion Laboratory,.. 100,000 -——- .-
Ames Research Center,,...... 5,260,000 5,690,000 5,500,000
Electronics Research Center, 359,000 650,000 $50,000
Flight Research Center,,..,.. 1,500,000 1,000,000 1,000,000
Langley Research Center,.,.,.. 4,286,000 4,354,000 6,850,000
Lewis Research Center,...... 14,000 100,000 150,000
NASA Headquarters,...cccsees 2,171,000 2,921,000 4,050,000
Western Support Office.,..... 80,000 -——- -
BASIS OF FUND REQUIREMENTS:
Supporting Research and Technology
1966 1967 1968

Human research and performance $5,102,000 $6,312,000 $6,500,000
Life support and protective

BYBLEMB, coeccescoocsscnrsscs 4,496,000 5,236,000 8,500,000
Man-gystems integration,..... 2,902,000 2,702,000 4,000,000
Advanced conceptS...cesescsce 500,000 425,000 %$00,000

£13.000,000 314,673,000 $£19,500,000

Human Research and Performance

TOtaIO.................l'.

During long term wmanned space flight missions, man will be exposed to
environmental conditions not previously encountered, The technology problem
area which refers to man's response to these conditions is physiological
effects, Within physiological effects, consideration must be given to the
effects on man brought about by altered gravity, spacecraft atmospheres,
stress measurements, radiation, and noise,

An example in the altered gravity area is the research on cardiovascular
effects being coriducted by Mayo Associates for NASA of the acceleration
profiles of launch and re-entry, In this research effort the cardiovaiscular
and respiratory dynamics of dogs are investigated during 6-g runs on a
centrifuge,

Another problem of altered gravity is its effect on the vestibular

system, Under study are the components of the vestibular system in the ear,
brain, and spinal cord, along with other related sensors such as the eve.
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Using biological information, an engineering model of the vestibular
system is being derived to study its non-linear behavior, Human studies
include tests with normal and defective vestibular subjects,

The second problem area of physiological effects is the spacecraft
atmospheric requirements, For example, the variables under investigation
concerning oxygen toxicity are neurological changes, subcellular chemistry,
pulmonary pathology, pulmonary mechanics, pulmonary surface characteristics,
and microcontaminants of closed systems,

A third problem area of physiological effects is the measurement of
stress--the detection and quantification of physiological change in man in
space as well as his everyday pursuits, The Flight Research Center is
using flight qualified bioinstrumentation to quantify the physiological
response of man under stress in high performance aircraft,

The fourth problem area in physiological effects is radiation, For
instance, radiological studies are being performed on primates to study
the effects of various discrete proton energies as found in solar flares,
Other investigations include the study of cataract formation from protract-
ed low level proton radiation on the lens of a rabbit's eye,

The fifth problem area of physiological effects is noise. One of the
studies is an effort to quantify the audibility of the N-wave from the
sonic boom with its different characteristics, Other studies are measuring
the effects of sonic boom on sleeping persons through monitoring the
electronencephsalogran,

Life Support and Protective Systems

The most critical technology problem area is life support, For extend-
ed missions, life support systems which can recycle water and oxygen are
most desirable, For example, on a 500 day-mission, recycling water and
oxygen will save thousands of pounds per man,

In support of advanced manned space flight missions a two gas sensing
system, miniaturized and ruggedized for actual space use, is being developed
for atmosphe¢re control, This development followed design studies of two
different approaches for the Langley Research Center,

An integrated recycling life support system is under test at Langley
Research Center. It is being utilized for ground based tests and an evalua-
tion of systems integration, Subsystem problem areas have been identified
and integration interfaces more clearly defined,

Another recycling life support concept is under study which could operate
under partial g enviromments such as the 1/6 g lunar environment, This
concept uses a molten electrolyte which permits the continuous removal of
carbon dioxide and recovery of oxygen, A solid electrolyte is being studied
at the Ames Research Center, Oxides of zirconium, cerium, and calcium are
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being investigated as electrolytes.

The next technology problem area, protective systems, is concerned with
new space suits, personal life support systems, and restraining systems,
During the past year, two anthropomorphic or form-fitting hard space suits
concepts studies have been conducted, These are the RX-4 hard suit, the
most advanced development, being developed for the Manned Spacecraft (enter,
and another hard suit which utilizes no soft elements being developed by
the Ames Research Center,

Man-System Integratiom

Within the scope of the man-system integration subprogram research and
technological studies are being supported to solve the programs in the pac-
ing technologies of human engineering and extravehicular technology. In
human engineering during the past year, visual information requirements
for aircraft handling have been studied for the Langley Research Cente¢r,
The pattern of instrument scanning by the pilot for a particular mission
was determined by computer analysis of the dominant eye movement, This
permitted the detailed study of the time and sequence of instrument
viewing requirements,

For formulation of space maintenance requirements, data on manned per-
formance capabilities in space suifs utilizing maintenance procedures was
obtained at the Manned Spacecraft Center,

To provide for adequate design integration of man in man-machine
complexes, Marshall Space Flight Center completed a study on the miniwum .
habitability requirements of a two-man lunar scientific vehicle for 18 days,

In the technology area of extravehicular technology, studies are being
conducted to evaluate the energy costs and biomechanics of extravehicular
operations, Neutral buoyancy techniques in water immersion, simulating
in part free space conditions, are exploited, These facilities and tech-
niques were utilized by the astronauts in the last Gemini flights,

Advanced Concepts

Research on advanced concepts in any field is essential to solving the
next generation of problems in a particular field,

A representative study at the Applied Physics Laboratory of John Hopkins
University is exploring the potential feasibility of an inflatable, non-
anthropomorphi.c space suit concept, In this system, man can extract his
arms from the suit arms and perform bodily functions inside, as well as
work on intricate equipment with his bare hands,
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Small Biotechnology Flight Projects

1966 1967 1968

Small biotechnology flight

ProjeCt’vi..looo.O....0..ooc $1,900,000 $1,500,000 $1,500,"00

In addition to ground-based studies, flight validation of concepts is
often necessary to verify a concept as a potential useable system, An
example is the measurement in the spacecraft of aerosol particles which
will not settle with the absence of gravity., These data are necessary for
life support system design, Tiny particles of micron size can be harmful
to wan's respiratory system, This flight instrument will be of use in
ground air pollution studies, This experiment is scheduled for the first

manned Apollo flight,
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

QFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE POWER AND ELECTRIC
PROPULSION SYSTEMS PROGRAM

PROGRAM OBJEGTIVES AND JUSTIFICATION:

Current solar cell, battery and fuel cell power system technologies have
permitted the development of useful power systems for a variety of manned
and unmanned missions. Nuclear systems are in the early stages of develop-
ment with several low power isotope systems and one low power reactor system
having been placed in earth orbit. However, these current power system
technologies are not yet satisfactory for more ambitious missions such as
high power, direct broadcast satellites, science probes and orbiters to the
distant planets and long duration, manned earth orbital, lunar and planetary
missions. 7The space power program is aimed at providing the research and
technology necessary for the improvement and/or development of a limited
number of solar, chemical and nuclear systems at a rate consistent with the
astimated mission requirements. These potential power requirements range
from watts to kilowatts in the early 1970's for ummanned planetary landers
and manned orbital missions to megawatts in the 1980's and 90's for manned
interplanetary electric propulsion systems.

The electric propulsion part of this program is aimed at providing the
research and technology leading to the early application of small solar
powered, electric thrustor systems for spacecraft position control; and
to the development of both solar (kilowatt class) and nuclear (kilowatt
and megawatt class) powered primary propulsion systems. The unique capability
of some kinds of electric thrustors to develop very low thrust levels
(105 to 1076 pounds) for attitude and position control, and the high spe~
cific impulses obtainable from all electric thrustors offer promise of
significant improvements in spacecraft operational simplicity, weight,
trip time and payload.

SUMMARY OF RESOURCES REQUIREMENTS :

1966 1967 1968

Supporting research and
technoloi:y'ooo-oo..oo-oooonto.. $38’200’000 $34’940’°00 $34’200’000

SNAP-8& development.sscscececcssone 4,000,000 5,500,000 9,700,000
Space electric rocket test (SERT) 3,000,000 === _ 1,100,000

TOt8leserersnneeeoonananennnoes  $45,200,000 $40,640,000  $45,000,000
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Distribution of Program Amount by Installatiom:

Manned Spacecraft Center.ec.ss
Marshall Space Flight Center.
Goddard Space Flight Center..
Jet Propulsion Laboratory....
Ames Research Center.ce..ceo.
Electronics Research Center..
Langley Research Center...«..
Lewis Research Center.s..esee
NASA HeadquarterSeesceccccces
Western Support Office.......

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

Nucleat-el‘ectric pwer. esscecsecee

Solar power generation....sceccce..
Chemical power generation....e....
Electric propulsion..ececeecccess

Total..o.o00-.0..-.....-.lo.o.o

1966 1967 1968
$635,000  $1,430,000 $800, 000
1,685,000 1,731,000 1,400,000
4,270,000 4,676,000 4,400,000
4,812,000 5,641,000 7,500,000
110,000 295,000 250,000
84,000 853,000 1,500,000
1,322,000 1,370,000 700,000
28,194,000 20,569,000 25,650,000
2,586,000 2,862,000 2,500,000
1,502,000 1,013,000 300,000

1966 1967 1968
$14,000,000  $12,820,000  $13,200,000
9,050,000 7,450,000 8,300,000
5,150,000 5,580,000 5,000,000
10,000,000 9,090,000 7,700,000

$38,200,000

Nuclear-Electric Power

$34,940,000

$34,200,000

The purpose of the nuclear electric power generation technology program
is to provide a broad option and design basis for the selection and eval-
uation of energy conversion equipment to be used in advanced nuclear 2lectric

power generation systems for future space missions.

These systems will

utilize nuclear energy generated by isotope or reactor heat sources and,
therefore, close cooperation and coordination is maintained with the AEC

isotope and reactor programs.

o megawatts with system endurance goals of 1 to 5 years.

The program covers the power range from watts

The spectrum of electric system technology covers research on several
selected and promising concepts including: (1) the Brayton cycle gas turbo-
electric system, (2) the Rankine cycle alkali metal turboelectric system,
(3) thermionic direct conversion system, and (4) magnetohydrodynamic (MHD)

systems.

The Rankine cycle and thermionic conversion systems in combination

with reactor heat sources offer the potential of achieving the lightest
power system weights at high power levels for auxiliary electric power and

electric propulsion systems.

Both, however, require the establishment of

a sound techmnology base relating to the use of new materials and working
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fluids at temperatures never before used in power systems, The Brayton
system, with its inherent high cycle efficiency, offers an attractive

power source iIn the 2-10 KW range for manned orbital laboratories especially
if coupled with isotope heat sources. MHD systems constitute a longer

range research goal of interest primarily because they do not require the
use of a rotating turbogenerator, but, instead, generate power by forcing
liquid metal fluid through a magnetic field.

The Rankine cycle turbogenerator program in FY 1967 significantly sadvanced
the technology of refractory metals and of such major components as the
turbine, boiler and radiator and test instrumentation.

A broad program of property determinations was performed for tantalum,
niobium and molybdenum refractory alloys which may be used in eventual
development of flight systems. Important properties of these alloys such
as strength, resistance to attack by potassium working fluids, resistance
to contaminatfion by gases, weldability and fabricability were determined.
Design and fabrication were started on an experimental two-phase pumped
potassium corrosion loop fabricated from a tantalum alloy. This test loop
will be completed in FY 1968 and tests to determine the long term resistance
of the tantalum alloy to corrosion by boiling and condensing potassium at
temperatures up to 21500F will be started.

A two-stage potassium vapor turbine successfully completed a 5000-hour
endurance test without significant mechanical or erosive damage. Design
was completed on a three-stage test turbine which will provide operating
data under erosive conditions similar to those predicted to occur in an
actual system. Fabrication of this test turbine using a molybdenum bucket
alloy will be completed in FY 1968.

During FY 1968 work will be continued on the development of high tempera~-
ture (~ 1600°F)-high strength magnetic and electrical insulating materials
for use in turboalternators. Mechanical design studies of complete turbo-
generator packages were started in FY 1967 and will continue in FY 1958.

During FY 1967 design was completed and fabrication started on a tantalum
alloy, 2200°F lithium-to-potassium single tube boiler, intended as a proto-
type element for later multitube segments and complete boilers. Tests of this
boiler are scheduled to start in the latter half of FY 1968. 1In addition,
boiler stability studies were performed in FY 1967 and will continue iIn
FY 1968.

During FY 1968 research and development will be continued on radiators
which are required to reject unused heat energy to space. Since the radia-
tors may constitute one-third or more of the entire weight of a space power
system, it is important to fully understand the factors which lead to effi-
cient radiator designs. During FY 1968 work is planned on promising radiator
concepts such as the vapor chamber (heat pipe) and the effort on structural
and mechanical problems of solid fin radiators will be continued.
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During FY 1967 fabrication and tests were completed on rapid-response
pressure transducers for measurement of absolute and differential pressures
of alkali metal systems at temperatures to 2000°F. Design and fabrication
were started on flow metering and on-off valves composed of refractory
metal alloys in alkali metal streams; testing of these valves is schecluled
to start early in FY 1968.

The reactor-thermionic concept of major interest has been the "in-core"
reactor approach. In this design the thermionic converters are an integral
part of the reactor fuel elements with the fuel cladding serving as the
emitter electrode. The major problems presently associated with the ''in-
core'" system include: the high temperature (1700-1900°C) reactor fuels that
are required; the achievement of stable, long-lived converter operation; the
improvement of converter performance; attaimment of a satisfactory integral
cesium reservoir design, electrical insulators and seals, and certain reactor
design considerations that affect overall system stability.

FY 1968 funds will continue research on these major problems. During
FY 1967 converter operating life continued to improve and considerabls
reactor fuel test data, from both in- and out-of-pile tests, are being
obtained. In FY 1968 reactor fuel tests will continue and tests of single-
cell fueled~converters will begin at the NASA Plum Brook Test Reactor and
irradiations of thermionic electrical insulators will be continued at the
University of Arizona Research Reactor. Various promising approaches aimed
at improving the performance of thermionic converters will also continue
to be investigated at various contractor facilities.

The feasibility of the liquid metal magnetohydrodynamic electric power
system concept is being investigated at the Jet Propulsion Laboratory.
During FY 1967 data were obtained on many of the critical components which
would be used in this system. It was determined that the two-phase supersonic
nozzle, the liquid~-vapor separator, the liquid diffuser and the MHD generator
itself all functioned essentially as designed. During FY 1968 feasibllity
investigations will be continued and a 50 KW MHD power generator component
will be tested.

The work on space isotope power is concerned with the evaluation of low
power thermoelectric and thermionic concepts for various missions and with
determining the feasibility of the more efficient Brayton conversion cycle
for use with isotope heat sources. This work is conducted in cooperation
with the AEC which is developing isotope thermoelectric generator systems
for NASA's NIMBUS and Apollo programs and is responsible for providing
suitable isotope fuel forms and heat sources. During FY 1967 progress was
made in understanding the mechanisms of thermoelectric performance degradation.
During FY 1967 a simple heat pipe was operated for over 5300 hours at tempera-
tures of interest for thermionic converters, and a heat pipe-~thermionic
converter combination has operated with good performance for wmore than 300
hours. These results are promising and testing will be continued in FY 1968.

ED 16-4



Technology work on the Braytom cycle power conversion system is continuing
with the major emphasis on the design, fabrication and test of a system

which will eventually be integrated with a radioisotope heat source to be
developed by the AEC. A radioisotope Brayton power system, with a power output
in the 2-10 KW range and a cycle efficiency of 25%, is of particular interest
for manned space stations. In this power range, where the quantity of isotope
required is large, the attaimment of high overall conversion efficiency Brayton
equipment minimizes the amount of scarce and expensive plutonium-238 isotope
required.

During FY 1968 a breadboarded Brayton cycle system will be assembled and
testing started in a closed~loop facility where components (turbocompressor,
turboalternator, heat exchangers) and control interactions will be studied.
The high temperatureisotope heat source program for the power system is being
conducted by the AEC and coordination between these programs is being main-
tained.

Solar Power Generation

Sol ell Power Systems

Despite the significant success of solar cell power systems, their techno-
logical base must be broadened and scaled up to meet the needs of space
exploration that may be undertaken in the next decade (1970-79). The largest
solar cell power systems developed thus far are those for NIMBUS, Mariner,
and the Geophysical and Astronomical Observatories. The peak solar cell
array output ranges between 500 to 1000 watts on these spacecraft, while
the average pover delivered to the loads is between 200 and 500 watts.

Power levels in the tens of kilowatts are proposed for such applications

as direct broadcast satellites. At present, average spacecraft life is
between one and two years. There is a need to acquire the technology to
extend the useful life of solar cell power systems to five years by the early
1970's. As space exploration reaches out from the earth to Mars and beyond

to Jupiter, and to Venus, and Mercury and even to within five million miles of
the Sun, new enviromments and envirormental extremes will be encountered.
Present solar electric power technology is not adequate to cope with these
new requirements.

A dramatic improvement in radiation resistance of solar cells was achieved
with the discovery of the superior characteristics of the reverse structure
N/P silicon solar cell in 1960. Even though these cells afforded about 10
times greater resistance to damage than the earlier devices, there is still
a need for further radiation hardening of solar cells. In FY 1967 laboratory
tests of lithium diffused solar cells have indicated a further gain of 50-100
times may be possible. During FY 1968 work will be conducted to determine
long time stability of these new cells and whether such cells will be a
satisfactory replacement for the currently used solar cells.
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An examination of the space mission possibilities being considered indicates
that we should plan on potential requirements for solar power systems deliver-~
ing up to 50 kilowatts output. Noteworthy examples include direct broadcast
satellites, planetary probes using solar-electric propulsion and manned space
stations. Starting in FY 1966 NASA began a three-phase program to aciuire
the technology needed for lightweight (50 lbs/kw), large area (up to 000
square feet) deployable (folded for launch) solar cell arrays. Work :in the
second phase was initiated in FY 1967. During FY 1968 the third phase will
be initiated and will consist of the experimental fabrication and test of a
deployment model of one wing (1250 square feet) of a four wing, 50 ki lowatt
array.

In addition to the need for lightweight, large area solar cell arrays, there
is a need for lightweight, compact arrays to satisfy the increased power re-
quirements of satellites launched on vehicles with limited payload volume.

For such cases it appears possible to mount conventional solid or thin film
solar cells on flexible plastic substrates which can be rolled up in window
shade fashion for compact storage during launch. These arrays could he un-
rolled in space by actuating self-erecting booms or electric drive motors.
During FY 1968 work will continue on compact roll-up and folding arrays.

As solar cell systems increase in size it will be necessary to discover
new, low-cost methods of array assembly. More extensive automation of the
assembly process than is currently used is one approach for such cost reduc-
tions. During FY 1968 studies will be conducted aimed at identifying those
Processes in array assembly that can be adapted to machine operations.

Rower Conditjonipg

Spacecraft power conditioning requirements to date have been generally
limited to & few hundred watts. In FY 1967 work has been started on the
problems of scaling up existing solid state converter and inverter techmnology.
Improvements in efficliency are being sought so that temperature control re-
quirements can be reduced to a manageable level. A modularized or building
block approach is being studied. Work on high power converters and inverters
will be given increased emphasis in FY 1968 and subgequent years.

In FY 1967 work has been initiated on other critical power conditioning
problems aimed at extending the life and increasing the power level of
solar cell/battery and fuel cell power systems. Methods for failure sensing
and isolation will be investigated in FY 1968 and components and circuits
for more efficient and reliable distribution and utilization of the raw
generated power must be devised. The use of large area solar cell arrays
will require suitable methods for orienting such arrays and for transfer of
electric power from the turning array to the spacecraft.
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Solar Thermal Systems

Work on solar thermal power systems utilizing thermoelectric, thermionic,
and the Brayton gas turbine conversion systems has been decreasing since
FY 1964. This decrease has been due in part to the transferal of the solar
power program portion of the Brayton effort to the nuclear electric power
program where it is being continued for potential use with large isotope
heat sources and, in part, due to the relatively lower priority assigned to
solar thermal systems. It is expected that this effort will continue to
decrease in FY 1968.

Chemical Power Generation

There is a need at this time to obtain the technology for secondary
(rechargeable) batteries with 3 to 5 year cycling capability for such appli-
cations as communications and meteorology satellites. Cycle tests performed
on nickel-cadmium and other alkaline batteries have identified such critical
problems as internal shorts, separator deterioration and seal rupture from
gas pressure buildup. High failure rates have been experienced and substan-
tial improvements are required if reliable operating lifetimes of 3 to 5
years are to be obtained.

The problem of acquiring the technology for extended cycle life will be
time consuming since non-destructive methods for determining the cycle
capability do not exist. At the present time, verification of a 5 year life
requires testing representative cells for the full 5 years. Work on non-
destructive test methods (i.e., methods for determining life capability
from limited testing) will be continued. As the size of solar cell arrays
is increased, battery size must also be increased in order to avoid the
weight and cost penalties that are normally associated with using large
numbers of the current small capacity cells. Work has been initiated on
large capacity (100 ampere-hours) nickel«cadmium cells and experimental tests
on thermal models of full size batteries are underway.

The sealed batteries that are being used in the space program today cannot
withstand the high temperature (105-145°C) required for the sterilization of
spacecraft components to be landed on planetary surfaces such as Mars.
Nickel-cadmium, silver-cadmium and silver-zinc batteries using a mixture of
water and potassium hydroxide electrolyte are being investigated and evaluated
for landing capsule battery applications. The organic separators used in
present batteries tend to disintegrate under sterilization temperatures.

Work is underway on new separator materials and will need to be continued in
FY 1968, In addition to sterilization conditions, landing capsule batteries
will need to withstand high~G loads during atmospheric entry and at :impact.
Development is required to achieve mechanical ruggedness.

The hybrid metal/gas battery, which is made possible by the develcpment
of high-performance fuel-cell electrodes, has been shown to yield at least
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a 50% increase in energy density over the best conventional primary battery
system. These preliminary indications must now be followed up to obtain

the engineering data required in assessing the suitability of the technology
for future mission possibilities.

Whereas batteries have been maintained at or near room temperature in
space thus far, future mission requirements indicate that batteries operating
at extreme temperatures may be needed. These may be extremely low or
extremely high temperatures. The problem of coping with long~term battery
operation at extreme temperatures will require substantial work over the
next several years.

Fuel cells are used in conjunction with primary batteries to provide all
the electric power for the Gemini and Apollo spacecraft. However, these
systems, although adequate for mission durations of a few weeks, possess
drawbacks which discourage their use on advanced manned missions requiring
from 30 to 90 days reliable operation. These drawbacks include membrane
degradation, electrode corrosion, and narrow operating limits. Preliminary
experimental data have been obtained on a two kilowatt breadboarded fuel
cell of improved design that operated for about 75 days. Engineering models
are being assembled for stack testing at off-optimum conditions to determine
the fuel cells' sensitivity to variations in reactant pressure and temperature,
to electrode, electrolyte and catalyst temperature and to variations in the
water content of the electrolyte. Start=-up, shut-down, and re-start charac=-
teristics need to be studied. Work is also needed to obtain cathode catalysts
with improvec stability and more efficient oxygen dissociation.

Early lunar shelters will make extensive use of fuel cell powerplants. In
conjunction with solar or nuclear powerplants, fuel cells will be used to
power roving vehicles, large portable tools and the lunar shelter during the
two week lunar night or during emergency repairs of the primary power systems.
‘The high cost of transporting reactants (hydrogen and oxygen) to the moon
will make it desirable to recover the fuel cell product water for drinking
and especially for regeneration into hydrogen and oxygen fuel for re-use in
the fuel cell. During FY 1968 work will be undertaken to obtain the data
needed to assess the feasibility and performance capability of water electrolysis
and reactant processing and storage plants suitable for installarion on the
lunar surface.

There is & general need to provide for research on the properties of elec~
trolytes and on the mechanisms of reactions occurring at electrode-elactrolyte
interfaces. A better understanding of the mechanisms that govern electro-
chemical reactions 18 needed to guide rational choices of new electrolytes
and improved structures of electrodes.
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Electric Propulsion

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

Electrostatic thrustor systems in which the propellant atoms (or heavy
particles) are electrically charged and then accelerated by an electrostatic
field, will continue to receive the major emphasis in FY 1968. 7Iwo types,
the electron-bombardment and contact ion engines which differ basically in
the propellant charging or ionization technique, have made the most progress.

One of the most important life limiting components in an electron-hiombardment
engine is the cathode that produces the electrons necessary for propellant
ionization. In FY 1967 endurance tests of several thrustors utilizing cesium
and mercury as the propellant, and including several types of cathode design,
were successfully conducted with a maximum of 8200 hours being obtained by a
cesium thrustor. These data lead to the conclusion that the cathode life
problem has been resolved and that it is feasible to build 1-2 kilowatt
thrustors with the required operating lifetime. In addition, during FY 1967
a full system test, including thrustor, power conditioning and propellant
feed system, was carried out for about 500 hours. The above results provided
the level of confidence necessary to proceed in the planning of a seccnd
space flight in the SERT series utilizing a mercury thrustor. In FY 1968
attention will shift from life testing toward further performance improvements
such as efficiency at lower specific impulses. Also, the effect of a varying
pover profile such as may be encountered in missions deriving power from
photovoltaic arrays on engine performance and control systems will be evaluated.
During FY 1967, study on interactions between the propulsion system and the
spacecraft were initiated. Effects such as plasma beam impingement or structure,
radio frequency interference (RFI), and interaction with the space enviromment
will continue to be investigated during FY 1968. Some of these effects, such as
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radio frequency interference, will be evaluated during the SERT flight. The
studies of solar-powered mid-course propulsion for planetary missions continue
to show promise and these efforts will continue in FY 1968.

In the contact ion engine the propellant atoms are ionized by coming in
contact with a hot material, ordinarily porous tungsten. Although the
difficulties in obtaining suitable ionizer materials have caused a de~emphasis
in research on this type of engine for prime propulsion, the level of tech-
nology required for useful auxiliary thrustor development appears to be
available. This progress has led to the start of development of a very low
thrust (10-51bs) version for flight test and eventual possible use in the
Applications Technology Satellite (ATS) series.

A resistojet system is being flown on the ATS~1 spacecraft as an experi-
ment during PY 1967. This is one version of an electrothermal engine which
accelerates propellant by heating and subsequently expanding through a con-
ventional converging-diverging nozzle system. The system on ATS-1 is being
evaluated for later applications in an auxiliary propulsion role on the ATS-D
and ATS-E synchronous satellites. System studies have also shown the resistojet
to be of interest for cancelling aerodynamic drag of large orbiting spacecraft
such as orbiting laboratories., Life testing of resistojet thrustors with an
initial goal of 2100 hours was initiated in FY 1967. This work will continue
in FY 1968. In addition, the possible replacement of the resistojet electrical
heater with radioisotope heat sources is being evaluated.

Electromagnetic thrustors, which employ the interaction betweem high currents
and magnetic fields to develop thrust, could offer performance and design
advantages in comparison with the much more highly developed electron~bombardment
ion engine due to their potential simplicity and smaller size. Consequently,
they will continue to receive attention in FY 1968. The verification of perfor-
mance continues to be an important problem. Improved testing environment and
diagnostic instrumentation will be employed during FY 1968 in attempts to
eliminate present measurement uncertainties.

SNAP-8 Development

1966 1967 1968
Develomemt..4....-.-....... $4’000’000 $5’500’000 $9p700’000

The objective of this project is to obtain the technology leading to the
eventual development of a 10,000 hour, 35 electrical kilowatt nuclear electric
generating system suitable for space applications in the mid-1970's and beyond.
Principal applications proposed for SNAP-8 are large earth orbiting space
stations, lunar exploration, direct TV broadcast satellites and manned planetary
missions. During FY 1968 SNAP-8 development will emphasize component and power
conversion system technology.
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SNAP-8 is a joint NASA-AEC development with the AEC responsible for reactor
development and NASA responsible for the power conversion system and for full
system integration. SNAP-8 utilizes a mercury-Rankine turboelectric conversion
loop to convert thermal power developed by a compact reactor intc electrical
power. The design approach places priority on maximum use of current state=-
of~the~art and provides flexibility to adapt to a range of potential missions
with a minimum of changes in the system.

Under the direction of the Lewis Research Center SNAP-8 compoments have now
been tested in the first power conversion system breadboard and the electrical
output, at reference conditions, has been measured at 33 KW. Also, siable
operation and control have been demonstrated under simulated space vehicle
load conditions. Over 23,000 hours of compoment testing have been accomplished.
Test results indicate that the system pumps, alternator, and condense: are
generally satisfactory. Endurance achieved to date for these components ranges
from 830 hours to in excess of 4500 hours. Technical problems requiring
correction have been identified in the present turbine mechanical design and
a life problem has been found to exist in the boiler tubes. Also, testing of
the complete power conversion system has indicated the need to improve turbine
aerodynamic performance. Progress has been made in improving boiller performance
but additional improvement is required.

In FY 1967 the endurance testing of components and the correction »f defi-~
ciencies noted from tests were continueds This effort will continue fhrough
FY 1968. An improved turbine has been designed and will be tested beginning
in late FY 1967 and continuing in FY 1968. Experiments in heat transfer and
corrosion are continuing in order to provide solutions to the boiler tube
life problem. Also, operations of the first power conversion system which
began operation in FY 1966 are continuing and in the remainder of FY 1967 NASA
expects to complete the investigation and characterization of automatlc startup
procedures for the power conversion system under simulated space conditions.
The first power conversion system will be used to test and verify turbine
design corrections.

Funds requested for FY 1968 provide for the continuation of the component
and system technology program and supporting investigations as required. It
is expected that a 2500 hour performance and endurance qualification test will
be run on the improved SNAP-8 turbine. It is intended that the supporting
investigations, which are underway and will be continued in FY 1968, will
lead to the cdesign and start of fabrication of an improved prototype boiler
in FY 1968. Testing of other major components will be continued to further
advance the demonstrated endurance capabilities. Testing will be continued
to assess the capability of the components to survive and function following
shock and vibration associated with launch into space. Component and system
technology development will continue to be supported by testing at the Lewis
Research Center.
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Operation of the first power conversion system will be continued in FY 19648
with the aim of providing performance and endurance data on the turbine alter-
nator under system design conditions as well as providing additional 2ndurance
data on other system components.

Space Electric Rocket Test (SERT)

1966 1967 1963
Spacecraft and Experiments
Development....ccoveeesseeesss $3,000,000 --- $1,100,000
Agena (Launch Vehicle
Procurement Program)..c.cceceee. (---) ($500,000) ($5,300,000)

Total (including Launch
Vehicle.....covveeeenr....($3,000,000) ($500,000) ($6,400,000)

The overall objective of the SERT flight program is to provide information
on the operation of electric thrustor systems in the space enviromment. The
first flight in the series, SERT I, was successfully concluded in July 1964.
This suborbital flight demonstrated that an ion beam could be neutralized in
space, and hence removed a basic uncertainty as to the feasibility of ion
engines.

During FY 1967 plans were defined for a second flight in the SERT series
and initial work toward such a goal was started using FY 1966 funds. The
objective of this test is to provide a long term evaluation (minimum of six
months) of the performance and reliability of an ion thrustor system in the
space enviromment and to study such other ion engine effects as radio frequency
interference, propellant deposition on spacecraft and spacecraft potential.
This informaticn is required for the further assessment of ion propulsion for
use in prime propulsion applications.

The technical plan for the SERT 11 development calls for a single launch
of a THORAD-Agena from Western Test Range to inject the Agena, together with
the attached SERT experiment package, into a near-polar sunlight orbit. 7Two
complete 1 KW ion thrustor systems will provide redundancy. The Agena system,
which has been previously employed extensively, will provide the necessary
electrical power from a solar array, control system and telemetry system.
Present plamning calls for the launch to take place during the first half of
calendar year 1969.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The objective of the nuclear rockets program is to develop the neceémary
research, design and engineering data, test hardware and general technology
of nuclear engine systems utilizing graphite solid-core reactors for possible
advanced space missions and to investigate and evaluate advanced reactor con-
cepts which may offer improvements in nuclear rocket propulsion technology.

The use of nuclear rocket propulsion would provide significant performance
advantages for many possible advanced space missions such as high energy
earth orbital operations, lunar logistics operations, deep space probe:
with heavy spacecraft, and manned exploration of the planets. Payload
increases of 25 to 100 percent or more are possible through use of nuclear
rocket stages in connection with Saturn V. For manned planetary landing
missions, spacecraft weight in earth orbit is substantially less with
nuclear rocket propulsion than with chemical propulsion, the weight di:f-
ferences ranging from 1 to 2 million pounds for favorable mission modes and
times, to many millions of pounds for less favorable mission opportunii:ies.

The nuclear rocket program is a joint AEC-NASA effort, managed by a
single office, the Space Nuclear Propulsion Office which was established
by interagency agreement between AEC and NASA. Research and technologw
development work is conducted both in AEC laboratories (e.g., the Los
Alamos Scientific Laboratory) and NASA centers (e.g., Lewis Research
Center) although the major portion of the work is conducted by industry.

This program supports the objective of continued development of nuclear
rocket technology for possible future use. However, if a decision is
reached to proceed with the development of a nuclear rocket engine, an
activity carried under "allowance for contingencies" in the overall national
budget, the program described herein will provide the logical nuclear
rocket technology support.

SUMMARY OF RESOURCES REQUIREMENTS;,

1966 1967 19458
Supporting research and
technology..........cv0.... eoee $20,644,000 $16,506,000 $16,500,000
NERVA........... ceeeses e eesen 35,356,000 33,494,000 26,000,000
NRDS operations.......c.ceeeeeeoas 2,000,000 3,000,000 4,000,000

Total...eoneeeeneneesnninnsnnna $58,000,000 $53,000,000 336,509!000

Distribution of Program Amount by Installation:

Marshall Space Flight Center... $1,125,000 $1,500,000 $2,95),000
Lewis Research Center.......... 6,444,000 3,515,000 4,200,000
Space Nuclear Propulsion Office 50,431,000 47,985,000 39,350,000
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BASIS OF FUND REQUIREMENTS:

Supporting Research and Technology

1966 1967 1968
Rocket reactor research...... $14,901,000 $10,786,000 $ 8,500,000
Nuclear rocket engine systems 4,393,000 3,970,000 4,700,000
S‘fety..bzﬂ..'b.D...'..."..... 250’000 250’000 Sw’wo
Vehicle technologY.eececoccone 1,100,000 1,500,000 2,800,000

Totaliooeoneccesccoccscsses  $20,644,000 216,306,000  £16,,500,000

The supporting research and technology effort (SR&T) supplies threc basic
needs: (1) gemeral SRAT data for current projects; (2) basic techmology
for the development of future generations of muclear rocket engines and
vehicles; and (3) feasibility analyses of advanced nuclear propulsion
concepts.

Rocket Reactor Research

NASA conducts two major activities within the scope of rocket reacior
research including: (1) research into the problems determining feasibility
and performance potential of advanced nuclear reactor propulsion comcepts
and (2) the development and purchase of jet nozzles and liquid hydrogen
feed systems, turbopump systems, to support the reactor tests at the Nuclear
Rocket Development Station (NRDS), and the provision of liquid hydrogen to
conduct these developments and the reactor tests,

Advanced concept work is concentrated on various types of cavity reactors,
in which the fissionable materials are in gaseous or liquid form. In-house
capability and research is centered at the Lewis Research Centex, Also,
the capabilities of industry and universities are applied through contracts
and research grants, At the present level of development, emphasis [s on
laboratory research, to provide the basic research data, During FY 1968,
effort must be expended to provide new research tools and methods to extend
our knowledge concerning heretofore unattainable pressures and temperatures
that would exist in cavity reactors,

NASA has funded the development of a liquid hydrogen turbopump feed
system to be used to test the high-power Phoebus-2 and NERVA reactors.
These turbopumps are an advancement in the technology established in the
feed systems used for KIWI and NRX reactors. 7Two of these units have been
delivered and utilized in qualification and facility tests conducted at
NRDS, Additional feed system hardware will be procured during FY 1968
to assure availability of pumping systems to conduct the reactor tests.

The development of liquid hydrogen regeneratively cooled, exhaust nozzles
required to meet the Phoebus-2 reactor requirements has been underway since
FY 1965, 1his nozzle development will be completed during FY 1968 with the
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delivery of the nozzles for the Phoebus reactor tests,
Nuclear Rocket Engine Systems

This research provides the necesgsary advanced component technology for
nuc lear rockef engines, It seeks to provide information for specifying
characteristics of future generations of nuclear rocket engines as well
ap establish a general base of information on the design and operation of
components and engines, This in-house effort is conducted by the Lewis
Research Center with other work being accomplished under industrial and
university contracts principally under Lewis Research Center's direction.

The work on turbomachinery is directed at the unique problems posed by
application to & nuclear rocket engine, and is coordinated with turbomachin-
ery research conducted for advancement of chemical combustion rocket techno-

logy.

Nuc lear rocket engine system research also includes research and development
of pneumatic t:ransducers and control components which are less senaitive to
radiation damage than normal electromechanical devices,

Engine dynamnics are under investigation using the Nuclear Rocket Dynamics
and Control Facility at Lewis. In this facility, the firsat nuclear ccld
flow rocket engine systems tests were conducted with more than 26 runs having
been made on & cold flow nuclear rocket engine to investigate the start-up
dynamics of the engine, These runs have included the first bootstrap starts
of the nuclear rocket engines, and start-up tests in which the turbopump
was deliberately run into stall to determine the start-up performance of a
nuc lear rocketf: engine under such conditions. This information supported
analysis and power tests of the breadboard engine in FY 1966,

The radiation effects effort conducted as part of the engine systems
research work, is directed toward defining the behavior of materials in
combined radiation, cryogeni¢, and vacuum environments, Work in this area
iz continuing in the Plum Brook Reactor,

Very high bearing speeds and space enviromnmental conditions create dif-
ficult development problems in regard to bearings, seals and lubrication.
An in-pile bearing test loop is in operation at Plum Brook for research on
high speed bearing configurations in a combined radiation and cryogenic
environment,

Regearch on novel designs and materials for fabrication of higher perform-
ance nozzles vwill continue in FY 1968, Efforts will be made to extend the
current technology beyond the initial limits needed to provide nozzles for
the NERVA engine,
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For several yecars, NASA 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 primarily from the
nuc lear rockei: program, the research has benefited all programs that use
liquid hydrogen by supplying basic property data and cryogenic engineering
support, This program will be continued in FY 1968,

Safety

Safety work is an integral part of the overall nuclear rocket program.
It includes effort on hydrogen safety by the Bureau of Mines aimed at
unique safety problems associated with handling large quantities of
liquid hydrogen in ground test facilities and the evaluation of counter-
measure systems to assure safe disposal of nuclear engines in-flight. Of
special interest are studies and research into means for rapid, contrelled
venting of liquid hydrogen to reduce weight and provide an additiomal velo-
city increment following a premature loss of thrust during flight,

Vehicle Technology

This portion of the program provides basic design information which will
assist the development of nuclear rocket vehicles for flight wission appli-
cations, .

Studies of modular vehicle concepts were initiated in FY 1965, The
modular concept has particular attraction since one basic tank/engine
system (referred to as a propulsion module) could satisfy a variety of
missiong. The modular studies have defined a configuration in sufficient
detail to determine the feasiblity of such a concept and to point out areas
requiring advanced techmology effort,

General flight system technology activities underway in prior years
continues, Design of a ground test module was initiated in FY 1967 and will
be continued during FY 1968, Most of the ground test module work will be
conducted in-house at Marshall Space Flight Center to take advantage of the
available experience at that Center,

NERVA

1966 1967 1968

Engine system development,,,e.. $ 5,975,000 $ 5,042,000 $ 5,160,000
Component and subsystem develop-

MeNt,o000000000s0s0s0ccsacece 11.6579000 13D7‘.89000 8»0409000
Ground test and operations

‘upport...ﬁ'......l.......... 14,803,000 12’654.°w 10,.300"')00
Propellants,,cccccecccccsccscss 2,921,000 2,050,000 2,500,000

TOtal,eeeesescccorcocccaccees $33,356,000 $33,494,000 $26,000 000
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During FY 1968 effort will be directed towards the test activities requir-
ed to satisfy the remaining objectives of the NERVA technology program,
Efforts will support fabrication of the remaining 1,100 mega-watts thermal
test articles and the test activities conducted at the Nuclear Rocket:

Deve lopment Station,

The remaining test activities of:the NERVA program include tweo reactor
assemblies to investigate corrosion effects up to approximately 60 minutes
test duration, and a series of ground experimental engines which will de-
monstrate engine operation in a downward firing engine test stand, ‘hese
ground experimental engines will have provisions for remote maintenance
and replacement of major subassemblies, In early FY 1968, the NRX-A6
reactor will be tested at rated power in Test Cell "C" at NRDS, In 968
the final NERVA technology test reactor, NRX-A7, will be tested,

Activation of Engine Test Stand-1 and the Engine Maintenance Assemhbly
and Disassembly Facility will be completed in late FY 1967, A series of
cold flow tests using an unfueled experimental engine assembly will le
conducted in ETS-1 to demonstrate readiness of the test stand and the
capability of the engine to bootstrap in conjunction with the facility
exhaust system, Two experimental engine assemblies will be tested, The
objectives of these tests include determination of the most desirable
techniques for starting and controlling a nuclear rocket engine, deminstra-
tion of shutdown techniques using liquid hydrogen for cooling (as in space)
and demonstration of the capabilities of the downward firing test stend.
The capabilitiecs of these engines for remote maintenance will also be test-
ed,.

In FY 1969, the final work in the technology phase of the NERVA program
is expected to be performed.

§uc lear Rocket Development Station - Operations

1966 1967 196§

General site SUPPOTt...ceeceee $1,800,000 $2,600,000 $3,600,000
Capital equipment,...cec0c0eece 200,000 400,000 400,000

Total,cuseveceeccocsosccces $2,900,000 $3.000,000  $4,000,000

The mission of the Nuclear Rocket Development Station (NRDS) is to provide
a site for ground static testing of the reactors, engines and eventually
the propulsion modules or rocket stages associated with nuclear rocket
development, The major users of the Station are Aerojet-General Corpora-
tion, Westinghouse Astronuclear Laboratory, and Los Alamos Scientific
Laboratory, with overall management assigned to the AEC-NASA Space Nuclear
Propulgion Office,
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Maintenance, housekeeping and management functions must be provided at
the site, These functions taken together constitute general site support,
They include routine maintenance and operation of the facilities; for example,
custodial services, maintenance of roads, grounds, and utility systems and
furnishing of utilities, building operating supplies, fire protection, and
cafeteria services, Included algo are the services of a support contractor
to maintain and operate plumbing, electrical, carpenter, welding and machine
shops ag well as support facilities and equipment,

The amounts shown in this section provide for NASA's share of the general
site operations, the major part of which is now funded by the AEC, NASA's
share of the NRDS Operation cost will increase from $3,000,000 in FY 1967
to $4,000,000 in FY 1968, to cover the additional support required fcr the
E-MAD and ET5-1 facilities which will become operational at the end cof
FY 1967 and the increasing effort associated with engine testing,
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE. OF ADVANCED RESEARCH AND TECHNOLOGY CHEMICAL PROPULSION PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The purpose of the chemical propulsion program is to establish a foundation
in technology on which to develop and improve propulsion capabilities for the
nation's future space missions. The program also supports current mission
endeavors by examining the fundamental aspects of problems that arise. The
program covers research in propulsion disciplines, engineering data, new cycle
and design concept evaluation, design, fabrication and experimental testing;
and for the advancement of propulsion to meet requirements for extended orbit-
al and lunar operations, and for planetary observation and landing missions.

Our present space mission capabilities, for both launch vehicles and space-
craft, are heavily dependent on c¢hemical propulsion. Chemical propulsion
systems are used for launch vehicles, escape stages, lunar and planetary
landing modules, in orbit and de-orbit maneuvers, midcourse correcticn,
attitude contrcl, rendezvous, propellant settling, as well as personnel trans-
port devices. Basic and experimental studies of chemical propulsion systems
must extend through the rocket thrust range from micro ounces to millions of
pounds. A concentrated effort to realize the full potential of chemical pro-
pulsion in systems that can be developed at relatively low cost is a principal
purpose of this work. Chemical propulsion work covers liquid and solid pro-
pellant systems and hybrid systems, which are a combination of the two main
propellant types. Increased knowledge of propulsion processes, design tech-
niques, properties of materials, and fabrication techniques provide the basis
for advanced system development. The studies also cover measurement of
physical properties of propellants, combustion phenomena, ignition, non-
equilibrium and classical thermodynamic processes, development of new materials,
understanding and controlling the processes of fluid mechanics, gas dynamics,
heat transfer at extremely high rates and solid mechanics,

New propulsion system problems and identification of future requirements
are also part of the program. Efforts are made to match propulsion system
capability to performance needs of spacecraft and where necessary, to con-
centrate effort to improve propulsion system efficiency and increase per-
formance of the vehicle. Such analysis leads to assessment of new methods
and design concepts. Basic scientific and disciplinary examinations of the
propulsion technology are complemented by an experimental demonstration
program to disclose the problems of design methods, fabrication and test
procedures, and practical operating limits. Information on necessary funding
and facilities of a contemplated advanced engine system result from this work.
The collation of disciplinary research investigation and advanced engineering
technology development provide the base for advancement of chemical rocket
propulsion capabilities.
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NASA field centers provide direction and support of chemical propulsion
activity and are sufficiently diversified to cover the vast array of :om-

ponents and systems involved,

Work is done in-house using unique government

facilities and by contract with industrial and academic organizations where

appropriate,

SUMMARY OF RESOQURCES REQUIREMENTS :

Supporting research and

1966 1967 1968

technology..cecececesecccasces $32,950,000 $30,138,000 $38,000,000
M-l engine pr‘ojeCtoo-o.'on--o.o 2,000 ,000 hubadng -
Large solid motor project...... 4,750,000 3,500,000 -

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

VN $39,700,000 $33,638,000 $38,000,000

Distribution of Program Amount by Installation:

John F. Kennedy Space Center,

NASA..iveeiosocannssoscnsane $193,000 ——— $100,000
Manned Spacecraft Center..... 625,000 $550,000 1,000,000
Marshall Space Flight Center. 7,050,000 3,790,000 7,9%0,000
Goddard 5pace Flight Center.. 550,000 450,000 450,000
Jet Propulsion Laboratory.... 3,511,000 3,338,000 4,600,000
Langley Research Center...... 2,869,000 2,516,000 2,775,000
Lewis Research Center........ 17,186,000 11,890,000 9,725,000
NASA HeadquartersS....esoeecses 2,451,000 5,279,000 7,650,000
Western Support Office....... 5,265,000 5,825,000 3,7%0,000

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

Liquid Rocket Research and

Advanced Technology.ee.s..

Solid Rocket Propulsion

Research and Technology...

Liquid Rocket Experimental

Engineering.c.csocveccesecs

Solid Rocket Experimental

Engineering.,.cceceecesvcocs

vee.  $32,950,000 $30,138,000 $38,000,000

Totalnocwooa-'.c'v-..oon'

1966 1967 19¢8

.o $12,295,000 $11,690,000 $12,4%50,000
e 5,045,000 4,507,000 5,050,000
cae 12,660,000 10,984,000 17,000,000

"o 2,950,000 2,957,000 3,500,000
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Liquid Rocket Research and Advanced Technology

The liquid rocket research and advanced technology project provides re-
search in the disciplines associated with liquid rockets. It also studies
advanced propulsion concepts to select future mission related programs for
further examination in the experimental engineering effort. 200 tasks are
now included in this effort, Half are in broadly based applied resesarch
applicable to all liquid engines; a third are aimed at spacecraft engine
requirements specifically; the remainder at launch vehicle engine prcblems.
45% of the work is in-house, 457 is contracted with industry and 10% is con~
tracted with universities.

Research includes future requirements analysis, combustion and combustion
instability research, studies of ignition, catalysis, and propellant injectiom,
the hydraulic and hydrodynamic behavior of pumps, total system dynamics,
examination of promising high performance propellants, including moncpro-
pellants, new materials of construction, fabrication processes and techniques,
and design data of engineering handbook type.

The high energy space storable propellant effort has made significant
progress recently., High performance with difficult-to-handle propellant
systems, such as oxygen difluoride-diborane, has now been demonstrated. The
oxygen difluoride-diborance (OFZ-BZH6) combination provides about 20 specific
impulse units over the next best space storable competitor. Further research
on chamber construction and cooling will be conducted.

The launch vehicle work includes in-depth analysis and experiments to
determine the optimum configuration of multiple chambers expanding on a plug
nozzle to examine high pressure combustion, tocharacterize flow problems in
large ducts, to provide data for cool-down and thermal design of large
components, o study transient behavior of multiple engine systems, to
advance injector design concepts, and to develop methods for more economical
fabrication of engine components. The turbopump is being critically analyzed
to determine how best to design a pump for rapid cool-down, and to determine
how much vapor a pump can actually ingest as a function of its speed. This
work will provide defined margins for start and restart conditions. Effort
to identify and exploit substantially cheaper ways of constructing rocket
engines, while maintaining high performance, light weight, and reliability
will be expanded. This effort will capitalize on combining improvements of
design techniques with new ways of fabricating materials.

Solid Rocket Propulsion Research and Technology

The solid propulsion research and technology project develops the basic
solid propulsicn science and technology.

Solid and hybrid systems have certain areas of performance superiority for
space missicns due to improved reliability, simplicity, logistic and ground
support characteristics, as well as potential development and operational
economy. In addition to boosters for launch vehicles, solid motors are used
extensively in upper stage and accessory applications such as separation,

spin, propellant settling, gas generation, and abort. 18-3
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New demands on solid propellant motors, such as precise propulsion outputs,
accurate command cut-off, and a limited number of stop-restart cycles, neces-
sitate a better understanding of the fundamentals of ignition and combustion.
Recent advances in steady-state and transient combustion theory have lead to
successful demonstration of solid motors capable of interrupted combustion
and limited stop-restart cycles. A more profound scientific background is
needed. Command stop-restart and thrust variation in solid propellan: space
motors will receive continued attention in FY 1968.

Hybrid systems offer advantages for some missions, but technology problems
must be resolved. High performance propellants which are becoming available
need assessment of their kinetics of decomposition, chemical erosivity,
instability characteristics, physical properties, semsitivity, and processing
characteristics.

Liquid Rocket Experimental Engineering

The experimental engineering effort, in both liquid and solid propellant
rocket engines, develops data and experience on engine components and systems,
generally in breadboard form, through experimental demonstration tests. Thesea
tests verify engineering design concepts and generate sound design and material
specifications for new equipment based on test results, define best operating
conditions, and lead to good estimates of development procedures, funding and
test equipment requirements,

Launch Vehicle Systems - NASA has been engaged for several years in exam-
ination of the technology for advanced high performance rocket engines using
cryogenic (hydrogen and oxygen) propellants. The NASA effort and comple-
mentary work supported by the Department of Defense im the development of
technology for engines using cryogenic propellants have proceeded through
design studies and are now engaged in testing critical compomnents of such
advanced engines. Two approaches have evolved; one operates at high combustion
chamber pressures, the other involves a toroidal combustion chamber with a
truncated plug nozzle. In the latter concept, chamber pressures are lower;
high performance is achieved by greater expansion of gases in a given length.

The diverse technologies of these concepts will be explored with scale
model hardware, with particular attention to anticipated trouble areas in
future larger applications. In FY 1968 emphasis will be placed on testing of
subsystems and components such as turbomachinery, injectors, combustion
chambers, valves and controls, and the assembly of these components to
examine their dynamic interaction, System integration tests and design
integration of an advanced engine will follow in future years. This work
will provide the necessary background for advanced engine developments of the
1970's.

Work on these engine technologies has been coordinated with the Do¢D
through joint working groups, ad hoc committees, and subpanel reporting to
the Support 3Space Research and Technology Panel of the Aeronautics and Astro-
nautics Coordinating Board.
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Space Propulsion Systems - The space propulsion experimental work covers
three areas: (1) advanced systems utilizing conventional earth=~storable pro-
pellants; (2) deep-cryogenic systems utilizing liquid hydrogen in conjunction
with either liquid oxygen or liquid fluorine; and (3) the space-storable
high-energy systems. The storable propellant systems appear most suitable
for maneuvering spacecraft into orbit around the planets and onto their
surfaces; the normally liquid earth-storables for the near term missions and
the high performance semi-cryogenic space-storables for the more ambitious
missions of rhe future. The deep cryogenics are adaptable to missiors where
the limited storability of liquid hydrogen presents no problem.

Activity In the earth-storable propellant area is diminishing, although
improvements must be made in systems to be used for the Voyager mission.
Technology work on earth storable systems will continue until the Voyager
flight configurations are final. The areas to be studied in FY 1968 are
thrust chamber design, positive expulsion, fluid flow regulation, valves and
tank pressurization,

Oxygen~hydrogen systems are now operational for short term missions. The
technology needed to extend liquid hydrogen storage time is being advanced.
A high-performance fluorine-hydrogen engine is being demonstrated. This work
will be continued to provide criteria for the design, fabrication, inspection
and servicing of flight weight liquid fluorine propulsion systems,

The principal efforts in FY 1968 will be in the space-storable propellant
area, with focus on two propellant combinations: oxygen difluoride &nd
diborane (OF,-BoHg) and oxygen difluoride and a representative liquified
petroleum gas fuel,

The Lewis Research Center and the Jet Propulsion Laboratory are establish-
ing the performance attainable with these high energy propellants over a wide
range of operating conditions, including chamber pressures, thrust levels and
mixture ratios. FY 1968 efforts will concentrate heavily on the system
aspects of using these propellant combinations. This work will lead to the
preparation of preliminary model specifications for high performance space~
craft engines.

Attention will also be directed to extending the space storability of
these mildly cryogenic propellants, Experimental data are needed to determine
the requirements for insulation, thermal isolation and equipment orientation
that will maintain the space storable propellants in equilibrium indefinitely
so that no tank venting will be required.

Auxiliary Propulsion Systems - Auxiliary propulsion systems are important
for vehicle retro, mid-course and rendezvous maneuvers and to maintain vehicle
attitude in flight. Because of repeated use, these small systems must be
developed to extremely high reliability. Operational difficulties with
current systems indicate a need for further work in this area.
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Monopropellant auxiliary systems have the lowest specific impulse, but show
adequate system performance for many auxiliary applications. Earth-storable
propellant systems are used in many current programs such as the Apollo.

High energy propellant auxiliary systems are being examined for use in
advanced laurnch vehicles and spacecraft.

The major effort in the monopropellant area has been with hydrazine,
(NoH4) . Several flight development programs have been committed to use of
hydrazine auxiliary systems., Continuing work with monopropellant hydrazine
will cover design improvements to the catalyst, evaluation of blended pro-
pellants for lcw temperature storability, use for propellant tank pressuriza-
tion and power generation applications.

Support c¢f earth-storable propellant systems is directed to elimination of
ignition prctlems which have been the apparent cause of several space system
failures.

The high energy oxygen-hydrogen propellant combination has been under
investigaticn for auxiliary propulsion use. The use of oxygen and hydrogen
from the stage main tanks of high performance stages such as Centaur and
Saturn is being investigated.

Work on space storable propellant auxiliary propulsion systems is just
getting under way. Due to the high combustion temperatures associated with
the fluorine family of oxidizers used in space storable systems, a primary
problem is thrust chamber design. Novel approaches to uncooled designs will
be investigated.

Solid Rocket Experimental Engineering

Activity in this area is divided into launch vehicle, spacecraft, and
auxiliary propulsion motors.

Launch Vehicle Propulsion - Solid launch vehicle motors are applicable for
the first or bcost stages of launch vehicles. The main effort in this project
is to develcp technology to support the large solid-propellant class of
motors.

The evaluation of advanced materials for large motor cases is being under-
taken. Maraging steel has been satisfactory for the 260'" class of motor, but
exacting inspection and weld repair standards must be maintained. Since a
small flaw could cause motor case failure during hydrotest, investigations of
steels that resist such failure are underway. These steel technology devel-
opments are finding many uses outside the space program.

Less costly nozzle materials and methods for refurbishing fired nozzles
are under study. The materials which are currently used for nozzle ablative
sections will be replaced by cheaper materials as they are proven successful
in small motor tests.
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Thrust vector control is being investigated. The best system for future
motor application will be selected on the basis of small-motor demonstrations.

Spacecraft Propulsion - Solid propellant motors are used on small space-
craft, such as Surveyor, for major propulsion maneuvers, such as decelerating
to land on the moon., High specific impulse, low inert weight space stor-
ability, and in some cases a degree of controllability, are important design
features,

An experimental project was started to demonstrate solid-propellant. motors
which meet the impulse, thrust, control, and structure requirements for space
missions. A motor with a high performance beryllium~containing propellant
and with thrust restart capability will be demonstrated.

Auxiliary Propulsion - Solid propellant motors are extensively used for
retro, ullage, escape, and attitude control applications. Thrust levels of
these motors vary from a fraction of a pound to thousands of pounds. One of
our goals is to establish consistent criteria for such propulsion systems.

Large Solid Motor Project

1966 1967 1968

Large solid motor project....esc.... $4,750,000 $3,500,000 -

The 260-inch diameter solid motor demonstration program is being ccmpleted
with funds appropriated for FY 1967. The objective of this program has been
to establish the technologies of large solid motors to the point where design
and development could be undertaken with confidence at the time when a need
for flight hardware emerges.

Major progress has been made toward accomplishing these objectives through
the construction and firing of two 260-inch diameter rockets. The completion
and firing of a third and final rocket of this size in June, 1967, is expected
to fulfill the major objectives of the large solid demonstration program.
Specifically, the technologies that will have been demonstrated are the selec-
tion of motor case material and establishment of fabrication techniques; the
design and selection of material for the ablative nozzle; the design of
igniters; and the establishment of other incidental but pertinent processes
and techniques.

Supporting research and technology activity relating to large solid rockets
will continue in FY 1968. This work will be concentrated on motor case mater-
ials research and on methods of obtaining high reliability with a view toward
enhancing the position of the large solid rocket as a low cost, highly reli-
able system of the future.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY AERONAUTICS PROGRAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The role of the Aeronautics program is to provide through research the
technology to improve the efficiency, utility, and safety of aircraft.
The program encompasses work in aerodynamics, structures, materials, air
breathing propulsion, operational aspects, including safety, noise, and
sonic boom, and pilot and aircraft integration, Studies in these areas
point to the most profitable paths for technological advances in the future.
For example, the XV-5A fan-in-wing aircraft, the tilt-wing XC-142A V/STOL
transport, and the variable-sweep wing for the F-111 all appeared several
years ago as research concepts. In the years between the first indication
of the value of the concept and the first flights of the vehicles, NASA
aided in the detailed formulation of the concepts and in substantiating
through research the over-all capabilities of practical vehicles based
on these concepts.

During development of these new aircraft NASA conducts extensive wind
tunnel tests, simulator programs, and flight investigations using appro-
priate testbed aircraft to verify predicted performance and operational
characteristics of these vehicles and to aid in the solution of problemns
of a developmental nature. This advanced technical development in support
of military and civil aircraft procurement is performed at the request
of the cognizant government agencies and in cooperation with the requesting
agency's contractor.

Research in Aeronautics in FY 1968 will include studies directed toward
improvement of subsonic aircraft; studies of new materials and structural
design concepts required to fabricate reliable lightweight structures suit-
able for a long life under high temperature conditions for supersonic and
hypersonic aircraft; 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; and studies directed toward improving flight safety and increasing
operational flexibility especially under adverse or all-weather flight
conditions including general business and private airplanes of present and
proposed aircraft,

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.
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SUMMARY OF RESQURCES REQUIREMENTS :

Supporting research and
technology....... ceesscerrassae
X~15 research aircraft...........
Supersonic transport........oeee.
V/STOL aircraft............ e
Hypersonic ramjet engine..... cees
XB-70 flight research program....
Aircraft noise reduction...
Quiet engine development.........

T ec o

Delta X-15 aircraft..... ceerenens
F-111 aircraft..... tesess s assene
F-106 aircraft..... seecesrsnecnsn

Total.vueveeencoanes cesanens .

Distribution of Program Amount by Installation:

Ames Research Center....... cens
Electronics Research Center....
Flight Research Center.........
Langley Research Center........
Lewis Research Center......ee..
NASA Headquarters.......seeseee

BASIS OF FUND REQUIREMENTS :

Supporting Research and Technology

Aircraft aerodynamics...... ceeeee
Aircraft loads and structures....
Air breathing propulsion...... .o
Aircraft operating environment...
Systems dynamics,.......... creoes

Total..eoeoss Cesevesenvesnranne

called Operating Problems.

1966 1967 1968
$10,186,000 $9,582,000 $18,600,000
883,000 878,000 4,000,000
12,331,000 11,090,000 11,100,000
3,200,000 5,550,000 7,100,000
5,000,000 2,000,000 7,000,000
9,896,000 2,000,000 10,000,000
--- 4,800,000 3,500,000
.- —e- 2,000,000
--- --- 1,000,000
--- --- 500,000
- --- 2,000,000
$41,496,000 $35,900,000  $66,800,000
1966 1967 1968
$4,995,000 $5,980,000 $11,000,000
190,000 94,000 150,000
12,605,000 5,191,000 20,500,000
11,926,000 12,873,000 18,900,000
9,716,000 10,359,000 14,200,000
2.064.000 1,403,000 2,050,000
1966 1967 1968
$2,032,000  $1,625,000  $2,500,000
1,915,000 2,252,000 2,800,000
2,250,000 2,500,000 3,500,000
3,989,000 3,205,000 3,100,000
* * 6,700,000
$10,186,000  $9,582,000  $18,600,000

* Prior to FY 1968 Aircraft operating environment and Systems dynami:s were
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Aircraft Aerodynamics

Research in aerodynamics is a continuing effort on aircraft components
and their combinations, the flow field and boundary layer phenomena as-
sociated with them, and the prediction of their aerodynamic characteristics
at low and high speeds. This area of activity involves the formulation and
refinement of applicable theory and calculative methods, the improvement of
wind-tunnel capabilities and experimental techniques, and the application
of these tools to the improvement of aircraft technology.

Wind-tunnel and analytical investigations aimed at improving stability
and control of general aviation aircraft will be conducted. The firs:
objective in this area will be to devise stability and control concept:s
which tend to increase the forgiveness of the aircraft in adverse weather
operation and in critical maneuvers such as landing. A second objective
will be to extend the existing speed, range, and payload capabilities
of the class without increasing size or cost.

Improved aerodynamics for subsonic and transonic aircraft will continue
to be sought for attainment of higher cruise speeds and flight efficiencies,
lower speeds and power requirements during approach and landing (for in-
creased safety and reduced noise), and wider stability and control margins
to ease the pilot's workload. While the primary target for this research
will be the next generation of subsonic jet transports, any fundamental
advances in the technology obtained should also be of benefit to other
aircraft types.

Theoretical and experimental studies aimed at determining efficient
aerodynamic configurations for volumetrically efficient hypersonic
cruise vehicles are being performed and will be continued as part of a
systematic program to provide aerodynamic: principles for developing
highly efficient hypersonic aircraft,

Although lift-drag ratio is an important aerodynamic efficiency
parameter in obtaining extended cruise flight, it is not the sole deter-
mining factor in the selection of an efficient hypersonic vehicle. Assess-
ment of other fundamental aerodynamic phenomena, such as, shock impingement,
boundary layer transition, interference effects, heat loads as they affect
skin friction, will be made in detail and included in the design principles
for aerodynsmic configurations. Intensive efforts will be directed at
developing improved methods of predicting the magnitude and distribution
of aerodynamic heating on complex configurations representative of hypersonic
aircraft. Through these configurational studies the degree of agreement
between experimentally determined aerodynamic characteristics and those
predicted by available analytic techniques will be assessed. The establish-
ment of this methodology will be somewhat similar to the computer programs
of supersonic aircraft technology but modified and extended to the hypersonic
speed regime through the use of appropriate theory.
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The funds requested are for both small and large-scale models, wind
tunnel model support systems, special instrumentation, and support services
contracts,

The technology resulting from the research as discussed above will be
integrated, through the NASA/Air Force Systems Command Steering Group
for joint program planning, into the Hypersonic Aircraft Technology
program.

Aircraft Loads and Structures

A structural design problem common to all aircraft is failure due to
fatigue, the weakening and cracking which occurs under repeated stressing
for all structural materials. Research on fatigue extends from studies
directed towards a more accurate definition of the aircraft loads important
to fatigue, to cyclic loading tests of components, representative of air-
frame structures. Increased emphasis is being placed on studies of rates
of crack growth under repeated loads and the strength characteristics
remaining in & structure containing a fatigue crack.

The prevent:ion of flutter of skin panels in transonic and supersonic
flight is a difficult problem. This flutter arises from the complex
interaction of numerous aerodynamics and structural effects. A continu-
ing experimental effort involving wind tunnel studies is being maintained
to evaluate the relative effects of various parameters including assess-
ment of flutter characteristics of new proposed designs. Complementary
analytical studies are being conducted to improve flutter prediction
methods for use in design.

Research is being directed toward the development of analytical
and experimental techniques to obtain more accurate methods of prediction
of the dynamic response of an airplane to atmospheric turbulence. A
particularly promising technique, in which the airplane gust response
can be determined by means of model tests in a wind tunnel, is being
evaluated. Also being sought are improved techniques for predicting
structural respouse to engine and boundary layer noise.

Hypersonic flight presents a formidable task in structural design and
materials utilization to obtain light-weight structures for the severe heat-
ing environment. Three structural design problem areas are the cryogenic
hydrogen tankage, the hot wing and the cooled engine inlets. Laboratory
and wind tunnel tests under combined loading and high temperatures and
complementary theoretical studies are being initiated and expanded.

Air Breathing Propulsion

The primary gcals of the air breathing propulsion research program
are to increase the performance, reliability, safety, and economics of
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operation in current and future subsonic and transonic aircraft for commercial
and military supersonic applications, and to explore the potential of hyper-~
sonic propulsion systems. The extensive propulsion research effort directed
toward advanced supersonic transport aircraft is described under the heading
"Supersonic Transport."

Research is being initiated to determine analytically and experimentally
noise generation and transmission processes in fan blade rows and associated
ducting. Fan blade row modifications as well as tip speed and loading changes
will be studied to determine effective means of reducing noise at the source.

Research will be conducted on inlets, exits, and afterbodies typical'of
high bypass ratio propulsion systems anticipated for very large subsonic
aircraft.

In the hypersonic area, research will continue on representative hypersonic
inlets and inlet control systems. Basic studies of supersonic mixing and
diffusion, minimum combustion length, catalytic ignition, fuel inject.ion, and

ignition optimization will continue. The advanced syanthetic air facility
authorized last year is to be completed.

Aircraft Operating Enviromment

Research in this area is directed toward improving flight safety and in-
creasing the operational flexibility of current and advanced design aircraft.
Research on aircraft noise is also included.

Aircraft noise alleviation research will continue at the increased level
of effort established during the previous fiscal year with emphasis on full=-
scale hardware and flight tests. Control of fan compressor noise, the greatast
source of annoyance during approach to landing, will be studied using acousti-
cally treated fan inlet and discharge ducts on a four-engine jet transport to
determine the noise alleviation potential. In addition the economic and per-
formance penalities that would ensue if such systems were to be retro-fitted
to present jet transports will be determined. Research on steep approach
techniques for minimizing the noise under the flight path by increasing the
distance of the aircraft from the ground has indicated the need for new, more
positive methods of rapidly controlling the flight path of transport aircraft
in climbout and landing approach. Flight tests of the direct lift control
concepts developed through analysis and wind tunnel tests will be carried out
using a four-engine jet transport prototype modified to incorporate a direct
lift control system.

Research will continue on methods to improve control of aircraft during
the landing roll out. A program has been initiated to evaluate the effective=~
ness of grooved runways as a means to improve control on wet runways. Labora-~
tory tests will be made to arrive at optimum runway groove spacing and
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configuration. Based on these results the NASA's Wallops Island runway is
to be grooved properly and various aircraft operated therefrom to evaluate
operational aspects encountered in full-scale situations.

Aircraft control difficulties while in rough air and operating under in=-
strument flight rules have been carefully documented in the recent past. The
research will continue using a variable stability aircraft to change control
characteristics to determine favorable aircraft/pilot coupling for rough air
flight. The results of the program will be applicable also to the allied
problem of flight path control during conditions of clear air turbulence (CAT).
Means to detect clear air tubulence in advance of the aircraft to permit the
pilot to take adequate penetration precautions or evasive maneuvers are also
under study as part of a coordinated govermmental effort.

Based upon previously-funded studies, refinement of computer simulations
of seat/passenger restraint systems will make available for the first time
meaningful design criteria on which the seat designer can rely in providing
greater safety and survivability to the passenger involved in an airplane
crash.

Basic research studies on fuel ignition sources and mechanisms of fuel
ignition in tanks and vents, investigations of the behavior of aircrafit metals
when struck by lightning, the effect of lightning strikes on fuel systems,
and investigations of cold flame phenomena in the SST enviromment should
provide a greater measure of safety against in-flight fires as well as an
understanding of factors affecting post crash fire prevention.

Empirical and analytical investigations of turbine disk burst containment/
deflection schemes will be continued.

Other research programs are concerned with: artificial precipitation of
moisture to prevent generation of warm fog; sampling the velocity-acceleration-
altitude experiences of commercial aircraft during routine operations; and
relating radar reflectivity to areas of intense lightning, winds, and hail
intensity to improve operational procedures near severe storms.

Aircraft System Dynamics

Research In this area is directed toward obtaining a better underst.anding
of the interrelationship between the pilot and the vehicle he controls. This
includes improving methods for aircraft control, the measure of pilot accep-
tance of vehicle handling characteristics and improvement in the capability
of ground and flight piloted simulators for handling qualities investigations
of all classes of aircraft. In addition to continued ground-base simulator and
variable-stability airplane studies of particular handling qualities problems
of existing aircraft, criteria will be formulated for new classes of aircraft.
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Improved methods for control of future, huge jet transport aircraft to
provide satisfactory handling qualities during low ceiling-low visibility
approach and landing will be investigated using existing ground-based simula-~
tors and by flight tests with a current jet transport. Of particular concern
are the slow pitch and maneuvering responses of such aircraft at low speeds.
An increased effort in general aviation will be directed at wind tumnel,
simulator, and flight studies to determine stability derivatives and other
handling qualities data pertinent to easing the flight control problem for
non-professional pilots.

X~15 Research Aircraft

1966 1967 1968
AerodynamicSeescocovccsoncas $267,000 $160,000 $40,000
Loads and structuresS...ccess 10,000 215,000 230,000
Propulsioneceecscccsccssscne : == - -
Operating emviromment....... 606,000 503,000 30,000
Systems dynamicSe.cceceoccas * %* 3,700,000
Totaleseaeeesonoecsasconns : $883,000 $878,000 _$4,000,000

* Prior to FY 1968 Operating Enviromment and System Dynamics were called
Operating Probtlems.

The X-15 Research program provides data on manned, maneuverable hypersonic
flight. The X-15 provides the only means in the world for studying hypersonic
flight in its true enviromment. Experimental results to date have given basic
insight into problems of aerodynamics, structures, propulsion and operations.
The X-15 results provide confidence and guidance to research in ground-based
hypersonic research facilities enabling exploration in depth of many hyper-
sonic flight problems. Major programs which will use this X-15 capability in
the future are the Hypersonic Ramjet Experiment and the advanced technology
delta wing designed to investigate the programs of hypersonic cruise aircraft
propulsion systems and configurations, respectively.

In addition to a continuing program in basic hypersonic flight research,
the operational success of the X-15 program has opened its use to space
sciences as a carrier vehicle for certain experiments requiring its unique
performance capabilities. For example, research on horizon seekers for
satellites; high-speed high~altitude photography and stellar ultraviolet
radiation has been performed using the X-15 as a carrier vehicle. This type
of research will be continued during FY 1968.

Total funding responsibility for the operational support of the X-15

research program, conducted in cooperation with the Department of Defense
since its inception, will be transferred to the NASA on January 1, 1968,
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for the remainder of FY 1968 and all subsequent years, in accordance with

the decision of the NASA-DOD Aeronautics and Astronautics Coordinating Board.
This support has cost approximately $8,000,000 per year. Therefore, operational
support of the program for one-half of fiscal year 1968 is $4,000,000.

Supersonic Transport

1966 1967 1968
AerodynamicSe.eeceecesnconns $585,000 $700,000 $800, 000
Loads and structureSeeccecsee 385,000 800,000 700,000
Propulsiorln................. 9,260’000 8,790.000 7’000,000'
Operating environmente..... 2,101,000 800,000 800,000
System dynamicSececsceccccea * * 1,800,000
TotAleesvecocencnsancsncs 12 1,000 §11,090,000 g;;,IO0,00Q

* Prior to FY 1968 Operating Enviromment and System Dynamics were called
Operating Problems.

By inter-agency agreement, NASA will continue to provide technical support
and assistarce to the Federal Aviation Agency* (FAA) in the evolution of the
U. S. prototype supersonic transport. In addition NASA, by virtue of its
statutory responsibility, will conduct a continuing research program to pro-
vide the technology for improved and advanced airframes, propulsion systems,
and operational concepts applicable to this type of aircraft.

Aerodynamic research will be directed to extend the technological state-
of-the-art to higher cruise speeds, increase aerodynamic efficiency through-
out the speed range, and improve supersonic flow field patterns to minimize
generation of sonic boom. These objectives, of prime importance to the
ultimate usefulness of supersonic transportation, will be pursued by continued
analytical and experimental effort in wind tunnels on shape optiminzation,
wminimization of performance penalties for adequate stability and control,
development of techniques for dealing with aeroelastic deflections of the
structure, and reduction of design contraints imposed by sonic boom considerations.

The effects of low~density fuels such as liquid methane and hydrogen on the
characteristics of the aerodynamic configuration will be determined. Particular
attention will be given to the transonic and low-speed as well as the superscnic
characteristics of promising advanced concepts. Feasibility and preliminary
design studies will be performed concurrently as needed to guide and focus
the activity.

Wind tunnel tests and associated direct technical support will be provided
for the National Supersonic Transport Development Program as required. This
support will include necessary use of NASA facilities and key personnel by the
FAA*and its contractors in the course of prototype development.

' *Currently the Department of Transportatiom.
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Design problems associated with gust loads will continue to receive increa-
sing attention. The supersonic transport, (SST) because of large size and
high speed, will exhibit a greater response than current subsonic transports
to the large size or long wavelength disturbances of the atmosphere. Special
airborne instrumentation currently being developed will be utilized in flight
to obtain a definition of atmospheric turbulence for these conditions. If
the long slender fuselage of the SST has a sizeable dynamic bending response
to turbulence a problem of passenger and crew comfort arises. Analytical
and experimental wind tunnel studies will be continued aimed at minimizing
the structural response to atmospheric disturbances.

The NASA-~FAA-USAF have initiated a joint program to measure the cosmic
and solar radiation enviromment at SST altitudes. Measurements will be made
with NASA instruments carried aloft in balloons, launched at the Churchill
Research Range, and in RB57F aircraft, supplied by the USAF. The objective
of the NASA measurements will be to map the components of radiation as
protons, neutrons, stars and heavy primaries. Interaction between these
particles and the atmosphere cannot be precisely defined at present.

FAA instrument packages (containing a tissue equivalent dosimeter, a
linear energy transfer spectrometer, and a geiger counter) will also be
installed in the USAF RB57F aircraft to measure radiation intensities to
complement :he NASA compoment measurements.

Measurements will be made over a three year period of increasing solar
sunspot activity and at different geographical locations. Establishment
of the radiation enviromment will permit an analysis to be made of the biolo=
gical significance of the radiation and indicate what precautions, if any,
need be taken during high altitude flight.

Operational research on sonic boom will be concentrated upon further
exploration of various atmospheric effects on boom signatures such as
temperature, turbulence, wind shears and humidity. 1In addition, laboratory
studies of structural response to booms and field tests of boom seismic
effects will be expanded following the initiation of these programs :In the
later part of the present fiscal year.

The General Purpose Airborne Simulator (modified Jet-Star aircraff) and
the new six-degree-of-freedom motion Advanced Aircraft Simulator will be
used to investigate handling qualities problems unique to supersonic trans-
port operations and to simulate a complete SST mission profile. In addition,
take-off and landing certification criteria for SST's will be evaluaied.

An increasingly larger in-house propulsion research effort is being conducted
to provide the advanced technology required for second generation supersonic
transport engines. In general, the work will be a continuation of the effort
instituted during FY 1965, 1966, and 1967, and will be focused on adwvanced
engine components and materials.
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Some of the promising compressor and turbine blade element designs will be
incorporated into single stage and multistage wheels for further research.
Advanced cooling techniques and the use of advanced materials will also
receive consideration and study during this period. Combustor and augmentor
research will continue to follow the trend of advancing the initial combustion
research from small scale models and segment rig work to larger scale model
studies. The work on lubrication systems, bearings and seals will be directed
to increasing the reliability and life of these critical elements.

V/STOL Aircraft

1966 1967 1968
AerodynamicS..ceccecencenes $1,055,000 $1, 000,000 $1,900,000
Loads and structureS.ceccse 40,000 200,000 100,000
Propulsioneccececveccocccos 280,000 2,000,000 2,100,000
Operating enviromnment...... 1,825,000 2,350,000 100, 000
System dynamicS.sececcccsece * * 2,900,000

Totale.eeesseesocccoccens §3!200!000 §2!2201000 gZ!l 0,000

* Prior to FY 1968 Operating Enviromment and System Dynamics were called
Operating Problems.

Research on V/STOL aircraft will be directed at improving the performance
of the more promising types and at easing the difficult flight control problern
existing during the transition from conventional flight to hover, particularly
during poor or zero visibility conditions.

Wind tunnel and flight research will be continued on the hingeless and jet
flap rotor principles offering the potential of increasing the cruise performance
of helicopters, reducing the rotor generated vibration and improving the
control power. Studies will continue on the use of small wings and auxiliary
thrusting devices to reduce the rotor thrust and lift requirements in cruise,
and hence increase efficiency. Much of this activity will be a cooperative
effort with the U. S. Army in view of the great importance of helicopters to
that organization.

Two promising techniques for improving short take-off or landing ($TOL)
aircraft performance will be given major attention. The first, a flap con-
taining a rotating cylinder has been shown by wind tunnel tests to be very
effective in converting propeller thrust to lift, enabling very low speed
flight. An effort is being made to arrange for release to NASA, from the Navy,
one of the COIN aircraft in order that it can be modified to contain the rotating
cylinder flap and enable carrying this research to flight. The second is a
wing flap arrangement which effectively utilizes air bled from the jet engine
compressor to provide a substantial augmentation in wing aerodynamic lift.

This technique evolved from a joint program between the NASA, the Canadian
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Defense Board, and De Havilland of Canada who are undertaking preliminary wind
tunnel study. The joint wind-tunnel program will continue with a more
sophisticated model and, if the initial promise remains, plans will be developed
to carry the technique to flight research.

Wind-tunnel research will continue to be directed at improving hover per-
formance of vertical take off on landing (VIOL) aircraft. Detailed studies will
be made of advanced propellers, ducted fans, lift fans, lift-cruise fans, and
direct-1lift engines, and of the installation and noise problems of these
propulsion types in various designs in order to improve hovering, efficiency
and reduced adverse interference effects. Studies of these designs will also
continue to find arrangements providing good levels of control and stability
throughout transition from conventional flight to hover.

As noted earlier, the most difficult problem in V/STOL operation is that
of flight path control during transition, particularly under poor visibility
conditions. 'The problem contains two major elements;providing the prcper
airplane handling qualities,and providing the pilot proper informatior. in a
readily understandable form.

Studies of V/STOL handling qualities follow two lines: First an establish-
ment of desirable handling qualities in general, and second, techniques for
obtaining these in given V/STOL concepts. The first, which also has an impor-
tant input to the FAA's certification problem, is being studied through use
of variable stability aircraft and ground based simulators. Continuecd use
will be made of the X-14 airplane, the CH-46 helicopter, and the 6-degree-
of-freedom simulator. Increasing refinement of these studies will lesd to a
clearer definition of criteria that V/STOL aircraft must meet if it is to be
operationally successful.

Studies of the way in which the various promising concepts can meet these
criteria will continue with wind~tannel models particularly aided when the
new V/STOL facility comes into operation and in flight research. Flight
programs using the P-1127 fighter and the XC~142A transport will be active
in 1968. Through the NASA/Air Force V/STOL Technology Panel, plans are
being made for a jet-fighter VIOL research airplane program now in the feasi-
bility study stage by NASA and AFSC.

All of the problems related to flight control during transition are amplified
when operation under poor visibility conditions is considered. All of the
handling qualities programs are conducted with this constraint in view. Two
programs will continue which are relating handling qualities requirements to
the information a pilot requires to perform the task and to provide information
enabling a rational division of effort between the pilot and automatic guidance
and control systems. Studies providing this information for helicopters and
VTOL aircraft are underway using a Bell 204B helicopter; for STOL aircraft
the system studies are being carried out in a Convair 340 aircraft. As solu-
tions to the problems become evident from this research, the work will be
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transferred to more appropriate VIOL and STOL aircraft. The VIOL research
airplane referred to earlier is expected to be an important tool in completion
of this research.

The growing air breathing propulsion research program will expand to include
research on propulsion systems appropriate for V/STOL aircraft. Lift fan
types and light weight turbojets of small volume will receive special
attention. Noise control will form a major constraint in this research.

Hypersonic Research Engine

1966 1967 1968

P‘rOpulSiOﬂ..n.............- $5’000’000 $2,000’000 $7)|000,000

This project was initiated to accelerate the technological advancement of
air breathing propulsion for hypersonic atmospheric flight by: (1) providing
a focus for application and integration of fundamental and engine component
research; (2) generating factual engine data as a basis for future decisions;
(3) guiding and stimulating future hypersonic air breathing propulsicon research;
and (4) establishing the validity of existing hypersonic engine research and
development methods and facilities, and establishing future requirements.

Three contractors participated in parallel feasibility and preliminary
design studles of a liquid hydrogen fueled research engine capable of operating
at speeds between Mach 3 and 8 with combustion occurring in both a subsonic
and supersonic air stream. The Garrett Corporation was selected to conduct
the detailed design, experimental wind tunnel verification, fabrication, and
proef test of its proposed concept. This engine must be capable of withstand-
ing the severe enviromment of hypersonic flight, and regeneratively cooled
surfaces will be used within the engine to maintain structural integrity.

Upon delivery of the research engine, a test program will be initjated to
determine the performance levels and operational problems associated with
this hypersoanic propulsion system. This will be accomplished by using the
X-15 aircraft as a test vehicle to obtain the necessary test enviromment.

XB-70/SST Flight Research Project

1966 1967 1968
AerodynamicSiececscsccesscss $5, 146,000 ~—— ——
Loads and structureS.eesess 600,000 ~—- _mu
Propulsionseiescsceccsceces 850,000 ~—- ——
Operating enviromment...... 3,300,000 * -—
System dynamicSeceecccocasses %* $2,000,000 $10,000,000

Totaleesveveaeoenesvacens $9.896,000 $2,000,000 $10,000,000

%* Prior to FY 1968 Operating Enviromment and System Dynamics were called
Operating Problems.
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The potential of the Air Force XB-70 aircraft as a research tool to obtain
research information and advanced technology for design, development, construc-
tion, and flight test of the prototype supersonic transport has been recognized
for several years. The NASA research portion of the XB-70 program began in
FY 1963 with installation of instrumentation in the two XB-~70A aircraft during
manufacture and the subsequent acquisition of certain data during the prelimi-~
nary USAF flight test program. The second phase, beginning early November
1966 consists of continuation and expansion of the initial program plus the
start of research which could not be done during the USAF flight program.

In the second phase basic theories and the results of small~scale tests
performed in ground=based facilities will be evaluated. Efforts will be
directed toward analysis of the effects of vehicle size and weight; the effects
of inertia combined with low aerodynamic damping at the higher operating
altitudes of the SST; and the effects of structural elasticity and deformation
on the basic aerodynamics of the vehicle. The highest priority tests during
this second phase are directed toward a better understanding of sonic boom
phenomena and their effect on persons on the ground. These problems have and
will continue to be the subject of major research efforts in analysis and
ground based facilities; the XB-70 program will provide vital guidance and
assessment of the initial planning of these programs, assuring that major
programs such as the supersonic transport will proceed on a sound basis.

During the first phase, the instrumentation and data acquisition was funded
for those measurements of interest to NASA and the FAA. The cost of operating
the aircraft was funded by the Department of the Air Force. In the second
phase (the present NASA-USAF XB-70 Flight Research Program authorized by a
NASA-DOD Memorandum of Understanding signed on May 28, 1965) the total cost
of the program is shared equally by the Department of the Air Force and the
NASA.

The FAA participates in the overall planning of the program, including
determination of the specific program objectives and priority of the cbjectives
and is kept informed on the progress of the program.

Aircraft Noise Reduction

1966 1967 1968

Operating enviromment...... .- $4,800,000 $3,%00,000

Two important aspects of aircraft noise alleviation are covered by the
research to be carried out in this program area (1) the research and cevelop-
ment necessary o provide means for minimizing the noise radiated from the
compressor and fan discharge ducts of turbofan engines such as are installed
in presently operating commercial jet aircraft, and (2) research directed
toward  developing a more positive means for accurate flight path control which
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would be required in order to make use of steeper approach paths for landing
thus increasing the distance of the aircraft from the ground in the vicinity
of the airport and lowering the noise level.

Both project elements were initiated in FY 1967 and will continue in
FY 1968 and vwill involve wind tunnel testing, simulation, design, ground
testing and flight testing to produce flight proven hardware which may then
be utilized by the aircraft industry as the economics of the situation warrants.

In FY 1968 the study and development of means of minimizing the noise radiated
from turbofan engines will be in a phase of construction and ground run up
testing of selected turbofan engine nacelle combinations utilizing acoustic
treatment and choked inlet approaches. In the same period the research related
to more positive means of flight path control will enter the construction and
modification phase for the installation of direct 1lift control devices on a
suitable four-engine commercial jet transport as a preliminary to planned
flight tests.

Quiet Engine Development

1966 1967 1968

Propulsiollmon.cooon cescsccen hathnded bt $2, 000’000

Basic research has shown that the elements of a turbojet engine can each
be modified in design to permit substantial noise reduction with small penalty
in performance. Information on the successful operation of such a propulsion
system is completely unavailable. The interaction of the various components
will differ substantially from any turbojet propulsion system now in use.
The objective of the Quiet Engine project is to combine all of the low noise
elements into a single operating system having approximately 20,000 pounds
of thrust, and designed to operate at high subsonic flight speeds.

Based on theoretical and basic laboratory research, compressors, including
both fixed and rotating components, burners, turbines, and nozzles, will be
designed to permit maximum noise reduction with a minimum performance penalty.
These elements will be constructed in operational form and size appropriate
to 20,000 pounds of thrust. They will be combined into complete propulsion
system(s) and research conducted in the Propulsion System Laboratory at the
Lewis Research Center. In addition to establishing the performance of the
individual elements of the system, particular attention must be paid to the
interaction between elements to assure satisfactory system operation over a
wide range of conditions.
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Delta X~15 Aircraft

1966 1967 1968
AerOdynamiCSo set0 000000000 - --— $550,000
Loads and structures.s.ce... -—- ades _ 450,000
Total'.ﬂl'll.l."l.l.....'l - - hadudnd &ooo'ooo

The NASA and the USAF have been engaged in formulating a joint lorng-range
program plamning effort on hypersonic aircraft technology. Ground and flight
programs have evolved after considerable study and numerous interager.cy
discussions i:0 provide the pertinent hypersonic research. The flight program
includes only high priority projects in which both agencies are participating
jointly. A part of the flight research program is the delta X-15 prcject
which is being conducted by the NASA.

An existing X-15 aircraft will be modified by substituting a highly instru-
mented, slender delta~wing for the present wing and horizontal tail surfaces.
The basic objectives are to obtain unique in-flight aerodynamic, structural
and materials research information on an aircraft with a representative wing
designed for flight in the hypersonic speed range up to Mach number 8. Current
wind tunnels capable of operating above Mach number 5 do not fully duplicate
the hypersonic flight enviromment. Detailed flight measurements will be
obtained for comparison with ground facility results and, at the same time,
will provide the basis for evaluating and upgrading ground facility test
techniques.

In FY 1966 and FY 1967 wind tunnel tests necessary to define and designate
a structural wing configuration including the development and selection of
pertinent insitrumentation were initiated. This ground based research will
continue in FY 1968.

A minimal contractual study was initiated in FY 1967 which is concerned
with an analysis of the feasibility of converting an X~15 to a delta-wing
configuration and the generation of preliminary and limited design data.
FY 1968 funcds are requested for an overall engineering design prerequisite
to the fabrication and assembly of this delta-wing X-15 airplane.

F~111 Aircraft

1966 1967 1968
Propulsion.l ® 9 0 8 0090 28 % S0 o 0 bt - $250,000
System dynamic8cececcccccccse ~e= == 250,000
Tota]...................-. - - - §200.009
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The objectives of this program are to obtain in-flight verification and
validation of wind tunnel and theoretical prediction of aerodynamic characteris-
tics and performance of variable geometry aircraft to define areas in which
more research is needed and to provide confidence for the design of future
vehicles. The F-111 is the first production variable-sweep aircraft to reach
flight status., The program todate has accumulated a large amount of wind
tunnel test data that is available for comparison with data to be obtained
in flight. A number of problems can be investigated only in flight research
such as the combined and inter-related effects of aerodynamics; structures;
systems; inlets and exits; and the pilot-in-the-loop.

This program will be carried out using an F-111 loaned to NASA by the
Department of the Air Force under a reimbursable support agreement; NASA funds
the maintenance and spare parts and operational support of the aircraft.

F-106 Aircraft

1966 1967 1968

Propulsion. Vedasssesesvsesns - heladd $2,C|00,000

The supersonic transport, in addition to attaining high efficiency while
in the cruise condition, must also maintain a high level of performance at
the lower spe¢eds associated with take off, holding traffic patterns, subsonic
cruise, and transonic acceleration. To provide this high level of performance
over a broad range of flight speeds, the inlet and exhaust systems will be
required to undergo a considerable change in geometry. The performance and
operation of these systems are sensitive to the manner in which they are
integrated into the airframe design, with the interactions between airframe
and propulsicon system exerting a strong influence on total performance.

To study these problems a small jet engine will be installed in a nacelle
typical of that proposed for the supersonic transport, and mounted on the
lower wing of an F~106 airplane similar to that proposed in the SST installa-
tion. Methods of controlling the interaction between inlet, nozzle and air-
frame to maintain high efficiency under all conditions will be studied in
true flight enviromment.
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF TRACKING AND DATA ACQUISITION TRACKING AND DATA
ACQUISITION PRO(;RAM

PROGRAM OBJECTIVES AND JUSTIFICATION:

The purpose of this program is to provide responsive and efficient track-
ing and data acquisition support to meet the requirements of all NASA flight
projects. In addition, support is provided, as mutually agreed, for projects
of the Department of Defense, other Government agencies, and other countries
engaged in space research endeavors.

Support is provided for manned and unmanned flights; for spacecraft,
sounding rockets, and research aircraft; and for earth orbital and sub-
orbital missions, lunar and planetary missions, and space probes.

Types of support provided include: (&) tracking to determine the position
and trajectory of vehicles in space, (b) acquisition of data from scientific
experiments and on the performance of spacecraft and launch vehicle syitems,
(c) transmission of commands from ground stations to spacecraft, (d) com-
munication with astronauts and acquisition of medical data on their phwsical
condition, (e) communication of information between various ground facilities
and mission control centers, and (f) processing of data acquired from fhe
space vehicles. Such support is essential for the critical decisions which
must be made to assure the success of all flight missions, and, in the case
of manned missions, to insure the safety of the astronauts.

Tracking and data acquisition support is provided by a world-wide network
of NASA ground stations and control centers supplemented by instrumentation
ships, aircraft, and selected ground stations of the Department of Defonse.
These facilities are interconnected by a network of ground communications
lines, undersea cables, high frequency radio links, and communication satel-
lite circuits, which provide the capability for instantaneous transmission
of data and critical commands between spacecraft and control centers.
Facilities also are provided to process into meaningful form the large
amounts of data which are collected from flight projects. In addition, in-
strumentation facilities are provided for support of sounding rocket launch-
ings and flight testing of research aircraft.

The Research and Development appropriation provides funds for: (a) the

operation and maintenance of the world-wide facilities, (b) the procurement
of equipment and modifications to adapt the facilities for new and changing
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flight project requirements, and (c) the investigation and development of

advanced tracking and data acquisition equipment and techniques.

The sub-

sequent sections describe plans and related funding requirements to continue
the Tracking and Data Acquisition program in each of these areas during

FY 1968.

SUMMARY OF RESOURCES REQUIREMENTS:

1966 1967 1968
Operations......ccveeen eeesaess $127,510,000 $197,400,000 $228,800,000
Equipment....cseeereccecanacnn 89,755,000 59,650,000 55,100,000
Supporting research and
technology.....co0vnwe cevaens 13,800,000 13,800,000 13,800,000
Total....eveveoeorenneneess. $231,065,000 $270,850,000 $297,700,000

Distribution of Program Amount by Installation:

1966 1967 1968
Manned Spacecraft Center.... $1,271,000 -—- .-
Marshall Space Flight Center 1,627,000 $800,000 $800,000
Goddard Space Flight Center. 155,425,000 191,400,000 213,100,000
Jet Propulsion Laboratory... 52,629,000 55,800,000 60,400,000
Wallops Station............. 5,300,000 6,600,000 7,100,000
Flight Research Center...... 1,900,000 1,900,000 2,000,000
Langley Research Center..... 1,800,000 2,450,000 2,000,000
NASA Headquarters.......... . 11,113,000 11,900,000 12,300,000

BASIS OF FUMD REQUIREMENTS:
Operations

1966 1967 1968
Manned space flight network... $37,909,000 $65,200,000 $78,000,000
Satellite network............. 27,640,000 35,000,000 38,500,000
Deep space network........... . 25,350,000 35,900,000 39,800,000
Other instrumentation......... 6,620,000 7,000,000 7,300,000
Communications............ v 23,890,000 44,300,000 52,700,000
Data processing......... veasee 6,101,000 10,000,000 12,500,000

Total.. . ocesneonooosnanunses §127!5101000

$197,400,000

$228,800,000
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Manned Space Flight Network Operations

The primary function of the Manned Space Flight Network is to provide
tracking, data acquisition, communications, and command support for NASA's
manned space flight programs. The Network: (a) provides spacecraft tracking
data which are used to initiate and verify orbital maneuvers, (b) receives
telemetered information concerning the condition of the astronauts and the
performance of the spacecraft, (c) communicates information to control
centers in real time for critical decisions, (d) transmits commands to the
spacecraft, and (e) records the engineering data from the spacecraft. In
addition to support provided for manned missions, selected stations of the
Network provide support to unmanned deep space and earth orbital projects
of NASA and the Department of Defense.

The Manned Space Flight Network, having completed support of the Gemini
program, has successfully supported three Apollo Uprated Saturn I missions
and 1s being prepared to support additional Apollo Uprated Saturn I missions
and the upcoming Apollo Saturn V missions. The Network, when completed for
Apollo, will consist of: (a) ten 30-foot diameter antenna stations located
at Cape Kennedy; Bermuda; Antigua; Ascension; Canary Island; Carnarvcon,
Australia; Guam; Kauai, Hawaii; Guaymas, Mexico; and Corpus Christi, Texas;
(b) three 85-foot diameter antenna stations located at Madrid, Spain;
Canberra, Australia; and Goldstone, California; and (c) one transportable
30-foot diam:ter antenna station at Grand Bahama Island. In additior, five
instrumentation ships and eight aircraft, operated by the Department of
Defense, and three 85-foot diameter antenna stations of the Deep Space Net~
work will provide support for Apollo. Secondary support will be provided by
NASA stations at Tananarive, Madagascar, and Canton Island; and by Department
of Defense stations at Point Arguello, California, and White Sands,

New Mexico, using existing equipment.

The statjion at Kano, Nigeria, was closed upon completion of the Gemini
program, and support from the Department of Defense station at Eglin Air
Force Base, Florida, was terminated. In addition, support by two ships,
the Rose Knot Victor and the Coastal Sentry Quebec, will be phased out early
in the Apollo program.

During FY 1967, ‘facility and equipment additions for Apollo support are
being.completed at eight Manned Space Flight Network stations. 1In FY 1968,
six more Mamned Space Flight Network stations, the three Deep Space Network
stations, and the five instrumentation ships will be completed for Arpollo
support.

There has been a correspondingly rapid buildup of personnel to staff
the stations and to perform necessary computer programming, network engine-
ering, and logistics support which will continue into FY 1968. The FY 1968
operations budget reflects a significant increase to cover both a full year
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of costs for those augmentations which are being effected in FY 1967 and
initial costs for those augmentations which will be effected in FY 1963.

Also during FY 1968, the eight Apollo/Range Instrumentation Aircraf
(A/RIA), which are being modified under the management of the Department
of Defense, will become operational. About 307 of the total Manned Space
Flight Network operations increase from FY 1967 reflects Department of
Defense estimates for operating these aircraft.

Satellite Network Operations

The primary function of the Satellite Network is to support NASA's
unmanned scientific and applications satellite programs. The Network
includes the electronic stations of the Space Tracking and Data Acquisi-
tion Network (STADAN) operated by the Goddard Space Flight Center,
supplemented by the optical camera tracking stations operated by the
Smithsonian Astrophysical Observatory. The STADAN stations provide a
ground system which: (a) tracks each satellite, (b) determines the status
of on board systems, (c) commands the satellite functions, and (d) acquires
stored or real-time data from the satellite. The optical camera tracking
.stations provide specialized services in precision orbital tracking as well
as backup support to STADAN during launch and early orbit tracking of
satellites.

STADAN stations are located at Fort Myers, Florida; Mojave, California;
Quito, Ecuador; Lima, Peru; Santiago, Chile; Johannesburg, South Africa;
Tananarive, Madagascar; Canberra, Australia; Fairbanks, Alaska; St. John's,
Newfoundland; Winkfield, England; Rosman, North Carolina; and Toowoomba,
Australia. In addition, a Range and Range Rate tracking system is located
at Carnarvon, Australia, for specialized support. During the past year,
stations at East Grand Forks, Minnesota, and Blossom Point, Maryland, were
closed, and a station at Woomera, Australia, was consolidated with the
Canberra station.

In early F{ 1967, the modifications at the Mojave and Rosman stations
for support of the successful Applications Technology Satellite were
completed along with the required staffing. Also completed and staffe«l
was the new station at Toowoomba, Australia, for support of the Applications
Technology Satellite.

As part of a general cost reduction program in FY 1967, action has heen
taken to reduce the staffing levels at Quito, Ecuador; Winkfield, Englund;
and Mojave, California. As a result of these staffing reductions, there
will be an approximate decrease of 10% in the amount of data obtained
from Explorer class satellites. Additional reductions in logistics lewvels
and calibration services have been made; however, these latter reductions
are of a one-time nature and these items will have to be restored to normal
levels in FY 1963.
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For FY 1968, the budget request includes funds for a 24-hour day, seven-
days per week operation of the network at most locations. Estimates for FY
1968 are based on operating the Mojave, Winkfield, Quito, and Tananarive
stations at the reduced levels. Increases from FY 1967 are related to
budgeting for a full year's costs for support of the Applications Technology
Satellite in FY 1968, and restoring logistics and calibration services to
normal levels.

Deep Space Network Operations

The primary function of the Deep Space Network is to support unmanned
lunar and planetary space flight missions. The Network: (a) provides
tracking data which are used to determine and make mid-course corrections
to spacecrafl trajectories, (b) acquires engineering telemetry data con-
cerning performance of the spacecraft, (c) transmits commands to the space-
craft to execute the above functions, and (d) receives and records the
scientific date which are acquired from the spacecraft. The Network consists
of stations located at Goldstone, California; Woomera and Canberra, Australia;
Madrid, Spain; Johannesburg, South Africa; Ascension Island; and Cape Kennedy,
Florida.

The control center for the Deep Space Network is the Space Flight Oper-
ations Facility (SFOF) located at the Jet Propulsion Laboratory in Pasadena,
California. The SFOF: (a) receives information transmitted via ground
communicaticns from stations of the Deep Space Network; (b) processes the
data; (c) displays the resulting information so that mission directors and
associated project personnel can analyze mission performance and make critical
decisions in near real time concerning functions to be executed by the space-
craft; and (d) transmits instructions to the stations for commands that must
be sent to the spacecraft.

The flight missions of the Lunar Orbiter, Surveyor and Pioneer projacts
will continue through FY 1968. A Venus fly-by mission is scheduled for
launch in late FY 1967 and the flight mission continues well into FY
1968. Increased support is required for the Mariner IV mission late in
FY 1967 and early FY 1968. In addition, three stations in the Networl
(one each in Australia, Spain, and California) will provide full join:
support for the Apollo manned lunar missions. To meet this flight
schedule, the Deep Space Network and the SFOF must support three or
more flight missions simultaneously.

With the Metwork reaching a record workload in FY 1968, some increases
are included in the FY 1968 budget request for additional station staffing
and network engineering support. In addition, the SFOF computer capacity
is being increased in late FY 1967 to handle the projected workload requiring
additional staffing for computer programming and operation. The FY 1968
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budget also reflects costs.for a full year to operate two major facilities,
the 210-foot diameter advanced antenna facility at Goldstone, and the second
85-foot diameter antenna facility at Madrid, which became operational during
FY 1967.

Other Instrumentation Operations

Instrumentation systems are operated in support of sounding rocket pro-
grams conducted at Wallops Station, Virginia, and the Churchill Research
Range, Canada; and for flight research programs at the Flight Research
Center, California. General purpose tracking, telemetry, data handling,
recording, timing, plotting, and communication systems are provided as well
as special purpose fixed and mobile optical and sound ranging (acoustical)
equipment.

The instrumentation at Wallops Station is operated by NASA contractors
and by other Government agencies such as the Environmental Science Services
Administration, the National Bureau of Standards, the U. S. Navy, the U. S.
Air Force, and the Military Sea Transportation Service. Funds required for
FY 1968 will permit approximately the same level of effort as in prior years.
The slight increase is attributed to a full year's costs for the engineering
effort required to support existing programs.

The Langlev Research Center funds for the partial operation of two air-
craft in support of rocket programs at Wallops Station and the Planetary
Entry Parachute program conducted at White Sands in support of Voyager.

In addition, mobile telemetry and optical equipment are maintained anc
operated at various sites along the eastern seaboard to support rocket
flights from VWallops Stationm,

Instrumentation at the Churchill Research Range consists of general
purpose tracking, telemetry, command and control, and associated systems
required to conduct sounding rocket experiments at high altitudes. The
Range is contractor operated under the management of the National Research
Council of Canada which shares the costs with NASA as a cooperative effort.

The Flight Research Center operates the Aerodynamics Test Range consisting
of facilities at the Edwards Air Force Base and two up-range sites at Ely
and Beatty, Nevada. Instrumentation at Edwards is NASA operated with con-
tractor logistic support, whereas the up-range stations are entirely con-
tractor operated. Programs supported include the X-15, XB-70, Re-entry
Lifting Bodies, and various small aircraft research projects.

Communications Operations
NASA's tracking stations and control centers are linked together by

a single operational communications system operated by the Goddard Space
Flight Center. Communications switching centers have been established
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at major locations, such as Goddard, London, Honolulu, and Canberra, Austra-
lia, to maximize circuit sharing. Requirements in most cases are being met
by providing alternate voice/data circuits instead of separate voice and
data circuits, thereby reducing the total number of circuits needed.

In the early Mercury missions, considerable reliance was placed on high
frequency radio communications. As a result, network communications were
limited and not of satisfactory reliability. Although this situation im=~
proved with Gemini, it was still not possible to transmit sufficient
voice, telemetry, and tracking data from remote stations to the Mission
Control Center or to provide sufficient and reliable voice up-data and
commands from the Control Center to the spacecraft in real time.

In the Apollo Program, the increased complexity of the missions and
the number of vehicles to be supported require real-time centralized mis-
sion control. To achieve the required centralized control, it is essential
that there be highly reliable and large capacity communication links between
a central facility and the remote stations.

For Apollo, these communication links are being provided by satellite
as well as conventional means. Communications satellites will provide
alternate voice/data and teletype circuits to the Apollo ground stations
at Canary Island, Ascension Island, and Carnarvon, Australia, and to the
three Apollo insertion/injection ships located in the Atlantic, Pacific,
and Indian Oceans.

More than one half of the increase in communications costs from FY 1967
to FY 1968 is related to communications satellite services. Although
partial year funding for these services has been budgeted in FY 1967, the
first full year of service and costs will occur in FY 1968. This includes
not only the cost of providing overseas communications via satellite from
the stations and ships to the communication satellite ground terminal:
located in the United States, but also the domestic cost of transmitting
the data from the ground terminals to the Goddard Space Flight Center.

The FY 1968 budget also reflects the first full year of operations costs
for providing real-time television coverage from the Apollo spacecrafi to
the Mission Control Center at Houston. Most of the remainder of the in-
creased budget request in FY 1968 is for providing communications for the
new stations becoming operational for Apollo.

Data Processing Operations

Information received in the form of tracking and telemetry data from
satellites and space probes must be processed into a form that can be
used by both those performing the real-time control of the space vehicle
and those responsible for analyzing the scientific data acquired by the
spacecraft.
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Tracking data are processed to provide orbital elements which are used
to supply stations with predictions on future passes of the spacecrait,
and to provide position information that can be used by the scientific
experimenters to determine where in the trajectory the scientific measure-
ments were made.

Telemetry data must be processed to: (a) separate the information from
the various scientific experiments aboard the spacecraft, (b) consolidate
information from each experiment, (c) apply the necessary scaling factors
and calibrations of the measuring instruments, and (d) correlate these
measurements with the position data mentioned above. Processed data is
the primary product of the spacecraft missions, and it is through analysis
of this data by the experimenters that a better understanding of space is
achieved.

Several projects, particularly those in the Observatory class, require
extensive pre-mission orbit studies, including spacecraft position predic-
tions and mutual visibility analyses. Studies are also required to work
out operational methods and procedures to be used during the actual mission
operation.

Support must be given to a wide variety of programs which vary from the
small University Explorer satellites to the large Solar, Geophysical, and
Astronomical. Observatories, and the Applications satellites in the fields
of communications and meteorology.

The FY 1963 budget request is based upon the workload which will result
from previously launched satellites that will continue to require support,
plus additional satellites that are scheduled to be launched during the
period. Not only is there a projected increase in the number of satellites
to be supporied in FY 1968, but the satellite systems and the on-board
experiments will be of greater complexity. This will result in an increase
in the orbital computations, telemetry data processing, and mission related
computer support. The projected workload for FY 1968 is well above the
current year and will require a corresponding increase in funds.

Equipment
1966 1967 1968

Manned space flight network..... $48,523,000 $25,550,000 $24,000,000
Satellite NEtworkK...soesoasvssace 14,500,000 11,300,000 10,000,000

Deep space NEtWOTrK.....eoeveeans 13,420,000 10,100,000 9,800,000
Other instirumentation........... 3,500,000 4,500,000 4,500,000
Communications...oseesevecviosee 7,200,000 6,200,000 4,700,000
Data processing..cecesceesvveesss 2,612,000 2,000,000 2,100,000

Total..o.eoeeeesceeanseceansss $89,755,000 $59,650,000 35,100,000
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‘Manned Space Flight Network Equipment

During 1966, the Manned Space Flight Network stations used Gemini
network systems to support the final Gemini and early Apollo Uprated
Saturn I missions. Concurrently, the stations were being modified and
augmented for support of the more complex missions of the later Apollo
Uprated Saturn I and Apollo Saturn V programs. This modification and
augmentation program is continuing, and all stations, including ships
and aircraft, are scheduled to be fully operational for Apollo lunar
mission support by early 1968.

The FY 1968 budget includes funds for design improvements and equipment
modifications required as a result of tests and simulations to ensure
station readiness for Apollo lunar mission support. In addition, once
this readiness has been achieved, a continuing effort is required to:

(a) maintain the demonstrated capability throughout the flight program,
(b) improve systems capabilities for more effective operations, (c¢) pro-
vide equipment for requirements peculiar to specific missions, and (d)
meet new requirements such as the recently defined Apollo Uprated Saturn
I rendezvous missions.

The multiple launch rendezvous missions as currently planned in the
Apollo Applications program will require dualizing the five single Unified
S-Band stations to provide the number of RF channels which are needed,
Initially, design of the Unified S-Band systems at the stations at Camary
Island; Bermuda; Antigua; Texas; and Guaymas, Mexico, was based on require-
ments for their support of single launch, nonrendezvous, Apollo Upratad
Saturn I orbital missions and earth orbital phases of the Apollo Saturn
V lunar missions. These mission phases require only two Unified S-Band
RF links as compared to a maximum of four links required from stations
supporting the translunar and lunar phases of Apollo lunar missions.

All Manned Space Flight Network land stations, except the five noted
above, have been designed with the '"dual' Unified S-Band capability.

Recent manned space flight mission planning has incorporated multiple
launch rendezvous missions in the Apollo Uprated Saturn I mission seriles
and four Unified S-Band RF links will be required at stations supporting
these missions. Funds are requested in FY 1968 for procurement of
selected subsystem equipment necessary to provide this '"dual" Unified
S-Band RF capability at the five stationms.

A more refined analysis of support workload at the new Unified S-Band
station at the Merritt Island Launch Area (MILA) has revealed a need for a
second antenna. Although the majority of the station's instrumentation is
capable of performing important pre-launch and launch support tasks con-
currently with actual mission support, the availability of only a single
antenna system requires that these tasks be accomplished sequentially.
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The overlapping Apollo Uprated Saturn I and Apollo Saturn V programs require
simultaneous support of spacecraft in flight and also virtually continuous
pre-launch checkout activities. To enable this simultaneous support, thus
avoiding costly delays in pre-launch checkout of spacecraft subsystems,
funds are recuested in FY 1968 to provide an additional Unified S-Band an-
tenna system for the MILA station. Funds are also requested for comple-
tion of the Unified S-Band contract which provided for the antenna and
associated electronics for all network land stations.

As in the Gemini program, tracking and data acquisition requirements
for missions in the Apollo program vary from mission-to-mission in accord
with the mission objectives and flight plans. 1In general, it is necessary
to make small changes in network equipment to enable support of these chang-
ing requirements. Equipment changes must also be made to improve systems
performance to correct areas of marginal capability identified in prior
mission suppcrt. Funds are requested in FY 1968 for provision of these
mission-by-mission equipment changes in all systems areas.

During FY 1967 and 1968, the Apollo instrumentation ships will be
subjected to evaluation and calibration tests. These tests are specif-
ically designed to highlight any shortcomings in the functioning of the
new electronic and navigation systems now being installed on the ships.
Past experience of both the Department of Defense, in the case of the
Advanced Range Instrumented Ship program, and NASA, in the case of the
Gemini support equipment provided for the Rose Knot Victor and Coastal
Sentry Quebec ships, has indicated that equipment modifications will be
necessary to correct shortcomings found during the tests. The FY 1968
budget includes funds to meet the current estimate of the amount required
for these changes.

Funds are requested in FY 1968 to cover the remainder of the estimated
NASA share of costs for the eight Apollo/Range Instrumentation Aircraft
(A/RIA) which are being modified under the management of the Air Force
National Range Division of the Department of Defense.

Funds also are requested for network support to cover the engineering
effort required for systems checkout, shipment of equipment to the network
stations, provision of standard test equipment, minor facilities modifica-
tions, and station calibration and simulation equipment. Also included are
funds. for procurement of spare parts inventories needed to prevent long
periods of station downtime during missions.

Satellite Network Equipment
During the past four years, the Satellite Network has been implemented

to achieve a general purpose support capability. This implementation
program was designed to ensure that the Network is responsive to the
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tracking, command, and data acquisition requirements of individual satel-
lites, and at the same time to provide the capacity for supporting upwards
of thirty orbiting satellites. To meet this large and varied workload, a
computer stucdy was conducted on a site-by-site basis and a determination
made of the equipment needs at each Space Tracking and Data Acquisition
Network (STAIAN) station. The resulting implementation is now nearing
completion and during FY 1968 effort will be directed towards improving
the utilization of existing capability.

Major emphsasis will continue fowards improving station turn~around
time between spacecraft passes and toward automating selected station
functions. Switching and calibration equipment will be added at each
site so that the necessary ground support equipment for a given satel-
lite can be quickly selected and checked out. This procedure will reduce
the turn-around time which is the period during which a station is recon-
figured to provide support for successive spacecraft passes. In addition,
solid state command transmitters and encoders, which will replace obsoles-
cent units at selected stations, are being designed with operational
characteristics that are compatible with station operations control
consoles for eventual automation.

The Minitrack frequency coverage will be extended from its present
136-137 Mc/s range to 136-138 Mc/s. The existing Minitrack frequency
coverage forces the numerous scientific satellites to operate in a narrow
frequency spectrum and results in radio frequency interference at the
STADAN stations. The planned increase in the Minitrack frequency coverage
will double the spectrum available for spacecraft assignments and markedly
reduce the incidence of radio frequency interference. The necessary nodi-
fications to produce this extension of capability include readjustment
of the antenmas and changes in both the preamplifiers and RF portions of
the receivers.

In addition to providing general purpose capability to meet the great
majority of support requirements, certain project-unique equipment must
be procured in FY 1968. Both selected stations and control centers will
be augmented to meet new requirements caused by mission-to-mission
changes in successive flights of ongoing programs such as the Applicat.ions
Technology Satellite, Orbiting Geophysical Observatory, and Nimbus. These
equipments include computer peripherals, displays, and pulse code modu-
lation systems.

Funds for FY 1968 are also necessary for the more routine and sustaining
type effort required to maintain a global network. This type of effort
requires minor construction, repair and alteration of the stations, equip-~
ment for testing and calibration to maintain a high level of network pro-
ficiency, and specialized spare parts and components to sustain operations.
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Deep Space Network Equipment

The projected workload for the Deep Space Network requires a continuing
effort in FY 1968 to ensure an adequate level of support. In additicn to
normal updating and replacement of equipment to sustain the existing support
capability, the effort includes equipment to accommodate mission-to-mission
changes, and modifications and additions required for more efficient

" operation.

The major equipment augmentation in the Deep Space Network during the
past three years has been for the station monitoring and control program.
Originally, under this program, a single standardized set of equipment
was installed at each site to serve the needs of multiple flight projects.
In FY 1966 and FY 1967, equipment additions under this program provided
the capability for continuous semiautomatic monitoring of equipment per-
formance at fhree sites. Incorporation of this capability at the four re-
maining sites, which was deferred from the FY 1967 program, will be provided
with FY 1968 funds.

Also during FY 1968, prototype modules will be procured for the receiver
system to reduce the turn-around time when multiple missions must be sup-
ported. More reliable cryogenic equipment for cooling the receiver-maser
system will be provided, and new components will be acquired for three
stations to achieve interstation time synchronization which is needed for
precise trajectory calculations.

In FY 1967, equipment for a high-voltage power supply for the transmitting
system at the Goldstone 210-foot antenna site is being purchased. Addi-
tional equipment to complete the high power transmitting system, consisting
of a specialized cassegrain cone and receiver-maser components is included
in the FY 1968 request. This higher performance system is required to
ensure positive spacecraft control under adverse attitude or other non-
nominal conditions.

Estimates are included in the FY 1968 request for sustaining-type repairs
and modifications to the antennas, servos, collimation towers, recorders,
ranging, and timing subsystems. Modifications are required for and directed
toward more reliable operation and reduced maintenance time.

In the Space Flight Operatioms Facility (SFOF) at the Jet Propulsion
Laboratory, a Deep Space Network monitoring system will be added consisting
of telemetry processing and digital display equipment. The flight mission
areas of the SFOF will be provided special displays for support of the
Mariner 1969 mission. Additionally, equipment will be acquired for the
initial and long lead-time design and development of the data processing
system required for support of Voyager-generation programs.
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The FY 1968 program includes funds for network support and spares which
are required to sustain current operations and to improve network per-
formance and reliability. Included are such items as generators, power
system modifications, microwave modifications, calibration and test equip-
ment, interface and integration equipment, intrasite communications, and
cabling.

Other Instrumentation Equipment

A wide variety of fixed and mobile equipment is used to provide instru-
mentation support for sounding rockets and re-entry vehicles launched from
Wallops Station and other locations, and for flight research projects con-
ducted at the Flight Research Center. This equipment is under a continuous
preventive maintenance program to assure the necessary reliability for
mission suppcrt. In addition, an improvement program is undertaken where-
by individual subassemblies or components of major systems are modified
or replaced to improve the range, speed, accuracy, and flexibility of the
systems. The requirements for these improvements are generated by the
large number and types of rockets in the current and planned launching
schedules and by the high performance characteristics of the flight re-
search projects.

At Wallops Station, funds will be required in FY 1968 to modify surplus
Department of Defense radars for support of the International Cooperative
Sounding Rocket Program, and to procure non-recoverable flight hardware
required to support the various missions.

During FY 1968, the Flight Research Center will continue conversion
of the Aerodynamics Test Range from S-Band to C-Band frequencies. FY
1968 funds are required for conversion of a surplus radar to C-Band, for
integration of the system into existing instrumentation, and for associated
ground support and test equipment. Also in FY 1968, new data readout
equipment will be installed and telemetry data display equipment will be
improved to provide real-time displays in support of the high speed air-
craft research programs (XB-70, X-15, F-111, etc.), and the lifting body
programs.

At Langley Research Center, FY 1968 funds are required for updating
existing telemetry vans, and to initiate the conversion of the telemetry
station to S-Band., Modifications will be made to equipment aboard the
support aircraft operated by Langley for support of Radio Attentuation
Measurement (RAM) and Scout re-entry program launches from Wallops, and
the Planetary Entry Parachute program experiments at White Sands.

Communications Equipment

A major modification of the Goddard communications switching center
was undertaken during FY 1967 to handle the high speed data transmissions
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required for Apollo. The major effort in FY 1968 will be to add equipment
to the solid state switching centers at London, Honolulu, and Canberra,

to use more efficiently the high speed data circuits primarily associated
with Apollo. This project was originally planned for implementation in
FY 1967, but was deferred because of fund limitations.

This high speed data transmission equipment will provide a transmission
capability of up to 7200 bits per second as compared to the present 2400
bits per second over a standard voice/data circuit. A direct result is
improved circuit utilization and a relative savings in circuit costs.

Telephone and teletype equipment will be installed at Madrid and Goldstone
to permit communications between collocated 85-foot antenna sites. Funds
are also included to improve the microwave systems at these sites.

The FY 1968 request also includes funds for replacement of equipments
such as high frequency radio terminals, for small parts used in the fabrica-
tion of prototype assemblies such as control and indicator panels, and for
the spares required to sustain the network.

Data Processing Equipment

The operational data processing equipment requires a continuing pro-
gram of minor redesign, modification, and improvement, as well as normal
maintenance and repair. While the data processing lines are designed to
be as flexible as possible, changes and updating are necessary to meet the
requirements of new programs and to accommodate mission-to-mission changes
within existing programs. Changes are directed toward accelerating the
reduction of data and thus preventing the acquisition of new processing
lines. The FY 1968 budget includes funds to provide the components neces-~
sary for these modifications and improvements.

Efforts will also continue in FY 1968 to provide a ''quick look' data
analysis capability for the experimenters on scientific satellite pro-
grams. This is particularly important for large satellites such as the
Applications Technology Satellite, the Orbiting Geophysical Observatory,
and the Orbiting Astronomical Observatory which have a capability of
operating in various modes based on decisions which are made on the ground
and transmitted as commands to the spacecraft via ground stations. Addi-
tional recording and display equipment is required to present in rapid and
meaningful form the information which is essential in making these
decisions.

The FY 1968 budget includes funds to provide an improved data reduc-
tion capability at the Langley Research Center. Peripheral and interface
equipment will be procured for use with the central computer to provide
a near-real-time capability for processing telemetry data from programs
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conducted by Langley such as the Radio Attentuation Measurement (RAM) and
scout re-entry programs. This capability is necessary to assure that all
significant data are available and analyzed prior to the next scheduled
test.

Test equipment, spares, and replacement components are needed to
maintain the data processing lines at peak operating efficiency. Funis
are included in the FY 1968 request for these items.

Supporting Research and Technology

1966 1967 1968

New SystemS....scccevsovcvossone $1,163,000 $644,000 $1,144,000
Integrated systems analysis,

development, and test...cecc0. 2,685,000 3,622,000 3,106,000
Antenna subsystemS.....c.e0sc0000 2,146,000 1,598,000 1,272,000
Receiving and transmitting

SubsyStems...cceeecncrracsncce 2,704,000 2,426,000 2,525,000
Data handling and control....... 2,398,000 1,822,000 2,143,000
Data processing and reduction... 1,222,000 1,784,000 1,624,000
Spacecraft subsystems.......s4s, 1,482,000 1,904,000 1,984,000

Total................‘..l"..' 213!800!000 213!800!000 §13!80(5)!000

Supporting Research and Technology (SR&T) is the activity whereby con-
cepts, techniques, and hardware are developed, tested, and evaluated for
use in the various networks to meet support requirements.

With the increasing number, complexity, and duration of the flight
projects, the emphasis has been on the development of general purpose
network capabilities to accommodate a wide range of project require-
ments. Associated with these general purpose capabilities has been a
need for increased reliability and lifetime of hardware systems and
improved operational techniques. This is reflected in the FY 1968
budget request as described below.

New Systems

The major new effort under this category is to investigate the feasibility
of a Data Relay Satellite System (DRSS) which would use satellites in syn-
chronous orbits to support earth orbital missions, particularly manned
missions. Such a system could receive and transmit data between spacecraft
and control centers resulting in reduced operations costs and improved re-
liability in the transmission of data. It is planned to enter the definition
phase of this program in FY 1968.
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Integrated Systems Analysis, Development, and Test

Effort in this category is addressed primarily toward solution of ower-
all network problems. Mission and network analyses are conducted to
determine changes which may be required within the network to ensure the
rendering of proper future support. Existing operational techniques are
also investigated and refined to facilitate and improve network operations.
Finally, experimental sites are supported to evaluate and checkout, under
field conditions, all advanced equipment and software techniques.

Antenna Subsystems

As a continuing effort, this category provides for the evaluation of the
latest advances in antenna subsystem technology. Components of this sub-
system, particularly the microwave elements and feed configuration, are
vital elements in the spacecraft-to-ground communication link. Other con-
tinuing effort includes studies of antenna structure and surface dis-
tortions, anienna pointing precision, alignment, and servo drives.

Receiving and Transmitting Subsystems

In previous years, receiver development activity has been directed pri-
marily toward increasing performance characteristics. 1In FY 1968, the
effort will be directed toward improving the operational aspects of the
receiver system which includes rapid checkout and calibration.

Work will also continue on the automation of receiver systems, the
investigation of modulation and demodulation techniques for use in com-~
munication at planetary distances, and improvements to high power trars-
mitter systems.

Data Handling and Control

In FY 1967, the effort under this task area has been directed toward
providing greater operational flexibility in the networks. This flexibility
is particularly critical in such areas as antenna repositioning, frequency
changing, and shifting to different demodulation formats.

This effort will be continued in FY 1968, along with studies on a com-
puterized technique for the rapid assessment of the operating status and
position of satellites. Another area supported is the modification of
station stored program computers to perform multiple functions such as
ranging, tracking, data handling, and data compression.

Data Processing and Reduction

Effort in this area will continue to be directed in FY 1968 toward more
efficient methods of processing, reducing, and displaying extremely large
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volumes of scientific data. An investigation and prototype development
program is underway to provide a progressively automated central data
reduction capability at the Goddard Space Flight Center for scientific
and application satellite support. Similar analyses and studies are
underwvay at the Jet Propulsion Laboratory to develop the design criteria
for the next generation data processing complex to support deep space
missions.

Spacecraft Subsystems

The primary objective in this task area is to develop RF components
and techniques for use on spacecraft subsystems. Work has been under-
way on a set of reliable solid state transmitters that can be applied
to a wide variety of NASA programs. Similarly, in FY 1968, additional
work will be undertaken to develop components and techniques applicable
to handling and storing data on board the spacecraft.

L]
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RESEARCH AND DEVELOPMENT

FISCAL YEAR 1968 ESTIMATES

OFFICE OF TEGHNOLOGY UTILIZATION TECHNOLOGY UTILIZATION PROGRAM
PROGRAM OBJECTIVES AND JUSTIFICATION:

The primary objectives of the Technology Utilization program are tc
establish effective mechanisms and systems for assuring that all new
scientific, technological and engineering knowledge resulting from NASA
programs is ldentified, collected, evaluated and made available in the
form which i3 most useful; to establish effective mechanisms for announcing
and disseminating this new knowledge in order to assure the widest practical
application and utilization thereof; and to improve our understanding of
the management of large scale research and development programs and the
impact of the space program on the nation's economy.

SUMMARY OF RESOURCES REQUIREMENTS :
1966 1967 1968
Identification..esseecsocsaacane $1,220,000  $1,265,000  $1,265,000
Eval‘mtion.'..."'..'.....'O..'. 680’000 650.000 ‘:"50.000
Dissmimtion...‘..‘.‘.‘......'. 2’000’000 2’085’000 2"-‘B5,000

Analysi8.ccescciecrocccssocncene 850,000 1,000,000 1,000,000

Totaleseseesssreensansnnneoess  $4,750,000  $5,000,000  $5,000,000

Distribution of Program Amount by Installatiop:
1966 1967 1968

NASA HeadquartersS..csecceeccess $4,750,000 $5,000,000 $5, 000,000

BASIS OF FUND REQUIREMENTS :
de [ n

Teams of specialists from universities, research institutions and private
industry, with the assistance of Technology Utilization officers at NASA
Headquarters and field installations, search through selected areas of NASA
scientific and technical endeavor in order to record significant NASA advances
which have potential utility for the nonaerospace sector of the nation. This
activity is complemented by the identification of individual technological
innovations by Technology Utilization officers at NASA field installations
and by NASA contractors. Continued increased strong emphasis will be placed
on the fdentification and reporting of new technology by NASA contractors.
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Evaluation

Research institutions whose services are primarily directed toward
industrial clients make preliminary evaluations of technological innovations
reported to NASA, analyze and formulate potential industrial uses for
selected innovations, and where appropriate, prepare brief reports describing
these technological advances. These brief reports, along with the mor:
comprehensive survey reports stemming from the aforementioned technology
searches, are published and made widely available to the scientific, indus-
trial and academic communities, but are especially directed toward the
scientists and engineers of nonaerospace industry.

88 (o]

Universities and research institutions are employed to develop regional
capabilities to store, retrieve, and interpret to local industry the techmol~
ogy developed by NASA. These information centers strengthen our national
technical resources by encouraging rapid localized application of the
technology generated in the course of NASA activities. Biomedical application
teams assist medical research institutions in defining medical problems in
engineering terms, scour NASA technology for solutions to these problems,
and then assjist the medical research institutions in adapting NASA technology
to practical solution of the defined problems. This pilot program started
this past year is proving to be a very effective mechanism to relate NASA
information to the important ummet community needs in the field of medical
research and health care. Experimental programs are underway to utilize
the published and filmed results of NASA programs in university graduste
classrooms, and to assist other Federal agencies, such as the Office ¢f Saline
Water, Bureau of Mines, Office of Law Enforcement of the Department of
Justice, Vocational Rehabilitation Administration, etc., in achievement of
their missions by application of NASA techmology. Limited experimentsl use
of demonstrations, models, motion pictures and exhibits in order to achieve
better communication regarding the potentialities of the more significant
new processes and techniques is planned. Determination of what problems
exist at the man=machine interface in on-line information retrieval, learning
how useful such a system could be to the practicing scientist or engineer,
and determination of what human factors engineering changes are required for
the most effective system, are being looked into in a small way now.

Anslvsis

A major area of concern is that of promoting a better understanding both
within and outside the agency of new and improved techniques for managing
large and complex research and development activities. This concern has
included support of research in such areas as the organization and manage-
ment of large R&D projects, the diversified roles of the research director,
govermment-industry contractors systems, and top level policy and declsion
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waking in large B&D organizations. A second area of concern has been the
impact of NASA programs on the nation's economy. Studies are being
conducted on the economic aspects of new technology resulting from the
space program &nd generally promoting an understanding of how NASA functionmns
within and influences the economy. During FY 1968 NASA will continue to
support a program of research and analysis directed to these objectives.
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