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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

- GENERAL STATEMENT 

The National Aeronautics and Space Administration program of research 
and deve.lopment and support ing a c t i v i t i e s  is d i r ec t ed  toward maintainii.ng 
the  United S t a t e s  i n  a pos i t i on  of world leadersh ip  i n  aeronaut ics  an(\ 
space. 'fie major programs f o r  achieving t h i s  ob jec t ive  are: 

MANNED SPACE F'LIGHT: 
f o r  peaceEu1 manned space opera t ions  and the  u t i l i z a t i o n  of t h a t  
c a p a b i l i t y  f o r  e a r t h  o r b i t  and lunar  missions.  

A program f o r  the  development of a c a p a b i l i t y  

---- SPACE SCIIBNCE AND APPLICATIONS: 
d i r ec t ed  toward s c i e n t i f i c  i nves t iga t ions  of t he  e a r t h ,  moon, sun, 
p l ane t s ,  : s ta rs  and in t e rp l ane ta ry  space; and the  development of 
technology and spacec ra f t  systems which can be u t i l i z e d  f o r  
meteorology, communications and geodetic and e a r t h  resources  
observat ions.  

An unmanned space f l i g h t  program 

ADVANCED 'RESEARCH AND TECHNOLQGY: 
fundament(a1 knowledge and the  technological  base f o r  f u t u r e  aeronai i t ics  
and space programs. 

An e f f o r t  required t o  provjde tlie 

TRACKING AND DATA ACQUISITION: 
support  t ' h e  'YASA manned and unmanned f l i g h t  programs. 

The worldwide a c t i v i t y  required t o  

MANNED SPACE FLIGHT 

Manned Space F l i g h t  a c t i v i t i e s  continue t o  comprise the  l a r g e s t  por t ion  

The readinesii; of 
of t he  budget request .  
c a p a b i l i t y  f o r  manned space opera t ions  and explorat ion.  
t he  Saturn V launch veh ic l e  and Apollo command and s e r v i c e  module f o r  
manned luna r  opera t ions  w a s  demonstrated by t h e  Apollo 8 mission i n  
December 1968. 
to be flown (during calendar  year  1969, a f t e r  f l i g h t  q u a l i f i c a t i o n  of Ithe 
lunar  module. The budget a l s o  provides f o r  s e v e r a l  a d d i t i o n a l  manned 
lunar  missions using bas i c  Apollo hardware and f o r  d e f i n i t i o n  of modi€i-  
ca t ions  t o  t h i s  hardware and of new systems and experiments needed f o r  a 
comprehensive lunar  explora t ion  program. 

Included are the  development and demonstration of a 

Apollo planning c a l l s  f o r  t he  i n i t i a l  lunar  landing mtssion 

The Space F l i g h t  Operations program involves  app l i ca t ion  of the  cai3a- 
b i l i t i e s  developed i n  Gemini and Apollo t o  manned missions of increas lng  
dura t ion  and complexity. The program focuses on development of a man,ned 
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space s t a t i o n  system f o r  f l i g h t  i n  the  mid-1970's. 
manned o r b i t a l  missions designated Apollo Applicat ions is scheduled t o  
begin i n  FY :L97:L. The f l i g h t  program c o n s i s t s  of t h ree  bas i c  missions: 
(1) i n i t i a l  opera t ion  of t he  Saturn I Workshop i n  o r b i t ;  (2) r e v i s i t  ctnd 
r e a c t i v a t i o n  of t he  Workshop; and (3) a second r e v i s i t  using the  Workshop 
and the  Apo1:Lo Telescope Mount as a b a s i s  f o r  solar astronomy. This Idan 
involves f i v e  launches using Saturn I B  launch veh ic l e s  and Apollo spac:e- 
craft modified to meet mission requirements. 

An i n i t i a l  s e r i e s  of 

SPACE SCIENCIL&?D APPLICATIONS 

The Space Sclence and Applicat ions program is t h e  second l a r g e s t  i i i  t he  
M 1970 budget request.  The s c i e n t i f i c  program is broad based; concentrat ing 
on s t u d i e s  oE t he  s o l a r  system, stars, and space environment. Planeti try 
explora t ion  w i l l  r ece ive  increased emphasis i n  FY 1970. E f f o r t s  i n  progress  
w i l l  include ana lys i s  of da t a  acquired from Mariner-Mars 1969 and the  Pioneer  
series of spacec ra f t ,  p repara t ion  f o r  t h e  Mariner-Mars 1971, development 
of the  Viking o r b i t e r  and lander  spacec ra f t  f o r  t h e  Mars 1973 oppor tuni ty ,  
and continued development of Pioneer spacec ra f t  f o r  i nves t iga t ions  of t he  
in t e rp l ane ta ry  medium as f a r  ou t  as the  o r b i t  of J u p i t e r .  Development of 
a series of r e l a t i v e l y  small p lane tary  explorers f o r  f l i g h t  t o  Venus and 
Mars and of a Mariner spacecraf t  f o r  a 1973 Venus/Mercury mission w i l l  
begin. Research on the  e a r t h  and i t s  local environment is conducted through 
the  use of ba l loons ,  sounding rockets ,  exp lo re r s ,  and t h e  Orbi t ing  Geo- 
physical  Obslerv4atories. Solar  s t u d i e s  are c a r r i e d  ou t  using the  Orbi t ing  
So la r  Observatory. The Orbi t ing Astronomical Observatory, exp lo re r s ,  and 
sounding roc'kets support  a program of research  i n  astronomy, incl.uding 
inves t iga t ions  i n  the  o p t i c a l ,  rad io ,  x-ray and gamma ray  regions of [:he 
spectrum. The Bioscience program cont inues t o  i n v e s t i g a t e  t h e  effect : ,  of 
the  space envirmment on l i v i n g  organisms and to  s tudy methods of' incceasing 
knowledge on the  o r i g i n ,  na tu re  and d i s t r i b u t i o n  of l i f e  i n  the  univeirse. 

The ApplicatLons program is made up of a c t i v i t i e s  f o r  adapt ing spas:e 
technology t fo  t h e  d i r e c t  b e n e f i t  of mankind. TIROS and Nimbus continnie 
to  support  requirements of the  atmospheric s c i ences  research  communitv 
and improvements i n  opera t iona l  weather sa te l l i t e  systems. 
sounding rocket launches w i l l  continue s t u d i e s  i n  the  region of 20 t o  60 
miles above the  ea r th .  Development of a meteorological  sa te l l i t e  f o r  
synchronous o r b i t  is planned t o  begin i n  FY 1970. Applicat ions Techncology 
Satel l i tes  are being used t o  develop information and test  techniques €or  
new app l i ca t ions  i n  the  areas of communications, naviga t ion ,  and t r a f E i c  
cont ro l .  Geodetic satell i tes w i l l  cont inue to  conduct measurements on 
a global  bas i s .  
emphasis w i t h  expansion of t he  a i r c r a f t  survey e f f o r t  and i n i t i a t i o n  (of 
an e a r t h  resources  technology satel l i te  to  test remote sensing arid da t a  
a c q u i s i t i o n  techniques. 

Meteorological 

The Earth Resources Survey program w i l l  receive increased 
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ADVANCED RESEARCH AND TECHNOLOGY --- 
The Advanced Research and Technology e f f o r t  is a continuing program 

aimed a t  providing the  technologica l  base  f o r  s i g n i f i c a n t  f u t u r e  aerospace 
missions. This e f f o r t  covers t he  spectrum of a c t i v i t y  from b a s i c  r e sea rch  
t o  improve 0~11- fundamental s c i e n t i f i c  knowledge, through appl ied  technology 
t o  improve OLII- p r a c t i c a l  c a p a b i l i t y  f o r  developing advanced sys  t e ins  
app l i cab le  t o  space and ae ronau t i ca l  a c t i v i t y .  The s p e c i f i c  areas of e f f o r t  
i n  t h e  program atre  Basic Research, Space Vehicle Systems, E lec t ron ic s  Systems, 
Human Fac:tor Systems, Space Power and Electric Propulsion Systems, Nuclear 
Rockets, Cheniicsil Propulsion and Aeronaut ical  Vehicles. It is proposed t o  
s tar t  development of t h e  nuc lear  powered rocket  engine,  NERVA, i n  FY 1970. 
The ae ronau t i c s  program inc ludes  increased  emphasis on a i r c r a f t  n o i s e  re- 
duc t ion ,  f l i g , h t  t e s t  of V/STOL, concepts,  and a broad range of a p p l i c a b l e  
research .  

TRACKING AND DATA ACQUISITION 

The Tracktrig and Data Acquis i t ion  e f f o r t  provides the  support  required 
by the  NASA spac:e f l i g h t  programs. A s  i n  t h e  c u r r e n t  yea r ,  t h e  l a r g e s t  
p a r t  of t:he 17' 1.970 reques t  i s  f o r  ope ra t ing  t h e  worldwide networ'k of 
t r ack ing  and d a t a  a c q u i s i t i o n  f a c i l i t i e s .  This a c t i v i t y  w i l l  i nc rease  
i n  FY 1970 t o  meet t h e  support  requirements of t h e  Apollo manned lunar 
landing program. Ac t iv i ty  i n  support  of t h e  unmanned space  f l i g h t  pro- 
grams w i 1 . 1  remain a t  approximately t h e  same level as i n  t h e  current: year .  

Funds i n  F7' 1970 f o r  replacement of equipment and maintaining the  
capabi1it.y of th . e  f a c i l i t i e s  w i l l  i nc rease  somewhat due t o  the  r equ i r e -  
ments of new programs. 

SUSTAINING UN 1.VERSITY PROGRAM 
--__I-- 

The Sus ta in ing  University program is an i n t e g r a l  p a r t  of NASA',s program 
of un ive r s i ty  research  and t r a i n i n g .  The major elements of t he  program i n  
FY 1970 w i l l  he broadly based m u l t i d i s c i p l i n a r y  r e sea rch ,  engineering 
systems des ign ,  adminis t ra t ion  and management, and s p e c i a l  t r a i n i n g  i n  
high p r i o r i t y  aerospace f i e l d s .  These long range programs are l a r g e l y  
l o c a l l y  contrcilled and provide t h e  s p e c i a l  b e n e f i t  of c o n t r i b u t i o n  t o  t h e  
f i n a n c i a l  s t a t l i l i t y  and educa t iona l  needs of u n i v e r s i t i e s  whi le  suppor t ing  
NASA. 

TECHNOLOGY U?'l.LIZATION 

The TechnoI.ogy U t i l i z a t i o n  program provides f o r  expedi t ious  pulslAc 
a v a i l a b i l i t y  cif s c i e n t i f i c ,  t echnologica l  and engineering information and 
concepts which r e s u l t  from NASA programs. This promotes a maximum r e t u r n  
from pub l i c  investment i n  NASA's research  and development t o  the  mon- 
aerospace sect.or of t h e  economy as w e l l  as b e n e f i t t i n g  the  aerospace 
indus t ry .  To a s su re  f u l f i l l m e n t  of t h i s  o b j e c t i v e ,  t h e  program provides 
f o r  e s t a b l i s h i n g  e f f e c t i v e  mechanisms f o r :  (a)  a s su r ing  t h a t  a l l  new 
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knowledge i s  i d e n t i f i e d ,  c o l l e c t e d  and evaluated,and (b) announcing and 
disseminat ing t h i s  new knowledge t o  a s su re  its wide a p p l i c a t i o n  and 
u t i l i z a t i o n .  

The N 1970 Research and Development program p lan  discussed i n  t h i s  
budget t o t a l s  $3,168,900,000, a reduct ion  of $24,659,000 below t h e  FY 1969 
program of $3,193,559,000. 
$3,051,427,000, r e f l e c t i n g  t h e  app l i ca t ion  of $117,473,000 of t he  FY 1969 
appropr ia t ion ,  which has  been reserved from apportionment pursuant  t o  t h e  
Revenue and E.KpenditUre Control  A c t  of 1968 (Pub. L. 90-364, 82 S ta t .  251). 

The appropr ia t ion  reques t  f o r  FY 1970 is 

Research and Development expendi tures  f o r  the  cu r ren t  f i s c a l  year  me 
est imated a t  $3,520,000,000 and a t  $3,235,000,000 f o r  FY 1970, a reduct ion 
of $285,000,000, 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

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

BUDGET 
ACTIVITY OFF ICE /PROGRAM 

F i s c a l  Year 
19 68 

F i s c a l  Year 
19 69 

$2.177.500.000 

F i sca l  Year 
-- 1';)70 

!32. OOj' .700.000: 52.809.230.000 MANNED SPACE FLIGHT 

2,025,000,000 
150,000 , 000 

2,500,000 

l b  Apollo 
lc&d Space f Light operations 
I d  Advanced missions 

2,556,030,OOO 
253,200,000 --- 

1,65 :I. , 100,OOCl 

:I! ,500,0001 
354,100, oow* 

SPACE SCIENCE AND 
APPLICA'C IOlJS 

2a Physics and astronomy 
2b Lunar and planetary 

exp l o  r a  t ion 
2c Bioscience 
3 Space a,ppl.Lcations 
* Launch vehic le  procurement 

438.416.000 -. 551i!,800 .OOO! 552.850.000 

139,500,000 125 , 116,000 11'9,600,OOCl 

14 7,s 00,000 
41,800,000 
99,500 , 000 

124,550,000 

8 1,800,000 
32,700,000 
98,600,000 

100,200,000 

14ti ,800,000 
3:! ,400,000 

131; ,800,OOCl 
12h ,200 # 000 

9.000 .ooo UNIVERSITY AFFAIRS :, .ooo . OOC! 10.000.000 

6b Sustaining univers i ty  
pr0gr.a m 10,000,000 9,000,000 '9 , 000 ,000 

ADVANCED R E A R C H  AND 
TECHNOLOXJ 285.171.000 -. 2 91:) ,400. OOC! 315.022 .OOO 

4&5 
4 
4&5 
4&5 
4 

4 
4 
5 

Basic rleseinrch 
Space vlehicle systems 
Elec t ronics  sys  tems 
Human f ac to r  systems 
Space puwer and e l e c t r i c  

propulsiisn s y s  tems 
Nuclear rockets 
Chemic a 1 P.r opu 1 s ion 
Aeronauticin1 vehic les  

21,465,000 
34,100,000 
38,05 7,000 
19,828,000 

2 1,000,000 
31,700,000 
34,771,000 
19,700,000 

2 1,400,000 
3':),000 , 000 
3.5 , 000,000 
2 3,600,OOC) 

43,735,000 
54,000,000 
37,037,000 
66,800,000 

42,200,000 
32,000,000 
28,900,000 
74,900,000 

3'0 , 900,000 
3 Ij,500,000 
2.3 , 100,OOC) 
7!3 ,900,000 

6a TRACKING Am DATA ACQUISITION 275 .850.000 

6c TECHNOLOGYJCILIZATION 4 .OOO .OOO 

TOTAL BUDGET PLAN 53.966.952.000 

279.672 .OOO -I 2 9;13 .ooo. OOC! 

3.800.000 .OOO, OOC! 

$3.193.55 9.000 Q3.16~3,900.000~* --. 

*Funds fo r  the  procurement of launch vehic les  a r e  s t a t i s t i c a l l y  d i s t r ibu ted  t o  
unmanned f l ig 'h t  programs (e.g. , Physics 
*Includes ap,p l i c a t  ion of $117,473,000, 
pursuant t o  the Revenue and Expenditure 
82  S t a t .  251). 

and Astronomy , 
which has been 
Control Act of 

Space Vehicle Systems). 
reserved from apportionment: 
1968 (Pub. L. 90-3154, 
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NATICHAL AERCNAUTICS AND SPACE ADUINISTRATICH 

FISCAL YEAR 1970 ESTIMATES 

DISTRIBUCION OF RESEARCH AND DEVELOPSNT BUDGET PLAN BY INSTALLATION AND FISCAL YEAR 

(inousanas or dollars) 

J. F. Kennedy Named N a r s h s l l  Goddard Jet  Ames E l e c t r o n i c s  F l i g h t  Langley Levis Space Nuclear NASA 
PROGRAM Space Center ,  S p a c e c r a f t  Space P l i g h t  Space F l i g h t  Propulsion Wallops Research Research Peseerch Research Research Propulsion NASA Pasadena 

T B A L  NASA c e n t e r  Center  Center Labora tory  S t a t i o n  Center Center Center  Center Center Off ice  Headquarters O f f i c e  _____ 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

RESEARCH ANDJSVELOPMENT BUDGET-PLAN FOR 

MANNED SPACE FLIGHT PROGRAMS 

Fiscal Year Fiscal Year Fiscal Year 
19 70 _--- Prost r am 1968 1969 

Apollo. ........................ $2,556,030,000 $2,025,000,000 $1,65l,l(lO ,000 

253,200,000 150,000,000 354,1(10,000* Space flight operat ions . .  ... 
Advanced misrr Loris.. ......... --- 2,500,000 2,5O0,000 

T o t a l . . . . .  ...,,............ $2,809,230,000 $2,177,500,000 $2,007,7(l0,000 --- 

* Includes $117,473,000 of FY 1969 funds applied to FY 1970 budget plan. 





I?ESEARCH AND DEVELOP".rENT 

FISCAL YEAR 1970 ESTITTATES 

PROGRAM _ _  OBJEC'I'IV:?S ~ - AND JUSTTFICATTON: -.I. 

From i t s  i n c e ~ ~ t i o n ,  t h e  Apollo program h a s  focused on develoninF: ant[ 
demonstrat inR a ' i a s i c  n a t i o n a l  c a p a b i l i t v  t o  conduct manned space  o n e r l i t i o n s  
around t h e  e a r t h  and moon, and on t h e  moon. The development of t k e  Apctllo 
s p a c e c r a f t ,  t h e  Saturn Launch v c h i c l e s  and t h e  a s s o c i a t e d  o p e r a t i c n s  b:ise, 
w i t h  t h e  c o n s t r u c t i o n  of t h e  ground f a c i l i t i e s  r e q u i r e d  t o  achieve  th i : ;  h a s  
brought  t o g e t h e r  t h e  l a r g e s t  and most varied s c i e n t i f i c  and engincer in i :  team 
ever  assembled f o r  a p e a c e f u l  program. T h i s  p a r t n e r s h i p  of  i n d u s t r v ,  
u n i v e r s i t i e s ,  and government has  advanced t h e  Apol lo  program t o  t h e  poi-nt 
where t h e  n a t i o n a l  g o a l  of manned l u n a r  l a n d i n g  and r e t u r n  d u r i n g  1969 is  
w i t h i n  r e a c h .  T h e  accomnlishment of t h i s  g o a l  w i l l  b e  a d e c i s i v e  demoristra- 
t i o n  of t h e  n a t i o n ' s  a b i l i t v  t o  conduct  complex s p a c e  o p e r a t i o n s ,  a n d  \ r i l l  
p rovide  a sound foundat ion  f o r  a new and i n c r e a s i n g l y  p r o d u c t i v e  e r a  i i i  

space  f l i g h t .  

Apollo r e p r e s e n t s  a broad n a t i o n a l  c a p a b i l i t y  t o  launch  payloads  of n e a r l y  
145 t o n s  i n t o  e a r t h  o r b i t  and 50 t o n s  t o  t h e  moon; t o  a l l o w  men t o  l ivl:  and 
work i n  space  f o r  p e r i o d s  of up t o  two weeks; t o  s u s t a i n  men on a rounci 
t r i p  voyage of h a l f  a m i l l i o n  miles i n t o  space  and back t o  e a r t h ;  and 110 

conduct l i m i t e d  manned e x p l o r a t i o n  of t h e  moon. The f l i g h t  hardware bl2ing 
produced, t h e  s p e c i a l i z e d  s k i l l s  o f  t h e  workforce ,  t h e  nat ion-wide coml>lex 
of l a b o r a t o r v ,  manufac tur ing ,  t e s t ,  and launch f a c i l i t i e s ,  and t h e  technology 
c r e a t e d  i n  Apollo e s t a b l i s h  a v e r s a t i l e  and powerful  n a t i o n a l  assct .  

Sa turn /Apol lo  f l i g h t s  began i n  October 1961 when a S a t u r n  I dernonst r a t e d  
t h e  propuls ior :  concept  of c l u s t e r i n g  l a r g e  l i q u i d  f u e l e d  e n g i n e s .  Sevl?n 
y e a r s  l a t e r ,  -In October 1968, a f t e r  f i f t e e n  s u c c e s s f u l  f l i r h t s ,  t h e  Apisllo 
phase of t h e  S a t u r n  I/IB ser ies  of launches  was concluded w i t h  t h c  complet ion 
of t h e  Apollo 7 miss ion .  

The Apollo 5 m i s s i o n ,  u s i n g  a S a t u r n  IR, r e s u l t e d  i n  t h e  i n i t i a l  f l i ~ h t  
t e s t  of t h e  L m a r  Module. T h i s  unmanned t e s t ,  i n  January  1968,  v c v i f i e d  t h e  
a s c e n t  and d e s c e n t  s t a g e  p r o p u l s i o n  sys tems,  i n c l u d i n g  restart  anti t h r D t t l e  
o p e r a t i o n s ,  arid q u a l i f i e d  t h e  l u n a r  module f o r  manned f l i g h t  t e s t  i n q .  

Apollo 7 ,  t.he f i r s t  manned Apollo m i s s i o n ,  w a s  launched from Cixpe Kennedy 
on October  11, 1968--within t h r e e  minutes  of t h e  l i f t - o f f  t i m e  set t h r e e  
months e a r l i e r . .  On October 2 2 ,  a f t e r  a j o u r n e y  of  n e a r l y  11 d a y s ,  1 6 3  
o r b i t a l  r e v o l u t i o n s ,  and 4 1 / 2  m i l l i o n  m i l e s  around t h e  e a r t h ,  t h c  s p a c e c r a f t  
s p l a s h e d  down. tca a s a f e  recovery  i n  t h e  A t l a n t i c  Ocean. Apollo 7 ,  p i l o t e d  
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by Astronauts Sch i r r a ,  Eisele, and Cunningham, achieved a l l  i t s  primary test 
ob jec t ives  and represented a major milestone i n  moving toward the  goal of a 
manned lunar  ].antding and re turn .  

The Apollo 7 mission added a number of ' ' f i r s t s ' '  t o  t he  h i s t o r y  of manned 
space f l i g h t .  
spacecraf t .  I:t w a s  the  f i r s t  manned mission where the  spacec ra f t  had its 
own propuls ion system, a 20,500 pound-thrust engine,  f o r  major maneuvers i n  
e a r t h  o r b i t .  It: w a s  t he  f i r s t  manned demonstration of t he  spacec ra f t  and 
ground support: c:ommunications system required f o r  deep space operationis; t he  
f i r s t  test of t h e  t e l e v i s i o n  equipment planned f o r  a manned lunar  miss#ion; 
and the  f i r s t :  use  of an advanced on-board computer capable of c o n t r o l l i n g  
the  s p a c e c r a f t ' s  a t t i t u d e  and ve loc i ty .  

I:t w a s  t he  f i r s t  American f l i g h t  wi th  a three-man crew i n  one 

A signific:tmt: achievement of t he  f l i g h t  of Apollo 7 w a s  t he  f i r s t  f u l l  
use of ttie "open-ended" mission planning concept i n  manned space operat ions.  
I n  the  Gemini program, f l i g h t  experience w a s  acquired and the  design af  t he  
spacecraf t  t ea tad  i n  a series of steps--beginning wi th  a three-orb i t  f l i g h t ,  
followed by f l i g h t s  l a s t i n g  four ,  e i g h t ,  and f i n a l l y  four teen  days. I n  
Apollo 7 ,  the  s a m e  b a s i c  approach w a s  appl ied ,  bu t  i n s t ead  of stopping; a t  
each p la teau  and r e tu rn ing  from o r b i t ,  real-time telemetry w a s  used tci 
eva lua te  the  ripiicecraft 's read iness  t o  move forward t o  the  next  s t ep .  
r e s u l t  of t h i s  jinherent c a p a b i l i t y  to  c a p i t a l i z e  on success ,  t h i s  f i m t  
manned Apollo mission gained as much information about t he  r e l i a b i l i t y  of the  
spacecraf t  design as w a s  obtained i n  t h e  f i r s t  f i v e  manned Gemini f l iy ,h ts .  

A s  a 

With the  h i l t t - i n  f l e x i b i l i t y  of "open-ended" mission planning, thc to ta l  
r i s k s  of movjtng forward t o  the  next s t e p  can be weighed aga ins t  t h e  p o t e n t i a l  
f o r  s i g n i f i c a n t l y  advancing the  progress  toward a s a f e  and success fu l  lunar  
landing. 
r i s k ,  t he  Apo 110 philosophy of "open-ended" mission planning c r e a t e s  i.he 
c a p a b i l i t y  t o  c a p i t a l i z e  on success  and minimize the  t o t a l  r i s k s  t o  ttie 
f l i g h t  crews 

Accepting the  f a c t  t h a t  any space f l i g h t  involves  an element of 

The comp1ete:Ly successfu l  f l i g h t  of Apollo 7 and the  success fu l  development: 
of the  Saturn V permitted t h i s  country t o  undertake the  Apollo 8 mission. 

The f i r s t  Apollo Saturn V, an unmanned development test f l i g h t  designated 
Apollo 4, w a s  launched on November 9,  1967 i n  a highly successfu l  demonstra- 
t i o n  of the  "d:L-up" concept. 
as many new s y s t e m s  as p r a c t i c a l  i n  each f l i g h t ,  r a t h e r  than having ai1 
indiv idua l  f:Ltglit f o r  each new system. 
Saturn V veh:Lcle launched an Apollo Command and Service Module i n t o  a high 
e l l i p t i c a l  o r b i t  t o  test the  systems and t o  v e r i f y  the  h e a t s h i e l d ' s  a l d l i t y  
t o  withstand the  in t ense  heat  of re-entry from luna r  d is tances .  The niajor 
test ob jec t ives  were achieved, and the  6 mi l l i on  ind iv idua l  p a r t s  i n  the  
complex Saturn '1 performed r e l i a b l y .  

This "all-up" philosophy is designed t o  test 

During t h i s  Apollo 4 mission, t he  
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The second unmanned f l i g h t  test  of t he  Saturn V occurred on Apr i l  4, 1968. 
During t h i s  Apo:Llo 6 mission, t h e  "POGO" phenomenon ( long i tud ina l  osc~l.llationrr) 
developed, c2iiis:Lng unacceptably high stresses i n  t h e  space veh ic l e .  Addition- 
a l l y ,  i g n i t e r  f u e l  l i n e s  i n  the  upper s t a g e s  ruptured ,  r e s u l t i n g  i n  a pre- 
mature shutdown of two engines on the  second s t a g e ,  and t h e  f a i l u r e  of' t h e  
t h i r d  s t a g e  r5iig:Lne t o  restart. 
placed t h e  Apo1:Lo spacec ra f t  i n t o  o r b i t  around t h e  ea r th .  

Despi te  t hese  d i f f i c u l t i e s ,  t h e  Saturxi V 

The r e s o l u t i o n  of anomalies t h a t  occurred i n  Apollo 6 by a government and 
indus t ry  t a s k  t e a m  under t h e  d i r e c t i o n  of t he  Marshal l  Space F l i g h t  Center 
is considered an outs tanding  t echn ica l  achievement. 
rup tu re  probltsms were resolved through an ex tens ive  program of f l i g h t  d a t a  
a n a l y s i s ,  matliernatical modeling using computers, and ground t e s t i n g ,  2nd 
t h e  Saturn V Launch v e h i c l e  w a s  determined t o  be  ready f o r  manned f1ig;ht. 

The POGO and fuell. l i n e  

F i r s t  Manned --- Mission t o  the  Moon: 

I n  the  h i ~ t o l r y  of man, t he  f l i g h t  of Apollo 8 w i l l  be chronic led  as; t he  
f i r s t  t i m e  miii ever escaped t h e  bondage of h i s  p l a n e t ,  f lew t o  another  
ce1estia:L body, o r b i t e d  around it ,  and s a f e l y  re turned  t o  e a r t h .  

On December ;!l, 1968, p r e c i s e l y  on t i m e ,  t h e  f i r s t  manned Saturn V launch 
veh ic l e  s e n t  the Apollo crew of Astronauts  Borman, Love11 and Anders ji.nto a 
comp1ete:Ly success fu l  t e n  o r b i t  mission around t h e  moon. 

The mission began wi th  t h e  i g n i t i o n  of t he  Saturn V 1st s t a g e  (S-U:). 
Burning 4.5 mL1:Lion pounds of kerosene and l i q u i d  oxygen p rope l l an t  diiring 
i t s  b r i e f  2% inixiutes of f l i g h t  and genera t ing  over 7.5 m i l l i o n  pounds of 
t h r u s t  a t  laiiiich, t h e  1st s t a g e  l i f t e d  t h e  two upper s t a g e s ,  t h e  insti'ument 
u n i t ,  and an Apollo Command and Serv ice  Module t o  an a l t i t u d e  of 36 m i l e s .  
Retro-rockets then separa ted  i t  from t h e  2nd s tage .  Af t e r  i g n i t i o n ,  i.he 
f i v e  5-2 engitnes of t he  2nd s t a g e  (S-11) burned f o r  about s i x  minutes ,  
car ry ing  t h e  space v e h i c l e  t o  an a l t i t u d e  of nea r ly  115 m i l e s  above tlie 
ea r th .  
s t a g e  (S-IVBl f i r e d  f o r  about 2% minutes t o  increase the  v e l o c i t y  t o  1.he 
17,500 m i l e s  per  hour requi red  t o  c a r r y  the  three-man spacec ra f t  i n t o  e a r t h  
o r b i t .  PropeLlants f o r  later use i n  the  mission remained i n  t h i s  stap;e 
a f t e r  t he  S-TJB engine shu t  down. 

Af te r  j e t t i s o n i n g  t h e  S-I1 s t age ,  t he  s i n g l e  5-2 engine i n  thg! 3rd 

A s  t h e  Apo.Llo s p a c e c r a f t ,  combined with t h e  S-IVB s t a g e ,  c i r c l e d  ttie ear th , ,  
t he  astronaut!; and the  personnel  monitoring t h e  systems through t h e  f a c i l i t i e s  
of t h e  worldwide t r ack ing  network examined and v e r i f i e d  system read iness  f o r  
t he  lunar  mis:;ion. When t h e  readiness  of t he  crew and t h e  equipment was 
confirmed, t h e  3rd s t a g e  engine r e s t a r t e d ,  burned f o r  more than 5 miniites, 
and acce le ra t ed  t h e  spacec ra f t  t o  t h e  24,300 mph v e l o c i t y  necessary t < i  

escape from t h e  g r a v i t a t i o n a l  in f luence  of t h e  e a r t h ,  and propel led  tlie 
spacec ra f t  orit of e a r t h  o r b i t  and onto a pa th  t o  t h e  moon. 
t he  moon, another  check of t h e  complex equipment w a s  conducted. The a s t ro -  
nauts  separa ted  the  Apollo Command and Serv ice  Module from the  S-IVB ritage 
and t h e  insti:riment u n i t ,  l eav ing  t h e  s t a g e  t o  go i n  o r b i t  around t h e  run, 

On t h e  w a y  t o  
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and continuedl t h e i r  voyage t o  the  moon. A s  t h e  spacec ra f t  coasted clciser t o  
t h e  moon, the! service propuls ion engine w a s  used t o  make a midcourse correc- 
t i o n .  This siiime propuls ion system w a s  f i r e d  t o  slow t h e  spacec ra f t  dclwn and 
c a r r y  i t  i n t o  o r b i t  around the  moon. 

The luna r  o r b i t s  a t  s i x t y  n a u t i c a l  m i l e s  provided f u t u r e  Apollo crews 
wi th  va luab le  information on luna r  l i g h t i n g ,  l una r  f e a t u r e s  and landmarks, 
and confirmedl main's a b i l i t y  t o  acqu i r e  r e fe rence  p o i n t s  f o r  guidance Fturposes. 
The mission t:e!st.ed t h e  opera t ion  of t h e  t r ack ing  and communication sys8tems 
a t  luna r  dist.imc:es, and provided va luab le  d a t a  on per tu rba t ions  i n  l una r  
o r b i t  t h a t  axe thought t o  be the  consequence of concent ra t ions  of heavly 
metals beneat:h t:he luna r  sur face .  The incorpora t ion  of t hese  p e r t u r b a t i o n s  
i n t o  t h e  ca lcmla t ions  f o r  rendezvous and docking during later l u n a r  missions 
w i l l  be of great. a s s i s t a n c e  i n  a s su r ing  the  success of t hese  maneuvers;. 

On Chris  t n u i s  morning, t h e  service propuls ion  engine w a s  f i r e d  t o  increase 
the  spacecraf t ' s :  v e l o c i t y  f o r  an escape from luna r  o r b i t  and t o  start t h e  
journey back t o  e a r t h .  
d a t a  transmit.t:ecl from t h e  worldwide t r ack ing  network, provided t h e  Apctllo 
crew wi th  reference p o i n t s  f o r  determining t h e  r e t u r n  path. 
e a r t h  re-entry,  t h e  Serv ice  Module w a s  cast o f f  and a t  n e a r l y  25,000 miles 
per  hour, t h e  Ccnumand Module re turned  t o  e a r t h ,  h i t t i n g  t h e  very  narrciw 
c o r r i d o r  which is designed t o  minimize t h e  e f f e c t s  of t h e  h e a t  and g rav i t a -  
t i o n a l  forces; of re-entry i n t o  the  atmosphere. Three sets of parachutes  
slowed t h e  rate of descent ,  bringing t h e  spacec ra f t  down t o  wi th in  t h r e e  
m i l e s  of t h e  t a r g e t  po in t .  

On-board guidance and naviga t ion  d a t a ,  verifieid by 

Shor t ly  tiefore 

The f l ight :  w a s  a demonstration of t he  c a p a b i l i t y  of t h e  spacec ra f t  t o  
func t ion  and support  man i n  t h e  h o s t i l e  environment of space 233,000 miles 
from the  eart:h; of t h e  accuracy of t h e  guidance and naviga t ion  systemsi; of 
i ts  a b i l i t y  t:o maneuver and change course;  and of t h e  h e a t s h i e l d ' s  ancl 
s p a c e c r a f t ' s  s t r u c t u r e s  capac i ty  t o  withstand t h e  f o r c e s  and hea t  a t  t:he 
high speed of e a r t h  re-entry from luna r  d i s t ance .  

On Apollo 9 ,  t h e  fou r th  Saturn V w i l l  launch an Apollo Command and Serv ice  
Module and Lunar Module i n t o  o r b i t  around t h e  e a r t h  t o  perform t h e  reridezvous 
and docking nimeuvers t h a t  w i l l  be requi red  f o r  a landing mission. Fcim t h e  
f i r s t  t i m e ,  t:he Command and Service Module w i l l  dock wi th  t h e  Lunar Mcidule, 
and two of t he  th ree  Apollo crew members w i l l  t r a n s f e r  t o  t h e  Lunar Mcidule. 
The r e l i a b i l i t y  and performance of t h i s  module w i l l  be eva lua ted  duririg 
these  manned s inmla t ions  of l una r  opera t ions .  The following mission, 
Apollo 10,  is ;  planned as the  last major s t e p  before  a manned luna r  lariding 
may be attemptecl. This mission w i l l  be  an ope ra t iona l  checkout of thcl 
complete Apol2Lo spacec ra f t  i n  o r b i t  around t h e  moon, inc luding  rendezvous 
and docking. The success of these  two missions,  Apollo 9 and 10, w i l l  provide! 
t h e  experienc:c? t:o attempt the  i n i t i a l  l una r  landing, which is descr ibed  below. 
It should be  i:ec:ognized t h a t  although t h i s  mission sequence leading  tci t h e  
i n i t i a l  l una r  landing r ep resen t s  t he  primary p l an ,  a l t e r n a t e  Apollo planning 
recognizes t h a t  a requirement f o r  a d d i t i o n a l  missions p r i o r  t o  t h e  lariding 
attempt nlay hcome apparent as the  program proceeds. For t h i s  e v e n t u a l i t y ,  
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t he  program 'has t h e  c a p a b i l i t y  t o  r epea t  any mission as r equ i r ed  t o  e!;tablish 
a sound bas i s  f o r  moving t o  t h e  next  s t e p  i n  t h e  mission sequence. 

Lunar Landing - Mission P r o f i l e :  

The i n i t i a l  f l i g h t  of t he  landing mission c l o s e l y  approximates; t h e  Apollo (El 
mission u n t i l  t h e  space v e h i c l e  is i n s e r t e d  i n t o  a luna r  t r a j e c t o r y .  A check 
is made of t h e  spacec ra f t  equipment. I f  t h e r e  is no problem wi th  t h e  systems, 
t he  a s t r o n a u t s  s epa ra t e  the  Apollo Command and Service Module from thti? combina- 
t i o n  of t h e  Lunar Module, t h e  adap te r ,  t h e  S-IVB s t a g e ,  and t h e  instrliiment 
u n i t ,  t u r n  t h e  c r a f t  around, and dock nose-to-nose with t h e  Lunar M~d~iile.  
Af t e r  t h i s  docking maneuver i s  completed, t h e  adap te r  s e c t i o n ,  S--IVB, and 
instrument u n i t  are r e l e a s e d ,  and t h e  s p a c e c r a f t  cont inues i ts  journeiv t o  t h e  
moon. The voyage las ts  from 2% t o  3% days,  depending on t h e  d a t e  of launch, 
and on a planned t r a j e c t o r y  t h a t  provides f o r  a " f r e e  r e tu rn ' '  t o  earth; t h a t  
i s ,  i f  f o r  any reason i t  is not  p o s s i b l e  o r  adv i sab le  t o  go i n t o  luna r  o r b i t ,  
t he  spacec ra f t  sweeps around t h e  moon and back t o  e a r t h .  I f  c l e a r e d  €or luna r  
o r b i t ,  t h e  s e r v i c e  propuls ion system is  f i r e d  t o  slow t h e  s p a c e c r a f t  idown and 
c a r r y  i t  i n t o  o r b i t  around t h e  moon. Once i n  luna r  o r b i t ,  t h e  az;tron,mts 
aga in  check t h e  equipment, confirming t h a t  t h e  Lunar Module is ready to be  
used f o r  a landing. Two of t h e  t h r e e  Apollo a s t r o n a u t s  then leave the  Contmancl 
Module and move through connecting hatches t o  t h e  Lunar Module. A f t e r  s epa ra t -  
i ng  from t h e  o r b i t i n g  command c r a f t ,  t h e  two a s t r o n a u t s  i g n i t e  t he  Luiiar 
Module's descent  engine,  which slows down t h e  v e h i c l e  and t a k e s  i t  i n t o  an 
e l l i p t i c a l  o r b i t  t o  w i t h i n  t e n  m i l e s  of t he  l u n a r  su r face .  A t  t h i s  a l t i t u d e ,  
t h e  descent  engine is aga in  f i r e d  i n  a braking maneuver t o  reduce t h e  speed 
as t h e  Lunar Module approaches t h e  landing s i te .  The f i n a l  approach Ibegins 
a t  9,000 f e e t  w i th  a maneuver t o  b r ing  t h e  landing po in t  i n t o  t h e  a s t r o n a u t ' s  
l i n e  of s i g h t .  The descent  engine c u t s  o f f  a t  about 15 f e e t ,  j u s t  b e € o r e  t h e  
Lunar Module touches down on the  s u r f a c e  of t h e  moon. The l eng th  of t h i s  
f irst  s t a y  on t h e  moon w i l l  be less than 24 hours. During t h e  f i r s t  Landing, 
t he  a s t r o n a u t s  w i l l  c o l l e c t  l una r  s o i l  and rock samples, conduct observat ions, ,  
p l ace  experiments and instrumentat ion on t h e  s u r f a c e ,  and take photographic 
and t e l e v i s i o n  p i c t u r e s  of t h e  surrounding s u r f a c e .  

Af t e r  completing these  t a s k s ,  t h e  a s t r o n a u t s  r e t u r n  t o  t h e  Lunar Mlsdule 
and prepare f o r  t h e  c r i t i c a l  take o f f  ope ra t ion .  The descent  s t a g e  sIErves 
as a launching pad f o r  t h e  a scen t  s t a g e  with i t s  cabin.  The two astrlsnauts 
f i r e  t he  a scen t  engine and maneuver t h e  c r a f t  f o r  t h i r t y  minutes u n t i l  they 
rendezvous and dock wi th  t h e  o r b i t i n g  Command Module. A f t e r  they re-{enter 
t h e  command c r a f t ,  t h e  a scen t  s t a g e  i s  j e t t i s o n e d ,  and l e f t  i n  l u n a r  lorbit 
t o  r e l a y  a d d i t i o n a l  information back t o  e a r t h  on t h e  l i f e t i m e  and ope ra t ion  
of t he  equ ip ren t .  The service propulsion engine,  as i t  d id  i n  the Aplollo 8 
mission, w i l l  then f i r e  t o  inc rease  the  s p a c e c r a f t ' s  v e l o c i t y  f o r  an lescape 
from l u n a r  o r b i t  and t o  start the  journey back t o  e a r t h .  

A s p e c i f i c  o b j e c t i v e  of t h e  Apollo program w i l l  be a t t a i n e d  w:Lth t h e  f i r s t  
manned l u n a r  landing and r e t u r n  t o  e a r t h ,  and w i l l  he ra ld  a period of l u n a r  
exp lo ra t ion  using,  i n i t i a l l y ,  hardware a v a i l a b l e  i n  Apollo. The Apollo 
program inc ludes  t h e  procurement of 12 Saturn IB's, 15 Saturn V':;, 18 l u n a r  
mission configured Command and Service Modules and 14 f l i g h t  Lunar Modules. 
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I ANDING MISSION PROFILE 
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Subsequent: missions a f t e r  t he  i n i t i a l  manned luna r  landing w i l l  p o s i t i o n  
the  Apollo Lunar Surface Experiments Package (ALSEP) on t h e  s u r f a c e  of t h e  
moon. Using electrical  power suppl ied  by a r a d i o i s o t o p i c  thermoelectx:,ic 
genera tor ,  th:Ls series of ALSEP experiments w i l l  t ransmi t  d a t a  f o r  a )''ear o r  
more on seisnific a c t i v i t y  on t h e  moon, l una r  h e a t  f low, s o l a r  wind, and 
charged p a r t i c l e s  e x i s t i n g  above the  su r face  of t h e  moon. The primary, 
goal  of continued lunar  explora t ion  is t o  determine how t h e  moon can b e s t  
serve our  nat::tonal i n t e r e s t s  and i t s  p o t e n t i a l  f o r  b e n e f i t i n g  a l l  t h e  people 
of t he  e a r t h .  The p r i n c i p a l  s c i e n t i f i c  o b j e c t i v e s  inc lude  understanding 
t h e  moon"s o r t g i n ,  composition, formation, and evo lu t ion ,  and i t s  re l a t ion - -  
sh ip  t o  the  t!ilrth and t h e  e n t i r e  s o l a r  system. The b a s i c  Apollo systcnms 
provide f o r  rem's  s tayt ime on the  moon'up t o  one day, and provide a l imi ted  
r ad ius  of exp:Lor:ation from the  Lunar Module. Basic t e c h n i c a l  o b j e c t i v e s  w i l l  
be t o  expand inan's c a p a b i l i t y  t o  explore  t h e  moon by inc reas ing  a s t ronau t  
s tay t ime and inobi l i ty ,  and developing su r face  v e h i c l e  and o t h e r  mobi l i ty  
u n i t s  f o r  travei:ses t o  assist man i n  accomplishing an ex tens ive  survey of 
the  moon., 

SUMMARY OF Rl3SOIIRCES REQUIREMKNE: --- 
l.970 ----- 1968 1969 

Spacecraf t  ................. $1,034,700,000 $902,800,000 $653,,800,000 
Saturn V. . . . . . . . . . . . . . . . . . .  853,965,000 534,453,000 496 700,000 
Lunar explora t ion .  ......... --- --- 11 I, 000,000 
Operations ................. 545,765,000 546,400,000 489 ,, 600,000 
Saturn IB . . . . . . . . . . . . . . . . . .  101,100,000 41,347,000 .--- 
Engine deve Lopment 20,500,000 --- --- --- ......... 

T o t a . L . . . . . . . . . . . . . . . . . . . .  $2,556,030,000 $2,025,000,000 $1,6511,100,000 -- 

D i s t r i b u t i o n  --- of Program Amount - by I n s t a l l a t i o n :  

John F. Kennedy Space 

Manned Slpacecraf t Center.  
Marshall  Space F l i g h t  

center . . . . . . . . . . . . . . . . .  
Goddard Space F l igh t  

Center................. 
Jet Propiills ion Laboratory 
Ames Research Center..... 
E l ec t ron ic s  Research 

Center. . . . . . . . . . . . . . . . .  
Langley 'Research Center..  
NASA Headquarters ........ 

Center ,  NASA ........... $368,851,000 
1,140,464,000 

992,490,000 

184,000 
166,000 

7,000 

1,600,000 
1,162,000 

51,106,000 

$383,200,000 
1,008,750,000 

583,450,000 

$324 ,, 700,000 
779,900,000 

503 ,700,000 
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BASIS OF FUNDING REQUIREMENTS: 

Spacecraf t  

Command and s e r v i c e  module $393,023,000 $346,000,000 $217 ,i1300 ,000 
Lunar module.............. 402,688,000 326,000,000 270,1900,000 
Spacecraf t  support . . . . . . .  . 110,514,000 121,800,000 95,700,000 
Guidance and naviga t ion  ... 61,158,000 43,900,000 26,liOO, 000 
I n t e g r a t i o n ,  r e l i a b i l i t y ,  

and checkout............ 67,317,000 65,100,000 --2 42 '300,000 

Tota l  ................... $1,034,700,000 $902,800,000 $653,(300,000 
-I__ 

The Ap0110 spacec ra f t  c o n s i s t s  of t h r e e  modules: t he  Command Ilodul~a, t he  
Serv ice  Module, and t h e  Lunar Module. The Command Module is  a double-shelled,  
con ica l  shaped s p a c e c r a f t  conta in ing  systems f o r  communications; environmental  
con t ro l ;  guidance and naviga t ion ,  s t a b i l i z a t i o n  and c o n t r o l  f o r  i n - f l i g h t  and 
re -en t ry  manuevering; thermal p r o t e c t i o n  a g a i n s t  t he  hea t  of re -en t ry ;  and 
e a r t h  landing s y s t e m s .  Providing t h e  l i v i n g  and crew s t a t i o n  q u a r t e r s ,  i t  
is the  only h a r d w a r e  used dur ing  a mission t h a t  is  recovered. The S e r v i c e  
Module is  a c y l i n d r i c a l  s t r u c t u r e  s t o r i n g  most of t h e  spacec ra f t  consumables 
such as oxygen, hydrogen, and propuls ion f u e l s .  The Service Module con ta ins  
the  main spacec ra f t  p ropuls ion  system providing 20,500 pounds of t h r u s t ;  t h e  
r e a c t i o n  cont1.01 system f o r  secondary propuls ion and manuevering; t h e  elec- 
t r i c a l  power system; and elements of the  communication and environmental  
c o n t r o l  sys t ems .  
The Lunar' Modiile is a se l f -conta ined  v e h i c l e  c o n s i s t i n g  of a descent  s t a g e  
and an ascent s t a g e  wi th  a two-man cabin.  The module serves as a base of 
ope ra t ions  on t he  s u r f a c e  of t he  moon, Each s t a g e  is equipped wi th  i t s  own 
engine - t he  descent  s t a g e  engine provides  the  d e c e l e r a t i n g  f o r c e  necelssary 
f o r  a s o f t  l m d i n g ;  t he  a scen t  s t a g e  engine launches t h e  t w o  a s t r o n a u t s  up 
from the  surfl ice of the  moon t o  t h e  o r b i t i n g  Command and Serv ice  Module. 

It is j e t t i s o n e d  from the  spacec ra f t  j u s t  p r i o r  t o  re-entry.  

Command and Serv ice  Module (CSM) 

Command and Serv ice  Modules were developed by t h e  Space Div is ion  of t h e  
North American Rockwell Corporat ion,  and are produced a t  t h e  Downey, 
C a l i f o r n i a  p:LimI:. Sixty-two major subcon t rac to r s  i n  twenty states have 
supported North American Rockwell i n  t h i s  e f f o r t .  Four unmanned CSMs w e r e  
s u c c e s s f u l l y  E1:Lght t e s t e d  be fo re  the  f i r s t  manned o p e r a t i o n a l  test diiring 
t h e  Apo1:Lo 7 inirrsion. 
second Sa turn  V v e h i c l e  i n  Apr i l  1968. 

The last unmanned spacec ra f t  w a s  launched by t€le 

The Command iind Serv ice  Modules used f o r  a l l  manned f l i g h t s  are configured 
f o r  lunar  missions,  and inco rpora t e  changes r e s u l t i n g  from the  Ap0110 204 
acc iden t .  P r i n c i p a l  changes inc lude  t h e  replacement of t h e  prev ious  two- 
p i ece  Command Module ha tch  wi th  a s i n g l e  u n i f i e d  ha tch  and replacemeni: of 
flammable noismetallic cabin materials wi th  new materials which have mi!t t he  
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st r ingent :  nor1 inl'lammabj l i t v  and nonpropaEation s t anda rds  t h a t  have becn 
e s t a b l i s h e d .  hriv flammable materials required i n  t h e  s p a c e c r a f t  arc  tnclosed 
i n  f i r e  resisterit con ta ine r s  o r  are  s t r i c t l v  c o n t r o l l e d  t o  small  q m n t  i t i e s .  
Netal covers  encase a1 1 previouslv exposed plumbing a n d  e l e c t r i c a l  eauipment . 
Addit ional  protcict ive measures were taken t o  s t r eng then  the  plumbing t y  
placing armored c o l l a r s  around j o i n t s .  Eleven C V S s  w i l l  be i n  var ious s t a g e s  
of production arid f a c t o r y  chtchout during FY 1970. The rerluested funcling also 
supports  t h e  m a l v s i s  of f l i E l i t .  d a t a  and the  necessarv in-plant  ca!>ahi l i t v  f o r  
t he  solultion of problems vhich a r i s e  during t e s t ,  pre-launch checkout and 
€ l i g h t  pllase!;. 

Lunar Module ( L M )  

Study and idesign e f f o r t  on t h e  Lunar ??odule w a s  i n i t i a t e d  by Griimm;in 
A i r c r a f t  Engineering Corporation, Rethpage, N e w  York. i n  e a r l v  1 9 6 3 ,  The 
f i r s t  f l i g h t  a r t i c l e ,  designated Lhl-1, bras  launched bv a Saturn TR i n  
Januarv 1968 i n  an unmanned development mission. The f l i g h t  v e r i f i e d  t h e  
ope ra t iona l  r e l i a b i l i t y  of t h e  systems and t e s t e d  t h e  LJ.1 propuls ion s y r s t e m s  
and t h e i r  c a s a b i l i t v  t o  res ta r t  du r ine  f l i g h t .  Two LFI t e s t  a r t i c l e s  irere 
flown on t h e  two unmanned Apollo Saturn V missions n s  p a r t  of  thc unm;inned 
f l i g h t  q u a l i f i c a t i o n  test program and provided d a t a  on v i h r a t i o n ,  aco i i s t ics  
and s t r u c t u r s l  i n t e g r i t v  under a launch environment. Flammabilitv tea;ts 
were conducted i n  December 1967 when a series involving over  40 r l e l i b ~ ? r a t e l v  
simulated i a n i t i o n s  was completed and demonstrated t h e  Lunar 'Iodule's 
a b i l i t v  t o  meet t h e  s t anda rds  € o r  nonpropagatian of f i r e .  Durinf: FY L970, 
seven Lunar Modules w i l l  he i n  t h e  process  of subsvstem and s t r u c t u r a l  
assembly, systems i n t e E r a t i o n ,  and checkout a t  Grumman. The capahi l i l rv  i s  
a l s o  being maintained a t  Grumman f o r  poss ib l e  LN modif ica t ions  and p r  >blem 
so lv ing  which mav be necessarv as a r e s u l t  of t he  tes t  and fl iEht:  pro1:rams. 

Spacecraf t  Support 

Spacecraf t  support  funds provide f o r  tes t  o p e r a t i o n s ,  crew eqilipment, 
space s u i t s ,  l o g i s t i c s ,  instrumentat ion,  and s c i e n t i f i c  eauipment. Flmds 
are required to conduct spacec ra f t  development and a n a l y s i s  t e s t s  a t  the 
Nanned Spacecraf t  Center and o t h e r  government test l a b o r a t o r i e s .  A c t i v i t i e s  
a t  t h e  f a c i l i t i e s  of the llanned Spacecraf t  Center i nc lude  unmanned and manned 
thermal-vacuum t e s t i n g ;  component and subsystem q u a l i f i c a t i o n ;  r e l i a b i l i t y  
and v e r i f i c a t i o n  t e s t i n g ;  and e l e c t r o n i c  systems c o m p a t i b i l i t y  tests. 
Service Module propuls ion system t e s t i n g  and Lunar Module a scen t  and descent 
engine t e s t i r . g  is conducted a t  White Sands, New Flexico. Lunar Module propul- 
s i o n  system smd Serv ice  ?:odule propuls ion system t e s t i n g  i s  a l so  conducted 
i n  s p e c i a l  test c e l l s  a t  t h e  Arnold Engineering Development Center ,  
Tullahorria, Tennessee. 

Spacecraft. support  funding a l s o  provides  f o r  development and procurement 
of space s u i t s  and r e l a t e d  crew equipment; s u r v i v a l  equipment; food; ex t r a -  
veh icu la r  ac t . i v i ty  umbi l i ca l s ;  personal  hygiene systems: and bioinstrumenta- 
t i o n .  :lajor e f f o r t  i n  FY 1970 is  focused on manufacturing space s u i t s  and 
po r t ab le  l i f e  support  systems r equ i r ed  f o r  ope ra t ing  on t h e  l u n a r  s u r f a c e ,  
as w e l l  a s  manufacturing t h e  r e c e n t l y  designed noninflammable crew space s u i t .  
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Logistic funding for FY 1970 is required for transportation of spacecraft 
between installations and procurement of spacecraft fuels and propellants 
used in the test programs at NASA and other government facilities and ,at 
contractor sites. 

Instrumentation and scientific equipment funding for FY 1970 providcs for 
development and procurement of specialized flight research and test inqtru- 
mentation. Typical equipment includes signal conditioners, sensors, trans- 
mitters, anternas, ground support equipment, cameras, and radiation messuring 
devices. 

Guidance and Navigation (G&N) 

A guidance and navigation system unit is carried on both the Command and 
Service PIodule and the Lunar hlodule. The unit is composed of three subsystems. 
The inertial f;uidance subsystem measures changes in the spacecraft position 
and velocity and assists in generating steering commands. The optical sub- 
system is used t o  take precision navigational sightings and provide the 
computer witk measured angles between the stars and landmarks. T'he computer 
subsvstem cor,sists of a digital computer which takes data from the inertial 
guidance and optical subsystems and calculates spacecraft position, velocity, 
and steering commands. 

The guidance and navigation system units for the Apollo spacecraft were 
designed by the Massachtisctts Institute of Technologv. The General Motors/ 
A .  C. Electronics Division in hqilwaukee, Wisconsin, is the prime contractor 
for production of the inertial guidance subsystem, including its associated 
electronics, !:round support, and checkout; and f o r  integrating and testing all 
subsystems of' the guidance and navjpation system. The on-hoard navigational 
computer suboyst.em is manufactured bv the Ravtheon Company, Waltham, 
Massachusetts : t:he optical subsystem is built by the Kollsman Instrument 
Corporation, l?lmhurst, New York.. 

FY 1970 fuiidihg provides for the checkout of flight units; engineering 
and technical. support €or  resolution of problems ; and preparation, deLlelop- 
ment, testing, and modification of computer programs. Because of thc heavy 
launch schedu'te in FY 1970, the capabilitv for analvsis of flight dat:i and 
resulting sofmare reprogrammi.ng will be maintained. 

Integration, Reliability and Checkout 

The integr~tfon, reliability, and checkout funding provides for automatic 
checkout equ-ipmcmt (ACE) stations and engineering support. The spacer raft 
ACE is used at the contractor plants and at NASA test and 1.aunch site:, for 
separate and cornbined checkout of the spacecraft systems. The bas ic  clesign 
of ACE ground stations was completed in FY 1964 ;  14 ACE stations axe ILOW 
operational. 

Funding in Ff 1970 vrovides €or operation of the checkout stations, as 
well as related enFineering changes and spare parts to maintain the orbera- 
t ional equipinmi:. 
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The fundinj; a l s o  provides  f o r  t he  engineer ing support  requi red  f o r  pace-- 
c r a f t  spec i f  icat- ion maintenance and review; systems performance ana lys j  s;  
r e l i a b i l i t y  and q u a l i t y  assurance:  t rend  a n a l y s i s ;  c r i t i c a l  parameter : , tudies  
and t echn ica l  Droblem a n a l y s i s  : mission planning and a n a l y s i s  ; post-f 11 ght 
d a t a  process in?  and documentation; s imula t ion  and t r a i n i n g ;  and i n t e r f z x e  
con t ro l .  

Saturn V --____ 

1st s tage ( S - I C )  ........... 
2nd stage (S-IL) ........... 
3rd s tage (S-T'VB). ......... 
Instrument u n i t . . . . . . . . . . . .  
Vehicle support .  ........... 
Cround support  equipment ... 
F-1 engine ................. 
5-2 engine ................. 

Tota l . . . .  ................ 

$121,428,000 
205,156,000 
121,825,000 

62,642,000 
150,748,000 

38,974,000 
81,368,000 

-- 7 1  ,824Ac02 

$70,7 00,000 
132,000,000 

78,400,000 
39,500,000 

113,500,000 

38,675,000 
41,478,009 - 

20,200,000 

$66 ,,OOO, 000 
120 ,, 624,000 

75 ,, 200,000 
33 ,, 600,000 

109,000,000 
18 ,000,000 
37 ,670,000 

-- 36,606,000 

$853 965 000 --- $534 2- 453,000 - _I_- $496,700,000 
~ - -____ __ __ - -_-.-LA--.- - --- -____ 

The Saturn V launch v e h i c l e ,  t h i s  count ry ' s  most powerful rocke t ,  pcxsesses  
nea r ly  f i v e  times the  t h r u s t  of t h e  Sa turn  I R .  Comprised of t h r e e  proimlsion 
s t a g e s  and an instrument u n i t ,  t h e  Saturn V can launch payloads of nea r ly  145 
tons  i n t o  low e a r t h  o r b i t ,  o r  payloads of 50 tons  t o  the  moon. 

F i f t een  f l i g h t  v e h i c l e s  a r e  being produced f o r  a planned series of lun- 
manned q u a l i f i c a t i o n  f l i n h t s ,  manned lunar  landing s imula t ions ,  and manned 
lunar  landings.  The f i r s t  two veh ic l e s  were de l ivered  i n  Fy 1967 and completed 
the  unmanned c u a l i f i c a t i o n  phase of t he  program. The f i r s t  launch. i n  
November 1967, was a f u l l y  successfu l  demonstration of t he  ' 'all-up" concept 
of hardware dcvelovment, incorpora t ing  the  i n i t i a l  f l i g h t  test of t h e  1st and 
2nd s t ages  anc the  1st s t a g e  engines .  The 3rd s t a g e ,  t h e  2nd and 3rd s t age  
engines ,  and the instrument u n i t  had been t e s t e d  during e a r l i e r  S.iturn T R  
f 1 igh t  s . 

Anomalies occurred i n  the  second Saturn V launch veh ic l e  durin:? the  
Apollo 6 missjor  i n  A m i 1  1968. During t h e  "burn" of t he  1st s tage ,  t he  
f i v e  F-1 enRirie5 bcRan t o  pulse  toge ther ,  and a s i g n i f i c a n t  o s c i l l a t i o n  o r  
"POCO' e f f e c t  developed i n  t h e  launch veh ic l e .  These o s c i l l a t i o n s  were 
s i m i l a r  t.o thosc caused bv a t roop of s o l d i e r s  marching i n  s t e p  ac ross  a 
suspension br 1 dp;e. Addi t iona l lv ,  a u x i l i a r y  f u e l  l i n e s  ruptured i n  the 
engines of t he  t w o  upper s t ages  dur ing  the  l a t e r  po r t ions  of t he  f l i g h t .  

Af te r  t he  :!nc! s t age  i g n i t e d ,  i t s  f i v e  5-2 engines  performed s a t i s f a c t o r i l y  
during t h e  in: . t ja l  po r t ion  of t h e  "burn", but  a ruptured i g n i t e r  fuel l i n e  
i n  t h e  number 2 engine r e s u l t e d  i n  a pressure  loss, and the  instrument u n i t  
commanded t h e  engine t o  shut  down. This  s i g n a l  w a s  a l s o  received by the  
number 3 engine.  The s t a g e  continued powered f l i g h t  d e s p i t e  t h e  shutclown 
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of these  two engines .  
been dep le t ed ,  t he  2nd s t a g e  shutdown, and the  3rd s t a g e  wi th  i t s  s i n g l e  5-2 
engine fi .red normally t o  place t h e  s p a c e c r a f t  i n  e a r t h  o r b i t .  Af t e r  a coast-  
ing  per iod ,  t he  3rd s t a g e  engine w a s  commanded t o  restart. The engine f a i l e d  
t o  restart bec:ause of a ruptured i g n i t e r  f u e l  l i n e  similar t o  t h a t  which 
occurred i n  the  2nd s t age .  

Af t e r  t h e  l i q u i d  hydrogen and l i q u i d  oxygen f u e l  had 

An ex tens ive  test program was e s t a b l i s h e d  and conducted by t h e  Marshall 
Space F l i g h t  Center and a group of hardware and consu l t an t  c o n t r a c t o r s  to  
determine the! engine f a i l u r e  modes and to  examine proposed c o r r e c t i v e  modif i- 
c a t i o n s  f o r  this,  problem and f o r  t he  "POGO" produced by the  enginle phasing. 
Computer simultations ind ica t ed  a p o s s i b l e  sequence of even t s  and the  f u e l  
l i n e  rupt:ure condi t ions  w e r e  then dup l i ca t ed  i n  the  labora tory .  The cause 
of t he  f a i l u r e  was then examined and found t o  be a v i b r a t i o n  r e s u l t i n g  from 
f u e l  f low i n  the  vacuum of space. During engine t e s t i n g  a t  atmospheric 
l e v e l s ,  t:hese v i b r a t i o n s  were never s eve re  enough t o  cause a r u p t u r e  blecause 
l i q u i d  a i r  condensing on the  s u r f a c e  of t h e  f u e l  l i n e s  had provided damping. 
These 1aborat:ory and test e f f o r t s  r e s u l t e d  i n  a redesigned and res t rengthened  
f u e l  l i n e  being i n s t a l l e d  on a l l  5-2 f l i g h t  engines .  The "POGO" phencimenon 
w a s  resolved by using helium i n  t h e  l i q u i d  oxygen preva lves ,  thus  providing 
accumulators to change the  e f f e c t i v e  l eng th  of t he  l i q u i d  oxygen feed l i n e s  
i n  the  propu1t:sion system. This  lowered the  n a t u r a l  frequency of t he  Flropul- 
s i o n  system, ,and moved i t  away from the  n a t u r a l  frequency of t h e  s t r u c t u r e .  
The modi f ica t ions  t o  the  F-1 and 5-2 were success fu l ly  demonstrated dur ing  
ground and s ta t ic  t e s t i n g .  

1st Stage (S-IC) 

The Saturn V 1st s t a g e  is produced by the  Boeing Company a t  t h e  Michoud 
Assembly Fac:Llil:y near  New Orleans,  Louis iana.  Boeing has  been supported by 
f i f t y  major :3ubcontractors l oca t ed  i n  s i x t e e n  states. The s t a g e s  are accept-  
ance t e s t e d  i a t  t he  Miss i s s ipp i  T e s t  F a c i l i t y  i n  Hancock County, M i s s i s s i p p i ,  
before  being shipped by barge t o  the  Kennedy Space Center .  The s t age . ,  
weighing n e a r l y  4.8 m i l l i o n  pounds when f i l l e d  wi th  f u e l ,  is 138 f e e t  t a l l  
and 33 f e e t  i n  d iameter .  Burning 535,000 ga l lons  of l i q u i d  oxygen ancI 
kerosene f u e l ,  Lts engines  develop over 7.5 m i l l i o n  pounds of t h r u s t  ; i t  

launch, and, during i t s  150 seconds of f l i g h t ,  c a r r y  the  space vehicld! t o  
an a l t i t u d e  of 38 m i l e s  and a v e l o c i t y  of 6,000 mph. Development of t1:he 
s t a g e  began i n  1962, wi th  the  f i r s t  f l i g h t  test of t he  stage occuirrinl,: i n  
November 1967. 

FY 1970 funding provides  f o r  t he  completion of manufacturing and assembly 
of t he  S-IC stages procured f o r  the  Apollo program. Undelivered stages w i l l  
be i n  va r ious  phases of checkout,  acceptance test and pos t - t e s t  refurbish- 
ment and checkout. Five Saturn V launches are planned f o r  FY 1970. A 
s i g n i f i c a n t  engineer ing c a p a b i l i t y  w i l l  be  maintained f o r  so lv ing  t ec lmica l  
problems which may arise and f o r  ana lyz ing  the  l a r g e  amounts of flighl: da t a .  
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2nd Stage (S-11) 

The 2nd s t a g e  of t h e  Saturn V uses  a c l u s t e r  of f i v e  5-2 engines t o  
generate  a t o t a l  t h r u s t  of over one m i l l i o n  pounds. Development of t h i s  
s t a g e  a l s o  began i n  1962. The development, product ion,  and test o f  thie 
s t a g e  is t h e  r e s p o n s i b i l i t y  of t h e  Space Divis ion of t he  North A m e r i c a n  
Rockwell Corporation. Manufacturing, assembly and f a c t o r y  checkout of t h e  
s t a g e  is perfclrmed a t  S e a l  Beach, C a l i f o r n i a ,  i n  government owned faci l i t ies .  
Twenty-seven major subcon t rac to r s  assist i n  t h e  production of t h e  s t age .  
Acceptance tez , t ing  of t h e  f l i g h t  s t a g e s  is  conducted a t  t h e  M i s s i s s i p p i  
T e s t  F a c i l i t y  be fo re  d e l i v e r y  t o  t h e  Kennedy Space Center.  

The S-,II s t ands  n e a r l y  82 f e e t  high,  has  a diameter of 33 f e e t ,  weighs 
95,000 l b s .  and holds  over  930,000 pounds of p r o p e l l a n t .  During : I ts  64 
minutes of f l f g h t ,  t h e  s t a g e  pushes t h e  space v e h i c l e  t o  an a l t i t u d e  of 
115 m i l e s  and a speed of 15,300 mph. 

Five of t h e  f i f t e e n  f l i g h t  s t a g e s  included i n  t h e  S-I1 program have been 
del ivered t o  the Kennedy Space Center.  Three a d d i t i o n a l  s t a g e s  are scheduled 
t o  a r r i v e  a t  Kennedy Space Center by t h e  end of FY 1969. 
systems i n s t a l l a t i o n ,  test  and checkout on t h e  last seven S-I1 s t a g e s  w i l l  
b e  underway iri FY 1970. 
so lv ing  c a p a b j l i t y  w i l l  a l s o  be maintained a t  t h e  p l a n t .  

Manufacturing, 

I n  a d d i t i o n ,  a f l i g h t  d a t a  a n a l y s i s  and problem 

3rd Stage (S-IVB) 

The 3rd s t a g e  of t h e  Saturn V (S-IVB) w a s  developed and is produced by 
t h e  McDonnell-Dcuglas Corporation a t  Huntington Beach, C a l i f o r n i a .  Ninety- 
one major subc:ontractors i n  e igh teen  states supply subsystems and components 
f o r  t h i s  s t a g e .  The s t a g e  is powered by a s i n g l e  5-2 engine and gene ra t e s  
a t h r u s t  of 230,000 pounds a t  a l t i t u d e .  The s t a g e  is  used on both the  
Saturn IE,  and t h e  Saturn V ,  bu t  b a s i c  development c o s t s  were funded from 
t h i s  l i n e  item. McDonnell-Douglas performs s t a g e  acceptance t e s t i n g  a t  t h e  
Sacramento Test  Operations S i t e  i n  C a l i f o r n i a .  Fab r i ca t ion  of t h e  f i r s t  
Saturn V S-IVEl f l i g h t  s t a g e s  began i n  1964. The s t a g e  achieved a s i g n i f i c a n t  
and c r i t i ca l  milestone during t h e  f i r s t  Saturn V mission when i t  s u c c e s s f u l l y  
demonstrated i t s  a b i l i t y  t o  restart i n  a space environment. A t o t a l  of f i v e  
Saturn V f l i g h t  s t a g e s  have been de l ive red  t o  t h e  Kennedy Space Center w i th  
t h r e e  more scheduled t o  be  t r anspor t ed  t o  t h e  Kennedy Space Center be fo re  the  
end of FY' 1969. 

FY 1970 funding w i l l  support  t h e  production e f f o r t s  on t h e  l as t  of t he  
f i f t e e n  f1igh.t. s t a g e s  included i n  t h e  Saturn V procurement f o r  Apollo. With 
the  f i v e  Saturn V f l i g h t s  i n  FY 1970, a s t r o n g  base of s k i l l e d  manpower w i l l  
be maintained t o  provide a quick and e f f e c t i v e  response t o  t h e  problems which 
can OCCUI' during, t h e  pre-launch, checkout, and f l i g h t  phases. Thle a n a l y s i s  
of f l i g h t .  d a t a  w i l l  a l s o  be c r i t i ca l  because of t h e  heavy launch schedule. 
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Instrument Unit (IU) 

The Saturn V instrument u n i t  is  e s s e n t i a l l y  the  same as  the  one u s e d  on 
t h e  Saturn IB. The instrument u n i t  conta ins  the  guidance and c o n t r o l  system 
t h a t  i s s u e s  comiands t o  t h e  a t t i t u d e  c o n t r o l  devices  of each s t a g e  during 
powered fl igtl t .  t o  guide t h e  launch veh ic l e .  The instrument u n i t  ,also c o n t r o l s  
engine st.art and c u t o f f .  The u n i t s  are  assembled and checked ou t  by the  
In t e rna t iona l  Business Machines Corporation i n  Hun t sv i l l e ,  Alabam<a. Components 
and subsystems are suppl ied  bv f i f ty - two major subcont rac tors  i n  seventeen 
s ta tes .  

I n  Fy 1970., t.he las t  seven remaining u n i t s  w i l l  be i n  va r ious  phases of 
f a b r i c a t i o n ,  assembly, and checkout. With f i v e  f l i g h t s  scheduled f o r  FY 1970, 
these funds ~3-11. a l s o  cover t h e  c a p a b i l i t y  f o r  a n a l y s i s  of f l i g h t  data  and 
the  subsequent sof tware reprogramming of t h e  instrument u n i t  i n  t h e  event 
of mission prof f l e  changes. 

Vehicle Support 

Vehicle support  funds are u t i l i z e d  f o r  s e r v i c e s  and equipment t h a t  are 
common t o  more than one s t age  of t h e  veh ic l e .  I n  FY 1970, t h e  e f f o r t  i s  
concentrated on test ope ra t ions  a t  t h e  Miss i s s ipp i  T e s t  F a c i l i t y ;  l o g i s t i c s ,  
which inc lude  use of a i r c r a f t  and marine v e s s e l s  f o r  t r a n s p o r t a t i o n  of s t a g e s ,  
engines  and cmmponents; ope ra t ion  of t he  S l i d e l l  Louisiana Computer Fa , c i l i t y ;  
range s a f e t y  ancl tracking; devices  f o r  t h e  veh ic l e s :  p rope l l an t s :  systems in-  
t e g r a t i o n ,  t o  a s su re  proper conf igura t ion  c o n t r o l  of a l l  s t a g e s ,  systcims, and 
s t r u c t u r e s  : c:omputation s e r v i c e s  ; engineer ing s e r v i c e s ,  inc luding  qual i t y  
c o n t r o l  and I-nspection; r e l i a b j  l i t y ;  and f l i g h t  eva lua t ion  programs. 

Ground Support Equipment (GSE) 

The Saturn V ground support  equipment c o n s i s t s  of t h e  e l e c t r i c a l  arid 
mechanical sunport  equipment requi red  t o  test and checkout t h e  s tages  ,, 
instrument u n i t s ,  and a s soc ia t ed  hardware. The checkout procedures dweloped  
f o r  t h e  liatui-ii 11 a r e  based on the  p r i n c i p l e  t h a t  improved veh ic l e  r e l i a b i l i t y  
and minimum time a t  t h e  launch s i t e  can be a t t a i n e d  by us ing  a computer- 
con t ro l l ed  s n t e m  i n  which the  opera t iona l  soundness of components is  auto-  
ma t i ca l ly  veirif-Led. Automatic checkout equipment is used a t  t h e  manui actur inf : ,  
ground tes t ,  and launch sites. 

The Generial Electr ic  Companv provides  des ign ,  f a b r i c a t i o n ,  checkout., and 
l o g i s t i c  support  of t he  Saturn V e l e c t r i c a l  support  equipment. The Boeing 
Company prov-Me!; t h e  Saturn V eauipment management svstem, and i s  a l s o  
respons ib le  f o r  t he  i n t e g r a t i o n  and l o g i s t i c  support  of a l l  mechanicall supnort: 
equipment. 'r'?e Radio Corporation of AmerIca and Sanders Assoc ia tes  siipply 
computer system!; and d i s p l a v  svstems f o r  use a t  Launch Complex No. 3 9 ,  
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Funding du r ing  FY 1970 suppor ts  t h e  ope ra t ion  of s t a g e  and vehiicle ground 
support  eqriiplnent , inc luding  mechanical and e l ec t r i ca l  support  equipmt!nt t o  
s a t i s f y  'Saturn '? reauirements .  

F-1 Engine 

The F-1 engine,  t h i s  coun t ry ' s  most powerful eng€ne, w a s  developed by t h e  
North Americ.in l?ockwell/Rocketdyne Div is ion  a t  Canoga Park,  Ca1iforni; i .  
Engine t e s t i n g  is conducted a t  Edwards A i r  Force Base, Californial .  Five 
l i q u i d  oxvgen/karosene F-1 engines  are c l u s t e r e d  i n  t h c  1st s t a g e  of <the 
Sa turn  V ,  wi th  each engfne p n e r a t i n g  over  1 .5  m i l l i o n  pounds of thru:;t a t  
launch. The p r inc ipa l  ope ra t ing  system of t h e  F-1 engine inc ludes  a 1:urbopump 
u t i l i z i n q  a 55,1300 horsepower tu rb ine  t o  d r i v e  a pump supplying l iquicl  oxygen 
a t  t h e  r a t e  (of iiearlv 25,000 ga l lons  pe r  minute and another  pump impel l ing  
kerosene a t  the  ra te  of 15,500 ga l lons  per  minute,  i n t o  t h e  t h r u s t  ch,imber. 
The turbopum.9 i s  subjec ted  t o  extreme temperature  cond i t ions  - one enci o p e r a t -  
ing  a t  +1,500 d q r e e s  Fahrenhei t ,  and t h e  o t h e r  a t  -300 degrees  F'ahreiiheit. 

Each engine.  weighing almost t e n  t o n s ,  is  19 f e e t  h igh  and over  12 f e e t  
wide. The i n i t i a l  c o n t r a c t  f o r  t h e  F-1 w a s  awarded t o  Rocketdyne i n  .January 
1959. 

Production of F-1 engines  €or Apollo w i l l  be  concluded i n  FY 1.970. The 
funds f o r  FY 1970 a l s o  provide a quick response c a p a h i l i t v  f o r  eva1uaI:in: 
and r e so lv ing  anv F-1 problems encountered i n  t h e  f l i g h t  miss ions .  This  
e f f o r t  covers  f i e l d  and engineer ing suppor t ;  maintenance of t h e  t es t  Imgines; 
t e s t i n g  of t h e  compovents and engine systems, includinR p r o p e l l a n t s :  ,and 
pe r iod ic  v e r i f i c a t i o n  of f l i g h t  worthiness  t o  a s s u r e  mission r e l i a b i l i t y  and 
s a f e t y .  

5-2 Engine 

The 5-2 engine i s  a l s o  produced bv North American Rockwell 's  1Cocke:dyne 
Divis ion.  T h e s e  engines  a r e  used i n  t h e  2nd and 3rd s t a g e s  of t h e  Sa turn  V. 
The 2nd s t age  i s  powered bv f i v e  .I-2 engines ,  each producing over  200,000 
pounds of t h r u s t ,  whi le  t he  3rd s t a g e  is  powered bv a s i n g l e  230,000 '7ound 
t h r u s t  5-2 engine wit! l  restart c a p a b i l i t y .  The 5-2 is  a somewhat: smaller 
enp,ine than the  F-1 being 11 f e e t  hiRh and nea r ly  7 f e e t  wide. ;Ct is  a high 
performance engine using l i q u i d  oxygen and l i q u i d  hydrogen f u e l .  The 5-2 
en tered  development i n  September 1960, and t h e  f i r s t  f l i g h t  t e s t  was inade 
i n  February 1966,  when i t  nowered t h e  S-IVR s t a g e  on t h e  f i r s t  Sa turn  I B  
launch. 

The funds i n  lT 1970 provide f o r  completion of 5-2 engine product i lm and 
f o r  t h e  f i e l d  and engineer ing support  a c t i v i t y  r equ i r ed  €o r  f l i s h t  ev,aluat ion 
and problem so lv iny .  The funds a s s u r e  maintenance of tes t  engines  i n  a con- 
f i g u r a t i o n  f o r  ran id  s o l u t i o n  of nroblems through component and systein testin): ,  
as well as f o r  pe r iod ic  v e r i f i c a t i o n  of f l i z h t  worthiness .  The requirement 
f o r  t h i s  problem so lv ing  c a p a b i l i t y  w a s  demonstrated dur ing  t h e  r ccen t  
i nves t iga t ion  bv t h e  '!arshall Space F l igh t  Center of t h e  a u x i l i a r y  €u-.l l i n e  
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rupture on the J-2 engine during the second Saturn V fliaht. Thjs in.lrestiya- 
tion required an extensive series of tests, initiallv to duplicate tha: failurr!, 
and then to verify the proposed modification to correct the situation. Much 
of the 5 - 2  environmental testin2 is conducted at the Air Force Arnold Enginc- 
erinE Develonment Center in Tullahoma, Tennessee. 

Lunar Exploration _--I_ I 

Lunar exploration ............. 
--- --- Sll 0')0,000 Total....................... ----- -I I_ -.--- ---I-: - - ---..---- ___-- - . ~  

The activities and developments necessary to expand the capabilities and 
usefulness of basic Apollo hardware to conduct extended exploration of the 
moon are being studied intensively. FY 1970 funding will be used for the 
definition of modifications to A D O ~ ~ O  hardware, new system requiremen's and 
experiments. The efforts to date have resulted in the broad outline of 
requirements. her 15 distinctive tvpes of geological features have Ibeen 
identified on the lunar surface. They have been grouped into five major 
classes, representing fundamental scientific questions associated with the 
nature of the moon. Manned landings at several features within each najor 
class are necessary to complete a well balanced exploration. 
ties, however, must he enhanced by extending his lunar staytime beyonil the 
one day restrictions inherent in present Apollo hardware, and by expanding 
the radius of his exploration through the use of astronaut mobiliitv aids 
and the development of lunar traverse vehicles. The traverse vehicle should 
be able to journey several hundred miles, collect samples, make rieasurements 
and deploy geophysical instruments. Deployment of instrument net:work; are 
essential in determining the internal structure and energy budget of the moon. 
At each site visited, the most significant activities must be the collection 
of samples, both on site, and from the traverse vehicle, and the observations 
made by an astronaut-geologist. Other complementary exploratory actirrities 
include orbital measurements of the moon through metric photography, icomposi- 
tional mapping, and electromagnetic radiation measuring. 

Man's upabili- 

Operat ions- 

Launch, flight and recovery... $468,121,000 $483,400,000 !;445,1300,000 
43 300,000 Technical....... .............. --?---L.--- 77 644 000 - 63 , 0 0 0 . J m  --.--A- 

Total. ...................... $545,765,000 $546,400,000 $489 Ih00,OOO 
--I --- 

This project provides for crew training, launch, flight and recovery and 
for the programwide technical and Department of Defense support required for 
manned space flights. Included in the Apollo portion of operations is fund- 
ing of the basic capability to conduct manned flight, regardless of program, 
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t oge the r  with n c t i v i t i e s  necessary f o r  s p e c i f i c  Anollo missions.  The 
a s soc ia t ed  ope ra t ions  p r o j e c t  included i n  Space FliRht Operations fund(; only 
those PFforts  uniyue t o  t h a t  program. The r ead iness  and n d a p t a b i l i t v  I>f t h i s  
ex tens ive  c a n a b i l i t v  t o  conduct manned e a r t h  o r b i t  and deep space missions 
has been d rama t i ca l ly  demonstrated i n  the  Apol lo  7 and A p o I l o  8 f l i g h t ; .  
F i n a l  checkout of all f a c i l i t j e s  i n  p repa ra t ion  f o r  t he  i n i t i a l  l una r  landin!: 
w i l l  he completed a f t e r  t h e  Apo l lo  9 a n d  Anollo 70 missions.  

Launch, Fl i c h t  and P.ecovery 

T h e  two p r i n c i p a l  c e n t e r s  f o r  launch ,  f l i 2 h t  c o n t r o l  and rccov('t-v 
a c t i v i t i e s  a r e  thc  Kennedv Space Center,  F lo r ida  and the  ?!armed Spacer i raf t 
Center,  Texas. 

'i'hc Kennedy Space Center is  r e s m n s i h l e  f o r  checkout throiigh ssstem l>v 
system t e s t i n g  and a n a l y s i s  t o  determine i f  d i sc repanc ie s  e x i s t  durin:: the  
p repa ra t ion  f o r  launch of both the  launch v e h i c l e s  and t h e  s n a c e c r n f t ;  
maintenance and ope ra t ion  of t h e  launch f a c i l i t j e s ;  f i n a l  i n t e g r a t i o n  and 
i n t e g r a t e d  checkout of t h e  space v e h i c l e  which includes t h e  launcli v e h i c l e  
payload; t he  operat ion and coord ina t ion  of support ing f a c i l i t i e s ,  grou~id 
support  equiprent  and l o g i s t i c s  supnort  ; and the  conducting of t hc  lauiirli. 
Over one b i l l i o n  d o l l a r s  i n  land and f a c i l i t i e s  have been  invested i n  :]lis 
"spaceport" which occupies 87,800 a c r e s ,  t he  c e n t e r  of vhich i s  the  m?;sivc. 
T.aunch Complex 39 used t o  assemble and Jaunrh t h e  Saturn V space vcbliiclc. 
T h i s  complex inc ludes :  (1) t h e  Vehicle Assemblv Building v i t h  n voluml. n f  
130 m i l l i o n  ciibic f e e t ,  where t h e  space v e h i c l e  i s  assrmhlecl and (.heclxtl o u t ;  
( 2 )  t he  t h r e e  v o b i l e  launchers ,  445 fee t  t a l l ,  iinon which the  veli- cle is 
e rec t ed  f o r  ckeckout,  and wliich l a t e r  serve  a s  t he  launching plati-orm; ( 3 )  
t he  mobile s e r v i c e  s t r u c t u r e ,  over  400 f e e t  h igh ,  which provides a c c c s i  
through vnrk r l a t fo rms  t o  t h e  space v e h i c l e :  ( 4 )  t h e  t w o  crawler  t r n n s m r t e r s  
which c a r r y  tl-c launch v e h i c l c ,  mo!.ile launcher ,  and mohile s e r v i c e  s t  ructi:re 
t o  va r ious  n o r i t i o n s  n t  t h e  launch complex; (5)  t he  two launch ar( ' , is  ( " a d s  A 
& R )  con ta in ing  t h e  f u e l  s t o r a g e  and t r a n s f e r  svstem f o r  t h r  va r ious  r rvovenic 
and hvnergolic f u e l s  and coo lan t s :  and, (6)  t he  Launch Control Ceriter I.rhich 
se rves  as the  c e n t e r  of t he  ?round svstem t h a t  monitors t he  checkout a i d  
launch of t h e  space v e h i c l e .  

' lajor f a c i l i t i e s  involved i n  p repa ra t ion  f o r  launch, o t h e r  than 1,nuqch 
Complex 33, a r e  contained i n  the  Vlanned Spacecraf t  Operations Hui'tdinp (KtSOB). 
This  f a c i l i t v  houses equipment a s soc ia t ed  wi th  t h e  checkout of the. s n n = w r a f t :  
and inc ludes  a l t i t u d e  chambers, Automattc Checkout Equinment (ACE:) S t a t i o n s  
and f l i g h t  c r e w  t r a i n i n g  f a c i l i t i e s  and eauinmcnt. 

The major c p e r a t i o n a l  c o s t s  of t h e  Kennedv Space Center are  a s soc ia t ed  
wi th  t h e  checkout of t h e  s p a c e c r a f t  and t h e  launch v e h i c l e s ,  and the l iunch  
support  requirements.  Iluring FY 1970  nea r ly  tvo - th i rds  of t he  fundin? f o r  
launch ope ra t ions  is a s soc ia t ed  wi th  the  checkout and p repa ra t ion  o f  l w n c h  
v e h i c l e s  
a t  KSC. 
underway 
1971. 

332-276 0 

and s,pacecraf t by the  major hardware c o n t r a c t o r  workforct. loc  3ted 
Five launches are  planned f o r  FY 1970. I n  a d d i t i o n ,  work w i l l  be 
on v e h i c l e s  and a s soc ia t ed  s p a c e c r a f t  t h a t  can h e  launchwi i n  FY 
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Launch supFort i s  supplied by both NASA c o n t r a c t o r s  and the  A i l -  For ix  
Eastern Test Fange (AFETR). The  Department of Defense is  reimbursed fl?r AFETR 
c o s t s  incurred f o r  NASA support  based on a c o s t  sha r ing  formiila developed by 
t h e  Bureau of the Budget. Included i n  launch support  i s  t h e  manajiement and 
operat ion of I m n c h  Complex 39 : systems engineer ing s e r v i c e s  ; technical. shop 
operat ions:  t r o p e l l a n t  s e r v i c e s  and n rope l l an t  systems l abora to ry  ope r s t ions :  
and ordnance s t c rage .  Also included are  engineer ing desiqn and fabrication 
s e r v i c e s  f o r  t.hc e l ec t r i ca l  and e l e c t r o n i c  svstems t h a t  support  thc  A p D l l o  
launch capabil  i t v  and t h e  mod i f i ca t ion ,  i n s t a l  l a t i o n  and spec ia l i zed  msin- 
tenance of launch f a c i l i t i e s :  and pos t  launch f a c i l i t v  refurbishment.  

Other operat ional  c o s t s  a t  KSC fnvolvp the  commitation and instrumentat ion 
support .  This  i nc ludes  t h e  ope ra t ion  and maintenance of t h c  Central  In s t ru -  
mentation Facj l i t v  ( C I F ) ,  vhich houses the  GF-635 comnuting s y s t c n s ,  hiqh 
speed p l o t t e r s ,  magnetic tane data  transmission equinment and compiitcr 
pe r iphe ra l  cquiyment r eau i r ed  t o  support  two ope ra t ions  simultsneousl v .  Other 
operat ior ia l  ciinrort  provided under t h i s  categorv inc ludes  the  opera t ion  and 
maintenance clf t e l eme t rv ,  antenna,  and t r ack ing  systems t h a t  r ece ive  and 
process da t a  frcm nre-launch tes t s  and launches of NASA space v e h i c l e s .  

The Iknncd S r a c e c r a f t  Center (?EC) i n  Houston i s  t h e  headquartc3rs f 3 r  a l l  
crew, f l i g h t .  a rd  recoverv ope ra t ions .  The a s t r o n a u t s  a re  based a t  t h i s  
Center d o n ?  \ l i t 1 1  most of t h e i r  e s s e n t i a l  t r a i n i n g  equipment. This cquipment 
includes prof I ciencv n i r c r a f t ,  s p a c e c r a f t  mockups, procedures s imula to r ,  
dockinp t r a i r e r ,  zero  “G” s imula to r ,  systems t r a i n e r ,  l una r  landin? t r a i n i n g  
v e h i c l e s  and t.hE mission s imula to r s .  The ‘-tanned Spacecraf t  Center i s  a l s o  
r e spons ib l e  f o r  mission s imulat ion and o t h e r  a s t r o n a u t  t r a i n i n E  equipment 
loca ted  a t  tile t.:ennedv Space Center.  Also a t  ;“SC is the  : ! iss ion (Control 
Center w i th  i t.s highly sopl i i s t ica ted  comnuter complex a n d  ex t ens iv r  communica- 
t i o n s  l i n k s  t o  t he  tracl i n ?  ncttrork nncl o t h e r  worldwide da ta  souroc‘s. The 
Center c o n t r o l s  f l i g h t  ope ra t ions  from s h n r t l v  a f t e r  l i f t o f f  t o  recoverv.  

The major amount of the  furding rcouired i n  support  of ope ra t ions  d i r e c t e d  
bv the  ?Ianncc. Spacecraf t  Center i s  a s soc ia t ed  wi th  maintaining a c n p n b i l i t v  
t o  provide the  t r a i n i n g  and f l  i g h t  c o n t r o l  r equ i r ed  t o  conduct mawed space 
f l i g h t  mj s s i o n s .  This includes the  ope ra t ion  and maintenance of tlie blission 
Control Center: the t ra ining:  of t he  a s t r o n m t  crcwci throiigh the use of t h c  
t r a i n e r s ,  s imu la to r s  and high 9prformance a i r c r a f t ;  the  niairltenance a n d  u r -  
clntfng of recr)vcrv eqiiinment: medical o p e r a t i o n s -  comnritcr suppor t :  a n d  
general  t.echr CE 1 and m p i n e e r i n r  siinnort . 

In  a d d i t i o n  t o  t hese  has i c  expcnses,  t he re  a r c  requirements t h q t  are 
d i r e c t l v  relelt:al,le t o  s p e c i f i c  missions such as  mission Dlnnninr, ircliidinK 
t r a j e c t o r v  analysis: f a i lu re  nnalvsi  s and eva lua t jnn  of opc ra t ions l  perform- 
ance;  and tlie funding of  recoverv ope ra t ions  which encompasses t h s  planninp, 
developnicmt ~ i n d  o p e r a t i o n a l  phases  of recoverv a c t i v i t v  inc lud in?  t.he l o c a t  i o n  
and r e t r i e v a l  of t h e  a s t r o n a u t s  and snacec ra f t  following touchdow. ‘Ihe 1)OD 
provides most of t h e  recovery ope ra t ion  elements r eau i r ed  by NASA i n  t h i s  
support  catcyprz’. Veimbursemc~nt i s  made f o r  a l l  DOD c o s t s  incurrcd b ~ s c d  
on t h e  number of s h i p s ,  a i r c r a f t ,  communications f a c i l i t i e s  and  t r a i n i n ?  
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personnel. depI.oued and on t h e  number of days t h a t  these  resources  a r e  
requi red .  

Technical 

Technical opera t ion$  provide € o r  the  systems engineer ing needed f o r  t he  
i n t e s r a t e d  t echn ica l  suppor t ,  review, and a n a l v s i s  of t he  e n t i r e  Apoll3 
program; the  support ing development necessarv f o r  product improvement; f o r  
t he  con t r ac to r  admin i s t r a t ion ,  & d i t ,  and proper ty  admin i s t r a t ion  s e r v i c e s  
provided bv t h e  Department of Defense on a reimbursable b a s i s ;  and f o r  the  
nonrecurr ing maintenance and r e h a b i l i t a t i o n  of government owned indus t  r i a l  
p l an t s .  In  FY 1970 systems engineer ing s e r v i c e s  provide func t iona l  an11 
performance s tandards  f o r  Apollo developed hardware; t echn ica l  i n t e g r a t i o n  
and eva lua t ion ;  t echn ica l  documentation; and o v e r a l l  t r a j e c t o r y  a n a l y s i s  
pr imar i ly  thraugh the  p r i n c i p a l  systems engineer ing c o n t r a c t o r s  - Relll:omm, 
Boeing, and General Electric.  Emphasis t r i l l  cont inue t o  be placed on 
maintaining a quick response c a p a b i l i t y  f o r  a n a l v s i s  of Apollo fli.ght inissions.  
Funding f o r  sunpor t ine  development w i l l  concent ra te  on engineer ing e f f o r t s  t o  
improve Manned Space F l i g h t  hardware. The na tu re  of t hese  e f f o r t s  varv 
widely,  extending from a l t e r n a t i v e  sub-svstems t o  new material  fabrica1:ion 
and t e s t i n g .  E f fo r t  i n  FY 1970 w i l l  be devoted t o  those promising are.is 
h ighl ighted  i n  previous work with new t a sks  focusing on appl ied  svstem 3 

development. 

Saturn IR 
_I____ 

--- Saturn IS.................. $~l,lOO,OOO $41,347,000 .--- __I_ -_- 
--- ............. 

--_I__ 
--I_- 

$41,347,000 -~ Tota l . . . . . . .  $101,100,000 

The Saturn I B  is a two-stage launch veh ic l e  wi th  a c a p a b i l i t y  a f  pliicing 
approximately 20 tons  of payload i n t o  a low e a r t h  o r b i t ,  and w a s  used 1.0 
f l i g h t  t e s t  t1 i2  ,Lunar ?iodule and t o  demonstrate t he  ope ra t iona l  c a p a b i l i t y  
of t he  Apollo Command and Serv ice  Flodules. The 1st s t a g e ,  powered by c!ight 
H-1 engines ,  produced about 1 . G  m i l l i o n  pounds of t h r u s t .  The Chryslei 
Corporation p r ~ ~ d u c e s  t h i s  s t a g e  a t  t h e  Nichoud Assembly F a c i l i t y  i n  N e t r  
Orleans,  Louisiana.  The second s t a g e  (SIV-B) , which is  b a s i c a l l y  t h e  Z'ame 
a s  t he  t h i r d  !;tal:e of Saturn V ,  w a s  developed by t h e  PIcDonnell-Douglas 
Corporation and is powered by a s i n g l e  5-2 engine capable  of producing 
230,000 pounds 01' t h r u s t .  

The Apollo program procured 1 2  Sa turn  I B  veh ic l e s .  The v e h i c l e  w a s  
q u a l i f i e d  f o r  manned f l i g h t  i n  1.966 a f t e r  t h r e e  successfu l  development 
f l i g h t s ,  which a l s o  Q u a l i f i e d  the  major system of the  3rd s t a g e  of t he  
Saturn V (S-IV13 s t a g e ) .  A Saturn I B  was scheduled t o  launch t h e  f i r s t  
Apollo manned spacec ra f t  i n  e a r l v  1967, but t he  Apollo acc ident  and the 
subsequent: reciuirements f o r  s i g n i f i c a n t  m a c e c r a f t  modi f ica t ions  delayed 
t h i s  f l i g h t  unl:il. October 1468. The October f l i g h t  was t h e  las t  planned 
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f l i g h t  i n  the  Apollo phase of t h i s  series al though i n  the  event  of problems 
with the  Saturn V ,  t h e  remaining seven v e h i c l e s  can be used f o r  Apollo e a r t h  
o r b i t a l  CSH/L,FI missions.  N o  FY 1970 funding f o r  t he  Saturn IB is  be in?  
requested i n  t.he Apollo program. 

FY 1968 was the  l a s t  year  of funding under the  Engine Development 
p r o j e c t .  Qua3.if i c a t i o n  of the H-1, F--1. and 5-2 engines was accomplished 
durinq F7.’ 196;’. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

SPACE FLIGHT __ OPERATIONS __ PROGRAM ~ 

PROGRAM OBJECT :[VE:S AND JUST I F  I C A T I O N  : 
._-___ ___ 

The Space F'Lif:ht Operations program is  d i r e c t e d  toward inc reas ing  t b l e  
s c i e n t i f i c ,  t cxhn ica l ,  and economic r e t u r n  on t h i s  n a t i o n ' s  investment i n  
technology; laiinch, product ion,  and ope ra t ions  f a c i l i t i e s :  t h e  s c i e n t i f i c ,  
engineer ing and rianagement s k i l l s  and e x p e r t i s e ;  o p e r a t i o n a l  techniques;  
and hardware equipment developed i n  the  Gemini and Apollo programs. Ccn- 
t inued use of t h i s  n a t i o n a l  c a p a b i l i t y  is an e s s e n t i a l  element as t h i s  
na t ion  con ti nu^?^ i t s  i n d u s t r i a l  and t e c h n i c a l  growth and maintains  i t s  
r o l e  as a tech~~o.Logica1 l eade r  of t h e  world. 

The focus € o r  t he  Space F l i g h t  Operations program is  t h e  development 
and ope ra t ion  of a manned space s t a t i o n  t h a t  can be launched i n  t h e  m i t l -  
1970's.  
systems which w i l l  provide t h i s  country with the  c a p a b i l i t y  t o  conduct 
long-term space ope ra t ions  are now de f ined ,  and s tudy e f f o r t s  are bein!: 
conducted on narrowing the  range of a l t e r n a t i v e s .  The s t a t i o n  w i l l  be 
a b l e  t o  ope ra t e  i n  e a r t h  o r b i t  on a semipermanent b a s i s ,  and i t s  systems 
and conf igu ra t ion  w i l l  be designed t o  accommodate payloads of varying 
s i z e  and complexity. The conf igu ra t ion  w i l l  have a b a s i c  capab i ld ty  t o  
inco rpora t e  complete experiment modules, t o  r ep lace  l i f e  support  and 
o t h e r  modules, and t o  t ake  on new experiment modules a f t e r  the s t a t i o n  
is i n  o r b i t .  It  w i l l  a l s o  accommodate increases i n  crew s i z e  from the  
i n i t i a l  complement. This a d a p t a b i l i t y  w i l l  a l low the  space s t a t i o n  t o  
respond t o  technological  advances and new o p e r a t i o n a l  techniques.  

'The :general requirements of t h e  space s t a t i o n  inc lud ing  1ogis l . ic  

The development of a versat i le  space s t a t i o n  is  c l e a r l y  the key tow(3rd 
developing more e f f e c t i v e  space ope ra t ions  and broadening t h e  range of 
a c t i v i t i e s  t h a t  can be  conducted i n  the  unique environment of space.  rhe 
t o t a l  system c o n s i s t s  of a long d u r a t i o n ,  multipurpose space s t a t i o n  
where men,  can  l i v e  and work f o r  extended per iods and a l o g i s t i c  SJ 1 stem 
f o r  ca r ry ing  men,  s u p p l i e s ,  and experiment modules t o  and from t h e  o r b i t -  
i ng  s t a t j o n .  Tl-e productive long-term use of t h e  space environment 
depends on the  a b i l i t y  t o  reduce the  high c o s t  of p u t t i n g  payloads i n t o  
o r b i t .  The in t roduc t ion  of recoverable  and reusable  systems i s  a 
potent ia l .  means of reducing these  c o s t s ,  s imp l i fy ing  the  o p e r a t i o n a l  
procedures,  sold providing convenient and economical round t r i p  t r anspor t a -  
t i o n  t o  and from an o r b i t i n g  space s t a t i o n .  

The combination of a f l e x i b l e  base f o r  e a r t h  o r b i t a l  ope ra t ion  and an 
economical me:inEi f o r  reaching t h e  s t a t i o n  and r e t u r n i n g  t o  e a r t h  . w i l l  be t h e  
next  major s t e p  i n  using t h e  f r o n t i e r s  of space t o  maintain t h e  v i t a l i t y  and 
forward progress  of our s o c i e t y  during t h e  next  decade. It w i l l  provide a 
n a t u r a l  focalt p o i n t  f o r  advancement of science and technology and a platform 
f o r  i nc reas ing  the  b e n e f i t s  of space t o  mankind. 
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Once the space station system is established, its use for research, 
observations, and operational activities can be determined on the basis of 
priorities and resources available at a given point in time. With the 
advantages of added volume, operational flexibility, and built-in versa- 
tility, the sprice station system opens great opportunities for expanding 
and improving the quality and quantity of information obtained about earth 
resources, oceanography, weather prediction and control, disaster warnings, 
air and sea traffic control and safety, cartography, and scientific inues- 
tigations. T h e  lifetime and capabilities of the station will extend 
knowledge of the effects of long-term space operations on man's physiology 
and psychology. 
continued deveLopment of the systems and technology required to increase 
man's ability to live and work comfortably in space and to progress toward 
practical solutions in establishing, operating, repairing, and maintaining 
permanent orbital stations. 
increased produc1;ivity and versatility in future space operations, incli uding 
permanent bases which could be used as launching platforms, refueling 
stations, and sophisticated observatories and working laboratories. 

In addition, the space station will provide a base fox 

This body of knowledge will open the door to 

Initial Space Flight Operations will be conducted in Apollo Applicat:ions, 
which is built on the strong base of flight experience, ground fac:ilit:ies, 
and trained m,anpower developed in the Apollo program. Apollo Appl.icat 'ions 
employs the Saturn I Workshop, the Apollo Telescope Mount, and basic si;,ace 
vehicle hardware developed and procured in Apollo. This basic hardware is 
being modified to meet the unique requirements of the Apollo Applicatims 
missions and to capitalize on the Apollo-developed capability by accomplish- 
ing a limited but carefully selected spectrum of scientific, techriologtcal 
and medical investigations. The project is a progressive step toward the 
establishment of a long-term space flight operations capability in the 
Space Station, and furnishes information which will be used to reach sound 
decisions on the content and configuration of our future operations in the 
space environnien t . 
SUMMARY OF RESOURCES REOUIREMENTS : 

1969 __-____ 1968 
I_-- 

Apollo appl.!-cations ............ $253,200,000 $150,000,000 
Space stat ion. ................. 
Operations. -- 

--- --- 
--- --- .................... 

Total........................ $253,200,000 -- $150,000,000 
I 

AppliCiltioII of funds reserved from apportionment pursuant 
to the Revenue and Expenditure Control Act of 1968 
(Pub. L. '90-364, 82 Stat. 251) ........................... 
Budget authority requested ............................... 

1970 
--.- -.- 

$308,8,00,000 
9, ClOO ,000 

--L-- 36 '100,000 

$354,100,000 

- 117,1'173,000 - 
---I_ 

---- $236 ,O27,000 
----I_-- 
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D i s t r i b u t i o n  a'f Program Amount by I n s t a l l a t i o n :  

1968 

John F. K.ennedy Space 
Center ,  NASA ............... $577,000 

Manned Splztcecraf t Center. .... 79,840,000 

Jet I'ropul-sion Laboratory.  ... 942,000 
Wallops Stat: ion.  ............. 191,000 
A m e s  Research Center. .  ....... 860,000 

Langley Research Center. .  .... 933,000 

Marshall  Spa.ce F l i g h t  Center.  159,O70,000 
Goddard Space F l i g h t  Center.  . 403,000 

Electronics Research Center. .  386,000 

NASA Headquarters.  ........... 9,998,000 

1969- 

$245,000 
61,924,000 
84,200,000 -- - 

--- 
--- 

605,000 --- 
--- 

3,026,000 

:$15,500,000 
140,000,000 
186,100,000 

Apollo Appl ica t ions  

Apollo app:Lications c o n s i s t s  of t h ree  b a s i c  missions and relies p r jmar i ly  
on hardware developed and produced f o r  t he  Apollo program. The missicln 
o b j e c t i v e s  inc lude  : 

1. Obtaining information on how b e s t  t o  s u s t a i n  o r  improve t h e  e f f e c t i v e -  
ness  of man :in :;pace i n  terms of biomedical cons ide ra t ions ,  l i v i n g  coridi t ions , 
mobi l i t y ,  and work s t a t i o n  designs.  

2. E f fec t ing  long du ra t ion  opera t ions .  Since the  q u a n t i t y  of datal 
r e t u r n  and o t h e r  accomplishments is gene ra l ly  d i r e c t l y  p ropor t iona l  t o  t h e  
du ra t ion  of t h e  flight, t he  va lue  and economy of each mission can be  1;reatly 
enhanced by increas ing  the  amount of t i m e  t h a t  can be devoted t o  prodiictive 
a c t i v i t i e s .  

3. Conducting s c i e n t i f i c ,  t e c h n i c a l ,  and a p p l i c a t i o n s  t a s k s  wi th  I:he 
purpose of a s ses s ing ,  experimenting wi th  and inc reas ing  man's c a p a b i l t t i e s  
f o r  performing these  t a s k s ;  as w e l l  as the  a c q u i s i t i o n  of u s e f u l  d a t a  and 
r e s u l t s  . 

4. Providing information t o  support  t h e  e f f o r t  i n  developing the  long 
du ra t ion  Space S t a t i o n  of t he  mid-1970's. 

Saturn I Workshop --__- Mission: 

I n i t i a l  Wcxkshop ope ra t ions  are planned i n  1971. The Workshop is set 
up i n s i d e  t h e  empty hydrogen tank of a spent  S-IVB s t a g e ,  a f t e r  .its a c t u a l  
use as a launch v e h i c l e  s t age .  The Workshop then serves as t h e  iiucleus 
of an embryonic space s t a t i o n .  Operat ing subsystems f o r  power, Life suppor t ,  
thermal c o n t r o l s  and experiments,  t oge the r  wi th  Air lock  and Docking Adapter 
are c a r r i e d  i n  the  volume occupied by the  s p a c e c r a f t  adap te r  i n  the  normal 
Apollo conf igura t ion .  

RD 2-4 



The Saturn I Workshop mission r e q u i r e s  t h e  launch of two Saturn I B  
v e h i c l e s  t o  e s t a b l i s h  and begin ope ra t ion  of a l a r g e  volume workshop i n  
e a r t h  o r b i t .  An unmanned f l i g h t ,  c o n s i s t i n g  of a Saturn I B  with ;in A i r -  
l ock  Module, and a Docking Adapter, w i l l  b e  launched f i r s t .  A second 
Saturn I B  launch, occurr ing approximately one day la ter ,  w i l l  be  nianneii 
and w i l l  rendezvous wi th  t h e  S-IVB s t a g e  of t h e  f i r s t  f l i g h t .  The 
hydrogen tank of t h e  S-IVB s t a g e  w i l l  be vented so t h a t  i t  i s  s a f e  f o r  
crew occupancy. Following ven t ing ,  t he  hydrogen tank w i l l  be r ep res su r -  
ized with t h e  two-gas atmosphere of oxygen and n i t rogen .  The crew w i l l  
t r a n s f e r  from t h e  Command Module through t h e  Docking Adapter and che 
Air lock Module i n t o  t h e  Workshop, and complete p repa ra t ions  f o r  the crew 
q u a r t e r s .  Elements of t he  Workshop w i l l  have a l r eady  been p r e i n s t a l l e d  
i n  the S-IVB s t a g e  before  launch. The Ai r lock  Module w i l l  have a s u i t a b l e  
hatch t o  permit access t o  space without  dep res su r i z ing  the  o r b i t a l  assembly. 

The experiments planned on t h i s  mission are c h i e f l y  devoted t o  determin- 
ing  and eva lua t ing  t a sk  performance of men i n  space over extended pe r iods  
of t i m e .  H a b i t a b i l i t y  experiments i nc lude  crew q u a r t e r s  e v a l u a t i o n ,  food 
and food p repa ra t ion ,  personal  hygiene p rov i s ions ,  eva lua t ion  of space 
s u i t s ,  and moh i l i t y  devices .  Extensive medical eva lua t ions  of thle e f f e c t  
of long duration, space f l i g h t  on t h e  c r e w  w i l l  be  made. Engineering 
experiments,  including t a s k s  t e s t i n g  t h e  f e a s i b i l i t y  of o r b i t a l  assembly, 
measurement c d  h e a t  flow, e l e c t r o n  beam welding, tube j o i n i n g ,  anld 
c o n t r o l l e d  flamniabili ty i n  the  zero g r a v i t y  environment, w i l l  be  conducted. 
F i n a l l y ,  va r ious  technology and s c i e n t i f i c  experiments,  i nc lud ing  e a r t h  
science observat. ions,  are planned. The planned mission d u r a t i o n  f o r  t h e  
crew w i l l -  be ;!8 days. Af t e r  completion of experimental  a c t i v i t i e s ,  the 
equipment: i n  t h e  Workshop, Air lock and Docking Adapter w i l l  be  placed i n  
a standby mode f o r  o r b i t a l  s torage.  The c r e w  w i l l  r e t u r n  t o  t h e  Command 
Module and s e p a r a t e  from the  Docking Adapter. The Service Module propul- 
s i o n  system will. be used t o  place t h e  Command Module on an e a r t h  r e t u i n  
t r a j e c t o r y .  

-- Workshop R e v h i t  Mission : 

The Workshop revisit mission uses  a s i n g l e  Saturn I B  launch of a tliree- 
man Command and Service Module t o  rendezvous and dock wi th  t h e  Workshop 
s t o r e d  i n  o r b i t  a t  t h e  completion of t h e  previous mission. This miss:i.on 
is  the  f i r s t  El-ight test of t he  concept of r eus ing  a h a b i t a b l e  space 
s t r u c t u r e  a f t e r  a period of s e v e r a l  months of untended ope ra t ion  i n  o i -b i t .  
Its planned duri3tion of 56 days is  t h e  next  s t e p  i n  the  p rogres s ive  
extension of mission l eng th  t o  s y s t e m a t i c a l l y  test and e v a l u a t e  t h e  
a b i l i t y  of both man and equipment t o  func t ion  e f f e c t i v e l y  f o r  long pelt-iods 
of t i m e  i n  space. For t h i s  reason,  t h e  primary i n - f l i g h t  experiment 
emphasis w i l l  b e  i n  the  medical area. This  w i l l  be  t h e  f i r s t  mission 
i n  which a m e d i c a l  doctor  is  a member of t h e  crew. Other crew ac.tivi’l:ies 
w i l l  cont inue the  experimental  eva lua t ion  of t he  u t i l i t y  of t he  varioiis 
h a b i t a b i l i t y  subsystems and accommodations of t h e  Workshop itself , ani1 
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of the  ex t r aveh icu la r  a c t i v i t y  devices  c a r r i e d  i n  t he  i n i t i a l  Workshop 
launch. The r e s u l t s  of t h e  i n i t i a l  Workshop mission w i l l  be  used t o  
r e f i n e  the  opera t ing  procedures used i n  the  r e v i s i t  mission. S imi l a r ly ,  
the r e s u l t s  of t h i s  mission w i l l  be  used t o  improve equipment and opera t -  
i ng  p lans  f o r  subsequent missions.  

__ Solar  AstronorT - __ - -. Mission: - ._ 

The t h i r d  mission,  planned f o r  e a r l y  1972, uses  the  Workshop as a base 
of opera t ions  f o r  a manned s o l a r  observatory.  This  mission a l s o  r equ i r e s  
the  use of two Saturn I B  launch veh ic l e s .  One Saturn I B  w i l l  launch ii 
three-man Apo Llo Command and Service Module configured f o r  a 56-day ml ssiori. 
After  t h e  Cormand and Serv ice  Module rendezvous and docks w i t h  t h e  Wor kshop, 
t he  crew ente'cs and r e a c t i v a t e s  t h e  Workshop and prepares  f o r  the  opera- 
t i o n a l  phase of t he  mission. About f i v e  days la ter ,  a second Saturn 1 B  
launches the  iininanned Apollo Telescope Mount (ATM) which w i l l  rendr?zvclus 
and dock wi th  the  Workshop under a combination of automatic and remote 
c o n t r o l  command!; t o  perform t h e  f i r s t  f l i g h t  test of equipment and opcrat-  
ing  concepts €01: f u t u r e  manned and man-tended astronomical  obse rva to r i e s .  
The A R I  incoi roo~ates  high r e s o l u t i o n  s o l a r  te lescopes  and spectragrapt is  
f o r  observing dynamic phenomena on the  su r face  and i n  the  corona o €  ttie 

sun. To maxtnize the  s c i e n t i f i c  da t a  r e t u r n ,  an astronomer-astronaut 
w i l l  be  ,a m e m b e r  of t he  crew. C r e w  a c t i v i t i e s  are s t r u c t u r e d  t o  a l l o ~ r  
t he  maxiinum p ~ s : s i b l e  t i m e  f o r  opera t ion  of t h e  observatory.  Medical 
observa t ions  of t h e  crew during t h i s  second 56-day mission w i l l  contiime 
t o  add t o  the  d a t a  based on man's r e a c t i o n  t o  t h e  space environment. 

Backup hardware w i l l  be  provided f o r  both t h e  Workshop (with Dockiilg 
Adapter and ,4ir lock)  and the  Apollo Telescope Mount (ATM), inc luding  
second se t  o €  experiments f o r  the  Workshop and Solar Astronomy mj.ssioiis. 
The backup f l i g h t  hardware w i l l  provide program assurance i n  the  evenl: of 
a malfunction or  f a i l u r e  i n  the  primary missions.  Wherever f e a s i b l e ,  
development and prototype hardware will be re furb ished  f o r  the 
missions.  

1968 1969 
I------ 

Budget plan .................... $253,200,000 $150,000,000 
P r i o r  year  funds appl ied  t o  

I_ +127,010,000 FY 1969 f inanc ing  plan ....... ---L-,L..-.-- -127 010 000 

I $277,010,000 -I- _- - 

backup 
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1968 1969 
-I---_- ___--I_ 

Space v e h i c l e s  ................. $29,629,000 $93,600,000 ....... 183 410,000 Payloads and experiments -I-- 96,561,000 -I_-- 

-L $277  010.000 

- - - -2- - ___ - 

Tota l . . . . . . . . . . . . . . . . . . . . . . . .  -_I $126,190,000 I_--_ 

--I-_ ___ - 

Space Vehicles  

1970 .... ..- - 
$1 38,4OO,OOO 

170,400,000 __-__ 

A l l  AAP missions u t i l i z e  the  Saturn I B  as t h e  launch veh ic l e .  I n  a , idi-  
t i o n  t o  the  veh ic l e s  procured i n  Apollo,  two Saturn IB's 213 and : !14,  ,are 
being procured which w i l l  m e e t  launch v e h i c l e  requirements i n  t h e  event  
t h a t  r epea t  Workshop and Solar  Astronomy missions are requi red  t o  o b t a i n  
primary mission ob jec t ives .  Space  v e h i c l e  requirements r e l a t e d  t o  t h e  
Saturn I B  l a u n c h  veh ic l e  inc lude  the  des ign ,  development, and i n s t a l l a t i o n  
of p e c u l i a r  s y s t e m s  f o r  Apollo Appl ica t ions  missions and spacec ra f t  systems 
modified t o  m e e t  t h e  long dura t ion  o b j e c t i v e s  of Apollo Appl ica t ions  missions.  
Funding i n  FY 1970 w i l l  cover s to rage  and maintenance c o s t s  requi red  f o r  t h e  
Saturn IB's provided by Apollo and f o r  cont inuing  product ion e f f o r t  on 
v e h i c l e s  213 and 214. 

The du ra t ion  of Apollo Appl ica t ions  missions r e q u i r e s  modificati-on of 
s e l e c t e d  Apo1I.o spacec ra f t  systems t o  extend the  l i f e t i m e  of the  equipment. 
The Apo1l.o s p a c e c r a f t ,  designed t o  provide f o r  a 14-day ope ra t iona l  capa- 
b i l i t y ,  i.s being modified t o  support  f l i z h t  missions l a s t i n g  28  and 56 days.  
The capac i ty  of t he  cryogenic tanks is being increased t o  provide the  addi- 
t i o n a l  hydrogen and oxygen necessary f o r  powering the  f u e l  c e l l s ,  and the  
a d d i t i o n a l  ni 1:rogen and oxygen supply f o r  l i f e  support  dur ing  t h e  long 
du ra t ion  f l i g h t s .  The capac i ty  of t h e  r e a c t i o n  c o n t r o l  system i s  being 
increased t o  :;upport t he  a d d i t i o n a l  f l i g h t  maneuvering t i m e  requirements .  
The communications and e l e c t r i c a l  c o n t r o l  and d i s t r i b u t i o n  systems are 
being modified to expand the  voice  and data record ing  u n i t s  as well as, t o  
provide f o r  power r egu la t ion ,  cu r ren t  t r a n s f e r ,  and i n t e r f a c e  controls ,  
between the  Comriand Module and t h e  space veh ic l e  coupled to  i t .  

Display ami c o n t r o l  systems f o r  t he  a s t ronau t  crews are being chan5;ed t o  
m e e t  t he  new nerformance demands on the  spacec ra f t .  The Command and I.;ervice 
Modules used €01: Apollo Applicat ions missions use a two-gas system of oxygen 
and n i t rogen  as the  spacec ra f t  atmosphere t o  avoid the  poss ib l e  adver:;e 
phys io loa ica l  e f f e c t s  of a pure oxygen atmosphere during prolonged pei'iods 
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of flight. This change requires modification of the environmental coni:rol 
unit. The guidance and navigation system, both programming and hardwaiee, is 
being modified to meet the technical requirements of the Workshop and :Solar 
Astronomy missions. 

Work on anadysis and identification of the necessary spacecraft systems 
modifications was completed in FY 1969. Preliminary design was completed, 
and detai.led design, together with development and qualification of cryogenic 
tankage and lcing. duration fuel cells, began in FY 1969. Procurement of the 
cryogenic tanks has been initiated. 

FY 1970 funding provides for the detailed engineering, fabrication, and 
certification testing of the modified subsystems to qualify them for long 
duration missions. Assembly of flight spacecraft with these modified systems 
will be Xnitiated in FY 1970. 

Payloads and Experiments 

Apollo App:Lications experiments cover a wide range of objectives in the 
fields of spiice medicine, science, applications, technology, and engineering. 
The def iiiition and development of experiment payloads to meet these otrljectives 
includes act:Lvity by principal investigators within NASA, other government 
agencies, and the scientific and industrial communities. FY 1969 funds have 
been used for  initial definition of post-Apollo payloads including po:isible 
approaches to lunar exploration and earth orbiting space stations as well as 
those payloads that became the Apollo Applications core program. 

Apollo Applications will achieve its primary objectives through tht! 
careful selection and accomplishment of specific experiments. 
and approval of proposed experiments are conducted by the Manned Space Flight 
Experiments Board, composed of representatives from senior NASA and DOD 
management. 
the process of defining the experiment. Funding for this definition phase 
of experiments to be flown in Apollo Applications has been completed. 

Formal review 

This Board bases its decisions on the information develo1l)ed in 

A measure of success in Apollo Applications will be the degree to which 
the planned experiments meet the overall objectives of investigating, demon- 
strating,, and utilizing man's effectiveness in space, extending his useful 
staytime in space, and contributing to human knowledge. The key to extending 
the time man can spend in space is the Saturn I Workshop. 

The modifications to the basic S-IVB stage to convert it into the Workshop 
are being ac.<:omplished by the McDonnell-Douglas Corporation, Mis,sile and 
Space Systenizi Division, Huntington Beach , California. FY 1969 funding is 
providing fcm t:he necessary design, definition, procurement and fabrication 
of test articles, as well as the initiation of preliminary development test 
effort. FY :L9;'0 funds will be used in extensive development and qualifica- 
tion tests of components and subsystems and will include "zero-g" simulation, 
and design trczrtfication testing. 



The Airlock. Module is under development by McDonnell-Douglas Corporation, 
Astronautics W.vi.sion, St. Louis, Mo. In FY 1969, the basic design was 
established; t:c!st: plans were formulated: and fabrication of the structural 
test article was initiated. FY 1970 effort will emphasize the development 
and qualification tests of components and subsystems, completion of fahrica- 
tion of the st:icuc:tural test article and completion of major static, dyriamic 
and acoustic t e s t s ,  and start of fabrication of the initial flight unit. 

The Mu:LtiplLe Docking Adapter is being developed in-house at the Marahall 
Space Flight Center, Huntsville, Alabama. During FY 1969, activity is 
focusing on the basic design, definition, test plans, fabrication o f  ari 
engineering mockup, and initiation of a structural test article. FY 15170 
efforts will mncentrate on the development and qualification test of t.he 
components and siibassemblies; completion of the structural test art Lclt!; 
completion of static, dynamic and acoustic development tests; and the zitart 
of fabrication oE the first flight article. 

The other major segment of Apollo Applications is the development of the 
Apollo Telescope Mount (ATM) and associated scientific instruments for the 
scientific study of the sun. The surface of the sun, the observable siinspot 
cycle, and thle nature and pattern of the solar flare activity, may hold the 
key to understanding the basic €orces and elements which control t:he solar 
system. The unmanned Orbiting Solar Observatory (OSO) spacecraft provtded 
the first opportunity to study the sun without the interference of the 
earth's atmosphere. 
quality and depth of our knowledge of the sun by providing greater pointing 
accuracy than was possible with the smaller OSO; a capability of film return 
which can provide better quality pictures than has previously been possible; 
and a selective discrimination capability provided by the crew member \who 
will manage the instruments to permit the gathering of data on phtmomeiaa of 
the greatest scientific interest. 

The ATM will provide a significant increase in thcz 

The substantial scientific benefits of the Solar Astronomy mission will 
make a significant contribution to the knowledge required to plan future 
space operations activities. 
combined capabilities of scientific judgment, reasoning, and motor response 
in the orbita.1. operation of complex scientific instruments to a greater 
degree than amy previous manned experiment. 
extensive! and va.lid understanding of the future utility of manned space 
flight. The Solar Astronomy mission also incorporates a number of techno- 
logical and operational concepts which are under active consideration as 
integral elements of the Space Station. These include: launch, rendezvous, 
and docking of i t  sophisticated unmanned experiment payload; the use of control 
moment gyros for  stabilization and control; the use of gravity gradierit torque 
in moment:um m;inagement; and the use of a large gimballed system for pxecise 
pointing and stabilization of major instruments. 

It will test the effectiveness of man's 

It will provide a mulch more 

The ascent: stage of an Apollo Lunar Module will be modified and will 
serve as a coinmrind post for two astronauts conducting the solar experjments. 
The LM descent stage is replaced by a structural rack with associated power 







and po in t ing  equipment. The rack  a l s o  con ta ins  t h e  va r ious  experiment!:: t o  
be flown. 

The Marshal l  Space F l i g h t  Center is re spons ib l e  f o r  major subsystem develop- 
ment of t he  ATM. Fab r i ca t ion  and assembly of a pre l iminary  mockup w a s  completed 
i n  FY 1967. The ar t ic le  w a s  r e c e n t l y  updated t o  inco rpora t e  resu l t t s  olE t he  
cont inuing des ign  work. Fabr i ca t ion  of a s t r u c t u r a l  test u n i t  is  c u r r e n t l y  
i n  process  wi th  t e s t i n g  scheduled t o  begin i n  la te  FY 1969. I n  J?Y 19711, t h e  
t e s t i n g  e f f o r t  w i l l  be continued. Prototype u n i t  f a b r i c a t i o n  w i l l t  be  i n i t i a t e d  
e a r l y  i n  FY 1970, wi th  f l i g h t  u n i t  f a b r i c a t i o n  s t a r t i n g  later i n  t h e  year .  
Five s p e c i f i c  experiments involving 13 major instruments  have been s e l e c t e d  
f o r  f l i g h t  on t h e  ATM and are c u r r e n t l y  i n  the  process  of f a b r i c a t i o n .  
inc lude  : 

These 

Loca titon Experiment Developer ---- 

White Light  Coronagraph High A l t i t u d e  Observatory Boulder , Colorado 
Ul t rav io l .e t  Spectro-Heliograph Naval Research Laboratory Washington, D.C. 
X-ray SpectroE;ra.phic Telescope American Science and Cambridge , Mass. 

Engineering Company 
Dual  X-ray T~!l.esxope Goddard Space F l i g h t  Greenbel t ,  Md. 

Center 
Ul t rav io l -e t  Scanning Harvard College Cambridge, Mass. 

Observatory Spec t r ome t e I: 

Considarab1.e emphasis is being placed on t h e  i n t e g r a t i o n  of payloads so 
t h a t  t he  va r ious  experiments and f l i g h t  modules w i l l  r e s u l t  i n  a properly 
func t ion ing  system. This  payload i n t e g r a t i o n  e f f o r t  inc ludes  mission pay- 
load a n a l y s i s  arid systems engineer ing,  and program management suppor t  for 
t he  incorpora t ion  of experiment payloads i n t o  Apollo Appl ica t ions  space 
v e h i c l e s .  11: provides  requirements ,  p l ans  and program d a t a  f o r  t he  pxoper 
interfac-Lng o E payloads; performance and i n t e r f a c e  s p e c i f i c a t i o n s ;  des ign ,  
test ,  and checkout p lans  and procedures;  and ground and i n - f l i g h t  support  
equipment. 1big:Lneering a n a l y s i s  and des ign  of t he  inco rpora t ion  of space- 
c r a f t  and payloads i n t o  a coordinated space system q u a l i f i e d  f o r  f l i g l l t  is 
a l s o  included.  FY 1967 e f f o r t s  were r e l a t e d  t o  pre l iminary  d e f i n i t i o n  of 
t h e  payload i n t e g r a t i o n  requirements.  FY 1968 funds supported s tudies , ,  
mission plannlng and the  implementation of des ign  and development on 1.he 
c o n t r o l  and d i sp lay  panel  f o r  ATM. FY 1969 and 1970 funding w i l l  supikort 
continued e f E o r t s  i n  i n t e g r a t i o n  of the  mission and hardware elements of t he  
c l u s t e r  from the  poin t  of o r b i t a l  i n s e r t i o n  through p o s t - f l i g h t  data cwalua- 
t i o n ;  v e r i f i c a t i o n  of t e c h n i c a l  performance; e f f o r t s  a s soc ia t ed  wi th  ?:he 
des ign ,  developinent and f a b r i c a t i o n  of mission hardware; and s t u d i e s  ibnd 
ana lyses  t o  d e f h e  the  requirements of mission a l t e r n a t i v e s .  The Mart in  
Company, Denver, Colorado , i s  t he  prime con t r ac to r  f o r  payload i n t e g r a t i o n .  
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Space S ta t ion . . . . .  ........... 
Total ....................... 

The Sp3ce ' i t a t i o n  t;ystrm ! - i l l  c o n s i s t  of t h e  s t a t i o n  i t s e l f ,  expe r incn t s ,  
suppor t in?  modules and l o g i s t i c  systems f o r  personnel  t r a n s f e r  anal resllpply. 
Rased on the  Findings of completed advanced s t u d i e s ,  a s e l e c t i o n  o f  del .ailed 
o b j e c t i v e s  and program c o n s t r a i n t s  i s  being made and i n d u s t r y  i s  keinq aske(1 
t o  prepar?  prel i ininarv des igns  of s t a t i o n  and l o r i s t i c  svstem confiyur; i t ions.  
Af te r  completion of t hese  c o n t r a c t u a l  e f f o r t s ,  a comnrehcnsive in-houstb 
a n a l v t i c a l  review w i l l  be conducted, t o  r e f i n e  n l  t e r n a t i v e  concepts ,  dgvelon 
prel iminary dl2s i  qn s p e c i f i c a t i o n s ,  d e f i n e  sunnort  renii irements,  a r d  as:;ess 
pre l iminarv  manufacturinq and t e s t  requirements .  Funds renucsted i n  1'370 are 
f o r  continuin: d e f i n i t i o n  s t u d i e s ,  p re l  iminarv cngineer ina  and nccep.sai-v 
support ing work. 

T,aunch, f 1 i oht and recnverv.  . - -- --- SC80 * 1 0 ~ ~ , 0 0 0  
--- 6 2ni) ono . _ _  2- -e-)-- - .................... -.-- 

-----I - -  - - - -_---I * -. Technical 

Launch, F l i s h t  , and Recoverv 

This  a c t i v i t v  funds onlv  the  uniqiie p r o j e c t  requirements  of SPP,CC F . ight  
ODerations. 'The bas i c  s u n p o r t  f o r  manned snace f l i - h t  l aunch ,  f l i - h t ,  and 
recovery opera t ions .  is funded under Anollo. 

Operat ions in- lude e f f o r t s  a t  t h e  Kenncdv Space Center arid t h e  Yannc!d 
Spacecraf t  C m t e r  t h a t  a r e  d i r e c t l v  involved with prelaunch,  launch,  € i o h t ,  
crew, and recovery planning a c t i v i t i e s .  FY 1970 funds are required fo.1- 
mission Dlanninq and a n a l y s i s :  i n i t i a t i o n  of procurement f o r  an AT?: s i r iu l a to r ;  
t r a i n e r  modi f ica t ions  t o  An0110 h p n l i c a t i o n  conf igu ra t ions :  maintennncc! of 
Saturn TB launch c a p a b i l i t v  inc luding  equipment and systems i n  s t o r a g e ,  by 
keeping i t  i n  n condi t ion of good repair  t o  q c r m i t  r e a c t i v a t i o n  t o  sunlwrt  
Apollo Appl i c i t i nns  launches:  modi f ica t ion  of launch check-out e q i i i p m e i i t  
t o  accommnclat? Apol lo  .\npli c a t i  ons uninue 1~;lrcli~nre : te9t planning a n d  
procedures f o r  chcck-out of previous1 v deac t iva t ed  equiynlent and F3vstCiiq 
R S  well ;I$ An01 10 Apnl ication.: iinirliie hnrdi.,\re and documentation rilann inz 
f o r  r e a c t i v n t i n n  of launch comnlcxes f o r  .2nollo Appl ica t ions .  
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Technical 

Technical operations provides for integrated technical support, review, 
and analysis o E  the Apollo Applications missions. These services include 
the development of functional and performance standards consistent with 
mission objectLves; mission planning; technical integration and evaluation 
test objectives and integration; mission and systems specifications; trajec- 
tory analysis; checkout effectiveness; and technical documentation. 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF MANNED SPACE FLIGHT ADVANCED MISSIONS PROGRAM 

PROGRAM OBJEC_1:IVES AND JUSTIFICATION : 

The o b j e c t i v e  of  t h e  Advanced Missions program i s  t o  examine advanced 
manned space f l i g h t  program concepts,  including l o g i c a l  ex tens ions  of  the 
n a t i o n a l  space c a p a b i l i t y  through a n a l y s i s  of presen t  hardware systems f o r  
growth p a t e n t i a l  ; t o  develop requirements f o r  f u t u r e  systems; t o  provide 
guidance f o r  research and technology ac t iv i t i e s  ; and t o  provide t echn ica l  
informati.on and c o s t  d a t a  upon which f u t u r e  program d e c i s i o n s  can be based. 

SUMMARY OF --- RESOURCES REQUIREMENTS : 

1968 1969 

..... --- s 2 , 5 o O , o o o  - Advanced mi.z;si.ons s t u d i e s . .  

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

John F. B:mntedy Space Center ,  

Manned Spircecraft Center..  .... --- 950,000 

Langley Research Center..  ..... --- 450,000 

NASA.. .# , . . . . . . . . . .  .......... --- $200,000 

Marshall  Space F l i g h t  Center..  --- 900,000 

NASA H e  a&( ua rt e rs ............. --- --- 
BASIS OF FUND RE:QUIREMENTS: 

Advanced Missions S tud ie s  

Advanced stxidies. ............... --- $2,500,000 

1970 
VI 

woo, 000 

$200,000 
900,000 
900,000 
200,000 
300,000 

$2,5100,000 

Advanced s t u d i e s  provide f o r  f u t u r e  manned space f l i g h t  program planning. 
The s t u d i e s  ur:il.ize t h e  c a p a b i l i t i e s  of  i n d u s t r y  t o  perform conceptual 
designs and pi:ovide t echn ica l  t r a d e  -off d a t a  t o  supplement ou r  in-house 
act ivi t ies .  During FY 1969, emphasis is  being placed on support  of t h , e  
Space S t a t i o n  d e f i n i t i o n  e f f o r t .  

Areas that: are being examined in support  of t h e  Space S t a t i o n  d e f i n i t i o n  
e f f o r t  iricludc study and eva lua t ion  of a l l  a s p e c t s  of t h e  Space S t a t i m  
information numagement systems, launch impl i ca t ions  t o  t h e  Eas t e rn  Tesit 
Range when launching payloads for  t h e  Space S t a t i o n ,  and i n v e s t i g a t i o n  of 
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space log is t ic :  systems. Def in i t i on  of payload packages and the  support  
requirements t o  achieve the  o b j e c t i v e s  of t he  Space S t a t i o n  i s  unlderway. 
The payload i.rivestigations are designed t o  ob ta in  information about man's 
c a p a b i l i t y  to  l i v e ,  t o  func t ion ,  and t o  perform use fu l  t a s k s  i n  a ze ro  or 
p a r t i a l  "G" ewironment  f o r  per iods  of long d u r a t i o n ,  and to  use  t h i s  
c a p a b i l i t y  t o  perform experiments i n  s e v e r a l  s c i e n t i f i c  areas. 

FY 1970 funding w i l l  be used a s  fol lows:  

a. Rescxe and Escape - Stud ies  w i l l  be undertaken t o  examinle and 
i d e n t i f y  niettiods and systems f o r  a s t ronau t  escape and rescue  on l u n a r  
o r b i t  and :lunar su r face  missions. Conceptual des ign  of manned and 
unmanned mrt :h  based rescue systems w i l l  b e  s tud ied  f o r  l o w  e a r t h  and 
geosynchronous o r b i t  missions.  The impact of t h e  pro jec ted  use of such 
systems on t he  des ign  and opera t ion  of space s t a t i o n s  and l u n a r  su r face  
s h e l t e r s  a i d  v e h i c l e s  w i l l  be assessed.  

b. Advanced Lunar S tud ie s  - Stud ies  w i l l  be conducted on advanced 
s t u d i e s  wti:ich have t h e  p o t e n t i a l  f o r  u t i l i z a t i o n  i n  t h e  l a t t e r  half of 
t he  1!370'si#, 
required t o  1:ransport personnel  and cargo t o  the  moon and systems t o  
provide stie1t:er and support  f o r  exp lo ra t ion  a c t i v i t i e s .  System syn thes i s  
s t u d i e s  wlL:L1 provide planning d a t a  app l i cab le  t o  development of  an 
e a r l y  luniuc s t a t i o n  using Apollo system d e r i v a t i v e s .  

The s t u d i e s  w i l l  be concerned with spacec ra f t  systems 

c .  Advanced Space S t a t i o n  S tud ie s  - Advanced Space S t a t i o n  s t u d i e s  
w i l l  inc lude  i d e n t i f i c a t i o n  of advanced mission requirements and 
operationii:L osodes f o r  a semipermanent space s ta t ion.  New modules 
requi red  f o r  second genera t ion  payloads and sys tems requi red  f o r  missions 
i n  synchronous o r b i t  w i l l  be examined. The impl i ca t ions  of deep space 
missions f o r  t hese  modules and systems may also be examined. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

SPACE SCIENCE AND APPLICATIONS PROGRAMS 

Program 

Physics ,and astronomy.. ..... 
Lunar and p lane tary  

explora t ion .  .............. 
Bioscience. . . . . . . . . . . . . . . . . .  

Space app l i ca t ions .  ......... 
Launch veh ic l e  procurement.. 

Tota l . . . . . . . . . . . . . . . . . . . . .  

F i s c a l  Year Fiscal Year 
1968 1969 

$139,500,000 $125,116,000 

147,500,000 81,800,000 

41,800,000 32,700,000 

99,500,000 98,600,000 

124,550,000 100,200,000 

$552,850,000 $438,416,000 

$119,600,000 

1.46,800,000 

32,4OO,OOO 

135,8OO,OOO 

- 124,200,000 

~ l 5 8 , 8 0 0 , 0 0 0  --- 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

PHYSICS AND ASTRONOMY- PROGRAM -l____l- OFFICE OF SPACE ---I !SCIENCE I- ---- AND APPLICATIONS ---- - - -- I----- 
PROGRAM OBJECTIVES AND-. JUSTIFLC-AJ-KT_I: 

The Physics  and Astronomy program is p r imar i ly  d i r e c t e d  to  i n c r e a s e  
human knowledge of t he  e a r t h ' s  space environment, t h e  sun, t h e  s t a r s ,  zind 
more d i s t a n t  c e l e s t i a l  bodies .  Research is being conducted under t h i s  
program t o  i n v e s t i g a t e  t h e  e a r t h ' s  upper atmosphere and ionosphere ; thc! 
magnetosphere and t h e  i n t e r p l a n e t a r y  medium; t h e  sun,  t h e  stars, and 
ga lax ie s ;  cosmic d u s t ;  cosmic rays  and o t h e r  phys i ca l  and a s t r o n m i c a l  
phenomena found beyond t h e  e a r t h ' s  atmosphere. 

A broad range of techniques t o  ga the r  information on these  phenmnenii is  
used ranging from t h e o r e t i c a l  and l abora to ry  research  through a i r c r a f t ,  
ba l loon  and sounding rocket  f l i g h t s  t o  s m a l l  Explorer  s p a c e c r a f t ,  largc! 
automated obse rva to r i e s  i n  e a r t h  o r b i t ,  and manned spacec ra f t .  Researc:h 
groups involved i n  t h i s  program are loca ted  a t  NASA f i e l d  c e n t e r s ,  othi?r  
government l a b o r a t o r i e s ,  u n i v e r s i t i e s ,  and i n d u s t r i a l  l abora tor ies : .  
Oppor tuni t ies  a r e  a l s o  extended t o  s c i e n t i s t s  i n  o t h e r  na t ions  t o  p a r t i -  
c i p a t e  i n  t h e  program through f l i g h t  experiments on NASA spacec ra f t  ani1 
cooperat ive sounding rocket  and s a t e l l i t e  p r o j e c t s .  

The d a t a  generated i n  t h i s  program are made widely a v a i l a b l e  t o  t h e  
s c i e n t i f i c  and t echn ica l  community i n  o rde r  t o  f u r t h e r  advance fut:ure 
s c i e n t i f i c  research ,  and t o  c o n t r i b u t e  t o  educat ion and t h e  advance 
of technology. 

SUMMARY OF RESOURCES REQUIRMENTS : 

Supporting research  and 
technologyladvanced s tudies . .  

Data a n a l y s i s  .................. 
Sounding rockets. . . . . . . . . . . . . . .  
So la r  observatories. . . . . . . . . . . .  
Astronomical observator ies . . . . .  
Geophysical observator ies . . . . . .  
Explorers  ...................... 

Total.. . . . . . . . . . . . . . . . . . . . . . .  

1968 --- 

$22,904,000 
2,900,000 

20,000,000 
11,332,000 
44,768,000 
20,064,000 
17,532,009 

$139,500,000 

$19,900,000 $IL9,601> ,000 
3,400,000 3,700,000 

12,000,000 lL4,80Il, 000 
36,900,000 28,600,000 
13,200,000 6,8OO,OOO 

20,100,000 :!0,101> ,000 

19,616,002 :!6;000,000 

$125,116,000 S_l:L9,601> ,000 -- 
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D i s t r i b u t i o n  cmf Program Amount by Installati-02: 

Wnntxl Spacecraf t  Center. .  .. 
Yarsha l l  Space F l i g h t  Center 
Goddard Space F l i g h t  Center.  
J e t  I'ropii Lsi.on Laboratory.. . 
IJallops S ta t ion .  ............ 
A m e s  Resemxh Center. .  ...... 
Elec t ron ic s  Research Center.  
Lang'Ley Research Center. .  ... 
NASA Ileadquar t ers ........... 

$739,000 $644,000 
86,000 578,000 

112,949,000 98,429,000 
373,000 572,000 

1,093,000 918,000 
2,267,000 1 ,617,000 

140,000 60,000 
1 ,617,000 1,155,000 

20,236,000 21,143,000 

$644 ,, 000 
578 4,000 

91,888 ., 000 
8 4 7 , 0 0 0  
630 ,000 

1 , 6 1 7 , 0 0 0  
60 ., 000 

2,8 3 1  ,, 00') 
20,505 I ,  000 

BAS I S  OF FIJNI) RIIOUIREVENTS : .. I -- - - - - 

Space phys1-1:~~. ............... $12,704,000 $10,800,000 $10 ,300 ,000  ...................... 10 203 000 9 100 000 9 300 000 Astronomy. - - 1 - - L I  --__ ---L --)-I_ I..-J' --I. 

In  thc  SuI)i>oi-ting Research and Technolozy p r o j e c t ,  we siloport t he  1-escarch 
requi red  to  provide f o r  a f i n  foundation f o r  snace physics  and astrortonv. 
This pro j e c t  provides  f o r  advanced technoloTica1 development of expcri v e n t s  
and spacecral 't  comnonents f o r  f u t u r e  f l i y l i t  nrograms, t he  sunport  o f  
t h e o r e t i c a l  mid labora tory  r e sea rch ,  and the  conduct of f l i z h t  s c i c n t i  f i c  
research  usin,: ba l loons  and a i r c r a f t  . It provides  p a r t i a l  srinport foi. t h e  
Goddard Cnst-LLute of Space S tud ie s ,  t he  Space Science Board, and t h e  
Research Assoc ia te  Program. 
concepts ,  c h a r a c t e r i s t i c s  and f e a s i b i l i t y  n f  f u t u r e  missions a r e  a l s o  
funded i n  t h i , ;  p r o j e c t .  :Iearlv 300 research  t a sks  are carriecl ou t  by 
u n i v e r s i t i e s ,  nonprof i t  and i n d u s t r i a l  reqearcli c e n t e r s ,  NASA c e n t e r s  and  
o t h e r  ~ o v e r n n m i :  asenc ies .  Spec i f i c  a reas  of research  t a sks  inc lude  1 lit. 
following : 

Advanced mission s t u d i e s  t o  es tab1 ish thtb 

Space Physics 

Work -in t h i s  area i s  pr imar i ly  devoted t o  snpport  of research  rtzlat ed 
t o  ?hysics  of t h e  e a r t h ' s  environment. It inc ludes  strirlv of t he  sun-ctarth 
environmental f a c t o r s  as we l l  as e x t r a  s o l a r  f a c t o r s  such as cosmic r:lvs. 
In qenera l  thest. t a sks  may h e  ca tegor ized  i n  t he  t r a d i t i o n a l  d i sc ip l i r i e s  
of D a r t i c l e s  md f i e lds ,  ionospheres ,  and i n t e r p l a n e t a r y  dus t .  P a r t i c  les  
and f i e l d s  t a sks  include research  i n  maynetodynamics, plasma s tud i  ~ s ,  
s o l a r  wind and t h e  magnetosnhere , mass spectroscopy,  magnetometer and plasma 
d e t e c t o r  development. Research on cosmic rays  a n d  tile r a d i a t i o n  ' l i b 1  t 3t-P 

cnr r ic r '  o u t  inid(br  t 3 i s  area. 
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Tasks inc l l~~ded  i n  t h e  Ionospheres area cover ionospher ic  theory ,  plasma 
physics ,  r ad io  propagat ion,  e lectromagnet ic  waves, ionospheric  electrcin con ten t ,  
e l e c t r o n  dens i ty  and e l e c t r o n  temperature,  plasma and langmuir probe ohser- 
va t ions ,  anteiina impedance, s o l a r / t e r r e s t r i a l  r e l a t i o n s  and ionospheric  and 
magnetic stoirrns and d is turbances .  

Under t h e  category of i n t e r p l a n e t a r y  dus t  is included t h e  s tudy  of 
meteor i tes  and micrometeori tes ,  micrometeorite s imula t ion ,  development of 
instrumentatfion , t h e o r e t i c a l  s t u d i e s ,  i n t e r p l a n e t a r y  gas  and d u s t ,  noct i lucent .  
c louds,  tsomeixry phys ics ,  and phys ica l  and chemical ana lys i s  of dus t  P a r t i c l e s .  
Also inc:luded i n  t h i s  area are problems r e l a t i n g  t o  chemical releases, Zero 
G phys ica l  phenomena, a i rglow and zodiaca l  l i g h t  observa t ions .  

Astronomy 

Research supported i n  t h i s  area involves  t h e  s tudy  of t h e  sun and clther 
stars and ob:jects o u t s i d e  the  s o l a r  sys  t e m .  Research t a sks  inc lude  si tidies 
of t h e  sun, s o l a r  spectrum, in f luence  of the  sun on i n t e r p l a n e t a r y  and 
p lane tary  environment, instrument  development, and l abora to ry  and theclret ical  
s t u d i e s  of bii:Sii: phys ica l  processes  p e c u l i a r  t o  the  sun. Also includcd 
are s o l a r  r a d i o  astronomy, and s o l a r  radar .  

Research it sslcs r e l a t e d  t o  o b j e c t s  ou t s ide  of t h e  s o l a r  sys  tern inclt ide 
observa t ion  l r y  ;;round based and balloon-borne te lescopes ,  r a d a r  and r ad io  
astronomy and instrument  development. Theore t i ca l  s t u d i e s  of s t a r s  arid 
s te l la r  Dhys.Lcs, physics  of  i n t e r s t e l l a r  material, of i n t e r g a l a c t i c  material ,  
and of  t he  ga l ax ie s ,  and advanced development work on experimental  tec ts of 
t h e  v a l i d i t y  (3f E i n s t e i n ' s  theory of  r e l a t i v i t y  are a l s o  supported i n  t h i s  
area. 

Data cen te r  opera t ion  ......... $600,000 $1,000,000 $1,300,000 

I-- 300 - I ,,000 -- 
Space physics research  t a sks . .  2,200,000 2,200,000 2,100,000 
Astronomy research tasks . .  . . . . 100,00~ --- 2omoc 

Total. . . . . . . . . . . . . . . . . . . . . . .  

The p r o j e c t  :supports research  t a sks  involving the  use of d a t a  acqu:i.red 
from space f l i g h t  i n v e s t i g a t i o n s  and t h e  opera t ions  of t h e  Nat iona l  Slmce 
Science Data Center (NSSDC) l oca t ed  a t  the  Goddard Space F l i g h t  Centel:-. 

Following t h e  success fu l  launch of a s p a c e c r a f t ,  a p r i n c i p a l  i nvesc iga to r  
is allowed a n  adequate per iod of t i m e  t o  perform t h e  reduct ion  and ani t lysis  
of the  da ta .  D'zpending on t h e  type of d a t a ,  t h i s  t i m e  varies from si:: months 
t o  two years  and i s  gene ra l ly  funded as p a r t  of t h e  f l i g h t  p r o j e c t .  l i t  t h e  
completion of h i s  a n a l y s i s ,  t h e  i n v e s t i y a t o r  p l aces  h i s  reduced da ta  .n t h e  
NSSDC. 
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The NSSDC was e s t a b l i s h e d  t o  serve as a c e n t r a l  r e p o s i t o r y  f o r  space 
sc i ence  d a t a  zinc1 provide a mechanism f o r  t h e  disseminat ion,  u t i l i z a t i o n  and 
a n a l y s i s  of t h e  da t a .  The amount of d a t a  from space f l i g h t  experiments has 
increased s t e a d i l y  each yea r  and is expected t o  make i t s  f u l l  impact on 
NSSDC capabi1:ity during FY 1971-72. I n  o r d e r  t o  accommodate t h i s  work l o a d ,  
a phased bui:Ldup of t he  NSSDC is required.  The FY 1970 funding provicles 
f o r  a start towards t h e  necessary buildup. 

Resouitces w i  11 be used t o  fund c o r r e l a t i v e  s t u d i e s  from s e v e r a l  seflarate 
invest igat ion. ;  iIS w e l l  as new approaches t o  t h e  a n a l y s i s  of  a v a i l a b l e  da t a .  
Resource:; w i l l  d s o  be used f o r  prime a n a l y s i s  of d a t a  from f l i g h t  exileriments: 
on s p a c e c r a f t  launched p r i o r  t o  FY 1968 t h a t  are s t i l l  t r a n s m i t t i n g  worthwhile 
s c i e n t i f i c  dizta, A l l  proposals  f o r  r e sea rch  are competi t ively evaLuai.ed and 
support  is p r w i d e d  f o r  t hose  e f f o r t s  which are expected t o  contributtb most 
t o  t h e  t o t a l  advancement of knowledge. 

The t r end  i n  t h e  Astronomy amounts r e f l e c t s  t h e  a v a i l a b i l i t y  of d a t a  
from the  Orb i t ing  S o l a r  Observator ies  and t h e  increased demands f o r  u:ie 
of t h e  d a t a  for a n a l y s i s  and s t u d i e s .  

- Sounding Rockets 

Space physics  ................. $10,500,000 $9,600,000 !;9,400,000 ..................... 9,500,000 10,500,000 ____ :to,:) , 000 Astronomy _. 

Total.. . . . . . . . . . . . . . . . . . . . . .  $20,000 , 000 

Sounding rocke t s  have continued t o  be a most e f f e c t i v e  means of malting 
s c i e n t i f i c a l l y  va luab le  s t u d i e s  of t h e  upper atmosphere a t  a l t i t u d e s  3etween 
80 and 1,000 miles. 
capable of ca.rrying wide varieties of i n s t rumen ta t ion  f o r  t h e  s tudy of t h e  
atmosphere, ionosphere,  e n e r g e t i c  p a r t i c l e s ,  t h e  stars, and t h e  :3un. The 
r e l a t i v e l y  low c o s t  and s h o r t  lead t i m e s  a s soc ia t ed  with sounding rocket  
f l i g h t s  make t h e m  extremely u s e f u l  f o r  ca r ry ing  o u t  exploratory experiments 
and t e s t i n g  new instruments ,  including many of those being developed f o r  
s a t e l l i t e s ,  obse rva to r i e s  and probes. 

These r e l a t i v e l y  small and inexpensive v e h i c l e s  we 

Sounding rocke t s  have been used t o  measure atmospheric d e n s i t y  and 
temperature;  t o  analyze t h e  va r ious  gases p re sen t  i n  t h e  upper atmosphere, 
and responses; of t h e  atmosphere t o  varying s o l a r  a c t i v i t y .  Chemicals re- 
l eased  from sounding rocke t s  f o r  wind and temperature measurements launched 
from various. sites a l l  over  t h e  world have improved our knowledge abaut  t h e  
dynamics o f  the ionospheric  region and the  na tu re  of the  e a r t h ' s  magnetic 
f i e l d .  Recoverable sounding rocke t  payloads have been used t o  c o l l e c t  
extraterrest : i : ia l  d u s t  o r i g i n a t i n g  i n  meteor streams, comets, and a s t e r o i d s .  
Noct i lucent  c louds formed by t h e  condensation of ice about t h i s  dus t  have 
been probed. 
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Incoming cosmic  r a d i a t i o n  and ene rge t i c  p a r t i c l e s ,  and t h e i r  r e l a t i o n s h i o  
t o  the  aurora  and airTlow, have been s tud ied  by rocke t  probes conta in in3  
spectrophotometers,  f i l t e r  photometers,  and p a r t i c l e  d e t e c t o r s .  

Ionospheric experiments c a r r i e d  out  w i th  sounding rocke t s  have been 
extremely va luable  f o r  s c i e n t i f i c  i n v e s t i g a t i o n s  of t h e  physics  of t h e  
11-, E-, and F-Kegions of t h e  ionosFhere. lnstruments  have been dtweloned t o  
measure e l ec t ron  concent ra t ions  and temperature ,  e lectromaEnet ic  waves, i o n i c  
and n e u t r a l  rass spectra, magnetic f i e l d s ,  and E-Resion c u r r e n t s .  

Sounding rocke t s  are now being e f f e c t i v e l y  u t i l i z e d  f o r  a s t ron~~mica l .  
observa t ions  cif  t h e  sun and the  stars i n  the  X-ray and u l t r a v i o l e t  reg ions  
of t h e  spectrum. These experiments were made p o s s i b l e  by t h e  development 
of improved a t t i  tude c o n t r o l  systems wi th  po in t ing  accu rac i e s  on the order  
of a few arc seconds. 

ResporisibiI.ity f o r  f l i g h t  support  a c t iv i t i e s  has  been assigned t o  t h e  
Goddard Space Fl. iaht Center.  NASA Headquarters has  r e s p o n s i b i l i t y  fo r  
experiments dlt!veloped by s c i e n t i s t s  a t  u n i v e r s i t i e s ,  i n  i ndus t ry ,  a t  o the r  
agencies ,  and i n  o t h e r  coun t r i e s .  h e s  Research Center has  r e s p o n s i b i l i t y  
f o r  h izh  acctu-ac:y s o l a r  po in t ing  c o n t r o l  systems. Respons ib i l i t y  f o r  f l i g h t  
support  a c t i v i t i e s  f o r  c e r t a i n  s p e c i a l  p r o j e c t s  i s  assigned t o  Wallops 
S ta t ion .  

One hundred and twenty-seven physics  and astronomy sounding rockets , ,  
p r imar i ly  of t h e  N i l i e  Cajun/Apache/Tomahawk, Aerobee, and J a v e l i n  types  were 
launched during CY 196s  from s i tes  i n  t h e  United S t a t e s ,  Canada, B r a z i l ,  
I nd ia ,  Sweden , and Norway. 

NASA plans t o  contir,ue the  sotindinc rocket  f l i y h t  program i n  FY 1970 a t  
the  cu r ren t  1.c~vel. Forty t o  f i f t y  s c i e n t i f i c  teams will be  supForted bv 
t h i s  prog:ram e f f o r t .  Increased emDhasis w i l l  be  placed i n  t h e  astroncimy 
and s o l a r  phJr:;i(:s d i s c i p l i n e s  and w i l l  u t i l i z e  t h e  r e c e n t l y  imnroved a t t i t u d e  
c o n t r o l  system c a p a b i l i t y  which maintalns  c o n t r o l  t o  " j i t t e r "  accu rac i e s  
of a few arc seconds. Increased use w i l l  a l s o  be made of t h e  Aerobee 350 
and Aerobee :L70 which will allow us t o  o b t a i n  more viewin: t i m e  wi th  heav ie r  
payloads of mnii1t:iple and complementarv experiments.  

Orbi t ing  So Laic Observatory (OSO) : 
Spact2cra:E t.  .................... $5,015,000 $5,869,000 $7,4t16,000 ................... 7 314 000 Experiments -.1- 317,002 -La--- 6 131 000 --L-II.- 

subtotaL OSO.. .............. $11,332,000 $12,000,000 s14,8(10,000 

Delta (T,aunch Vehicle Procure- 
ment Program).. ............... ($1 100 000) ($700,0~~) ( s 2 I 1 (,o_,o_o_o_) --2-2-.-- 

To t a l  ( including Launch 
'Vehicle:;). ................ ($12,432,00_?_> - ($1_2,7flL?OO) ($A6A9j!%2$c) 
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The Orb i t ing  So la r  Observatory (OSO) is a spin-s t a b i l i z e d  s a t e l l i t e  
cons i s t ing  p r imar i ly  of a s a i l  which during t h e  d a y l i g h t  p a r t  of t h e  o r b i t  
cont inuously p o i n t s  a t  t he  sun, and a wheel which r o t a t e s  beneath t h e  s a i l  
t o  provide s t a b i l i t y .  Mounted i n  t h e  s a i l  s e c t i o n  are s o l a r  po in t ing  and 
s o l a r  scannin:: s c i e n t i f i c  instruments  which measure t h e  u l t r a v i o l e t  , X-ray 
and gamma ray  emissions of t h e  sun,  and observe o t h e r  s o l a r  phenomena. The 
wheel sec:tion houses s c i e n t i f i c  instruments  which are gene ra l ly  f ul.1 sun 
o r  sky-mapping experiments; these  instruments  scan t h e  sun once every two 
seconds clurirq: r o t a t i o n  of the  wheel. A l l  of t h e  instruments  provide 
s c i e n t i f i c  ir ifoimation which would be impossible  t o  o b t a i n  wi th  e a r t h  
based tel.escopes~. 
po r t ions  of t:he eleven-year s o l a r  cyc les .  They are a l s o  providing s o l a r  
and astronomic:al information cont inuously during s h o r t e r  per iods  of  from 
30 days t o  two years .  

O S O ' s  are gather ing s c i e n t i f i c  d a t a  during s i g n i f i c a n t  

OSO-I and OSO-I1 w e r e  success fu l ly  launched i n  1962 and 1945 durine a 
per iod of minimiim s o l a r  a c t i v i t y  and m e t  t h e i r  mission ob jec t ives .  
c l e a r l y  es t ah l i shed  the  c a p a b i l i t y  t o  success f u l l y  o r b i t  a complex 
s c i e n t i f i c  observatory containing numerous independent s o l a r  and as t r c l -  
phys i ca l  inst:iruments. OSO-I provided t h e  f i r s t  long du ra t ion  observat i o n s  
of t he  X-ray ;mcl u l t r a v i o l e t  spectrum of t h e  sun. 

0110-1 

OSO-IICI and OSO-IV w e r e  launched i n  1967 during a per iod  of i nc reas ing  
s o l a r  a c t i v i t y  and are s t i l l  operat ing.  Each observa tory  is providin? 
7.5 hours a tliay of u se fu l  s c i e n t i f i c  da t a .  On OSO-111,  an extremely 
s i g n i f i c a n t  oliservation has  been made f o r  t h e  f i r s t  t i m e ;  t h e  c e n t e r  clf 
our  galaxy i s  a source of high energy (50 MeV) gamma rays .  This measire- 
ment is  imporizant f o r  models of g a l a c t i c  s t r u c t u r e  and evo lu t ion ,  and 
theo r i e s  on t h e  energ ies  of cosmic r a d i a t i o n .  
4,000 spcctroheliograms of  t h e  s o l a r  atmosphere between 300 and 1, :3OO A. 
These d a t a  w i l l  permit t he  development and assessment of r e a l i s t i c  moc'.els 
of t h e  s o l a r  atmosphere and w i l l  provide i n s i g h t  i n t o  t h e  problem of 
energy transporf: through the  chromosphere and corona. 

OSO-IV has  obtained ovej; 

The remaining O S O ' s ,  F, G and H,  w i l l  be  launched during and a f t e r  a 
per iod o €  maicimiim s o l a r  a c t i v i t y .  @SO-F, which w i l l  be  designated OSO-V 
a f t e r  i t  has  >em placed i n t o  o r b i t ,  i s  expected t o  be launched i n  thcb 
e a r l y  pa-rt of 1069. This spacec ra f t  w i l l  c a r r y  e i g h t  experiment insti-uments 
t o  observe s o l a r  and a s t rophys ica l  phenomena. Two of the  P r i n c i p a l  111- 
v e s t i g a t o r s  iare from t h e  Naval Research Laboratory,  two from t h e  Goddzird 
Space F l i g h t  ICenter, and one each from t h e  Univers i ty  of Minnesota, 
Univers i ty  o € Colorado, Univers i ty  College,  London, and Univers i ty  of 
P a r i s .  Data 3a:hered by the  instruments  w i l l  cont inue t o  advance our  
knowledge about s o l a r  r a d i a t i o n  and the  processes  which produce i t .  

The O:W-G spacecraf t  is being assembled and experiment i n s  trurrients 
w i l l  be  in t eg ra t ed  during e a r l v  1969. Af t e r  s u c c e s s f u l  completion of t h e  
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acceptance t e s t i n g ,  i t  is expected t o  be launched i n  t h e  l a t t e r  p a r t  c:f 1969. 
The principa:t s c i e n t i f i c  i n v e s t i g a t i o n s  w i l l  be high r e s o l u t i o n  X-rav s p e c t r a  
of f l a r e s  and a c t i v i t y  c e n t e r s .  

The payloxl  f o r  OSO-H w i l l  c o n s i s t  of s i x  experiment instruments  enipha- 
s i z i n g  hiqh iresolution X-ray and coronal  s t u d i e s .  The spacec ra f t  and 
instruments  iare i n  var ious  s t ages  of desiEn and development. I t  i s  e lpected 
t h a t  t h i s  obsnrvatory w i l l  be  launched i n  1971. 

A l l  O S O ' s  are  launched from the  Eas te rn  T e s t  Range bv the  Delta latmch 
veh ic l e  i n t o  9 nominal 550 ki lometer  c i r c u l a r  o r b i t  i nc l ined  33 delzrects. 
Planning is c u r r e n t l y  underway f o r  t h ree  a d d i t i o n a l  missions and t h e  srDace - 
c r a f t  f o r  t hese  missions w i l l  be improved t o  provide a d d i t i o n a l  suppoi't f o r  
more s o l a r  i n s t  ruments having increased r e s o l u t i o n  c a p a b i l i t y .  

P r o j e c t  management of t h e  OS0 is  assigned t o  t h e  Goddard Space Flip,ht  
Center (GSFC). The Ball Brothers  Research Corporation is t h e  spacecr<i f t  
prime con t r ac to r  wi th  r e s p o n s i h i l i t y  f o r  i n t e g r a t i o n  and tes t  of expel-iments 
and o the r  equipment i n t o  the  observatory.  In-orb i t  opera t ions  a r e  coritrolled 
from t h e  GSFC OS0 Control  Center through the  STADAN/Tracking Nethork. 

F i s c a l  Year 1969 funds provided f o r  f i n a l  p repara t ion  and launch 0 ' 1 '  OW-F, 
f o r  t he  development, manufacture, and test of the  OSO-G spacec ra f t  ant1 
experiment ins t ruments ,  f o r  t h e  d e f i n i t i o n  and i n i t i a l  design of t h e  OSO-H 
experiment ins t ruments ,  and primary design of t h e  OSO-H spacec ra f t .  

F i s c a l  Year 1970 funds w i l l  provide f o r  continued a n a l y s i s  and pub]- icat ion 
of da t a  from OSO-IV; f o r  o r b i t a l  ope ra t ion  and d a t a  a n a l y s i s  f o r  OSO-'?; f o r  
completing t e s t  f o r  launch p repa ra t ions  and i n i t i a l  d a t a  analysis .  f o r  OSO-G; 
f o r  design a n d  hardware e f f o r t  on OSO-H; and f o r  i n i t i a l  development on OSO-I,, 
J ,  and K. 

Fiscal Year 1967 and p r i o r  funding f o r  t hese  missions w a s  $65,686,000, 
inc luding  launch veh ic l e s .  F i s c a l  Year 1971. and subsequent years, ' fuiidinq 
needed t o  conple te  an eleven f l i g h t  program i s  est imated t o  be 
inc luding  launch veh ic l e s .  

Orbi t ing  Astronomical 
Observatory (OAO) : 

Spacecraf t  and support  
Experiments. .............. 
Ground opera t ions  ......... 

Sub t o  t a l  OAO. ........... 
Centaur (Launch Vehicle 

Procurement Program) ........ 
Tota l  ( i nc lud ing  Launch 

Vehic.les) .............. 

$36,609,000 $28,803,000 
s ,022,000 S , 300,000 

- - 3 2- 147 do0 --- ---*--*--*___I 2 797 000 

$44,768,000 $36,900,000 

$22,31jS,OOO 
3,7110,000 

- ..-A. 3 s3-5 2- 000 -. - 
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The Orbitin;;  Astronomical Observa tor ies  (OAO) p r o j e c t  recrui res t h e  
development o space-borne hardware and ope ra t iona l  c a n a b i l i t v  which m r i s t  
meet t h e  most ad-ranced s c i e n t i f i c  and t echn ica l  requirements of t he  sniice 
program. This  major advance i n  t h e  s t a t e  of t h e  a r t  i s  e s s e n t i a l  i n  
r e a l i z i n g  t h e  p o t e n t i a l  of space astronomv. It w i l l  provide o p p o r t u n i t i e s  
t o  ob ta in  astronomical  observa t ions  of c e l e s t i a l  o b j e c t s  and phenomena i n  
those reg ions  of t h e  electromagnet ic  spectrum t h a t  are i n a c c e s s i b l e  t o  
ground based instrumentat ion because of atmosphere absorp t ion .  Experirients 
s e l e c t e d  €or  the  OAO missions w i l l :  perform exnlorntorv sky mappint? siirveys 
i n  t h e  u l t r a v i o l e t  reg ion ,  ob ta in  moderate r e s o l u t i o n  spectrometer da t ; i  
of stars down t o  t en th  magnitude, and c a r r y  o u t  high r e s o l u t i o n  ul trav.i.olet 
s p e c t r a l  ana lys i s  of f a i n t e r  o b j e c t s .  

The OAO s p a c e c r a f t  is  designed t o  poin t  i n  any d i r p c t i o n  wi th  an  acl:uracv 
of one minute of arc.  Poin t ing  accuracy of 0.1 second of arc w i l l  b e  obtained 
using sensors  a s soc ia t ed  with t h e  experiment ins t rumenta t ion .  The a t t i t u d e  
c o n t r o l  system performs f i v e  func t ions :  s t a b i l i z a t l o n  and s o l a r  or ienlrat ion 
subsequent t o  o r b i t a l  i n j e c t i o n  o r  fol lowing loss  of s t a b i l i z a t i o n ;  r o  L1 
search  to  acqt.ire guide stars; s l e w  t o  and hold a t  a t t i t u d e s  requi red  for  
s c i e n t i f i c  observat ion:  hold i n  i n e r t i a l  space without  s t a r  t r acke r s :  md 
sun ba th ing ,  which provides  a s a f e  observa tory  holding mode while  providinfi 
for maximum recharge of t he  s n a c e c r a f t  b a t t e r i e s .  

The Goddard Space F l i g h t  Center is r e spons ib l e  f o r  t h e  management of  t he  
OAO p r o j e c t  iricludiny t h e  procurement o f  t h e  s p a c e c r a f t  and experiments.  
The Grumnian P A  r c  r a f t  Engineering Corporat ion,  t h e  s p a c e c r a f t  prime c o n t r a c t o r ,  
has  designed and is f a b r i c a t i n o  the  spacec ra f t .  Goddard Space F1 i:i,ht Center 
w i l l  i n t c g r a t  e t.he experiinents i n  t h e  s p a c e c r a f t ,  perform the  environmental 
tests,  arid ope ra t e  t h e  observa tory  i n  o r b i t .  

Extensive ground f a c i l i t i e s  i n  t h e  United S t a t e s  and i n  four  o t h e r  coun t r i e s  
(Ecuador., Chi le ,  A u s t r a l i a ,  and MadaEascar) are  provided for  c o n t r o l  c f  t h e  
mission in orbit: and  to  receive te lemetry f o r  t ransmiss ion  t o  t h e  (‘)A0 Control  
Center a t  t h e  Goddard Space F l i g h t  Center.  

The f i r s t  OAO (OAO-I)  w a s  launched on A p r i l  8 ,  1966. Although t h e  snace- 
c r a f t  f a i l e d  Ion Apr i l  10 ,  1966, i t  achieved o r b i t ,  performed planned funct ions 
f o r  a s h o r t  perr-iod o€ t i m e ,  and demonstrated t h e  des i zn  o b j e c t i v e s  i n  a niimber 
of complex a-was. The problem areas i d e n t i f i e d  wi th  t h e  OAO-I ope ra t ions  
were thoroughly analyzed and reviewed. Based on knowledze gained fron the  
f i r s t  f l i g h t ,  s e v e r a l  modi f ica t ions  were made t o  t h e  O h 0  spacec ra f t  stib- 
systems. Chanzcs were made i n  t h e  t e s t i n g  procedure f o r  the subsequerit 
obse rva to r i e s  and t h e  ground ope ra t ions  and f a c i l i t i e s  were expanded. In  
a d d i t i o n ,  a s i p i i f i c a n t  number of improvements were made t o  t h e  O A O  sj’stem 
t o  enhance t h e  I rospec t s  f o r  mission success .  

The second OAO (OAO-TI) w a s  launched success fu l ly  on December 7 ,  1‘168. 
The opera t ion  of t h e  s p a c e c r a f t  has  v e r i f i e d  modi f ica t ions  made t o  as:;ure 
s a t i s f a c t o r y  opera t ion  of t h e  power subsystem; provide b e t t e r  thennal  
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environment: prevent a r c i n g  i n  t h e  s ta r  t r a c k e r s ;  minimize n o i s e  s u s c e p t i b i l i t y  
and generat ion;  and provide a s a f e  holding mode independen: of t h e  s t a r  t r a c k e r s .  
The improved and expanded ground systems have supported t h i s  mission by in -  
c r eas ing  t h e  r - e e t l - t i m e  knowledge of t he  in -o rb i t  operat ion.  Measurements have 
been made of the  emission c h a r a c t e r i s t i c s  of d i f f u s e  nebulae and the extension 
of t h e  opac i ty  of t he  i n t e r s t e l l a r  medium i n t o  the  u l t r a v i o l e t  by t h e  Wisconsin 
Experiment Packaze. The Smithsonian Astrophysical  Observatory C e  Lescope has  
provided sky rnappiny and b r i z h t n c s s  c h a r a c t e r i s t i c s  of f a i n t  nebulae and of h o t  
stars. 

The t h i r d  OAO (OAO-B) , t o  be launched i n  l a t e  1969, w i l l  c a r r y  the Goddard 
Space F l i g h t  Center 36-inch t e l e scope  t o  o b t a i n  abso lu te  s p e c t r o p h o t o m t r p  
d a t a  on stars,  nebulae,  and t h e  b r i g h t e r  ga l ax ie s .  This mission w i l l  be the  
f i r s t  t o  inc:tiide the  I n e r t i a l  Reference Vnit ,  under development by thc 
l lassachuset ts  I n s t i t u t e  of Technology. 

The fou r th  OAO (OAO-C) , scheduled f o r  launch i n  1971, w i l l  c a r r y  a 
major experirnent f o r  Pr inceton Universi ty  and a s m a l l  piggy-back expci,iment 
f o r  t h e  [ Jn ive r s i ty  Collegc,  London. The Princeton Experiment Package i s  a 
32-inch Casseo,riiinian r e f l e c t i n g  t e l e scope  with a concave g r a t i n 2  expf!riment. 
S tud ie s  w i l l  be made of s p e c t r a  of i n t e r s t e l l a r  gas and of compositiori and 
phys ica l  c h a r a c t e r i s t i c s  of i n t e r s t e l l a r  gas and d u s t ,  as well as sta1.s. 
The London experiment c o n s i s t s  of t h r e e  te lescopes with pa rabo lo ida l  
r e f l e c t o r s ,  photon d e t e c t o r s ,  and gas counters  t o  s tudy X-ray emissioiis 
and t o  search fcor i n t e r s t e l l a r  absorpt ion.  

Development of tho OAO s p a c e c r a f t  w a s  i n i t i a t e d  in 1960. Funding 1)rior 
t o  FY 1969 provided f o r  t h e  complete design,  f a b r i c a t i o n ,  i n t e g r a t i o n ,  and 
t e s t  of t h e  observatory ( spacec ra f t  and experiments) system as w e l l  a:; the 
ground support  equipment f o r  t h e  OAO-I mission,  launched i n  1966. and t h e  
p a r t i a l  development and modif icat ions of t h e  systems f o r  t h e  t h r e e  a d ' i i t i o n a l  
approved OAO missions.  During t h i s  pe r iod ,  work w a s  i n i t i a t e d  on an i n e r t i a l  
r e f e rence  u n i t  a t  t h e  Massachusetts I n s t i t u t e  of Technology t o  augment the 
star t r acke r s  i n  the  s t a b i l i z a t i o n  and c o n t r o l  subsystem of OAO-15 and OAO-C. 
Following t h c  OAO-I problem, e f f o r t s  were c u r t a i l e d  on t h e  t h i r d  and Eourth 
missions i n  c i rder  t o  concen t r a t e  c r i t i ca l  resources  on the  second f 1 i ; h t  
observatory . 

F i s c a l  Y e . m  1969 funding completed t h e  OAO-I1 development and the  
observarory was. launched s u c c e s s f u l l y  on December 7, 1968. Other m a j o r  
requirements f o r  FY 1969 funds include:  
continued devel.opment, i n t e g r a t i o n  and test of t h e  OAO-B s p a c e c r a f t  and 
Goddard Expei:iment Package; and t h e  r e i n i t i a t i o n  of t h e  equipment develop- 
ment f o r  t h e  OAO-C mission,  including t h e  Princeton Experiment Package. 

OAO-11 ope ra t ion  and d a t a  processing: 

I n  F1! 1970, t h e  funding w i l l  provide f o r  continued a n a l y s i s  and puibli- 
c a t i o n  of d a t a  from OAO-I1  and t h e  prelaunch, launch, and post-launch 
support  of t he  OAO-B mission. I n  a d d i t i o n ,  t he  subsystems f o r  t h e  OP,O-C 
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s p a c e c r a f t  a n d  experiment instruments  w i l l  be  developed and t h e  subsystem 
f a b r i c a t i o n ,  i n t e g r a t i o n ,  and test f o r  t h e  OAO-C spacec ra f t  and experinent  
instruments  w i l l  be  completed: t he  observatory svstem w i l l  be  assembled 
and t e s t a  w i l l .  kle underway f o r  an e a r l y  1971 launch. 

Fiscal. Y e a r  1.967 and p r i o r  funding f o r  t hese  miss ions ,  inc luding  launch 
vehicles , .  w a s  $227,975,000. F i s c a l  Year 1971 and subsequent year ; '  funding 
needed t o  complete a four  f l i g h t  program is  est imated to be $12,53f),000 
includini:  launch veh ic l e s .  

Orb i t in s  Geophysical 
Obseirvatory (OCO) : 

S pacec IX f 1: ................ $12,130,000 $7,105,000 $1,563,000 
Exper imf?nl:s ............... -LZ332fiQ0- - - L - J -  6 095 000 -__ --c 5 23*1',000 

Sub to':al. OGO. ........... $20,064,000 $13,200,000 $6 ., 8OC1,OOO 

Thor-AI;ena (Launch Vehicle 
....... . Procurement Program). ($881,000) ( S233,OOO) (---I 

Toi:,al ( including 
l,8iunch Vehicles)  .... (A2>L9>!i2!3Cll) (&13,433,000) (S~8jX,O_O_O_) - 

The Olrbit i i~g Geophysical Observatory (OGO) p r o j e c t  has as a pr'i1nar.r 
o b j e c t i v e  the  accomnlishment of a series of coordinated s c i e n t i f i c  s t i  d i e s  
of t h e  e a r t h '  i environment and t h e  e f f e c t  of s o l a r  a c t i v i t y  on t h a t  e r  vironment. 

Five !)GO missions,  each includin:: 20 o r  more exneriments,  have beer( launched, 
one each yea.r sirartinfi i n  1964. These missions have a l t e r n a t e d  betwem hi::h 
a l t i t u d e ,  low- inc l ina t ion  o rb i  ts  f o r  magnetospheric and in t e rp l ane ta r ) ,  s tudiea 
and low a l t i t u d e ,  nea r ly  p o l a r  o r b i t s ,  f o r  g loba l  s t u d i e s  of atmosnherj c and 
r e l a t e d  ~heninnena. 

O G O - I ,  launched nea r  t he  minimum period of s o l a r  a c t i v i t y  i n  1964,  
cont inues t o  operate  on a per iod ic  b a s i s  and is providing d a t a  from tlie 1 2  
experimeqts which a r e  s t i l l  opera t ing .  Operation of OGO-I1 w a s  termiriated 
i n  November 1967 a f t e r  two years  of da t a  acnu i s i t i on .  OGO-111 p r o v i d t d  
s a t i s f a c t o r y  three-axis  s t a b i l i z a t i o n  f o r  an extended per iod ,  a n d  has pro- 
vided continuous d a t a  acqiiisi  t i o n  f o r  magnetospheric s t u d i e s .  Ycfs t notab le  
of t h e s e  has been the f i r s t  d e t a i l e d  observa t ion  of the  s o l a r  storm r-i.nz 
cu r ren t  p a r t i c l e s  by the  Van Allen experiment. The OCO-IV mission,  1;iunched 
J u l y  1967, cont inues t o  ope ra t e  s a t i s f a c t o r i l y  and has exceeded the  lonp,- 
sought desig.? qoa l  of more than one year  of three-axis  s t a b i l i z a t i o n .  The 
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0 - I V  experiments have provided va luab le  d a t a  on atmospheric composition, 
a i rglow and a u r o r a l  phenomena. 
placed i n  o r b i t  aboard OGO missions had accumulated over  one m i l l i o n  
ope ra t ing  hours. 

A s  of November 1968, t h e  105 experimenlts 

The most r e c e n t  mission,  OGO-V, w a s  launched March 4 ,  1968, i n t o  a 
h igh ly  e l l i p t i c a l  o r b i t .  
t o  perform w e l l  with active three-axis  s t a b i l i z a t i o n  and 20 of t h e  24 
experiments operat ing.  This mission inc ludes  a number of new and 
chal lenging experiments and is capable  of d e t e c t i n g  p a r t i c l e  ene rg ie s  
from a few e l e c t r o n  v o l t s  t o  10 b i l l i o n  e l e c t r o n  v o l t s .  

I t  has m e t  a l l  major o b j e c t i v e s  and continuel; 

I n i t i a l  r e s u l t s  from OGO-V i nc lude  discovery of e lec t r ic  f i e l d  discon- 
t i n u i t i e s  i n  t h e  s o l a r  wind and surveys o f  t h e  s p a t i a l  and temperature d i s -  
t r i b u t i o n  of t.he e a r t h ' s  hydrogen cloud (Geocorona) . 

Four of the, experiments flown on OGO-V were provided by fo re ign  c o u n t r i e s  
and inc lude  t h e  f i r s t  s a t e l l i t e - b o r n e  spark chamber (Universi ty  o E Southampton 
England). 

The timing of t h e  i n i t i a l  OGO missions and t h e i r  long l i f e t i m e  has  pro- 
vided good coverage from s o l a r  minimum through t h e  per iod of maximum 
s o l a r  act.ivitjp. The s i x t h  OGO (OGO-F) is  scheduled f o r  launch i n  early 
1969 and w i l l  extend t h i s  coverake through s o l a r  maximum. 
t h e  last  OGO pla.nned, w i l l  c a r r y  25 experiments i n t o  a l o w  a l t i t u d e  p o l a r  
o r b i t  fox d e t a i l e d  s t u d i e s  of atmospheric physics .  

This mission, 

Management of t h e  OGO p r o j e c t  is t h e  r e s p o n s i b i l i t y  of  t h e  Goddard Space 
F l i g h t  Center. Development of t h e  s p a c e c r a f t  system and f a b r i c a t i o n  and 
t e s t i n g  of f l i g h t  obse rva to r i e s  is  under c o n t r a c t  t o  TRW, Inc.  

Funding p r i o r  t o  FY 1968 provided f o r  design and development o €  t he  
b a s i c  s p a c e c r a f t ,  launch of the  f i r s t  fou r  o b s e r v a t o r i e s ,  beginning work 
on OGO-E and OGO-F, and support  of d a t a  a n a l y s i s  f o r  t he  f i r s t  t h r e e  
missions.  

Fiscal. Yea.1- 1.968 funds provided f o r  launch of  OGO-E, f o r  con t inua t ion  
of p repa ra t ion  of t h e  OGO-F mission, and f o r  continued d a t a  support  f o r  four  
o p e r a t i o n a l  rrdss ions.  

Fiscal. Year 1.969 funds are providing f o r  launch of OCTO-F, 0perat: ional 
support  f o r  fcmr O G O ' s  and support  of d a t a  a n a l y s i s .  

Funds i n  F71 1.970 w i l l  provide f o r  o p e r a t i o n a l  support  f o r  d a t a  
a c q u i s i t i o n ,  zinc f o r  d a t a  a n a l y s i s  support  f o r  OGO-IV, OCO-V, and (?GO-F. 

Fiscal. Y e a r  1.967 and p r i o r  funding f o r  t h e s e  mis s ions ,  including launch 
vehicles,was $21.6,195,000. F i s c a l  Year 1971 and subsequent y e a r s '  funding 
r equ i r ed  t o  cx)mplete t h i s  s i x  f l i g h t  program is est imated t o  be  $2,500,000. 



Explorers  ----- 

Space physics .................. $12,029,000 $12,660,000 $17,900,000 
A s  tronorny e :wlorers . .  .......... -? 5 _-._ 503 L 000 - -- 8 3 -..--I-- 100 000 -J!-.--.?--.-- 6 956 000 

Subto ta l  Exp.Lorers.. ......... $17,532,000 $19,616,000 $26, ,000,000 

Scout (Launch Vehicle 

Delta (Launch Vehicle 
Procurement :?rogram) ......... ($1,900,000) ($1, 300,000) ($5,200 , ,OOO) 

Procurement '?rogram) ......... <4,700,000) (4 . O O 0 , O ~ O ~ )  (j2~$3J)Nl) 

Tom1 ( inc luding  
Lsunch Vehicles) .  ........ ($24,132,000) ($24A9-16L00>) ($37,200 ,,OOP_) --- 

The Explorer p ro jec t  u t i l i z e s  r e l a t i v e l y  s m a l l  Scout and Delta clas:; 
spacec ra f t  t o  coiiduct a coordinated program of experimental  research  011 t he  
environment of: t h e  e a r t h ,  earth-sun r e l a t i o n s h i p s ,  and t h e  na tu re  of tlie 
i n t e r p l a n e t a r y  medium, and t o  conduct as t ronomical  observa t ions .  Thest! 
spacec ra f t  a r e  smaller and less complex than t h e  obse rva to r i e s  and can be 
designed and configured e s p e c i a l l y  f o r  t h e  requirements of t h e  partlcu:l.ar 
mission. The program a l s o  provides  f o r  coopera t ive  p r o j e c t s  w i th  otheTl- 
government agencies  and with fore ign  governments. 

During FY 1965, Explorer XXXV (IMP-E) w a s  launched i n t o  luna r  o r b i t  
t o  measure p a r t i c l e s  and f i e l d s  da t a  i n  the  v i c i n i t y  of t h e  moon. 'Thir: 
o r b i t  w a s  s e l e c t e d  t o  ga in  f u r t h e r  information on the  e a r t h ' s  magnetosi)here 
and magnetic t a i l ,  s i n c e  t h e  moon sweeps through t h i s  reg ion  monthly. This 
mission w a s  s u c c ~ ~ s s f u l  and i s  s t i l l  providing use fu l  da ta .  Explorer XLXVII 
(Solrad-B) w a s  launched f o r  t h e  Naval Research Laboratory as a coclperarive 
p ro jec t .  This s s a c e c r a f t  w a s  designed t o  monitor ene rge t i c  s o l a r  X-ray 
emissions t o  .Drovide real t i m e  s o l a r  d a t a  t o  the  s c i e n t i f i c  communi t v .  
This mission was a l s o  successfu l .  I n t e r n a t i o n a l  Radiat ion Inves t iga t ion  
S a t e l l i t e  I w a s  successfu l ly  launched i n  a coopera t ive  p r o j e c t  wi th  tht! 
European Space Research Organizat ion (ESRO) . The IMP-G spacecraf t  , 
o r i g i n a l l y  scheduled f o r  launch i n  1968, w a s  defer red  one year  because 
Explorer XXXI'V, which c a r r i e d  t h e  same s c i  e n t i  f i c  payload, was s t i l  1 
opera t ing  s a t i s f a c t o r i l y .  
(SSS) , Small Astronomical S a t e l l i t e s  (SAS) , and LYP spacec ra f t  were coil- 
t inued ,  as were the Aurora, I n t e r n a t i o n a l  S a t e l l i t e  f o r  Ionospherjc  Sti idies 
(ISIS), Azur, and San Marco cooperat ive p r o j e c t s .  The A i r  Densi ty/Inj im 
and Radio Astronomy Explorer  (RAE) s p a c e c r a f t  were f l i g h t  q u a l i f i e d  
and prepared for launch. 

Development of t h e  Small S c i e n t i f i c  Sate1li l :es 



During FY 1.969 , Explorer XXXVIII , (RAE-A) w a s  s u c c e s s f u l l y  launched. This 
s p a c e c r a f t  is, designed t o  make t h e  f i r s t  observat ions of very low frequency 
r a d i o  waves fi-om above t h e  atmosphere. Although t h e  s p a c e c r a f t  weighs only 
607 pounds i t .  is t h e  l a r g e s t  s p a c e c r a f t  ever  launched i n  terms of o v e r a l l  
dimensions. "%he ex tend ib le  antenna booms, configured i n  an X shape, measure 
over a qiiarteir of a m i l e  t i p  t o  t i p .  Boom extension w a s  s u c c e s s f u l l y  completed 
i n  October 1968, and e x c e l l e n t  d a t a  are being received. Explorers XXXIX and 
XL, t h e  Air I)t:nsity/Injun, were s u c c e s s f u l l y  o r b i t e d  i n  a dua l  payload Scout 
launch. The Air Density Explorer ,  a twelve f o o t  sphere t o  measure the 
d e n s i t y  of t he  upper atmosphere, and t h e  In jun ,  which carries a r a d i a t i o n  
measurement p3y:Load , are both ope ra t ing  s a t i s f a c t o r i l y .  Aurora , t h e  second 
ESRO cooveral: Lve sa te l l i t e ,  was s u c c e s s f u l l y  launched to  conduct an in t eg ra t ed  
s tudy of t h e  ionosphere a t  high l a t i t u d e s .  The ISIS-A s p a c e c r a f t  has success- 
f u l l y  cornpletad f l i g h t  q u a l i f i c a t i o n  t e s t i n g  and is await ing launch. This is 
a c o o p e r i ~ t i v t ~  p r o j e c t  with Canada and w i l l  cont inue t h e  success fu l  ionospheric: 
s t u d i e s  begun i n  1962 by t h e  Alouet te  I ,  which is s t i l l  providing u s e f u l  da t a .  
The IMP-I; wi:Ll  be r e q u a l i f i e d  and prepared f o r  launching e a r l y  i n  FY 1970. 
The SAS Drototype s p a c e c r a f t  and experiments w i l l  be completed and undergo 
prototype t e s t i n g .  The RAE-B w i l l  complete i n t e g r a t i o n .  The SSS prototype 
w i l l  be tested and f a b r i c a t i o n  of  t h e  f i r s t  f l i g h t  s p a c e c r a f t  w i l l  bep,in. 
Detail design oE t h e  Sunblazer s p a c e c r a f t  and experiment w i l l  be s t a r t e d  
as w i l l  procurement of long-lead-time f l i g h t  hardware. The s t r u c t u r e  of 
t he  INP-1 s p a c e c r a f t  w i l l  be completed. Development of o t h e r  approve(\ 
Explorers  and va r ious  cooperat ive s p a c e c r a f t  w i l l  continue.  D a t a  a n a l y s i s  
from earlier missions w i l l  a l s o  be c a r r i e d  out .  

F i s c a l  Year 1970 funds w i l l  provide for t h e  launching of DP-G, RAII-B 
and SSS-A w i l l  be f l i g h t  q u a l i f i e d  and prepared for launch, as w i l l  tlie San 
Marco-C, Azur, ISIS-B, Barium Vapor Probe., and A i r  Force Cambridge Re:;earch 
Laboratory cooperat ive satel l i tes .  The SAS-A and IMP-I w i l l  complete 
development and he f l i g h t  q u a l i f i e d .  Another Naval Research Laboratory 
Solrad s p a c e c r a f t  w i l l  a l s o  be  readied f o r  launch. Fabr i ca t ion  of thi? 
I n t e r p l a n e t a r y  Explorer Sunblazer prototype w i l l  begin. 
t h e  SAS-B experiment and procurement of long-lead-time i t e m s  f o r  t h e  'space- 
c r a f t  w i l l  be completed and f a b r i c a t i o n  w i l l  begin.  
IMP H & J  w i l l  continue.  We propose to  i n i t i a t e  Atmosphere Explorer missions 
deferred i n  FY 1969. These missions w i l l  employ on-board proDulsion ineeded 
t o  maintain the low a l t i t u d e  necessary t o  i n v e s t i q a t e  t h a t  p o r t i o n  of t h e  
atmosphere w h e r e  most of the  incoming s o l a r  r a d i a t i o n  is absorbed. E tcperiment: 
s e l e c t i o n  w i l l  be completed f o r  SSS C&D and SAS C&D, and development i v i 1 1  be 
i n i t i a t e d .  Agreements with fo re ign  governments for two new cooperat ive 
satel l i tes  a r e  expected t o  be completed which w i l l  i nc lude  American e r p e r i -  
ments. Planning f o r  follow-on missions w i l l  cont inue using IMl? enacec ra f t  
with on-board computer c a p a b i l i t y .  This e f f o r t  w i l l  i nc lude  s t u d i e s  Df 
follow-on magnetospheric boundary missions and s m a l l  piggy back s a t e l l i t e s .  

Detail clesigii of  

Development of S:;S-B and 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS LUNAR ANI) PLANETARY 
EXPLORATION PROGRAM 

PROGRAM OBJECTIVES -- AND JUSTIFICATION: 

The objective of t h e  Lunar and Plane tary  Explorat ion program i s  t h e  
s c i e n t i f i c  exp lo ra t ion  of our  s o l a r  system u t i l i z i n g  manned and automated 
spacec ra f t  SUppOrted by e a r t h  based research .  The c u r r e n t  program p laces  
emphasis on pl.anning t h e  f u r t h e r  exp lo ra t ion  of t h e  moon by manned systems 
and on the  exp lo ra t ion  of t he  p l a n e t s  and t h e  i n t e r p l a n e t a r y  medium using 
automated spacec ra f t .  In te rmedia te  and long range o b j e c t i v e s  encompass a 
broad exp1orat:iam of t h e  s o l a r  system and i n t e r p l a n e t a r y  space through more 
comprehensive! missions t o  the  o u t e r  p l a n e t s  and t o  t h e  a s t e r o i d s  and comets. 
The u l t i m a t e  achievement of t hese  o b j e c t i v e s  w i l l  provide t h e  d a t a  t o  better 
expla in  t h e  orip;in,  h i s t o r y ,  and mechanisms of development of our  solar 
system, t:herc!hy inc reas ing  our  understanding of t h e  evolu t ion  of the e a r t h  
and t h e  processes  t h a t  c o n t r o l  i t s  environment. 

The fundanimt:al s c i e n t i f i c  o b j e c t i v e s  of t h e  luna r  exp lo ra t ion  program 
are t o  understand the  moon's o r i g i n ,  evolu t ionary  h i s t o r y ,  re la t i tonship  t o  
the  e a r t h  and the  s o l a r  system, and processes  of formation. P r o j e c t s  now 
completeti have advanced considerably our knowledge of t he  moon and provided 
a weal th  of Cl i I tZt  which have aided and w i l l  cont inue t o  a i d  i n  unrave l ing  the  
myster ies  of our nea res t  neighbor.  The Ranger p r o j e c t ,  t h e  f i r s t  s t e p  i n  
t h i s  e f f o r t ,  provided t h e  f i r s t  c loseup p i c t u r e  of t he  moon's s u r f a c e  through 
the  thousands of l una r  photographs its spacec ra f t  t ransmi t ted  t o  e a r t h .  The 
subsequent Lt~nat: Orb i t e r  p r o j e c t  provided the  l a r g e  s c a l e  d e t a i l e d  phci tographs 
of t he  moon irequired f o r  t he  s e l e c t i o n  and c e r t i f i c a t i o n  of sites f o r  t h e  
Apollo mimneti l una r  landing  missions.  The Surveyor p r o j e c t ,  by demonsitrating 
the  s o f t  landing of a complex s p a c e c r a f t ,  v e r i f i e d  t h e  a b i l i t y  of Apollo t o  
land on the  :Lunar su r face .  I n  a d d i t i o n ,  Surveyor made va luab le  c o n t r j b u t i o n s  
t o  our knowledge of t he  moon by tak ing  hundreds of high r e s o l u t i o n  photographs 
of t h e  luna r  t e r r a i n ,  measuring luna r  s u r f a c e  bear ing  s t r e n g t h  and by making 
the  f i r s t  rudimentary chemical a n a l y s i s  of luna r  materials. The i n i t i a l  
phase of l una r  explora t ion  came t o  a c l o s e  with the  success fu l  completion of 
t he  Surveyor p ro jec t  . 

The next  *phase of our  exp lo ra t ion  of t h e  moon w i l l  be conducted by men 
i n  the  A p o l l o  program c u r r e n t l y  approaching f r u i t i o n .  The i n i t i a l  l andings  
and the  subsequent modi f ica t ions  t o  t h e  systems necessary f o r  comprehrmsive 
exp lo ra t ion  of the moon are funded under the  Manned Space F l i g h t  program. 
However, a manned exp lo ra t ion  of t h i s  scope r e q u i r e s  a very so l id  foundat ion 
of s c i e n t i f i c  r e sea rch  i f  i t  is t o  be an e f f e c t i v e  program. Fund,ing requested 
under t h e  Supporting Research and Technology and Data Analysis  programs w i l l  
provide the  s c i e n t i f i c  planning which w i l l  s e rve  as t h e  base f o r  condiicting 
meaningful exp lo ra t ion  of the  moon. 
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The p lane ta ry  and i n t e r p l a n e t a r y  programs have experienced a high degree 
of success  beginning with the  Mariner I1 f lyby  of Venus and cont inuing with 
the  most recent  success fu l  launching of t h e  Pioneer  I X  spacec ra f t  :into an 
o r b i t  around t h e  sun. The Mariner I1 mission i n  1962, t he  f i r s t  f lyby  inissions 
t o  Venus, provided new da ta  on the  magnetic and atmospheric c h a r a c t e r i s t i c s  
of t he  p l ane t .  The Mariner I V  mission t o  Mars i n  1965 provided t h e  f i r s t  
closeup photography of t he  p l a n e t ' s  c r a t e r e d  su r face  and showed t h a t  i t ;  
atmospheric dens i ty  w a s  very low compared t o  the  e a r t h .  Mariner V I  launched 
i n  June 1967, rr.ade more p rec i se  measurements of Venus' ionosphere,  magnetos- 
phere,  and atmosphere. Pioneer I X ,  launched i n  November 1968, is the  1 , s t e s t  
i n  the  cu r ren t  series of spacec ra f t  designed t o  measure the  interp:Lanet,sry 
medium. E a r l i e r  missions provided d a t a  enabl ing a b e t t e r  understanding of 
t he  mechanisms r e l a t e d  t o  the  propagat ion through space of s o l a r  d i s turbances ,  
the  e f f e c t  of t hese  d is turbances  on terrestrial  phenomena, and t h e  r e l a t i o n -  
sh ip  between so la r  a c t i v i t y  and s o l a r  and cosmic rays .  

The next  phase of t h e  P lane tary  program inc ludes  a series of mission!; t o  
Mars, Venus, and Mercury, and the  f i r s t  mission t o  the  v i c i n i t y  of J u p i t e r .  
Two Mariner f lyby  missions of Mars are scheduled f o r  1969 t o  be fo:Llowed by 
two Mariner o r b i t e r s  i n  1971. I n  1973, a s i n g l e  Mariner s p a c e c r a f t  w i l l  be 
used t o  s tudy both Venus and Mercury. 

The Viking p r o j e c t ,  u t i l i z i n g  the  o r b i t e r / l a n d e r  team approach found so  
success fu l  i n  explor ing t h e  moon w i l l  be used t o  explore  Mars. Thiis prtoject, 
combining a lander  and a Mariner class o r b i t e r ,  w i l l  be launched t o  Marl; by 
the  Ti tan/Centaur  launch v e h i c l e  i n  1973. Pioneer E is  scheduled f o r  h u n c h  
i n  1969 f o r  f u r t h e r  i n t e r p l a n e t a r y  s t u d i e s .  Modif icat ion of t he  success fu l  
Pioneer  spacec ra f t  design w i l l  permit missions beyond Mars t o  the  v i c i n i t y  
of J u p i t e r ;  Pioneer  F and G launches are scheduled f o r  t he  1972 and 1973 
Jovian oppor tun i t i e s .  

SUMMARY OF RESOURCES REWIREMENTS: 
___-.-I_-_-_-____-- -_ 

Supporting research  and 
technology/advanced s t u d i e s  

Data a n a l y s i s  ................ 
Pioneer... . . . . . . . . . . . . . . . . . . .  
Mariner-Mars 1969.. .......... 
Mariner-Mars 1971... . . . . . . . . .  
Mariner-Mercury 1973... . . . . . .  
Viking ....................... 
Plane tary  exp lo re r s  .......... 
Advanced p l ane ta ry  missions 

technology ................. 
Surveyor ..................... 
Lunar orbi ter . . . . . . . . . . . . . . . .  
Mariner-Venus 1967........... 
Voyager ...................... 

Total. . . . . . . . . . . . . . . . . . . . . .  

$19,800,000 
600,000 

6,000,000 
62,850,000 

12,000,000 
33,000,000 

9,500,000 
3,400,000 

350,000 ------- -. 

$20,600,000 
2,600,000 
5,000,000 

27,200,000 
18,300,000 

8,100,000 
--- 
--- 

---, $147 500,000 $81,800,000 ____-- 

$24,600 ,000 
2! ,  700,000 

18,200 )OOO 
4,900 ,000 

45,400 ,000 
3,000 ,000 

40,000 ,000 
E l ,  000 ,000 

~ - - - -  $146,800 000 
----I- I- 
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1968 

.Dis t r ibu t ion  of Program Amount by I n s t a l l a t i o n :  --- 
--̂ __---- 

Kennedy Space Center. . . . . . . .  $84,000 
Manned Spacecraf t  Center. . . .  40,000 
Marshall  Space F l i g h t  Center 256,000 
Goddard Space F l i g h t  Center.  1,542,000 
Jet Propuls ion Laboratory ... 115,792,000 
Ames Research Center. . . . . . . .  7,098,000 
E lec t ron ic s  Research Center. 75,000 
Langley Research Center. . . . .  11,540,000 
NASA Headquarters ........... 11,073,000 

$119,000 
275,000 
540,000 

4,141,000 
56,381,000 

5,456,000 
25,000 

260,000 
14,603,000 

--- 
!;1,77'5,000 

115,000 

75,140,000 
lL8,690,000 

25,000 
2 7 ,2613,000 
1t2,975,000 

110,820,000 

-I. BASIS - OF ---- FUND -- REQUIREMENTS: 

- S*Eoct&n& w e a r  c h and Techno logy / AdvancEd Stud i e  s. 

Lunar science. . . . . . . . . . . . . . . . .  $3,750,000 $4,800,000 !j9,40O, 000 

Plane tary  science. . . . . . . . . . . . .  8,250,000 8,100,000 8 ,  O W ,  000 
Plane tary  advanced t echn ica l  

Lunar advanced s tud ie s . . . . . . . .  250,000 --- --- 

deve1opmer.t ................. 6,800,000 6,000,000 6,0019,000 
Plane tary  advanced s tud ie s . . . .  __- 750,000 1,700,000 - 1 , 200,000 

Tota l . . . . . . . . . . . . . . . . . . . . . . .  $19,800,000 $20,600,000 $24,600,000 --- 
Supporting Research and Technology and Advanced S tud ie s  programs ar2 the  

research  a c t i v i t i e s  which provide support  t o  t h e  f l i g h t  missions by provid- 
ing  t h e  base for  d e f i n i n g  t h e  s c i e n t i f i c  o b j e c t i v e s  of f u t u r e  missions,  and 
es tab l i shdng the s c i e n t i f i c  and engineer ing c a p a b i l i t i e s  e s s e n t i a l  t o  the  
performance of t hese  missions.  

The a c t i v i t i e s  of t h e  Lunar Science program are devoted t o  increas ing  our  
s c i e n t i f l c  knclwledge of t h e  moon, cont inuing l abora to ry  i n v e s t i g a t i o n s  and 
t h e o r e t i c a l  s t u d i e s  r e l a t e d  t o  t h e  moon by drawing on b a s i c  d a t a  der ived 
from ground based research  and from Ranger, Surveyor, Orb i t e r ,  Apollo 8 and 
subsequent Apcillo missions.  These a c t i v i t i e s  are requi red  i f  t he  Nation i s  
t o  take  f u l l  advantage of t h e  Apollo c a p a b i l i t y  t o  explore  t h e  moon and 
e x p l o i t  t he  d i s c o v e r i e s  made i n  t h e  earlier phases of l una r  explora t ion .  

FY 1970 ef f 'o r t  i n  Lunar Science planning w i l l  cover such i t e m s  as:  
continued procluc t i o n  of geologic  maps of c u r r e n t l y  s e l e c t e d  and f u t u r e  
landing s i t e s ;  p l o t t i n g  traverse r o u t e s ;  s e l e c t i o n  of f u t u r e  landing s i tes ;  
and the  i n v e s t i g a t i o n  of instrument concepts f o r  remote chemical .analysis .  
FY 1970 w i l l  be the  f i r s t  year  t h a t  t he  Lunar Science I n s t i t u t e  i s  f u l l y  
ope ra t iona l  a.t: t h e  Manned Spacecraf t  Center i n  Houston, Texas. 

Planet.ary scfence provides  f o r  research  i n  t h e  t h r e e  d i s c i p l i n e s :  
P lane tary  Atmospheres, P lane tary  Astronomy, and Planetology. 
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The Planetary Atmospheres program funds research in atmospheric phc womena 
including the upper atmosphere of the earth, the atmospheres of the planets, 
and the gaseous phenomena associated with comets. In FY 1970, research into 
design and development of experiments and the development and moclification 
of instruments for use in the Planetary Explorers will be stressed. 'rhe 
area of direct measurement experiments and instrumentation for explor(ition 
of the lower atimospheres of Venus will also be stressed. 

The Planetary Astronomy program funds research for obtaining ais much 
information as possible about the planets from the vicinity of eatrth. The 
use of rockets, balloons, airplanes, and ground based observations provides 
valuable dat8a, which enhances the scientific value of the Planetary Explora- 
tion program. 'The FY 1970 Astronomy program will emphasize obsexvations of 
Mars which will be at its closest point to earth since 1956. Investi1,:ators 
are preparing to study the planet to determine its atmospheric cc1mpos:lttion 
more accurately; to determine its topographical contours; and to study 
changes in surface and atmospheric features. 

A new area under Planetary Supporting Research and Technology is the 
Planetology program which funds research in the increasingly impalrtanti: area 
of planetary geology. As the planetary program progresses from earth based 
observational data to flyby and orbiter data, and in 1973 to data. from 
landers, planetology research will play a more and more important rob! in 
determinhg the nature and properties of the planets. In particular, the 
research towinrd the development of scientific instruments for Project 
Viking (soft landing of an instrument package on, and orbiting thLe plitnet 
Mars in 1973) is one of the major goals of the Planetology program in FY 
1970. Expan:~ioii of the Planetology program has become necessary to prepare 
adequately for :the expected data return from the Mariner Mars 1969 ancI future 
Mars missions as well as studies of Venus and Mercury missions. 

In the 8re.a of engineering technology, the Advanced Technical Devel.opment 
(ATD) prograin supports the development of new and improved design. of tiipace- 
craft hardware. In the recent past, the ATD program has concentrated 
approximately one-third of its efforts in the advancement of planetary 
lander heat sterilization to prevent contamination of the planets by t:er- 
restrial life. The remaining effort in the ATD program has been focusied in 
the following areas: (1) extending the nominal lifetime of the systems for 
missions such a!; a Jupiter flyby, with approximately 1% years of spacecraft 
transit, and the outer planets or Grand Tour mission which may be up t o  12 
years in duration; (2) developing power sources which use nuclear energy and 
allow a spacecritft to operate for extended periods without dependence on 
solar energy; (3)  developing instruments and subsystems which will survive 
in the hosti:le environments of the asteroid belts, the magnetosphere of 
Jupiter and the temperature extremes; (4) developing the ability to communi- 
cate up to three billion miles; and (5) perfecting the techniques and sub- 
systems for rriaingby trajectories which require great precision in spacecraft 
control and tracking. In FY 1970, research in the ATD program will concen- 
trate in the inreas of Jupiter flyby and Grand Tour missions; provide more 
emphasis to the critical technologies for Venus probes and buoyant Venus 
stations; and develop concepts for an advanced Mars lander in the late 1970's. 
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I n  the  P lane ta ry  Advanced S tud ie s  program, surveys of p o t e n t i a l  f u t u r e  
s c i e n t i f i c  p l ane ta ry  missions are made and an up-to-date catalogue of m i s -  
s i o n  o p p o r t u n i t i e s ,  t h e i r  gene ra l  system requirements ,  and t h e i r  value i n  
f u l f i l l i n g  e s t a b l i s h e d  goa l s  and o b j e c t i v e s  of NASA are def ined.  
mission approaches, including t h e  u t i l i z a t i o n  of e x i s t i n g  systems a r e  
evaluated anc resource requirements determined and advanced technology 
requirements examined. I n  FY 1969, Advanced S tud ie s  funds w e r e  used t o  
continue the work on (1) m u l t i p l e  p l a n e t  Grand Tour and o t h e r  o u t e r  p l a n e t  
f lybys:  (2) s u r f a c e  sample r e t u r n  from Mars: ( 3 )  buoyant s t a t i o n s  and atmos- 
phe r i c  probes of Venus; ( 4 )  J u p i t e r  o r b i t e r s :  and (5) comet f lybys .  In  FY 
1970, i t  is  planned t o  cont inue the  i n v e s t i g a t i o n  of t h e  more promising 
missions and t o  fund a d d i t i o n a l  s t u d i e s :  (1) o r b i t e r s  of Mercury and t h e  
o u t e r  p l a n e t s ;  (2) atmospheric probe of J u p i t e r ;  and (3 )  comet rendezvous. 

A l t e r n a t e  

Data Analysis -___- 

1970 - - .- - 1968 1969 l__-.l 

Lunar d a t a  a n a l y s i s  ........... --- $2,000,000 $2,100,000 
P lane ta ry  data a n a l y s i s  ....... I_ $600,000 - -____- 600,000 

Total .  ...................... $600,000 --____ $2,600,000 
.- 

The primary purpose of s p a c e c r a f t  missions t o  i n t e r p l a n e t a r y  space o r  t o  
t h e  moon and t h e  p l a n e t s  is t o  conduct experimental  i n v e s t i g a t i o n s  which w i l l  
advance ou r  knowledge and understanding. 
instruments  aboard t h e  s p a c e c r a f t  and are t r ansmi t t ed  t o  e a r t h  f o r  an , a lys i s  
by t h e  s c i e n t i s t s  conducting t h e  experiments. The i n i t i a l  d a t a  r educ t ion  and 
a n a l y s i s  is funded by t h e  f l i g h t  p roJec t  as a p a r t  of i t s  p r o j e c t  responsi-  
b i l i t i e s .  Very o f t e n  the  t i m e  required t o  reduce and analyze the  d a t a ,  and 
t o  pub l i sh  t h e  r e s u l t s ,  i s  longer  than the  per iod of support  provided by t h e  
p r o j e c t .  I n  a d d i t i o n ,  t he  f u l l  s c i e n t i f i c  va lue  of space f l i g h t  d a t a  
r e q u i r e s  d e t a i l e d  and cont inuing a n a l y s i s .  
e s t a b l i s h e d  i n  order  t o  meet t h i s  need. 

Data are obtained by s c i e n t i f i c  

The Data Analysis  p r o j e c t  w a s  

The Lunar O r b i t e r  p r o j e c t  has photographed t h e  e n t i r e  moon, pirovidLng 
geologic  and topographic information i n  g r e a t  q u a n t i t y  and de ta i l t .  Analysis 
of t h i s  Lunar O r b i t e r  d a t a  has almost e x c l u s i v e l y  been focused toward Apollo 
landing zone photographs as candidate  sites were examined i n  every p o s s i b l e  
way be fo re  t h e  Einal s e l e c t i o n  of f i v e  sites. There is  now every conEidence 
t h a t  t h e  i n i t i a l  Apollo luna r  landing sites have been chosen well.. 

I n  thle f u t u r e ,  in-depth a n a l y s i s  must be made on t h e  photographic (data 
from o u t s i d e  the  Apollo landing zone. Later missions w i l l  have s c i e n t i f i c  
objectivles which w i l l  r e q u i r e  landings i n  r eg ions  o u t s i d e  the  Apollo Landing 
zone. Approximately one-half of t he  funds requested f o r  FY 1970 w i l l  support  
cont inuing Lunar O r b i t e r  photographic a n a l y s i s .  This a n a l y s i s  w i l l  einphasize 
geographical  a r eas  o u t s i d e  the  Apollo landing zone, p r i m a r i l y  for. s c i l m t i f i c  
i n t e r e s t .  
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The first lippollo flights should yield an abundance of scientific an,d 
engineering data that is highly relevant to subsequent lunar explloration 
missions. The balance of the funds requested will support analysis of data 
obtained in ear1.y Apollo lunar orbital and landing missions. The purpose of 
these analyses orill also focus on planning for potential lunar exploration 
miss ion requirements . 

In FY 1970,, the Planetary Data Analysis program will continue to support 
the reduction of data from the Mariner IV, Mariner V, and Pioneer missions 
and from earth upper atmosphere experiments, and will provide the results 
for the use of the scientific community and in advancing the knowledge of 
mankind in general. 

Pioneer 

1968 

Spacecraft and. support. ....... $2,924,000 
Experiments ................... 3,076,000 

Subtatal, Pioneer........... $6,000,000 

Delta (Launc:h Vehicle 

Centaur (Launch Vehicle 
Procurement Program) ........ ($2,500,000) 

--- ........ Procurement Program) _I 

\ 

Subtotal, launch vehicles... fi2,500,000) 

Total (including launch 
vehicles) ................. ($8,500,000) --- 

1970 --*- 1969 

$2,328,000 $12,100,000 
2,672,e - 6,100,000 
$5,000,000 $18,200,000 

($1,452,000) (---I 

--- &$7,839,000) 

($1,452,000) &$7,83,9,000) 

($6,452,000) ($:26,039,000) --.- 

The objectives of the Pioneer project are to provide for the continuing 
investigation of the interplanetary medium and the propagation of solar and 
galactic phenomena in this medium; and to provide initial exploration (of the 
remote regions, of the solar system in order to increase knowledge of the 
origin and evcllution of the earth, sun, and planets, and the dynamic processes 
that shape the terrestrial environment. 

The current series of Pioneer spacecraft weigh about 140 pounds eac'h and 
are launched bly the Thrust-Augmented Improved Delta. The first three Iof 
these, Pioneers VI, VII, and VIII, were launched successfully in 11965, 1966, 
and 1967 respectively; all three continue to operate successfully. Pioneer IX 
was successfully launched on November 8, 1968. All spacecraft subsystems are 
performing normally, and all on-board scientific instruments are transinitting 
valuable scientific information on the interplanetary medium. Pioneer IX and 
Pioneer E, to be launched in 1469, are essential elements of our network of 
deep space "weather stations". 
to measure the solar wind flow, magnetic fields, and the electron denslty in 
space; and to observe the energy spectra, fluxes, and direction of solar and 

The experiments of these Pioneers are (designed 
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galactic cosnntc rays. The opportunity to perform these experiments OIL 
widely separated spacecraft in deep space is providing unique and valuable 
scientific inFoimation about the sun and its influence on the solar system. 
The combination of measurements from the four widely separated stations 
enable us to detect and estimate the paths of solar storms. This -Lnfclrmation 
helps foxecasitei:~ to provide advance warning of radiation dangers to space- 
craft and of variations in the protective magnetic envelop of the earth which 
affects the !Long range radio communications of the world. 

In FY 1969, the development of Pioneer F and G was initiated to be launched 
into tra:lectoirit:s permitting the exploration of the environment of int erplanet: 
ary space bet:wean one and five astronomical units (AU) from the sun, including 
the asteroid 1,el.t and the magnetosphere of Jupiter. (One AU is equal to the 
mean eart:h-tc~--sun distance, 92,000,000 miles.) With this type of traj ectory, 
we should be ab1.e to study the hazardous region of the asteroid belt and 
measure the E:iraclient of the sun's influence on interplanetary space arid the 
penetration of galactic cosmic radiation into the solar system. While the 
spacecraft is in the vicinity of Jupiter, instruments will measure the1 
properties of charged particles, magnetic fields, and radio frequency 
emissions. Ihta from these measurements will be used to study the composition 
and dynaniics of the atmosphere surrounding the planet and its interaction 
with the intei-pl.anetary medium. It will also be used to analyze the thermal 
balance of Jtipit.er and the source of energy which the planet seems to have. 
These missions will require modifications to the spacecraft to compensate 
for the l-esse!ning of solar radiation as a power source and the more demanding 
communications and thermal conditions. New experiment instrumentation will 
also be required to make measurements in the asteroid belt and near Jupiter. 
These spacecraft will be launched in the 1972-73 time period by Centaur launch 
vehicles. The c:hange from the Delta launch vehicles used on earlier missions 
is required t.o provide the velocity necessary to reach Jupiter. In Fy 1969, 
NASA initiated, as part of the Pioneer program, a cooperative project, Helios, 
with West. Germany for measurements of the interplanetary medium to within 
0.3 AU of the sun. 

Management of the Pioneer project is the responsibility of Ames Research 
Center. TRW I:nc.orporated, is the prime spacecraft contractor for the first 
five Spacecraft. Tracking and data acquisition systems management is the 
responsibility of the Jet Propulsion Laboratory, and Goddard Space Flight 
Center has responsibility for Delta launch vehicle systems manageiment. 
Lewis Research Center will be responsible for Centaur launch vehicle systems 
management . 

Funds in F5' 1969 provided for the continued operation of Pioneer VI-VIII, 
the launch and post-launch operations for Pioneer IX, and the assembly, 
integration, testing and launching of Pioneer E. Funds are also 'being used 
to initiate experiment design activities for Pioneer F and G. FY 1970 funds 
will be used for design and development work on the spacecraft and the 
selected experiments for Pioneer F and G. Operational support for the five 
active Pioneer spacecraft and for data analysis will continue. 
ments for Hellos will be selected and development begun. 

U.S. experi- 
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FY 1967 and p r i o r  funding, including launch v e h i c l e s ,  w a s  $57.,740,000. 
FY 1971 and f u t u r e  yea r s '  funding requirements f o r  t h i s  p r o j e c t ,  including 
launch v e h i c l e s ,  are estimated t o  be about $107,119,000. 

Mariner -- 

Flariner-Mars 1969.. ........... $62,850,000 $27,200,000 $4,9,DO, 000 
Mariner-Mars 1971.. . . . . . . . . .  .. --- 18,300,000 45,4OO,OOO 
Mariner-Mercury 1973... . . . . . . .  --- --- 3,030,000 
Mariner-Venus 1967... . . . . . . . . .  3,400,000 --- --- _-____ --._I.- 

T o t a l  Spacecraf t  and Support $66,250,000 $45,500,000 !;53,300,000 

Atlas Centaur (Launch Vehicle 
Procurement Program) ........ ($6,874,000) ($14,518,000) (;j2$512,000) 

T o t a l  ( including launch 
v e h i c l e s ) .  ................ (j~3&4J)COCO) ($60,018,000) ($64,812,000) 

Over the  Fast s i x  y e a r s ,  t h e  Mariner s p a c e c r a f t  has  evolved from t h e  450 
pound Mariner I1 used f o r  man's f i r s t  success fu l  mission t o  another  p l ane t  
t o  t h e  2,200 pound ( including 900 pounds of p r o p e l l a n t )  Mariner .L971 t o  be 
used f o r  our  f i r s t  o r b i t i n g  mission of another  p l a n e t .  The Mariner space- 
c r a f t  r e p r e s e n t s  t h e  tool  i n  the  p l ane ta ry  program f o r  remote obse rva t ions ,  
from an a t t i t u d e  c o n t r o l l e d  s p a c e c r a f t ,  of t h e  o t h e r  p l a n e t s  i n  ithe solar 
system. 

Accomplisfiments t o  d a t e  include t h e  December 14, 1962, Mariner I1 f lyby  
of Venus which provided t h e  f i r s t  d i r e c t  temperature and magnetic f i e l d  
measurements from near  t h e  p l a n e t .  This  was followed by t h e  Mariner I V  
f l i g h t  p a s t  Yars on J u l g  14, 1965. 
conduct i n i t i a l  closeup s c i e n t i f i c  obse rva t ions  of Mars and i t s  environment. 
The objective was achieved and included p i c t u r e s  of t h e  p l a n e t  SlhOWing a 
c ra t e red  s u r f a c e  similar t o  t h a t  of t h e  moon. Although closeup p i c t u r e s  of 
Mars w e r e  the. primary goa l ,  va luab le  information on t h e  p l a n e t ' s  atmosphere 
and ionosphere was a l s o  acquired.  On October 1 9 ,  1967, Mariner 'V f lew p a s t  
Venus some 2,600 m i l e s  from the  p l a n e t ' s  s u r f a c e  and made measurc, =men t s t o  
determine t h e  p r o p e r t i e s  of t he  Venusian atmosphere and t h e  i n t e r a c t i o n  
between the p l ane t  and i n t e r p l a n e t a r y  medium, improving and s i g n i f i c a n t l y  
augmenting t h e  d a t a  acquired f i v e  yea r s  ear l ier  by Mariner 11. S c i e n t i s t s  
are s t i l l  analyzing d a t a  telemetered back by Mariner V. According to 
Mariner V ,  Venus is  a hot  p l ane t  w i th  a t h i c k  lower atmosphere - mostly 
carbon dioxide.  The heavy atmosphere is  surrounded by a sphe re  of hydrogen 
analogous t o  t h a t  of e a r t h .  

Mariner IV's primary o b j e c t i v e  was t o  

The next s t e p  i n  t h e  s c i e n t i f i c  e x p l o r a t i o n  of t h e  p l a n e t s  c o n s i s t s  of 
two Mariner s p a c e c r a f t  t o  f lyby  Mars i n  e a r l y  August 1969 t o  provide data 
on the  p l a n e t ' s  phys i ca l ,  chemical, and thermal p r o p e r t i e s .  These s p a c e c r a f t  
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will be insf:i~uniented to transmit more data from scientific instruments 
during this one opportunity than has been transmitted by all previous 
planetary missfons combined. 

The basic spacecraft looks much the same as  earlier Mariners althciugh 
it is larger arid heavier (approximately 850 pounds as compared to Maxiner IV 
which weighed ti70 pounds) to accommodate a vastly improved scientific payload. 
The scimtif:ic instruments consist of two television cameras, an infrared spectro- 
meter, infrzurecl radiometer, and an ultraviolet spectrometer. In addition to 
these flight: instruments, it is also planned to conduct a planetary occulta- 
tion experinlent: making use of the spacecraft ' s  radio equipment, and ai 
celestial mc!c:hetnics experiment using the tracking data. Present plans call 
for having both spacecraft encounter the planet within a f ive-day per iod. 
As each spacxxraft approaches the planet, one of the two TV cameras cln board 
will conunenc:t? it picture taking sequence permitting full photographic coverage! 
of Mars at i.ncreasing resolution. During the near encounter phase, the other 
TV camera wil.1 be turned on along with the IR and W instruments. Data will 
be collected' and stored on magnetic tapes, and after the spacecraft exits 
from occ:ulta.t:ion, the tapes will be played back to the earth trackinp stations. 

The scien.t:ific investigation of Mars using orbiting spacecraft will begin 
in 1971. The Mars 1971 spacecraft, which will use many of the proven sub- 
systems of the Mariner IV and Mariner 1969 exploratory flyby missions, will 
begin detailed studies of the atmosphere and environment of the planet, and 
provide a clcseup look at large areas of the surface. This 1971 mission will 
provide broad. topographic and thermal coverage; seasonal variations in the 
atmosphere and on the surface; and other long term dynamic observations. 

Some of the scientific instruments for the Mariner-Mars 1971 missions will 
be improved versions of those carried on the Mariner-Mars 1969 flyby. HoWeve.r, 
the scientific data return will be increased significantly. This increase in 
data return results from the spacecraft being in orbit about the planet allow- 
ing multiple measurements and observations over a period of several mionths. 
From orbit, it will observe approximately 70% of the planet's surface includ- 
ing the wave of darkening, cloud movements and any other dynamic and seasonal 
changes in the planet atmosphere or on the planet's surface. In addition, the 
low point of the orbit will be about 1,200 miles as compared with the nominal 
1,800 mile closest approach distance of the Mariner-Mars 1969 flyby. This 
closer distance to the surface will allow higher resolution measriremeiits 
from all instruments, and will increase the value of the occultation and 
celestial mechanics experiments. 

The Mariner-Mars 1971 orbiter design is based on existing Mariner technology 
which resulted in successful planetary investigations of Venus during 1962 and 
1967, and of Mars during 1965, and was used to develop the spacecraft which 
will be launched to Mars in early 1969. The actual hardware to be usi3d for 
the 1971 orbital missions will make extensive use of spare hardware a.nd 
test equipment from the Mariner-Mars 1969 project. 
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A s i n g l e  modified Mariner spacec ra f t  w i l l  be  used t o  s tudy both Venus and 
Mercury i n  1973. Although the  s imilar i t ies  between Mars, Venus, and Earth 
make the  s tudy  of t hese  p l a n e t s  important t o  our  knowledge of Earth and i ts  
p lace  i n  the s o l a r  system, t h e  knowledge of o the r  p l ane ta ry  bodies  cain a l s o  
make a s i g n i f i c a n t  con t r ibu t ion .  I n  1973, using the  same rocket  requi red  t o  
go t o  Venus, a spacec ra f t  can be acce le ra t ed  by Venus' g r a v i t y  arid o r b i t a l  
v e l o c i t y  so t h a t  t h e  same spacec ra f t  can a l s o  swing by Mercury arid beqin t h e .  
exp lo ra t ion  of t h i s  t he  c l o s e s t  p l ane t  t o  the  sun. The Mariner s p a c e c r a f t ,  
which w i l l  be launched by an Atlas/Centaur ,  w i l l  r e t u r n  both u l t r a v i o l e t  and 
v i s u a l  t e l e v i s i o n  p i c t u r e s ,  atmosphere and ionosphere d a t a ,  as w e l l  a s  thermal 
maps from both Venus and Mercury. I n  a d d i t i o n ,  i t  w i l l  monitor t he  space 
environment i n  t h e  unexplored reg ions  between Venus and Mercury. 

A modified Mariner spacec ra f t  w i l l  be  used as t h e  o r b i t e r  f o r  t h e  1973 
Viking p r o j e c t .  This  o r b i t e r  w i l l  make maximum use of t he  technology and 
hardware developed f o r  t he  Mariner 1971 o r b i t e r  p r o j e c t .  Addit ional  Iletails 
and funding requi red  f o r  t h e  Viking o r b i t e r  are included under t h e  Vi'lring 
p r o j e c t  . 

The Of f i ce  of Space Science and Appl ica t ions ,  NASA Headquarters,  if; 
respons ib le  f o r  o v e r a l l  management of t h e  Mariner program. The respoi l is ibi l i ty  
f o r  p r o j e c t  management has  been assigned t o  the  Jet Propuls ion Labora1:ory. 
The Jet Propulsion Laboratory w i l l  perform the  systems i n t e g r a t i o n  func t ion  
of t he  prime con t r ac to r  f o r  t h e  Mariners under development ; subcont rac t ing  
w i l l  be  f o r  complete subsystems. The L e w i s  Research Center is  respon; ib le  
f o r  t h e  launch veh ic l e s .  

Current  year  funds w i l l  cover t h e  c o s t  of completion of fabric:atioii ,  
assembly, t e s t ,  and launch of Mariner-Mars 1969. FY 1969 funds f o r  M,iriner- 
Mars 1971 w i l l  be  used t o  e s t a b l i s h  t h e  f u n c t i o n a l  spec i f i ca t ions ,  for  t h e  
mission and t o  $complete systems design.  F l i g h t  experiments and s;ubsy:;tem 
c o n t r a c t o r s  w i l l  be  se l ec t ed .  

The funds requested f o r  FY 1970 w i l l  support  post-launch opera,tion:; f o r  
Mariner-Mars 1969 through encounter ,  and i n i t i a l  a n a l y s i s  of s c i e n t i f i c  
and engineer ing da ta .  FY 1970 funds requested f o r  Mariner-Mars 1971 w i l l  
be  used t o  prociire f l i g h t  hardware, t o  provide f o r  tests of pro to type  sub- 
systems, and t o  permit environmental  systems tests of t he  prototype sllace- 
c r a f t  t o  be csr;cied out .  FY 1970 funds w i l l  a l s o  be used t o  prepare 
func t iona l  spec l f  i c a t i o n s  f o r  Mariner-Mercury 1973 spacec ra f t  and t o  ]bermit 
i n i t i a l  El ight  hardware procurement a c t i v i t i e s .  FY 1971 and f u t u r e  yr!ars' 
funding requirements f o r  t h i s  p r o j e c t ,  inc luding  launch v e h i c l e s ,  are 
est imated t o  ' D e  about $118,200,000. 
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Viking 

Orbiter - spacecraft and 

Lander - spacecraft and 
experiments ................. --- $4,300,000 $13,000,000 

................. --- 3,8OO,OOO - 27,000,000 experiments __-I_- 

--- $8,100,000 j J+O,OOO,  000 ---- - -_--- Total....................... 

The exploration of Mars initiated in 1965 by the Mariner series of space- 
craft will be c'ontinued in 1973. While these prior missions were to :;tudy 
the planet from orbital o r  flyby distances, the 1973 mission will be the 
first opportunity to obtain data from direct measurements in the Mars atmos- 
phere and on its surface. 

The objectiv'es established for the Viking project are to obtain, tlirough 
the use of two lander/orbiter missions to Mars in 1973, scientific dara which 
will significantly increase our knowledge of the Mars atmosphere and !;urface 
with particular emphasis on providing information relevant to life on the 
planet. Entry objectives include measurements of atmospheric coniposi1:ion and 
structure. Post-landing objectives are to visually characterize the Landing 
sites, search for organic compounds, and investigate the ability of tlie 
environment to support life. Orbiter objectives are to study the dynilmic 
characteristics of the planet and its atmosphere from orbit, to provitle 
pictures of the landing area, and to relay data from the lander on tht! Mars 
surface to earth. This teamwork between the orbit and lander should :rield 
scientific results which would not be attainable from independent lantler and 
orbiter missions. 

The lander tlo be used for this mission will be a soft lander similitr to 
those used in the Surveyor program. Technology developed for Surveyor and 
the Apollo Lunar Module will be directly applicable to the Viking lancler. 
This lander ,will be mated with a modified Mariner 1971 orbiter, which will 
have the capability to insert the lander into orbit prior to landing. This 
will permit (orbital entry for the lander which has the advantage of siialler 
surface dispersions for the lander, lower entry velocities, and better 
control of eotry angles. The launch vehicle to be used will be EL Titiln/Centaur 

The Office oE Space Science and Applications, NASA Headquarters, i:; 
responsible for overall management of the Viking project. The responsibility 
for project management is assigned to the Langley Research Centex (LR(:). LRC 
will also be responsible for the lander system. 
which has had responsibility for all Mariner projects, will be respon!;ible for 
the Mariner class orbiter. 

The Jet Propulsion Litboratory, 

Current year funds are being used to complete mission definition s1:udies 
and to begin preliminary development work on long-lead items, such as the 
lander scientiffc instruments and the landing radar and propulsicm sy:;tems. 14 
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large number of the country's leading scientists have volunteered to partici- 
pate actively in the science definition effort for this project. 

The requested FY 1970 funds will provide for the completion of functional 
specificatioxi:s, selection of the prime contractor for the lander system, 
initiation of detailed system design for the lander and orbiter, and will 
provide for continued development work on long lead items. During FY 1970, 
the specific sctentific instruments to be flown will be selected after the 
results of the Mariner 1969 mission are known and development work on these 
instruments wil:L begin. F'Y 1971 and future years' funding requirements for 
this project, including launch vehicles, are estimated to be about $3114,500,000. 

Planetary Explorss 

1970 --.- 1968 1969 

Spacecraft .anti support. ....... --- --- $6,4!iO,OOO ................... --- --- $1,55;0,000 Experiments - 
--- --- $8,OC)O,OOO T o t a . l . . . . . . . . . . . . . . . . . . . . . . .  - -  --- 

The Planetary Explorers are relatively small, low cost, spin-stabi:l.ized 
spacecraft designed for a Thor/Delta launch and to orbit the near planets. 
The five-shot program includes launches to Venus in 1972, 1973, and 1!175 
and to Mars i n  1973 and 1975. 

The Planetary Explorers will team with the larger Mariner spacecraft to 
produce a highly efficient program to explore the near planets, just ils the 
most efficient program to explore the earth and its environment provecl to be 
a mix of small Explorer orbiters with larger satellites such as Elimbu!; and 
OGO. As part of its role on the team, the magneticallg-clean Platnetairy 
Explorers will imake those sensitive readings of the particle and fie111 
environments around Venus and Mars which are difficult to make aboard the 
higher-powered 'Yariners with their strong internal magnetic fields. 'rhe 
Planetary Explorers will thus free the Mariners to concentrate on conducting 
those high priority experiments which require stable and precise pointing, 
high-power, and high data rate. 

The Planetary Explorer design is based on previous Explorer spacecraft 
such as Explorer XXXV,  which is in orbit about the moon; and the program is 
directed by the NASA Goddard Space Flight Center team which successfu:Lly 
developed the IMP Explorers. Effort during FY 1970 will include compLetion 
of the detailed design, fabrication, and test of a structural test model 
and a thermal control model. 
project, including launch vehicles, are estimated to be about $125.0 mi l l i on .  

Funding requirements for future years for this 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS BIOS CIISNCE 'PROGRAM 

PROGRAM OBJECTIVES --- AND JUSTIFICATION: 

The Bioscience program has three principal objectives: (1) the attainment 
of a thorough understanding of the effects of the space flight environinent on 
terrestrial organisms; (2)  the search for extraterrestrial life, with the 
primary emphasis directed initially to the moon and nearest planets; aind (3)  
prevention of the transfer of terrestrial organisms to the planets, so that 
their scientific value for studying hypotheses on existence of extra- 
terrestrial life will not be destroyed. 

The first objective has three areas of effort: (a) to study the efEects 
of space environmental factors on living earth organisms, especially weight- 
lessness and effective dissociation from factors related to the earth's 
rotation; (b) to exploit the unique space environment to analyze organfsm- 
environment relationships, especially the role environment plays :Ln 
establishing and maintaining normal organization in living systems; and (c) 
to study the physiological, behavioral, and genetic responses and adaptations 
of living organisms to the space epvironment. 

The biological effects of the space flight environment are being studied 
in the Biosatellite project. During flights of Biosatellite I anti I1 the 
engineering design and integrated operation of the spacecraft systems were 
thoroughly checked out. The Biosatellite I1 experiment results showed that 
there was an interaction between radiation and weightlessness and other 
factors encountered in space flight. This interaction varied between greatly 
increasing the effects of radiation-induced damage, to decreasing the effect 
significantly depending upon the type of organism studied. The plant 
experiments studying the biological effects of weightlessness showed a close 
correspondence to results obtained by rotation on the horizontal clinostat. 
Post-flight 1a.boratory control studies, in addition to those performed before 
and during flight, are being conducted to clarify any ambiguities in the 
results a s  well as to study biologic mechanisms involved. 

The next Biosatellite flights, with more complex forms of life and flight 
duration of UFI to 30 days, will be used to determine the effects of weight- 
lessness on ma.mmalian systems. Two primate flights are scheduled. 

The specific aims of the second objective - the search for extraterrestrial 
life include: 
a possible enwironment for life; (b) determination of whether or not life 
exists, or has existed; (c) if life in some form exists, determination of its 
characteristics; and (d) if no life exists, investigation of the pattern of 
chemical evolution in order to evaluate the probability of its fuiture 

(a) physical and chemical evaluation of planetary surfaces as 
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occurrence e f t h e r  spontaneously o r  by contamination, and t h e  reason f o r  i t s  
p resen t  iionex is tence.  

The development of prototype instrumentat ion for exob io log ica l  s t u d i e s  on 
the  Martian s u r f a c e  is  needed as a precursor  t o  f l i g h t  instrument development 
f o r  an e a r l y  !4ars l ande r .  The l i f e  d e t e c t i o n  and organic  a n a l y t i c a l  tech- 
niques developed i n  va r ious  l a b o r a t o r i e s  must now be converted i n t o  f l i g h t  
instruments  which i n  t u r n  must be t e s t e d  and i n t e g r a t e d  i n t o  t h e  payload re- 
quired t o  achieve t h e  s c i e n t i f i c  o b j e c t i v e s  of t h e  exobiology program, Such 
work must be done i n  FY's 1969 and 1970 i n  o r d e r  t o  support  Viking, a 1973 
Mars l ande r ,  ;ant1 l a te r  missions.  The development of t h i s  instrumentat ion is  
considered t o  be t h e  most import s i n g l e  i t e m  i n  t h e  Bioscience Supporting 
Research and Technology (SR6T) p r o j e c t  and is extremely c r i t i c a l  t o  the 
Viking mission. For t h i s  reason t h e  e n t i r e  i nc rease  i n  t h e  Bioscience SR&T 
p r o j e c t  has lxen  requested f o r  t h i s  purpose. 

The t h i r d  o b j e c t i v e  of t h e  Bioscience Program (Planetary Quarantine) is  
shown as a scq)arate l i n e  i t e m  because of i t s  d i r e c t  r e l a t i o n s h i p  t o  the 
p lane ta ry  flj.ght: program. Continuing e f f o r t s  are being made, be fo re  j n i t i a t i o n  
of space f1ij:lits; des t ined  t o  land on t h e  p l a n e t s ,  t o  a s s u r e  adequate tech- 
nology development i n  t h e  s o l u t i o n  of t h e  complex problems r e l a t e d  t o  the  
p l ane ta ry  quairantine c o n s t r a i n t s .  The funding inc rease  requested is Jn 
d i r e c t  support: of t h e  Viking mission. 

The o b j e c t i v e s  of t h e  advanced programs and technology a c t i v i t y  of t h e  Bio- 
s c i ence  progriam are t o  advance technology f o r  a p p l i c a t i o n  i n  new and jmproved 
spacec ra f t  hardware and experiment hardware, and t o  provide b e t t e r  a l t e r -  
n a t i v e  design:; t h a t  w i l l  s u c c e s s f u l l y  enable  t h e  accomplishment of b i o l o g i c a l  
experiments on a v a r i e t y  of automated and manned s p a c e c r a f t .  

1970 -- 1968 - 1969 

Supporting r e sea rch  and technology/ 
advanced s t u d i e s . .  .............. $10,122,000 $ 9,900,000 $11,4ClO,OOO 

P lane ta ry  quarant ine .............. 1,678,000 1,300,000 3 ,OClO,OOO 
Biosatel1it :e. .  .................... 30,000,000 21,5OO,OOO- 18 ,OCl0,000 

Total . . . .  ........................ $41,800,000 

------- D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Marshall !;pace F l i g h t  Center..  .. $55,000 
Goddard Spac:e F l i g h t  Center. .... 134,000 
Jet Propul.sI.on Laboratory. ...... 1,545,000 
Wallops Stat: ion.  ................ 40,000 
Ames Rese:irc:h Center..  .......... 30,662,000 
Langley Research Center. ........ 85,000 
NASA Headlquatrters ............... 9,279,000 

$32,700,000 

$135,000 
86,000 

1,623,000 
80,000 

21,269,000 

9,317,000 
190,000 

$32,400,000 -.- 

$15~0,000 
75,000 

1,6OO, 000 
I ; O  * 000 

17,940,000 
lclo,ooo 

12,4X,OOO 
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BASIS OF FUND REQUIREMENTS : 

.Supporting Research and Technology/Advanced Studies 

1970 -,- 1968 1969 

Exobio:Logy ........................ $ 3,449,000 $3,000,000 $ 4,5(10,000 
Environmental biology ............. 1,825,000 2,000,000 2,0(l0,000 
Behavioral 'biology. ............... 1,800,000 1,900,000 :L ,9(lO,OOO 
Physicin1 b:tOlogy. . . . . . . :L ,8(10,000 

8(IO,OOO Bio-cornmun:Leations ................ 941,000 800,000 
Advanced pirc>grarns and technology. . 434,000 400,000 400,000 

1,673,000 1,800,000 

TotaIL.. ..... ,,. ................... $10,122,000 $9,900,000 $11,4(1lO,OOO -.- 

Exobiology 

An integra.1 rind perhaps inevitable event in the origin and evoluticln of 
the universe was the origin of life. An understanding of the controll.ing 
factors :tn the origin of life and determination of the uniqueness of life on 
the earth are the primary objectives of the Exobiology project. The ieesearch 
areas considtxeti basic to the project area are: 

1. Chemical Evolution - study of the chemical events on the primitive 
earth or on m y  primitive planet with a similar history which preceded! and 
led to the or1g:tn of life. There are two approaches to chemical evolution: 
(a) by the app1:tcation of energy (electrical discharge, ultra violet i:.adiatioxi, 
heat, etc. ) t o  the simple components (methane, ammonia, water) of the 
primitive atrnosphere, and (b) organic geochemistry which includes anali.ysis of 
ancient rocks and sediments of the earth, moon and other planets, for fossils 
(both chemicci:l and biological), providing a record of the events taking place 
at the t:tme o : E  the origin of life. Extraterrestrial analysis can be ljione 
-- in situ or on returned samples. 

2. B:Lologtcal Adaptation - a study of the response of terrestrial 
organisms (pi: Lmtirily microorganisms) to extremes of environment (temperature, 
radiation, pi:essure, atmospheric composition, water availability etc. :I likely 
to be charact:csritstic of extraterrestrial environments. 
being exploreti -- survival and growth. Are terrestrial organisms accidently 
landed 0x1 an exterrestrial surface likely to survive and be detected In- 
advertently by our life detection experiments and are terrestrial organisms 
likely to grow and destroy indigenous life forms? What are the limits of 
environmtsntalL extremes which carbon-based life can tolerate, so that we may 
estimate the Likelihood of life on any given planet? Are there other 
chemistries which could produce a "living" system capable of tolerating quite 
different enir Lronments than we ordinarily consider? 

Two basic protdems are 

3 .  Life Ihstctction - the development of techniques which will allow us to 
determine the presence or absence of past, present, or potential life else- 
where in the iinfverse. 
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The emphasis is cm automated systems performing relevant environmental 
measurements and chemical analysis early in the program. These evolve to 
more complex .payloads making more integrated and sophisticated measurements 
and ultimate1.y to unmanned and even manned laboratories. The most likcly 
techniques seek the more basic attributes of terrestrial life-organic 
chemical, metabolic, and growth analyses, as well as imaging systems for visual 
detection and morphology. Ultimately, data on all of these basic attrl-butes 
will be required, hopefully on a single sample. 

4. Flight Experiments and Return Sample Analyses - lunar samp1.e~ should 
be available for analyses in M 1970. They will be studied for evidence of 
biologically significant organic matter and for evidence of all living or 
fossil biota. 

Environmental Biology 

Living organisms, from microbial forms to man, are extremely responr:iive 
to their environment. Life forms have successfully adapted their life forms 
and life cycles to an inconceivable variety of biologic environments. The 
space environment provides still another variety of unique envirortmentril 
factors to which living earth systems are being exposed. 

A better understanding of the variables of the space environment ant1 their 
effects on life .processes is mandatory and will provide valuable base line 
information for planning and evaluating experiments for space flight. For 
instance, the riFors of space flight and individual physical factors (iicclera- 
tion, vibration, radiation, weightlessness) impose stresses which the organism 
must withstand t'hrough conditioning and adaptive processes. 

Experience to date, in plants and animals (Biosatellites) and humans, 
indicates that space flight induces a variety of changes in life proce!:ises. 
The specific causes of these transient or permanent alterations, atnd the 
mechanisms by which they are brought about are unknown and must be! verlfied 
experimentally. We must recognize and understand factors which d1.rect:l.y or 
indirectly influ'ence cellular function, either at the molecular level of 
interaction, tor in the process of some more integrated function such a:; cell 
development. 

Earth life with which we are familiar generally requires sufficient 
quantities of water, warmth, atmosphere, mineral and organic nutrient, and 
energy. Looking beyond our familiar habitat and into the world of extremes 
takes us into an area of biologic exceptions. 
systems that exists under extreme ranges of the physical and chemical cmviron- 
ments permitting growth, reproduction and other physiologic processes of 
earth organisms is under study to determine absolute limitations of lidre by 
the environment ,and the mechanisms by which normal levels of metabolic 
function are maintained within these limits. 

This minority of living 
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Behavioral  Biology 

The ro:Le of behaviora l  biology i n  space b iosc ience  is  twofold: (1) t o  
explore  the  ways i n  which the  extreme cond i t ions  of space f l i g h t  a f f e c t  t he  
behavior of organisms, and ( 2 )  t o  use the  unique f e a t u r e s  of t he  space 
environment t o  advance t h e  a n a l y s i s  of behavior.  I n  a d d i t i o n  t o  weight- 
l e s s n e s s ,  which r e p r e s e n t s  t he  p r i n c i p a l  unique f a c t o r  i n  space,  important 
e f f e c t s  upon behavior include d r a s t i c  reduct ions  i n  f a m i l i a r  modes of 
sensory stirnulliit~.on, t h e  removal o r  a l t e r a t i o n  of o rd ina ry  day-night cyc le s  
and, part:Lculairly f o r  higher  forms, a r a t h e r  severe  kind of s o c i a l  i s o l a t i o n .  

A major arttii of endeavor is  the  border  region between percept ion  ant2 control.  
of movement. The o r i g i n  and maintenance of eye-hand coord ina t ion  i s  an 
extremely prom.CsTng top ic  for c u r r e n t  r e sea rch  i n  behaviora l  biology. The 
var ious  feed-biacl: and feed-forward mechanisms involved i n  manipulatory 
behavior have become s u s c e p t i b l e  t o  l abora to ry  experimentat ion.  I f  t h e r e  i s  
any deteriorat::Lon i n  the  performance of high-level  motor s k i l l s  it is 
important t o  I.eaim about t h i s  from t h e  s t andpo in t s  of a s t ronau t  s a f e t y  and a 
deeper underst:;incling of mechanisms i n  sensorimotor coord ina t ion .  

Or i en ta t ion  i n  space is engaging the  a t t e n t i o n  of i n v e s t i g a t o r s  i n t e r e s t e d  
i n  understanding and c o n t r o l l i n g  those  func t ions  which are e s s e n t i a l  t o  ex t r a -  
vehicu lar  ac t iv i t :y  and those  o t h e r  maneuvers i n  space which r e q u i r e  complex 
behavior.  Both ground based and i n - f l i g h t  s t u d i e s  on the  sensa t ion  of 
g r a v i t y ,  such as t he  de te rmina t ion  of t h re sho lds  f o r  angular  and l i n e a r  
a c c e l e r a t i o n  mid responsiveness  of t he  o t o l i t h s ,  s emic i r cu la r  c a n a l s ,  and 
o the r  grav i - receptors  t o  both t r a n s i e n t  and prolonged s t i m u l a t i o n  w i l l  
con t r ibu te  t o  t h i s  understanding. 

Absence of t he  day-night cyc le  and o t h e r  pe r iod ic  a spec t s  of t he  e a r t h  
environment make space an i d e a l  l abo ra to ry  f o r  l e a r n i n g  about t h e  o r i g i n  
and na tu re  of c i scad ian  rhythms. I n t e r e s t  i n  t h i s  s u b j e c t  extends t o  a 
concern f o r  behavioral  and o t h e r  b i o l o g i c a l  events ,  observed by man, with  a 
periodicit:y of' approximately twenty-four hours,  exemplified by t h e  cyc le  
of s l e e p  and wakefulness. S tud ie s  of va r ious  s t a g e s  of s l e e p ,  p a r t i c u l a r l y  
those dea l ing  wi th  neurohpysiological  and biochemical changes dur ing  t h a t  
s t a g e  associat.t!d wi th  rap id  eye movement promises new knowledge e q u a l l y  
r e l evan t  t:o mein i n  space and h i s  normal environment. The r e l a t i o n s h i p s  
between the  requirements f o r  s l e e p ,  t he  process  of f a t i g u e ,  and thle e f f e c t s  
of g r a v i t y  renuiin almost t o t a l l y  unexplored. 

Phys ica l  Biology 

Broad expesimemtal and t h e o r e t i c a l  r e sea rch  provides  a s t r o n g  background 
of knowledge f o r  planning and development of experiments f o r  space f l i g h t .  
This inc  lttdes cornpara t i v e  physiology, b io ins t rumenta t ion  and bioph.ys i c  s , 
and molecular biology,  inc luding  t h e o r e t i c a l  biology. 

Biorhyt:hmic.J.ty and o s c i l l a t o r y  phenomena i n  phys io logica l  a c t i v i t y  has  
long been reccq:ni.zed. 
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All living organisms demonstrate some degree of biological periodicity. These 
persistant rhythms can be accounted for by either the hypothesis that they are 
timed by an autonomous, endogenous oscillator system, or the hypothesis that 
these are depedent for their timing on an exogenous rhythmic input. The 
ultimate goals for studying these phenomena are the understanding of basic 
life processes and the monitoring and evaluating the physical condition and 
well-being of animal and man during space flight missions. 

Crucial to1 calnducting successful biological experiments in space is the 
need for advanced instrumentation and methods for measuring and analyzing 
behavioral and physiological reactions. Recent advances in solid statte 
technology andl theory have created a unique opportunity to develop new and 
especially miniaturized methods for obtaining biological information. Accor- 
dingly, basic research and preliminary development of experiments are spon- 
sored for the acquisition of devices and techniques unique for the special 
problems arising out of space flight activities. These devices and methods 
are sought on the basis of their potential and/or immediate use to the 
Bioscience program. 

Coincident with biological experimentation in space environments and with 
the search for extraterrestrial life is the need for an understanding (of the 
form and function of cells, their relationship to one another, and of Itheir 
constituents. T h i s  also includes an understanding of the evolutionary rela- 
tionship of cells and their parts; and of cellular phenomena. 
experimental .and theoretical studies are supported in order to develop an 
insight into the kind of response living organisms will have during space 
flight and also €or the kind of life and/or life-related chemistry and 
physiology tbat might be found and should be sought on other planets. 

Bot:h 

Bio-Communications 

The Bio-Communications project was established to improve commu.nicat::ion and 
understanding between life scientists and physical scientists. As the body 
of scientific knowledge expands in size as well as scope, it becomes in- 
creasingly difEicult for a scientist to keep abreast of knowledge in hls 
own field, anti pertinent advances outside his field. 
the scientist inore aware of advances in his own specialty, and open thtls door 
for a greater texchange of ideas and dissemination of information between and 
among scientif tc disciplines. 

The goal is to mi.ke 

The Bio-Comnunications project provides : 

(1) Partial. support of the Space Science Board of the National Academy 
of Sciences and its subcommittees, 

Training of scientists through research associates and summer 
inst::ittites, 

(2) 

(3) Consultation to administrative program scientists, 
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(4) Cross-d isc ip l inary  communication between phys ica l  and b io log ica l  
sci.enc:es , 

(5) Research l i t e r a t u r e ,  r epor t  ana lyses ,  cu r ren t  s t a t u s  re?ports ,  and 

(6) Conferences, symposia, and informal meetings. 

Advanced Programs and Technology 

The r o l e  of t:his p r o j e c t  is twofold: (1) t o  de f ine  a Bioscience f l i g h t  
experiment program which is  f e a s i b l e  and appropr i a t e  t o  m e e t  t he  Bioscience 
program obj  ec:t:ives and ( 2 )  t o  s tudy mission requirements t o  support. t h e  
experimental  croxk and develop s p e c i f i c  f u t u r e  mission p lans  compatfble wi th  
experiment re!cpJ:rements and wi th in  reasonable  manpower and budget c o n s t r a i n t s .  

Spec i f i c  ~ucperimental  programs have been recommended by t h e  b i o l o g i c a l  
s c i e n t i f i c  corimunity through t h e  American I n s t i t u t e  of Bio logica l  Sciences 
(AIBS) Regional Councils.  An experiment proposal survey r e s u l r i n q  from t h i s  
a c t i v i t y  is J:.n progress  and w i l l  form the  b a s i s  f o r  developing sp1ec:ific 
mission payloads. 

A prel iminary a n a l y s i s  of t he  survey shows t h a t  four  types of f u t u r e  f l i g h t  
missions are 1-eoiuired: (1) Automated, Earth-Orbi ta l ,  Recoverable; (2)  
Automated, Eairth-Orbital, and Hel iocent r ic  O r b i t ,  Nonrecoverable : ( 3 )  Manned 
Earth-Orbital  : a.nd (4 )  Sub-orbi ta l .  These are i n  a d d i t i o n  t o  t h e  experiments 
planned f o r  t.he b i o l o g i c a l  explora t ion  of t he  moon and p l ane t s .  

Requirements f o r  t h e  support  of experiments u t i l i z i n g  a manned space 
s t a t i o n  w i l l  be included i n  the  OART Biotechnology Laboratory s tudy.  The 
o b j e c t i v e  of t h j s  s tudy is  t o  de f ine  a maximum u t i l i t y  l abora to ry  f a c i l i t y  
f o r  l i f e  s c i ences  experiments t o  be c a r r i e d  ou t  i n  a f u t u r e  manned space 
s t a t i o n .  S e p r a . t e  s t u d i e s  are being conducted wi th in  the  Bioscieince program 
t o  more c:learl.y de f ine  both genera l  and s p e c i f i c  experiment support  require-  
ments f o r  manirked f l i g h t  experiments t h a t  w i l l  be flown p r i o r  t o  t'he. ava i l a -  
b i l i t y  o f  an in t eg ra t ed  l abora to ry  f a c i l i t v .  

Wallops S t a t i o n  and Ames Research Center are  conducting in-home a n d  
cont rac ted  s t u d i e s  r e l a t i v e  t o  the  f e a s i b i l i t y  of u t i l i z i n g  s m a l l  hexpens ive  
spacec ra f t  t o  accommodate those experiments no t  r equ i r ing  payload recovery.  

Ames F:esea.rcE! Center is  a l s o  conducting an in-house s tudy of rlec.overable 
spacec ra f t  pre1i.minary t o  a con t r ac t  supported e f f o r t  i n  FY 1970. 

P lane tary  pua ran t ine  
_I_-- -_ - - -- -- 

Plane tary  qua.rantine.. .............. $1,678,000 $2,300 ,OLO $.3,000,000 

Total ............................ $1,300,000 ----- $ 3 ,  OOO,, 000 
-11- 
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The abso lu te  p r e r e q u i s i t e  i n  t h e  sea rch  f o r  e x t r a t e r r e s t r i a l  l i f e  Ls t h e  
requirement t h a t  a l l  p o s s i b l e  measures t o  be taken t o  prevent  t h e  t r a n s f e r  
of e a r t h  fonns to  the  p l a n e t s  and t o  keep them f r e e  of terrestrial1 contamina- 
t i o n  u n t i l  t h e  ques t ion  of ex i s t ence  of p l ane ta ry  l i f e  is  answered. The 
knowledge of environmental f a c t o r s  gained by both Venus f l y b y s  i n  196'! has  
permitted a reassessment of t h e  p o s s i b i l i t y  of contaminating t h a t  plaiiet .  
Early f lybys  Df Mars should assist i n  t h e  design of e f f e c t i v e  plainetary 
quarant ine measures. Missions f o r  l a t e r  landing probes t o  d a t e  nkeIthd!r con- 
firmed nor denied the  p o s s i b i l i t y  of t h e  e x i s t e n c e  of l i f e  i n  the outtkr 
atmosphere oE Venus, on Mars, o r  on o r  below t h e  s u r f a c e  of t he  moon. 

Major 1auiizh.Lng na t ions  have subscr ibed t o  t h e  o b j e c t i v e  t h a t  therc! must 
not  be more than one chance i n  a thousand of contaminating a p l ane t  dtiring 
t h e  period of b i o l o g i c a l  explorat ion.  This level of s a f e t y  has requii-ed 
decontaminatlon procedures and s t e r i l i z a t i o n  methods of t h e  spacecraf t  by 
d ry  heat  before  the  development of launch and p r o t e c t i o n  of t h e  steril 'e capsulle 
from recontamination during launch. These requirements impact t h e  des ign  of 
t h e  s p a c e c r a f t  as w e l l  as procedures f o r  assembly, t e s t i n g  and checkotit 
dur ing t h e  pref:tight period. Research r e s u l t s  now a s s u r e  t h a t  we can o b t a i n  
r e l i a b l e  mission hardware performance toge the r  with p o s i t i v e  s t e r i l i z a t i o n .  
I n v e s t i g a t i o n s  :Ln F'Y 1970 are  d i r e c t e d  toward f u r t h e r  s impl i fy ing  t h e  sterili- 
z a t i o n  requii-ements. 

I n  t h e  o p e r a t i o n a l  area a l l  l una r  f l i g h t s  have been monitored t o  provide 
an inventory of  t he  microorganisms landed on t h e  moon. These operaticms are 
being extended to  Apollo i n  order  t h a t  any l i f e  on t h e  r e tu rned  l u n a r  samples 
may be more quickly i d e n t i f i e d  and t h e  quarant ine per iod of r e tu rned  a s t r o -  
nau t s  and l u n a r  material be shortened. 

B i o s a t e l l i t e  .- 

1970 --- - 1968 1969 

Spacecraf t  . ................... 
Experiments: ,,. .................. 
Operations.  ..................... 

Total. Spalc:ec:raf t Operations.  . 
Thor - D e l  t a (La.unch Vehicle 

Procurement program) ......... 
Total. ( including launch 

Vehicles ) .................. 

$22,897,000 $15,600,000 $12,900,000 
6,910,000 5,400,000 4,7OO,OOO 

193,000 - 500,000 - 4O0,OOO .-- 

$30,000,000 $21,500,000 $18,0C10,000 

($31,000,000) ($23,100,000) ($19,6C!O,OOO) --,- 

The B i o s a t e l l i t e  is the  only automated s p a c e c r a f t  devoted t o  b i o l o g i c a l  
research.  Management r e s p o n s i b i l i t y  f o r  t h e  B i o s a t e l l i t e  p r o j e c t  has  been 
assigned t o  t h e  Ames Research Center. Spacecraf t  development and f a b r i c a t i o n  
is under c o n t r a c t  t o  the  General Electric Company, Re-entry Systems Divis ion,  
l oca t ed  a.t  Ph i l ade lph ia  , Pennsylvania. 
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The entire Eiiosatellite is 6 feet 10 inches long, about 4 1/2 feet in 
maximum diameter, and weighs about 1500 pounds. It is launched by thle Thor- 
Delta vehicle and is a laboratory for conducting experiments in (orbit under 
conditions of' controlled temperature, very low accelerations, and with a 
normal oxygerdnitrogen atmosphere at sea level pressure. 
recovered in the air by the U . S .  Air Force after the re-entry velrlicle has 
separated from the adapter section and de-orbited and the capsule is de- 
scending by parachute. 

All experiments are 

Thirteen experiments were orbited on Biosatellite I1 for two days using 
specially selected plant cells, animals, and simple forms of life to study 
the effects o f  the space environment upon biochemical processes :in cells, 
their development and growth, the transmission of hereditary characteristics, 
and the structure of living tissues. As an example of the results from one 
of the 13 experiments, the exposure to weightlessness in combination taith 
controlled gamma radiation produced a significantly greater number of abnormali- 
ties than contr,ols on earth when exposed to radiation alone. Yanv interestinf: 
and significant conclusions were reached as to how plants and animals grow 
in a weightl'ess state. All of these results are published in det:ail Ln 
scientific journals ,  and many have been reported at national and international- 
scientific meetings such as the XIIth International Congress of Genet ics, 
Tokyo, 1968, ant3 the 1968 COSPAR meeting in Tokyo. Studies of the effect of 
weightlessness upon more complex life forms are planned f o r  the subseipent 
Biosatellite nissions. 

During this coming year the first of the two Biosatellite missions which 
use a primate will be flown. This mission is  planned to stay in eartli orbit 
f o r  approximately 30 days prior to recovery, and the experiment will -1nvesti- 
gate the effects of weightlessness and isolation upon (1) the central nervous 
system t1iroul;h neasurement of brain waves, (2) the cardiovascular syst em by 
means of continuous electrocardiograms, and (3)  alertness, memory, and eye- 
hand coordination through the use of a behavioral task panel and rewaids of 
food. Pre-fl-Lght and post-flight X-ray photographs of the primate skeleton will 
determine the loss of bone calcium and correlate this with the measurements 
made of c:alcj.um excreted in the urine. Other measurements will be macle with 
a miniaturized, automated wet-chemistry laboratory system to determine changes 
in body metatioli sm. 

FY 1967 and prior years' funding for the Biosatellite project, including 
launch vehicles, amounted to $85,731,000. Funding for F'Y 1968 provided for 
the primate rrijssion experiment developments, and the engineering desipn, 
fabrication of components, system development and component testing of the 
Biosatellite 11 and F spacecraft for this mission. Funding for FY 1969 provided 
for the experiment development, the fabrication of Biosatellite D and F space- 
craft, the system qualification testing of the prototype spacecraEt for the 
primate nissicn (D and F ) ,  acceptance testing for the Biosatellite D flight 
spacecraft, and the field testing in preparation for launch, the Launch, 
and orbital operations for Biosatellite D. 
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Funding fo r  Y Y  .L970 w i l l  provide f o r  t h e  cont inua t ion  of experiment dcwelop- 
ment as w e l l  as d a t a  ana lyses  of t he  B i o s a t e l l i t e  D f l i g h t  r e s u l t s ,  and the  
acceptance t e s t i n g  and p repa ra t ions  f o r  t he  launch of B i o s a t e l l i t e  F. Funding; 
requirements subsequent t o  J?Y 1970, f o r  t he  completion of t h i s  e f fo r t ! ,  are  
est imated t o  be $8.8 mi l l i on .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

SPACE APPLICATIONS PROGRAM -___---.I- OFFICE OF SPACE SCIENCE AND APPLICATIONS 
--I.._-_--_I __-_I__ ---__ 

PROGRAM OBJECTIVES AM) JUSTIFICATION: - - ___ 

The objectives of the Space Applications program are to: (1) conduct a 
broad program of research and technical development oriented toward the 
application of space techniques for the benefit of mankind; (2) expand the 
knowledge of atmospheric and space phenomena: ( 3 )  develop and test procedures., 
instruments, subsystems, spacecraft, and interpretive techniques for the 
various applications; ( 4 )  fulfill NASA's responsibilities under the Communica- 
tions Satellite Act of 1962; (5) develop and implement for the Environmental 
Science Services Administration (ESSA) , Department of Commerce, the ooerational 
meteorological satellite system: and (6) cooperate with the user government 
agencies such as the Departments of Agriculture, Commerce, Inter:ior, ,and the 
Department of the Navy through the Earth Resources Survey Program Review 
Committee to achieve the practical benefits to mankind in earth ~esoucces. 

Within the Space Applications program objectives, a number of currlent goals 
have been established which should be achieved in the near term. One or more 
goals have been established in each disciplinary area. In Meteoitology the 
goals are: (1) to use infrared and microwave sounding techniques for global 
measurement clf the vertical structure of the atmosphere via satellites, and 
(2) to develclp, based on our successful experimentation with the Applications 
Technology Satellites (ATS), a first generation prototype operattonal Syn- 
chronous Meteorological Satellite (SMS) to permit continuous viewing of the 
global atmosphere and weather conditions. Achievement of the first goal 
will start tci provide the three dimensional meteorological data which are 
needed for the fuller understanding of meteorological processes which can 
ultimately lead to long-term forecasting based on atmospheric models simulated 
numerica.lly tly computers. Achievement of the second goal will permit the 
continuous rricinitoring of cloud patterns associated with short-term, severe 
atmospheric disturbances such as thunderstorms and tornadoes; monitoring the 
tropics to detect hurricane development; and estimation of wind velocities 
by short-term tracking of small scale clouds. 

In Commund.ca.tions a goal is to determine the many factors which affect 
efficient space use of the frequency spectrum, including the extension of 
that use into the millimeter wave region and ultimately up to optical wave- 
lengths. It also includes study of the factors influencing allocation of 
positions in1 the geosynchronous orbit in order to minimize mutual interfer- 
ence bet.weenr terrestrial and space communications systems sharing the same 
frequencies. P. second communications goal is the development an'd test of 
improved technology for accurate stabilization and pointing of the large 
space erectalble antennas which will be required on spacecraft. 
of these antennas is to improve the efficiency of radiated power in useful 
directions arid to minimize interference radiation. A third goal is to 

The purpose 
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develop e f f i c i e n t  s a t e l l i t e  techniques f o r  c o l l e c t i n g  d a t a  from many :remote, 
unattended p.LatEorms. These remote platforms may inc lude  such device::, as 
r i v e r  guages, meteorological  ba l loons ,  ocean buoys, and perhaps event i ia l ly  
l a r g e  animals. 

I n  naviga t ion ,  which inc ludes  t r a f f i c  c o n t r o l ,  a goal  is t o  determine t h e  
u t i l i t y  of s .a te l l i tes  f o r  se rv ing  the  a v i a t i o n  and m a r i t i m e  community needs 
f o r  improved pos i t i on  determinat ion,  t r a f f i c  c o n t r o l ,  and c o l l i s i o n  avoidance. 

I n  geodesy t h e  f i r s t  goal is  t o  complete t h e  achievement of t h e  Nat ional  
Geodetic S a t e l l i t e  program o b j e c t i v e s  which w e r e  e s t ab l i shed  i n  1.964: t he  
accu ra t e  determinat ion of t he  shape of t h e  e a r t h  and of t h e  anomalies i n  i t s  
g r a v i t a t i o n a l  f i e l d .  A second goal  is t o  explore  the  u t i l i t y  of geodet ic  
sa te l l i t e  technology and techniques t o  t h e  s o l i d  e a r t h  sc i ences  and ocea- 
nography. S a t e l l i t e  a l t i m e t e r s  w i l l  be used t o  measure the  shape of the 
ocean 's  su r f ace ,  and t o  b e t t e r  determine and understand such th ings  a3 t h e  
"wobble" of t h e  e a r t h ' s  a x i s  of r o t a t i o n .  

I n  t h e  emerging a rea  of Earth Resources Survey from space th ree  go8als have 
been e s t ab l i shed :  (1) t o  e s t a b l i s h  t h e  r e l a t i v e  r o l e s  of a i r c r a f t  and space- 
c r a f t  f o r  ope ra t iona l  remote sensing of the  e a r t h ' s  resources ;  (2) t o  provide 
sys t ema t i ca l ly  and simultaneously acquired d a t a  from a number of senslws on 
a s ing le  experimental  spacecraf t  which w i l l  permi t  t h e  user  s c i e n t i s t s  t o  
determine t h e  p o t e n t i a l  of ob ta in inn  e a r t h  resources  d a t a  from space;  and (3) ._ 
t o  develop e f f i c i e n t  techniques f o r  d a t a  processing,  a n a l y s i s ,  
disseminat ion.  

SUMMARY OF R.E:SOURCES REqU_ZREMENTS.: 

Supporting research  and 
technology/ advanced s t u d i e s .  

TIROSI'TOS improvements ........ 
Nimbus..... ................... 
Synchronous meteorological  

satell i te. . . . . . . . . . . . . . . . . . .  
Meteorological soundings ...... 
Cooperative sipplicat  ions  

s a t e l 1 i t . e  ................... 
App 1 i c:a t i c m s  techno logy 

sa t e1 l i t : e s .  ................. 
Geodetic r i a t e l l i t e s . .  ......... 
Earth rescmrc:es survey. ....... 

Aircraft:  program. ........... 
E a r  1: h resources  technology 

silt e13.i t e. ................ 

1968 

$19,300,000 
9,100,000 

33,700,000 

--- 
3,000,000 

100,000 

25,600,000 
3,400,000 
5,300,000 

(5,300,000) 

Tota l  ......................... $99,500,000 ---.- 

1969 

$19,600,000 
5,800,000 

31,800,000 

--- 
3,000,000 

100,000 

24,700,000 
2,400,000 

11,200,000 
(9,200,OOG) 

(2,000,000) 

$98,600,000 - 

s t o r a g e ,  and 

1970 ---, 

$22,400,000 
5,200,000 

29,200,000 

3,6100,000 
3 ,  ClOO, 000 

100,000 

44,200,000 
3, ClO0,OOO 

25,1.00,000 
(11,000,000) 

114, :LOO, 000) - 
- $13 5 ,  €I 00,000 
-I__. 



Distribution of Pr3ram -___. Amount by Installation: . - - _I -- - -- 

Manned Spaccxraf t Center.. ... $5,771,000 

Jet I'ropu.ls:ion Laboratory.. .. 179,000 
Wallops !; tation. ............. 405,000 
Ames Research Center.. ....... 100,000 

LangILey liesearch Center. ..... 814,000 
Lewis Re:;~?arch Center.. ...... 1,215,000 
NASA Headquarters.. .......... 10,960,000 

Marshall Space Flight Center. 565,000 
Goddard Space Flight Center. . 77,886,000 

Electronics Research Center.. 1,605,000 

$10,545,000 
350,000 

71,747,000 
1,104,000 
524,000 
100,000 

1,832,000 
980,000 

1,125,000 
10,293,000 

BASIS OF FUND RIXJIREMENTS: --___ 

SWLorting Research and Technology/Advanced - - ~ - - ~  Studies 
______I___ 

Applications technology.. ...... $730,000 

Geodesy ........................ 999,000 

Interdisciplimary applications. ~ 1,150,000 - 

Communications......... ........ 2,745,000 
Earth resources.. .............. 7,361,000 

Meteorology .................... 5,163,000 
Navigation ..................... 1,152,000 

$915,000 
3,090,000 
7,060,000 
1,530,000 
4,800,000 
1,210,000 
995,000 

$12,300,000 
300,000 

96,400,000 
2,300,000 

400,000 

1,8O0,000 
100,000 

L,000,000 
L,100,000 
20,100,000 

$900,000 
3,100,000 
9,800,000 
1,500,000 
4,900,000 
1,21)0,000 

- -2 1 0')0,000~ - 

Total........................ $19,300,000 $19 600 000 ----- $22,4i110,000 - -I- .-. --.-.-,-.-L __I____. -- -- 
I_---- 

Nearly every technique and space system in Space Applications must be 
preceded by Supporting Research and Technology (SR&T) effort. This eEfort 
includes supporting activities in all disciplines (Applications Technology, 
Communications, Earth Resources, Geodesy, Meteorology, and Navigation), and 
a number of interdisciplinary activities. The SR&T emphasizes activity in 
four major areas: (1) theoret€cal and applied research, (2) sensor and 
instrumentation development, ( 3 )  spacecraft technology, and (4) data '3rocess- 
ing and management. 

The largest area is theoretical and applied research. Here, the main 
activity is in examining the feasibility of applications of space, through 
studies such as investigations of ERS signatures and development of inversion 
techniques of radiation measurements in meteorology. In sensors and instru- 
mentation development, effort is on potential future spacecraft icemote sensor:;, 
such as microwave radiometer and multispectral scanners. In spacecraft 
technology, work continues on subsystems for support functions, such as 
advanced tape recorders and phased array antennas. In data processing and 
management, effort continues in improving techniques for processing and 
analyzing space acquired data and their integration with data obtained from 
other sources. Such efforts include studies in multispectral correlation of 
images and irdexing and storage of sensors and associated data. 
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The Space Applications SR&T project is a cohesive, integrated effort; 
assured by a system of reviews and evaluations of all tasks from i i  tec'nno- 
logical as well as from a disciplinary viewpoint. Significant examples of 
effort by discipline area are listed below. 

In Applications Technology, effort continues in control systems dir'ected 
at stabilization of spacecraft in orbit; spacecraft equipment developm,ents 
to improve amplification and antenna system capabilities and increase the . 
reliability arid useful lifetime of satellite elements. 

In Communications, effort is primarily in the active satellite area, and 
consists of system comparison and trade-off studies to determine the merits 
of advanced ccincepts, techniques applicable to small terminal multiple access 
communications; evaluation and development of components and subsystems re- 
quired for broadcast applications ; propagation studies and component develop- 
ment in the frequency region between 10 to 100 GHz where frequencies are more 
available for space communications, but much less understood; and interference 
analysis and prediction methods needed for developing sharing criteria. 

In Earth Fksources, studies will be continued in coordination with the 
user agencies to determine the spectrum of remote sensor requirements and the 
data proc:essing techniques necessary to apply space technology to the fields 
of agriculture, forestry, geography, cartography, geology, hydrollogy, and 
oceanography. These studies will lead to improved interpretation and data 
reduction techniques for space acquired data; and the definition 'of user 
agency requirements in the various earth resources disciplines. Studies will 
continue in t:he definition of specific potential remote sensors and instru- 
mentation that trill be required to meet the needs of the participatinp user 
agencies.. In FJ' 1970 new effort will emphasize the initiation of a major 
multidiscipli.nary effort which will lead to the development of an autclmatic 
data processing (ADP) capability including the definition of required soft- 
ware programs; arid ADP hardware. Identification of adequate data acquisition 
and handling systems are vital to the early and full realization of benefits 
to be gained 'From extension of space technology to earth resources. Data 
acquisition and handling problems requiring solution involve both higki 
volumes of data and unique signatures of data. 

In Geodesy emphasis is placed on conducting: (1) conceptual studies, 
feasibiltty anallysis and configuration definition of geodetic spacecraif t , 
(2 )  analysis of geodetic requirements by various disciplines in terms of 
spacecraft mission, (3)  analysis of feasibility and effectiveness of ?eo- 
detically optimized ground based spacecraft observation systems, and ( 4 )  
research into geodetic effectiveness and feasibility of advanced obsexvations 
systems and techniques, to provide more precise and densified measurenient of 
geodetic data, and to calibrate geodetic observation methods intended for 
extraterrestrial use. 

In MeteoroLot5y effort is concentrated on: (1) the development and evalua- 
tion of components €or potential meteorological satellite system application; 
(2)  investigation of scientific techniques and tools for the systematl c 
observation, analysis and subsequent interpretation of meteoroligical 
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atmospheric phenomena; and (3) op t imiza t ion  system analyses .  

I n  Navigation,, s t u d i e s  and experiment development w i l l  be conducted on 
da ta  and voics! t ransmission v i a  s a t e l l i t e  t o  s h i p s ,  a i r c r a f t ,  and o t h e r  
mobile p l a t  f ciifms ; p o s i t i o n  determinat ion techniques ; f u t u r e  naviga t ion  and 
t r a f f i c  c o n t r o l  s a t e l l i t e  concepts.  

The purpose of t h e  I n t e r d i s c i p l i n a r y  Applicat ions is  t o  conduct i n t e r -  
d i s c i p l i n a r y  s t u d i e s  and research  r e l a t i n g  t o  s e v e r a l  of t h e  a p p l i c a t i o n s  
d i s c i p l i n e s ,  mc:h as t h e  Space Applicat ions Summer Study e f f o r t  conducted 
i n  coord ina t ion  wi th  t h e  Nat ional  Academy of Sciences,  and s tudy and Eiupport 
t o  t h e  Barbados Oceanographic/Meteorological Experiment (BOMEX). 

TIROS/TOS Improvements ~ - -  

TIROS M spixcecraf t ............ $7,818,000 $4,300,000 $1,200,000 .............. 4 0('~0,000 TOS improvcsnents 1,282,000 1,500,000 -.-L 

Tota l  Spacecraf t  and Support $9,100,000 $5,800,000 $5,2CtO,000 

Delta (Launch Vehicle 
Procurement Program) ........ ($1,100,000) ($1,100,000) - (---I 

To ta l  ( including launch 
v e h i c l e s )  ................. (~10 ,200 ,OO~)  ($6,900 000) ($ss)O 000)  

-_I-- '- ==-L 

The ob jec t ives  of t h i s  p r o j e c t  are t o :  (I) provide research  and dwelop-  
ment toward advanced meteorological  s a t e l l i t e  systems, p a r t i c u l a r l y  iri support. 
of t h e  TOS program; (2)  provide maximum in t e r im ope ra t iona l  d a t a  f o r  'use 
i n  weather a n a l y s i s  and fo recas t ing ;  (3)  measure emit ted i n f r a r e d  and 
r e f l e c t e d  s o l a r  r a d i a t i o n  i n  s e l e c t e d  s p e c t r a l  reg ions ;  and (4) observe 
cloud cover and p a t t e r n s ,  and measure t h e  earth-atmosphere hea t  balance.  

Nine TIROS research  and development spacec ra f t  funded by NASA and l i n e  
ope ra t iona l  spacec ra f t  funded by ESSA have been success fu l ly  launched. 
Current development e f f o r t  by NASA is t o  complete the  advanced T'CROS !'I space- 
c r a f t  f o r  launch i n  second quar te r  of calendar  year  1969. This spacec ra f t  
contains; Automatic P i c t u r e  Transmission (APT), Advanced Vidicon Camera System 
(AVCS) and High Resolution Radiometer (HRR) system, f l a t  p l a t e  radiometer and 
s o l a r  proton monitor. F l i g h t  test of t hese  sensors  i n  a s i n g l e  spacec ra f t  
w i l l  provide t h e  technology f o r  incorpora t ing  t h i s  combination of sensors  i n  
f u t u r e  ope ra t iona l  meteorological  sa te l l i t es .  This improvement wi 11 provide 
f o r  g loba l  inaging both day and n igh t  i n t o  a s i n g l e  spacec ra f t  e f f e c t i n g  a 
correspondirq: improvement i n  weather fo recas t ing  a b i l i t y .  Under TIRCtS 
Operat ional  !system (TOS) improvements e f f o r t  w i l l  be continued i n  the  develop- 
ment of advaticed sensors  and subsystems such as high r e s o l u t i o n  radiometers 
and a t t i t u d e  determinat ion systems which w i l l  be incorporated i n t o  f u t u r e  
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operational spac,ecraft. In N 1970 effort will be initiated on a system 
definition study (TIROS N) to determine the requirements for a thlrd gcmera- 
tion operational spacecraft. A study of this type is required in FY 1'370 to 
permit the proper time phasing of the system developments necessary to provide 
the technology for global operational coverage in the 1973-74 time pertod. 

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

FY 1967 and prior year NASA funds for TIROS I through IX, TIROS M and TOS 
Improvements, including launch vehicles, amounted to $48.2 millioii. F Y  1969 
funds are being utilized to complete the TIROS M spacecraft and sensors, 
integratlon, t:est and launch of this spacecraft and initial data acquisition 
and for c:ontirrued development of sensors under TOS Improvements. FY 1970 
funds are required for post launch support and data acquisition and handling 
for TIROS M, f'or continued sensor and subsystems development for TOS Improve- 
ments, arid for at systems definition study for a future spacecraft system. 
Subsequent yp:;irs' funding requirements for TIROS M are estimated to be about 
$ .4  million. 

Nimbus 

1970 --- - 1968 - 1969 

Spacecraft ...................... $21,600,000 $23,600,000 $17,400,000 

Ground ope1:iatfions and support. 2,400,000 1,300,000 - 3,000,000 
Experirnenta .................... 9,700,000 6,900,000 8,8OO,OOO 

Tota:L.. ....................... $33,700,000 $31,800,000 $29,280,000 

TAT - Agena and Delta 
(Launch 1Jeh:icIe Procurement 
Program) .................. ($2,232,000) ($4,743,000) j$4,9('11,000) 

Total (including launch 
ve'hicles) ................. ($35,932,000) ($36,543,000) ($34 , l ( ? l , O O O )  - --.- 

The objectives of this project are to develop a significantly improved 
meteorological satellite to provide data for use by the scientific community; 
to carry out flight tests to prove the applicability of the instrumentation; 
to fulfill special data requirements of the atmospheric sciences reseiirch 
community which can be provided uniquely by this instrumentation funcxioning 
as a space meteorological observatory, and to provide the basis Sor fiirther 
significant technological advances in meteorological satellites Sor o])erational 
as well as scientific uses. These objectives will be extended in the Nimbus :E: 
and F missions to develop an applications observatory in polar orbit low 
to medium altitude that will flight test technology and experiments for 
meteorology and other applications disciplines. 
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This project includes development, launch, and operation of a series; of 
meteorological satellites exhibiting evolutionary advances in oper.atin:i: 
characteristics, and testing in orbit sophisticated experiments for atmos- 
pheric research and operational demonstration. The satellite serves a:'; a 
flexible space observatory on which a variety of advanced concepts for 
measuring atmospheric parameters can be tested. The satellite corisist13 of 
three major subsystems, namely power, stabilization, and a sensory ring which 
can accommodate a number and variety of advanced sensors. 

Seven spacecraft are in the series of which two have been successfully 
launched: Nirbus I, August 28, 1964, and Nimbus 11, May 15, 1966,. A 'third 
spacecraft, launched May 18, 1968, was lost due to a launch vehicle failure. 
In June 1968, NASA approved launch of a replacement spacecraft by largely 
using flight spares or updated prototype subsystems and experiments. rhis 
mission, identical to the Nimbus B configuration, has been designated 'B2 and 
is scheduled for launch in the spring of 1969. This replacement was necessary 
in order not to delay the flight test of that group of selected experiments 
and technological advances vital to the meteorological research arid develop- 
ment program and required for long range weather forecasting. In addition, 
Nimbus D is scheduled to be launched in CY 1970, E in 1972, and F in 1'373. 
Nimbus B2 will flight test experiments to determine the vertical temperature 
structure of the atmosphere, remote sensors to measure radiation reflected 
and emitted by the earth and its atmosphere, an improved cloud cover imaging 
system, and a worldwide data collection system. Nimbus D, using the s83me 
basic spacecraft design, will test advanced concepts of some of these lexperi- 
ments for determining the vertical temperature structure as well as additional 
experiments such as a temperature/humidity infrared radiometer, a monitor of 
the water content of the atmosphere, and a more refined worldwide data col- 
lection system that will include the first meaningful spacecraft wind measure- 
ment experiment. Nimbus E and F will test passive microwave and spectroscopy 
experiments designed to allow penetration of cloud layers for the global 
determination of the vertical structure of the atmosphere from ground or sea 
level. 

The Office of Space Science and Applications is responsible for overall 
management of th.is project. Responsibility for project management is assigned 
to Goddard Spstce Flight Center. The major contractor for Spacecraft structure 
and integration and test of spacecraft is the General Electric Company and the 
Radio Corpora.t:ioan of America for power and data storage subsystems. 

FY 1967 and prior year funding, including launch vehicles, amounted to 
$177.5 millialn. 
development, and launch of the first three spacecraft, data acquisition and 
analysis from Nimbus I and 11, continued development of the Nimbus D space- 
craft and desdgn studies for the Nimbus E and F spacecraft. 
are being util.ized to develop, test and launch the Nimbus B2 spaclecraft and 
associated experiments and for initial data acquisition; continue development 
of the Nimbus D spacecraft and to initiate hardware development in the Nimbus 
E and F space!c:raft program to include the selected experiments. FY 1970 funds 
are required for  continued data acquisition and analysis of the Nimbus B2 

FY 1968 and prior year funds were utilized for design, 

FY 1969 funds 
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s p a c e c r a f t  i n  o r b i t :  complete the  development, test and launch of Nimbus D ,  
and cont inue t h e  development of Nimbus I.: and F s p a c e c r a f t  and s e l e c t e d  experi-  
ments. Subsequent yea r s '  funding requirements f o r  t h i s  p r o j e c t ,  including, 
launch v e h i c l e s ,  are estimated t o  be $58.6 m i l l i o n .  

- Synchronous ___ __ I --__ Meteorol_o_gical -- - - - - _ - -  S a t e l l i t e  - 

....... --- --- $3,600 000 Spacecraf t  a n d  support .  
--_I_I-_ --.I- >-.- 

Total.. . . . . . . . . . . . . . . . . . . . . .  

The o b j e c t i v e s  of t h e  Synchronous Meteorological S a t e l l i t e  (SPIS) a r e  t o  
(1) demonstrate a prototype o p e r a t i o n a l  SMS, (2) permit continuous observa- 
t i o n  of major weather systems r o u t i n e l y  thus enhancing t h e  a b i l i t y  t o  p r e d i c t  
and l o c a t e  seve re  short- l ived storms, (3)  d e r i v e  important wind f i e l d  d a t a  
over considers.bly l a r g e  areas and i n  much less t i m e  than h e r e t o f o r e  p o s s i b l e ,  
and ( 4 )  provice c a p a b i l i t y  f o r  r a p i d  disseminat ion of processed meteorological  
d a t a  t o  l o c a l  meteorologis ts .  

A f e a s i b i l i t y  s tudy and a p r o j e c t  d e f i n i t i o n  s tudy w e r e  completed by GSFC 
in-house i n  Fk' 1968. In FY 1970 i t  is planned t o  undertake the  design and 
development o f  two SMS satell i tes capable of continuous weather observat ion 
r o u t i n e l y ,  a n a l y s i s  of cloud motions through obse rva t ions  t o  permit d e r i v a t i o n  
of import.ant wind f i e l d s ,  and f o r  ob ta in ing  o t h e r  s i g n i f i c a n t  meteorological  
d a t a  from syn.c:hronous a l t i t u d e .  
to  launch the SV.S i n t o  synchronous o r b i t ,  one planned f o r  launch i n  1971, and 
one i n  1972. 

Two Delta launch v e h i c l e s  w i l l  ble u t i l i z e d  

N o  FY 1969 and p r i o r  year  funds were u t i l i z e d  f o r  t h i s  p r o j e c t .  FY 1970 
funds w i l l  be. used f o r  i n i t i a t i n g  t h e  design and development of two SMS 
spacec ra f t .  I'unding requirements f o r  f u t u r e  y e a r s ,  i nc lud ing  launch v e h i c l e s ,  
are estimated t o  be  about $18.8 m i l l i o n .  

_.__. Pleteorological -. . Soundings 

Large reseaircfc sounding 
rocke t s . . ,  ,.................. $2,091,000 $2,050,000 

Small soundlhp; rocke t  systems. 714,000 730,000 ..... 195,000 220,000 - F i e l d  experiment support .  .___ 

$2,050,000 
7380,000 

---- 220,000 

$ 3  oc~o,ooo ......................... --___ $3,000,000 --L--- ___ Total $3,000,000 - 

The object::.ves of t h i s  p r o j e c t  are t o  determine t h e  s t r u c t u r e  and cha rac t e r -  
ist ics of t h e  at:mosphere i n  t h e  30 t o  about 100 km region through t h e  use of 
r e sea rch  and development type sounding r o c k e t s  and t o  develop a meteorological 
sounding rocke t  system amenable t o  r e sea rch ,  range suppor t ,  and r o u t i n e  
o p e r a t i o n a l  requirements.  
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Three areas,  of e f f o r t  are involved: 

( a )  L,arge r e sea rch  sounding rocke t s  t o  explore  the  c h a r a c t e r i s t i c s  and 
phenomena of t he  atmosphere between 30 and about 100 km. This rejzion is 
important t o  meteorological  s c i ence ,  and cannot be  reached except by sounding 
rocket .  Nike Apache and occas iona l ly  Aerobee c l a s s  rocke t s  are used t o  explore  
the  r e l a t i o n s  and mechanisms ope ra t ing  between and wi th in  the  v a r i o u s  regions 
of t he  atmosplere,  t he  e f f e c t s  of s o l a r  energy and i t s  v a r i a t i o n s  upon t h e  
s t r u c t u r e  and c i r c u l a t i o n  i n  t h e  atmosphere. 

(b) S m a l l  sounding rocket  systems are u t i l i z e d  t o  o b t a i n  measurements i n  
t h e  region of approximately 30 t o  60 k i lome te r s  above the  e a r t h .  Included i n  
t h i s  e f f o r t  i s  t he  development of an inexpensive o p e r a t i o n a l  meteorological  
sounding rocket  system capable of r e l i a b l e  launches amenable t o  t h e  require-  
ments f o r  range support ,  r e sea rch  and network ope ra t ions .  

( c )  The scunding rocket  f i e l d  experiment suppor t ,  which through coopera- 
t i o n  w i t h  o t h c r  c o u n t r i e s ,  provides  f o r  t h e  establ ishment  of s e l f - s u s t a i n i n g  
c a p a b i l i t i e s  f o r  coordinated meteorological  sounding rocket  launches from 
sites t h a t  w i l l  c o n t r i b u t e  mutually va luab le  da t a .  

The Off ice  of Space Science and Applicat ions i s  r e spons ib l e  fo-r t he  over- 
a l l  manag,ement of t h e  p r o j e c t .  P r o j e c t  management f o r  l a r g e  r e sea rch  rockets  
is  assigned tcl Goddard Space F l i g h t  Center ,  f o r  s m a l l  sounding rocke t  system 
development t c l  Langley Research Center ,  and f o r  f i e l d  experiment :;upport t o  
Goddard Space F l i g h t  Center and Wallops S t a t i o n .  

FY 1967 and p r i o r  year  funding amounted t o  $12.0 m i l l i o n  of which $9.3 
m i l l i o n  w a s  u t i l i z e d  f o r  l a r g e  r e sea rch  r o c k e t s ,  $2.3 m i l l i o n  f o r  s m a l l  
r ocke t  developient  and $ . 4  m i l l i o n  f o r  f i e l d  experiment support .  Approximately 
50 l a r g e  r e ses rch  rocke t s  and about 125 s m a l l  development r o c k e t s  are launched 
each year .  FE 1969 and p r i o r  yea rS  funds were u t i l i z e d  t o  launch l a r g e  
r e sea rch  and :mall developmental soundino rocke t s .  develop and improve sound- 
ing  rocket  syctems, and f o r  con t inua t ion ,  ex tens ion ,  and development of f i e l d  
experiment p r o j e c t s  i n  cooperat ion with c o u n t r i e s  i n  South A m e r i c a ,  Europe 
and Asia. FY 1970 funds are  r equ i r ed  t o  procure a d d i t i o n a l  l a r g e  r e sea rch  
and small devclopmental r o c k e t s ,  f l i g h t  t es t  va r ious  payload experiments,  
improve rocket performance and t o  cont inue f i e l d  experiment p r o j e c t s  with 
o t h e r  cooperating c o u n t r i e s  t o  o b t a i n  a d d i t i o n a l  atmospheric r e sea rch  data .  
Subsequent year  funding requirements w i l l  cont inue a t  approximately $ 3 . 0  
m i l l i o n  per y e a r .  

C o o n e r a t i v e a T l i c a t i o n s  - __I - - __ -_ S a t e l l i t e  - - - --- 
-_-_A - _- -- - 

Spacecraf t  and support  ........ $100,000 $100,000 $100,000 
Scout (Launch Vehicle 

Pr0curemer.t Program ) . . . . . . . . . - - - -- (---) 

vehicle: 1.. . . . . . . . . . . . . . . . _ _ _ _  ($100,000) 

(---) ($2,000,000) 

($100 > 000) 1:; 2,100,000) 
Total  ( including launch 

- - - - - - 
______I__ 
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This project .was entitled International Applications Satellite in the FY 
1969 budget. This cooperative project between the United States and France 
in space meteorology consists of developing instrumented balloon t.echniques 
to be utilized in conjunction with an earth orbiting satellite for the purpose 
of obtaining the characteristics of air masses, particularly in-situ measure- 
ment of speed and wind direction at various altitudes. The meteorolog(tca1 
data obtained will be used by the U.S. and French scientists to assist in 
understanding the structure of the atmosphere and extending weather foii-ecast- 
ing capability. 

One spacecraft and one backup with instruments will be provided by ]prance. 
The spacecraft will be launched by NASA in 1970 using a Scout vehicle f '  l rom 
Wallops Island into a 900 km circular, 47 degree inclination orbit to !;ather 
data from approximately 500 balloons. The instrumented balloons will 1)e 
developed and launched by France in the Southern Hemisphere. Satellitt! track- 
ing and data acquisition, reduction and analysis will be by France, afl.er 
initial trackfng by NASA. The U.S. will provide the Scout launch vehic:le, 
and back-up i€ required, launch services, initial satellite tracking, zind 
analysis along with France, of the reduced data. 

The OfEice of Space Science and Applications is responsible for the over- 
all management wfthin NASA. Responsibility for project management fs issigned 
to Goddard Space Flight Center. 

This project was initiated in FY 1967. FY 1968 and prior year funds were 
utilized €or 1331.Loon subsystem studies and analysis of balloon and spac:ecraft 
antenna, and electronics and for general project support. The FY 1969 funds 
were utilized t o  continue this effort. FY 1970 funds are required to continue 
technical support and provide for launch and post launch support and for a 
Scout launch veh.Lcle. 

Funding requirements for future years are estimated to be about $.3 million 
for support atid :Launch vehicle funding. 

Applications Technology Satellites 

1968 1969 

Spacecraft . I. ................... $12,300,000 $13,400,000 
Experiments ..................... 12,200,000 8,400,000 
Operational support. .......... 1,100 .ooo 2,900,000 

Total ....................... $25,600,000 $24,700,000 

Atlas Centaur and Titan IIIC 
(Launch Vehicle Procurement 
Progrim) . ................... ($6,500 . 000) ($596,000) 

Total (inc::Lucling launch 
vehicles) ................. ($32,100,000) ($25,296.000) 

1970 --- 
$19,100,000 
21 * 20c, 000 
- 3,90q. 000 

$44,200,000 

fi5,900.000) 
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The o v e r a l l  o b j e c t i v e s  of t h i s  p r o j e c t  are t o  design,  develop, f l i g h t  test 
and eva lua te  a v a r i e t y  of s c i e n t i f i c  and t echno log ica l  experiments i n  t h e  
space app1icat:tons d i s c i p l i n e s  by use of a series of s p a c e c r a f t ,  most crf 
which are launched i n t o  synchronous o r b i t .  Seven s p a c e c r a f t  are i n  the series 
of which f o u r  have been launched. Due t o  launch v e h i c l e  anomalies, the 
planned medium a l t i t u d e  o r b i t  f o r  ATS I1 launched Apr i l  6 ,  1967. and synchron- 
ous o r b i t  plariiiecl f o r  ATS I V  launched August 1 0 ,  1968, were n o t  achieved and 
t h e  spacecraft: have been of l imi t ed  experimental  value.  ATS I ,  launched 
December 7, 1906, and ATS 111, launched November 5 ,  1967 i n t o  synchronclus 
o r b i t s  have peirformed very success fu l ly .  Three a d d i t i o n a l  s p a c e c r a f t  a r e  
being developed: ATS-E f o r  launch i n  CY 1969, F i n  1972 and G i n  1974. 
Planned ef for t :  i n  N 1970 inc ludes  the  completion and launch of ATS-E. This 
spacecraft: wi-1.:- f l i g h t  test  an experimental  three-axis  g r a v i t y  g rad ien t  
s tabi1izat : ion system f o r  s p a c e c r a f t  i n  geos t a t iona ry  o r b i t .  It w i l l .  a l s o  
f l i g h t  test i n  synchronous o r b i t ,  a v a r i e t y  of experiments such as millimeter 
wave, L-band cmmniunication, measurements of t h e  geos t a t iona ry  environment, 
and h e a t  p ipe  technology. 

E f f o r t  i n  E'\' 1970 f o r  ATS F&G w i l l  i nc lude  completion of t he  d e t a i l e d  
design,  and i n i t i a t i o n  of t he  f a b r i c a t i o n  phase of t he  s p a c e c r a f t  and of t he  
experiments f o r  A.TS-F. The design of experiments f o r  ATS-G w i l l  a l s o  be  
i n i t i a t e d .  Mcdif icat ions of the t h r e e  ATS ground s t a t i o n s  w i l l  be i n i t i a t e d  
i n  o rde r  t o  permit ope ra t ion  with t h e  a d d i t i o n a l  f requencies  r equ i r ed  by t h e  
experiments i n  AI'S F&G. ATS F&G, u t i l i z i n g  three-axis  active s p a c e c r a f t  
s t a b i l i z a t i o n ,  w i l l  be launched i n t o  synchronous o r b i t  and w i l l  f l i g h t  test 
a space e r e c t a h l e  pa rabo l i c  antenna of approximately 30 f e e t  i n  diameter and 
capable of accu ra t e  po in t ing  t o  about .1 degree of arc. I n  a d d i t i o n ,  a number 
of a d d i t i o n a l  s c i e n t i f i c  and t echno log ica l  experiments w i l l  be f l i g h t  t e s t e d  
on these  rriissicins. E f f o r t  w i l l  cont inue i n  FY 1970 t o  develop promisine 
advanced experiments which have been def ined bu t  have not  been asslgned t o  a 
s p e c i f i c  f l i g h t  mission. These e f f o r t s  w i l l  be l a r g e l y  d i r e c t e d  toward 
demonstrating proof of concept f o r  such a p p l i c a t i o n s  as community 'rV broad- 
c a s t i n g ,  navigat ion and t r a f f i c  c o n t r o l ,  and o r b i t i n g  d a t a  r e l a y  systems. 

The Of f i ce  of Space Science and Applicat ions is  r e spons ib l e  f o r  o v e r a l l  
program management. Respons ib i l i t y  f o r  p r o j e c t  management is  assigned to 
Goddard Space F l i g h t  Center.  The major c o n t r a c t o r s  f o r  t he  f i r s t  f i v e  Elight 
ATS missions are Hughes A i r c r a f t  Company f o r  s p a c e c r a f t  development and 
General Electric Company f o r  g r a v i t y  g rad ien t  s t a b i l i z a t i o n  system development. 

ATS F&G design e f f o r t  is  being performed by F a i r c h i l d  Hiller and General 
Electric Company. 

FY 1967 and p r i o r  year  funding f o r  t h i s  p r o j e c t ,  including launch vehicles 
amounted t o  $133.7 m i l l i o n .  
design,  develop, launch, tes t ,  and eva lua te  t h e  experiments on t h e  f i r s t  
t h r e e  s p a c e c r a f t .  FY 1969 funds w e r e  u t i l i z e d  f o r  f i n a l  assembly, launi:h, 
test and eva lua t ion  of t h e  f o u r t h  s p a c e c r a f t .  FY 1970 funds are rc!quirl?d t o  
complete development of t h e  ATS-E s p a c e c r a f t  and a s soc ia t ed  experiments i n  
p repa ra t ion  f o r  launch i n  t h e  t h i r d  q u a r t e r  CY 1969 and t o  complete t h e  

FY 1968 and p r i o r  y e a r s  funds w e r e  u t i l i z e ' i  t o  
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spacec ra f t  design f o r  ATS F&G and i n i t i a t e  development of t hese  spaceci-af t  
and selected e q e r i m e n t s ,  and f o r  cont inua t ion  of advanced appl icat ion: ;  
experiment e f f m t .  Subsequent vears ’  funding f o r  t h i s  p r o j e c t .  includ: n r  
launch vehic le ; ,  i s  est imated t o  be approximately $92.2 m i l l i o n  not  includinp, 
t he  continued #idvanced app l i ca t ions  experiment e f f o r t .  

Geodetic S a t e l l i t e s  ~ 

Spacecraf t  and support .  . . . . . . . $3,400,000 $2,400,000 $3,00(1,000 
Del ta  (1,aunc:h Vehicle 

~rocuremeri : I’rogram) . . . . . . . . ($1,000,000) -.- (--- 
_ _ _  - - _<.-_) 

Tota l  (inc::Lutling launch 
veh ic l e s : ) .  ,. . . . . . . . . . . . . . . . ($4,400,000) ($2 400 000) ($3 ,000 ,000)  ~ 

. .- . . . __ - - - I__ - -. -?- -.- ... _- . ___ - -- - -. . - -. - - ._ - .- - - . - - - 

The obrjecti-ves; of t h i s  p r o j e c t  are t o  support  t he  National Geodetic 
S a t e l l i t e  Program (a  j o i n t  NASA/DOD/DOC program under NASA management) and t o  
develop t h e  a p p l i c a t i o n  of geodet ic  s a t e l l i t e  tec1inique.s t o  so l id -ea r t t ,  
geophysics and oceanography. 

Three geodetic: sa te l l i t es  have been launched, PAGEOS I ,  June 23, 1966 ; 
GEOS I ,  November 6 ,  1966; and CEOS 11, January 11, 1968. Roth GEOS I and 11 
c a r r i e d  s i m i l a r  geodet ic  ins t rumenta t ion  which included o p t i c a l  beacons, 
geometric and gravimet r ic  ins t rumenta t ion ,  range and range ra te  t ransponders ,  
laser r e t r o - r e f l e c t o r s  and Doppler beacons. I n  a d d i t i o n  GEOS I1 c.arr ied two 
C-Band t ransponders ,  a r ada r  pass ive  r e f l e c t o r  and a laser d e t e c t o r .  Data 
obtained from these  launches a r e  u t i l i z e d  i n  the  establ ishment  of .a un i f i ed  
worldwide geod.eti.c datum. E f f o r t  w i l l  be i n i t i a t e d  i n  FY 1970 f o r  an addi- 
t i o n a l  mission! (GEOS-C) f o r  launch i n  l a t e  CY 1970, t o  ob ta in  t h e  a d d i t i o n a l  
d a t a  requi red  t:o meet the  grav imet r ic  ob jec t ive  of t he  Nat ional  Geodetic 
Sa t e l l i t e  Prop;ram, and t o  demonstrate t h e  f e a s i b i l i t y  of employing 3 geodet ic  
s a t e l l i t e  radar- a . l t i m e t e r  t o  measure the  mean sea l e v e l  of the  oceans. 

The Off ice  cjf Space  Science and Appl ica t ions  i s  respons ib le  f o r  t:he o v e r a l l  
program and far  p r o j e c t  management. 

FY 1967 and p r i o r  year  funds inc luding  launch v e h i c l e s  amounted t o  $19.4 
mi l l i on .  FY 1968 and p r i o r  year  funds were u t i l i z e d  t o  design,  develop, 
launch, and ob ta in  d a t a  from the  th ree  spacec ra f t .  FY 1969 are u t i l i z e d  
f o r  continued data a c q u i s i t i o n  and a n a l y s i s  of d a t a  from these  spacec ra f t  and 
f o r  refurbishment of the  GEOS-U backup spacec ra f t  f o r  t he  GEOS-C mission. 
F i s c a l  Year 1970 funds a r e  requi red  f o r  continued d a t a  a c q u i s i t i o n  and 
a n a l y s i s ,  and f o r  prepara t ions  f o r  t he  GEOS-C mission. Funding requireinents 
f o r  f u t u r e  yea r s ,  inc luding  launch v e h i c l e s ,  are est imated t o  be $!J.O mil l ion .  
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Earth Resources Survev 

1968 
I------ 

Earth resource:j  su rvey /a i r c ra f  t 
Operat ions. . .  ................ $500,000 
Data processing. .  ............ 1,600,000 
Sensors . . . . . . . . . . . . . . . . . . . . . .  3,200,000 - -- -- - - _- 

Subto ta l .  ,.. ................... $5,300:000 __ ---- - - _- 

Earth resource:; technology s a t e l l i t e s  
Spacecraf t  .................... --- 
Experiment:!;. --- .................. --- ............ 

I.F-_ --- -_ Ground opera 1: i ons  

--- 
. - - --- - I__ 

Subto ta l . .  .................... 
Tota l ,  Larth Resources Survey.. S5-,3_oll,020- - - .- - - -- 

$1,300,000 
1,900,000 
6,000,000 __ 

$2,000,000 
--- 

$2,000,000 .- - _. - - 

$11,200,000 I_ --- - _- 
.I -__-__I 

$1,80(1,000 
2,650,000 
6,55(1,000 -.- 

$6 ,50(l, 000 
5,900,000 

. - . 1 - - 7OCl,OOO - - . .- - - 

$14 loci, 000 - . - - - 

The ob jec t ives  of t h i s  p r o j e c t  are to :  (1) assess the  p r a c t i c a l  va lue  of 
remote sensinp; of e a r t h  resources  from space,  (2) compare the  capalDil i t ies  
i n  e a r t h  ~ ~ S O L I I - C E ' S  d a t a  a c q u i s i t i o n  of a space system vs a i r c r a f t ,  ( 3 )  
determine whether o r  n o t ,  and i n  what conf igura t ion  an ope ra t iona l  space- 
a s s i s t e d  and user-or iented e a r t h  resources  survey system should be pursued, 
( 4 )  determine which remote sensors  are most e f f e c t i v e  f o r  e a r t h  resources  
surveying, (5) develop and improve d a t a  handling procedures,  and ( 1 3 )  ensure 
f u l l  understancing of ope ra t iona l  system requirements and cos t s .  

This  p ro jec t  c o n s i s t s  of two ac t iv i t i e s  i n  t h e  e a r t h  resources  d i s c i p l i n e s :  
(1) an a i r c r a f t  program t o  develop and tes t  remote sens ing  techniques,  ,sensors,  
and d a t a  handl ing systems and t o  conduct a i r c r a f t  f l i g h t s  a t  a l t i t u d e s  of from 
500 f e e t  t o  above 50,000 f e e t  a l t i t u d e  and (2) t o  des ign ,  develop, launch, and 
evaluate experiments by Ear th  Resources Technology Sa te l l i t e s .  

The o b j e c t i v e s  of t he  Earth Resources Technology S a t e l l i t e  (ERTS) art,? t o  
des ign ,  develop, launch and tes t  a series of spacec ra f t  capable  of condiicting 
a v a r i e t y  of predetermined experiments i n  t h e  e a r t h  resources  discip1inl.s. In 
FY 1969, a d e f i n i t i o n  and pre l iminary  des ian  s tudy i s  being conduct:ed. 
S t a r t i n g  i n  FY 1970, e f f o r t  w i l l  be i n i t i a t e d  on procurement of two spa1:e- 
c r a f t  and assoc ia ted  sensors  f o r  launch i n  CY 1971 and 1972. These mis:;ions 
w i l l  r e s u l t  i n  a major advancement i n  our understanding of t he  ovexa l l  
sub jec t  of e a r t h  resources  survey from space.  Instruments ope ra t ine  i n  the  
v i s i b l e ,  i n f r a r e d ,  and microwave f requencies  w i l l  be  f l i F h t  t e s t e d .  

The ob jec t ives  of t he  a i r c r a f t  p r o j e c t  are t o  promote the  developmeni:, 
modi f ica t ion ,  c a l i b r a t i o n ,  and t e s t i n g  of remote sensors  planned f o r  ful:ure 
space missions and t o  con t r ibu te  t o  the  development of da t a  handling ancI 
a n a l y s i s  techn.iIquc?s needed before  e a r t h  resources  space hardware become:; 
a v a i l a b l e .  Th1c.e a i r c r a f t  are u t i l i z e d  i n  t h i s  a c t i v i t y ,  each equipped with 
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a variety of sensors and data handling subsystems to obtain earth reslmrces 
data. Aircraft flights are conducted over a number of domestic and foreign 
test sites. 

FY 1968 funds were utilized for operation of two aircraft, for sensor 
procurement and data handling systems. FY 1969 funds are being utilized to 
continue this effort, procure additional sensors, and modify a high altitude 
aircraft to (obtain a better understanding of atmospheric effects on rc?mote 
sensing capability. 

The Office oE Space Science and Applications is responsible far tht! over- 
all management of this project. 
Aircraft project is assigned to Manned Spacecraft Center. Responsibility for 
management oE the ERTS project is assigned to Goddard Space Flight Ceibter. 
Effort in the earth resources survey is coordinated with other user a[:encies 
through the Izsreh Resources Survey Program Review Committee which Lncl'udes 
representatives from Departments of Agriculture, Commerce, Interior, zind 
Navy, and is chaired by NASA. 

Responsibility for execution of the I!RS/ 

FY 19'70 funds are required to continue aircraft operations, sensor procure-- 
ment, and dati3 processing to conduct about 50 flights over 60 test sites, and 
to initiate spacecraft and sensor hardware procurement for two ERTS spacecraft:. 
Funding requiicement to complete the ERTS, including launch vehicles, i s about 
$31.6 millliori . 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS --- LAUNCH VEHICLE PROCUREMEN’I’ ---- PROGRAEl 

PROGRAM OBJE1CTI:VES AND JUSTIFICATION : ----- 
The objec:t:ive of t he  Launch Vehicle Procurement program is  t o  provide 

launch vehic::tes f o r  space missions.  The program inc ludes  t h e  procurement of 
v e h i c l e  hardware, launch se rv ices ,  engineer ing and maintenance suppor t  , i n  
a d d i t i o n  t o  providing f o r  t he  product improvement of v e h i c l e  and ancj  l l a r y  
ground support  equipments . The program a l s o  inc ludes  Supporting Research 
and Technology/’Advanced Studies  e f f o r t  t o  ana lyze  f u t u r e  mifs ion  requi re -  
ments arid i n v e s t i g a t e  new technologica l  developments. Those v e h i c l e s  c u r r e n t l y  
being procured are: Scout,  Delta, Thor Agena and Centaur.  I n  a d d i t i o n  t o  
these  vehicl.t?s, t h e  T i t an  I11 C w i l l  a l s o  be procured i n  FY 1970. 

NASA‘s goal  is t o  provide launch v e h i c l e s  i n  t h e  most e f f i c i e n t  and 
economical manner poss ib le .  One of t h e  most important considerat ions;  i n  t h e  
management of t:his program is t h a t  of t r y i n g  t o  determine t h e  optimum number 
of vehic:les to be ordered on each product ion c o n t r a c t .  Before such an  o rde r  
is placed,  t:he fol lowing f a c t o r s  are considered:  (1) c u r r e n t  and p ro jec t ed  
inven to r i e s ,  (2) launch schedules ,  (3) procurement l ead  t i m e s  requi red  f o r  
veh ic l e  d e l i v e r y ,  and ( 4 )  t he  most economical product ion rates f o r  NASA’s 
v e h i c l e  cont:rac:tors. 

The F7’ 197’0 budget f o r  t h e  Launch Vehicle Procurement program is subdivided 
as fol lows:  (I,) Vehicle Hardware, (2)  SupportinR Ac t iv i t i e s ,  and (3) Major 
Product Improvement. This approach t o  budget p re sen ta t ion  is  a change from 
p r i o r  years .  

Funding r e l a t e d  t o  Vehicle Hardware can be i d e n t i f i e d  and proratet l  t o  
specif ic :  missions.  It is ,  t h e r e f o r e ,  shown p a r e n t h e t i c a l l y  i n  t h e  budget 
r eques t s  of the var ious  spacec ra f t  missions i n  a d d i t i o n  t o  being presiented 
i n  the  Launch Vehicle Procurement reques t  i n  t o t a l .  Funding requirements  f o r  
Supporting Ac: t ivi t ies  and Major Product Improvement are no t  included i n  t h e  
parenthetica.1. no ta t ions  shown wi th  spacec ra f t  p r o j e c t s  s i n c e  t h e s e  e f f o r t s  
are no t  readily p ro ra t ab le  t o  s p e c i f i c  missions.  

The Supporting Act ivi t ies  category inc ludes  funds t o  covcr  r e c u r r i n g  cos ts , ,  
which are ope ra t iona l  i n  na tu re ,  such as launch services,  guidance s e r v i c e s ,  
engineer ing suppor t ,  launch complex maintenance, and range suppor t .  Unlike 
t h e  cos t  of hardware, t hese  c o s t s  are r e l a t i v e l y  i n s e n s i t i v e  t o  launch ra te  
and are basec. miore on t h e  establ ishment  of a c a p a b i l i t y  r a t h e r  than upon a 
series of f ixed  end i t e m s .  

Major Product Improvement e f f o r t s  are a l s o  conducted t o  updat’e our launch 
v e h i c l e  r e l i a . b i l i t y  and performance t o  support  mission o b j e c t i v e s  adequately.  
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SUMMARY OF --- RE;!iOCIRCES REQUIREMENTS : 

1970 ----- 1968 1969 

Supporting research  and 
technology/a.dvanced s t u d i e s  $4,350,000 $4,000,000 $4,000,000 

Scout. . . . . . . . . . . . . . . . . . . . . . . .  10,200,000 12,600,000 L5,700,000 
Delta........................ 33,696,000 24,000,000 33,700,000 
Agena ........................ 7,999,000 11,900,000 7,300,000 
Centaur. . . . , . . . . . . . . . . . . . . . . .  68,305,000 47,700,000 57,600,000 ................. --- --- 5 900,000 Ti tan  1.11 C:. -2- 

Total ....................... $124,550,000 $100,200,000 - $1:24,200,000 ---- 

DistributAon --- cif Program Amount by I n s t a l l a t i o n :  

John F. K.enn.edy Space Center 
Marshall  Space F l i g h t  Center 
Goddard S'pace F l i g h t  Center.  
Jet Fropu.3.sion Laboratory.. . 
Elect.ronic:s Research Center.  
Langley R.esearch Center . .  ... 
L e w i s  Research Center. ...... 
Headquarters ................ 
NASA Pasadena Off ice. ....... 

$4,482,000 
60,000 

30,854,000 
180,000 

1,663,000 
10,528,000 
73,552,000 
1,565,000 
1,666,000 

$4,400,000 
200,000 

22,600,000 
200,000 

1,300,000 
12,900,000 
57,000,000 

1,600,000 

:$4,500,000 
200,000 

.32,200,000 
200,000 

1,300,000 
.L5,90 0,000 
68,100,000 
I., 8080,000 --- 

The o v e r a l l  p lan  f o r  launches during t h i s  per iod is: 

Vehicle 

Calendar Calendar Calendar 
Year Year Year 

1970 1968 1969 --- - 
scout. . . . . . . . . . . . . . . . . . . . . . .  6 
Delta....................... 3 
Agena......... .............. 2 
C e n t a . u r . . . . . . . . . . . . . . . . . . . . .  3 
Titan. . . . . . . . . . . . . . . . . . . . . . .  - - 

14 Total.. . . . . . . . . . . . . . . . . . . .  - - 

2 8 (+2 B/U) 
7 5 
3 1 
4 - 
- - - - 

- 14 (+2 B/U)  - 
Above t a b l e  inc ludes  Advanced Research and Technology missions but  
excludes reimbursable 1,aunches and veh ic l e s  procured f o r  o the r  agencies .  
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BASIS OF FUNI) RISQUIREMENTS: 

fjupporting Research and Technology/Advanced Studies 

1968 1969 1970 --.- 

Advanced studies. .............. $648,000 $800,000 $8CIO,OOO 

conversion.. ................. 249,000 700,000 800,000 

Instrumentation and electronics 690,000 200,000 lclo,ooo 
Structures ancl materials ....... 470,000 400,000 6CI0,OOO 
Vehicle eng;:tneering.. 731,000 400,000 lclo,ooo 

Propulsion cmcl energy 

Guidance, c:ont:rol and ................. navigation.. 1,562,000 1,500,000 1,6ClO, 000 

.......... 
Total- ........................ $4,350,000 $4 ,000,000 $4,000,000 --- 
Launch veh:tcl.e requirements in support of future missions are assured 

through this advanced studies and research and technology program. This 
program f-s established to define the vehicles most suitable to accomplish 
our currant euid future missions and to further insure that new technology 
required for advanced missions is developed in a timely and orderly manner. 

In FY 1969 advanced studies are being done on the Saturn S-IVB/Centaur 
Integration arid the Multi-Missioe Solar-Electric Propulsion Spacecraft 
System. Support:ing research and technology work is being continued on the 
development of et strapdown inertial guidance system for small and medium 
class launch vehicles. Effort is also being continued on aerospace propul- 
sion system arid mission analysis research, computation of performance of 
low-thrust propulsion systems, development of computer programs for trajectory 
analysis,, wat.c!r injection for solid rocket motor velocity trim, and throttling, 
techniques fcn- hydrazine reactors and a variety of other related tasks. 

In FY 1970 advanced studies will be continued in the areas of high-energy 
upper stages, including both chemical and electric propulsion systems. 
Supporting research and technology work that will be conducted in FY 1970 
includes continuation of work on development of throttling technilques for 
hydrazine reactclrs, the development of a strapdown inertial guidance system 
for small and medium class launch vehicles, evaluation of astrionics systems 
requirements f’or automated missions, trajectory analysis research, electro- 
explosives test technique improvement, and evaluation of nozzle materials 
for a small launch vehicle. Effort will be initiated on a study (of improved 
methods of design and fabrication of solid fuel rocket motors, investigation 
and improvement of a solid propellant motor for use on a small launch vehicle 
package, planetary spacecraft propulsion module, flightweight end-burning 
rocket motor demonstration, study to determine the feasibility of reducing 
control system thrust levels, solid state switching system for use in space 
vehicles, development of an improved material for use in space velhicles, 
development of’ an improved material for use in solid rocket nozzle inserts, 
study of pressure rise and heat transfer characteristics of hydrogen in space 
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veh ic l e s ,  and demonstration of f u l l - s c a l e  thermal p r o t e c t i o n  system f o r  
s to rage  of l i q u i d  hydrogen. 

scout  -- 

Hardware procurement... ....... $3,800,000 $3,900,000 $7,700,000 
Supporting a c t i v i t i e s . .  ....... 5,900,000 7,900,000 7,200,000 ........... 800 000 8 00,000 500 000 Product imFrovement - - L- -2- ___- 

Tota l .  ...................... $10,200 000 -A==- $12,600,000 
I--- 

$15 700 000 =d:L 

Scout is  t h e  smallest launch v e h i c l e  i n  t h e  NASA v e h i c l e  fami:ly and the  
only one u t i l i z i n g  a l l  s o l i d  p rope l l an t s .  It has  launched a var:Lety 'of small  
s c i e n t i f i c  s a t e l l i t e s ,  space probes,  and high speed re -en t ry  experiments.  
From the  launching of t h e  f i r s t  Scout v e h i c l e  on J u l y  1, 1960 thiru De.cember 
1968, t h e r e  have been 65 launches.  NASA has  primary r e s p o n s i b i l i t y  f o r  t h e  
management of t h e  Scout p r o j e c t ,  which is a l s o  u t i l i z e d  to support  miss ions  
f o r  t he  DOD, AEC, f o re ign  c o u n t r i e s ,  and i n t e r n a t i o n a l  organizat: ions.  

The Langley Research Center has  managed t h e  Scout p r o j e c t  f o r  NASA s i n c e  
i t s  incept ion .  The prime con t r ac to r  f o r  t h e  product ion,  checkout,  and launch 
of Scout veh ic l e s  is  Ling-Temco-Vought (LTV), Dallas, Texas. Scout v 'eh ic les  
are launched by NASA from t h e  Western T e s t  Range, C a l i f o r n i a  o r  Wallops 
S t a t i o n ,  Vi rg in ia .  A Scout veh ic l e  has  a l s o  been launched from the I t a l i a n  
San P.!arco platform i n  t h e  Indian Ocean o f f  t h e  coas t  of Af r i ca ,  where addi-  
t i o n a l  launches are planned. 

I n  FY 1969, funds f o r  procurement of Scout v e h i c l e s  are being u t i l i z e d  f o r  
t h e  product ion,  assembly, checkout,  and launch of t h e  veh ic l e .  In a d d i t i o n ,  
funds are being expended f o r  con t r ac to r  svstems management, v e h i c l e  adap ta t ion  
f o r  i nd iv idua l  missions,  maintenance of ground equipment a t  t h e  t w o  U.S. 
launch s i tes ,  l o g i s t i c s ,  t r a n s p o r t a t i o n ,  management and engineer ing suppor t ,  
and minor improvements i n  t h e  Scout veh ic l e .  Major product improvemelits being 
accomplished inc lude  up ra t ing  the  Algol f i r s t  s t a g e  by i n c r e a s i n e  i t s  diameter  
four  inches.  

I n  FY 1970, Scout funds w i l l  be u t i l i z e d  t o  procure v e h i c l e  hardware, 
production s y s t e m s  engineer ing and management, v e h i c l e  checkout and h u n c h  
s e r v i c e s ,  and s y s t e m  maintenance and engineer ing.  In  a d d i t i o n ,  t h e  ilnprove- 
ment e f f o r t s  on the  Algol f i r s t  s t a g e  w i l l  be cont inued.  

Delta -- 

Hardware... . . . . . . . . . . . . . . . . . . .  $11,400,000 $8,852,000 S12,01)0,000 
Supporting a c t i v i t i e s . . . . . . . . .  18,516,000 10,883,000 16,7 I)O,OOO ........... Product improvement I-,.-- 3 780 000 4,265,000- - 5 , 000,000 

$24,000,000 $33,730,000 --- Total . . . . . . . . . . . . . . . . . . . . . . .  $33,696,000 



The Del ta  v e h i c l e  family has proven t o  be one of t he  most economical, 
v e r s a t i l e ,  and r e l i a b l e  members of t h e  NASA launch v e h i c l e  s t a b l e .  I t s  f l i g h t  
conf igu ra t ion  c o n s i s t s  of t he  Thor boos t e r ,  t he  Delta second s t a g e ,  and a 
t h i r d  st:age, if necessary.  I f  t he  t h i r d  s t a g e  is r equ i r ed ,  a United Technology 
FW-4 o r  a Thi,ok:ol TE-364 motor may be u t i l i z e d  depending upon mission r e q u i r s -  
ments. Them c:onfigurations a r e  capable  of l i f t i n g  a wide v a r i e t y  of payloads 
i n t o  e a r t h  o r b i t  o r  launching s m a l l  spacec ra f t  i n t o  l u n a r  o r b i t  o r  deep space!. 
To d a t e  the  Delta v e h i c l e  has s u c c e s s f u l l y  launched more meteoro logica l ,  
communications, and s c i e n t i f i c  spacec ra f t  than any o t h e r  NASA v e h i c l e .  Through 
December 19Cd) t h e r e  have been 63 Del ta  v e h i c l e  launches of which 58 have been 
scored as success fu l  . 

Management: r e s p o n s i b i l i t y  f o r  t he  Delta p r o j e c t  i s  assigned t o  the  Goddard 
Space F l igh t  Center. The prime c o n t r a c t o r  f o r  t h e  Delta v e h i c l e  is  t h e  
McDonnell-Douglas Ast ronaut ics  Company, Santa  Monica, C a l i f o r n i a .  NASA pro- 
cu res  t h e  f i r s t  s t a g e  Thor boos te rs  through the  A i r  Force,  which has  manage- 
ment r e s p o n s i b i l i t y  f o r  t he  product ion of t h i s  v e h i c l e  s t a g e .  Tlhe Del ta  
v e h i c l e  is launched from the  Eas te rn  T e s t  Range, Cape Kennedy, F l o r i d a  and 
the  Western Test Range, Ca l i fo rn ia .  

FY 1970 funds f o r  procurement of Delta w i l l  be used t o  complete t h e  
purchase of f irst  and second stage v e h i c l e s  f o r  which c o n t r a c t i n g  w a s  
i n i t i a t e d  i n  FY 1969, and t o  procure a s soc ia t ed  v e h i c l e  hardware, launch 
s e r v i c e s ,  and o t h e r  support ing s e r v i c e s  a t  the  launch sites and product ion 
f a c i l i t i e s .  

During FY 1970, support  funding is requi red  f o r  t h e  maintenance of ground 
support  equipment a t  the  two launch si tes,  f o r  veh ic l e - r e l a t ed  eiiginelering 
suppor t ,  and f o r  minor product improvement e f f o r t s .  Major product im,prove- 
ment planned f o r  FY 1970 inc ludes  a con t inua t ion  of e f f o r t  i n i t i a t e d  in 
FY 1969 f o r  incorpora t ion  of an updated guidance system, a d a p t a t i o n  oE t he  
boos te r  f o r  a d d i t i o n a l  s o l i d  motors f o r  t h r u s t  augmentation, conversiim t o  
S-band te lemet ry ,  modi f ica t ion  of Pad 17-B  t o  accommodate the  long t a n k  Thor 
(Thorad) boos te r ,  and t h e  f l i g h t  q u a l i f i c a t i o n  of t he  uprated TE--364 tnotor. 
There are no p lans  t o  i n i t i a t e  any new product improvement e f f o r t s  i n  FY 1970. 

Agena 

Hardware procurement. . . . . . . . .  . $5,279,000 $5,770,000 $2,7'51,000 
Supporting a c t i v i t i e s . . . . . . . . .  2,720,000 6,130,000 - 4,549,000 

Tota l . . . . . . . . . . . . . . . . . . . . . . .  $7,999,000 - $7,3(10,000 
--.- 

The Thor ,4gena launch v e h i c l e  is  used f o r  po la r  o r b i t a l  miss ions  wlriich 
exceed t h e  c a p a b i l i t y  of the  Delta veh ic l e .  The Agena p r o j e c t  p rev ious ly  
included funding f o r  t he  At l a s  Agena launch v e h i c l e  which w a s  phased {)u t  of 
NASA usan;e fol lowing the  success fu l  launch of t h e  OGO V satellite! froin the  
Eas te rn  'Test Range on March 4 ,  1968. A t l a s  Agena launch f a c i l i t i e s  a t  t h e  
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Eastern Test Range have s i n c e  been re turned  t o  A i r  Force custody.  The Thor 
Agena cont inues t o  be launched from t h e  Western T e s t  Range, Ca l i fo rn ia .  During 
CY 1969, the  Nimbus B2, OGO-F, and SERT I1 missions w i l l  be launched by t h e  
Thor Agena. 

Within NASA t he  management of t he  Agena p r o j e c t  is  assigned t o  the  L e w i s  
Research Center.  Lockheed Missiles and Space Corporat ion,  Sunnyvale, 
Ca l i fo rn ia  i z  t he  prime con t r ac to r  f o r  t h e  Agena s tage .  McDonnell-Douglas 
Ast ronaut ics  Company, Santa Monica, Ca l i fo rn ia  is  t h e  p r i m e  con t r ac to r  f o r  
t he  Thor boos te r .  The Agena and t h e  boos te r  s t a g e s  are  purchased froin these  
c o n t r a c t o r s  through t h e  U . S .  A i r  Force,  which has  primary management respon- 
s i b i l i t y  of these  v e h i c l e s .  

FY 1969 funds support  t h e  procurement of v e h i c l e  hardware, mission pecul ia r  
adap ta t ion ,  launch s e r v i c e s  and o t h e r  support  requi red  f o r  planned launches.  

FY 1970 funds f o r  procurement of Agena v e h i c l e s  are requi red  f o r  th12 pur- 
chase of upper s t a g e s  and Thor boos te rs .  I n  add i t ion ,  funds wil :L be required 
f o r  mission Fleculiar adap ta t ion ,  launch services, and o t h e r  support  a c t i v i t i e s  
inc luding  maintenance of ground support  equipment, engineer ing servicles,  and 
minor improvements i n  support  of t h e  continued u t i l i z a t i o n  of t h e  Thor Agena 
launch veh ic l e .  

Centaur 

Hardware... . . . . . . . . . . . . . . . . . . .  $21,274,000 $27,956,000 !j21,409,000 
Supporting a c t i v i t i e s . . . . . . . . .  40,341,000 15,373,000 X3,8,41,000 
Product imp'rovement ........... 6 , 6  90,000- 4 371 000 ''2 350,000 .-A- L - -.-!A - 

Tota l . . . . . . . . . . . . . . . . . . . . . . .  $47 700 000 A=& 

The Atlas Centaur is  t h e  l a r g e s t  launch veh ic l e  c u r r e n t l y  emp'toyed by NASA 
exclus ive ly  f o r  automated space missions.  It c o n s i s t s  of t h e  At:Las booster  
and t h e  Centaur upper s t age .  Centaur w a s  t h e  f i r s t  rocket  i n  the  na t fona l  
launch veh ic l e  family t o  u t i l i z e  l i q u i d  hydrogen/ l iquid oxygen p rope l l an t s .  
These high energy p rope l l an t s  and t h e  Centaur 's  c a p a b i l i t y  t o  restart i n  
space make t k i s  v e h i c l e  uniquely q u a l i f i e d  t o  perform a v a r i e t y  of  hiqh 
v e l o c i t y  deep space missions as  w e l l  as r e l a t i v e l y  l a r g e  c n r t h  o r b i t  ,and 
lunar  missions.  Since development w a s  completed i n  1966, t he  Centaur has  
been launched n ine  t i m e s  i n  support  of t h e  Surveyor, t he  Orbi t ing  Astronomicall 
Observatory (OAO) , and t h e  Advanced Technology S a t e l l i t e  (ATS) missions.  A l l  
f l i g h t s  were success fu l  except f o r  t h e  ATS mission when t h e  Centilut s t a g e  
f a i l e d  t o  i g n i t e  f o r  i t s  second burn. Future  At las  Centaur miss-ions include 
Mariner-Mars, Pioneer ,  follow-on OAO and ATS miss ions ,  Hel ios ,  and several 
proposed space probe missions.  
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The L e w i s  Research Center has  primary management responsibi1i t :y  f o r  t h e  
Centaur p ro jec t .  
Centaur s t age  is  General Dynamics/Convair, San Diego, Ca l i fo rn ia .  The? P r a t t  
and Whitney Divis ion of United A i r c r a f t ,  West Palm Beach, F lor ida  i s  #in 
a s s o c i a t e  con t r ac to r  f o r  Centaur 's  l i q u i d  hydrogen engines.  Hone!ywel'L, Inc. ,  
S t .  Pe te rsburg ,  F lo r ida  is an a s s o c i a t e  con t r ac to r  f o r  t h e  Centaur guidance 
system. The Atlas Center i s  launched from t h e  Eas te rn  T e s t  Range!, Cal)e 
Kennedy, F lor ida .  

The prime con t r ac to r  f o r  both t h e  Atlas boos te r  and the  

FY 1969 funds inc lude  v e h i c l e  procurement t o  support  OAO, ATS, Mariner '69 
and Mariner '71  missions.  I n  a d d i t i o n ,  con t r ac to r  launch s e r v i c e s  an([ 
v e h i c l e  support  funds are requi red  t o  cont inue veh ic l e  improvements i i i i t i a t e d  
i n  FY 1968. 

During FY 1970, continued funding is  requi red  f o r  support ing a c t i v i t i e s  
such as launch services, management and engineer ing s e r v i c e s  a t  t h e  con t r ac to r  
p l a n t ,  and f o r  a v a r i e t y  of o t h e r  program and f i e l d  support  s e rv i ces .  Included 
i n  t h i s  budget are t h e  v e h i c l e  improvement and v e h i c l e  i n t e g r a t i o n  e f j ' o r t s  
which were c a r r i e d  on i n  FY 1969. I n  p a r t i c u l a r ,  t h e  Centaur improvenients 
inc lude  a new guidance computer, pu l se  code modulation te lemetry equipment, a 
s tandard forward adapter ,  f i xed  i n s u l a t i o n ,  and a changed p r e s s u r i z a t i o n  
system. This  modernization w i l l  enhance t h e  r e l i a b i l i t y  and f l e x i b i l i t y  of 
t h i s  veh ic l e .  

FY 70 funds are included t o  provide f o r  t h e  in t roduc t ion  of t h e  T i t an  
family of boos te rs  i n t o  t h e  NASA launch v e h i c l e  s t a b l e .  I n t e g r a t i o n  clf t h e  
Centaur s t age  with the  T i t an  boos te r  is being i n i t i a t e d  t o  support  the 
Viking mission. This e f f o r t  w i l l  provide f o r  t h e  d e t a i l e d  des ign ,  hardware, 
t e s t i n g ,  and documentation requi red  t o  e s t a b l i s h  and q u a l i f y  t h i s  launch 
v e h i c l e  conf:L~~urat ion f o r  f l i g h t .  I n  add i t ion ,  funds w i l l  be requi red  f o r  
t he  a c t i v a t i o n  of  one ope ra t iona l  launch s i t e  a t  t h e  e x i s t i n g  USAF Eastern  
T e s t  Range T:tiran 111 launch complex compatible with the  NASA program 
requirements.  'Ct is  c u r r e n t l y  planned t o  f l y  t h e  f i r s t  T i t an  Centaur 
veh ic l e  confligui-ation i n  e a r l y  1972 i n  support  of t he  Pioneer  F mission.  

T i t an  111 C --- 
1968 1969 

--- --- $5,90_0,000 
--I- - -  Hardware procurement. . . . . . . . . . 

_-- --- $5,90,0 , 000 - -  -- --.- --- 
-I___ -- Total -.... ,,.. . ...... ....... .. 

The T i t an  1.au:lnch v e h i c l e  family development is  managed by the  United 
S t a t e s  A i r  FCII'CE:. The T i t a n  I11 C v e h i c l e  c o n s i s t s  of t h r e e  l i q u i d  propel- 
l a n t  s t a g e s  a.nd a s o l i d  p rope l l an t  s t age .  The s o l i d  s t a g e  c o n s i s t s  of two 
five-segment, 120-inch rocket  motors s t rapped  onto t h e  l i q u i d  p rope l l an t  
core .  The f i r s t  two l i q u i d  p rope l l an t  s t a g e s  are common t o  a l l  T i t an  I11 
veh ic l e s .  The t h i r d  l i q u i d  p rope l l an t  s t a g e  is t h e  t r ans t age  which possesses  
a mul t i - s t a r t  c a p a b i l i t y  u s e f u l  f o r  a wide v a r i e t y  of mission app l i ca t ions .  
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The performance of t h e  T i t an  I11 C v e h i c l e  is somewhat h igher  than t h a t  of 
t he  A t l a s  Centaur v e h i c l e  a t  t h e  synchronous v e l o c i t y  and t h e  i n i t i a l  NASA USE! 
is planned f o r  Applicat ions Technology S a t e l l i t e s  F and G ,  scheduled i o r  launch 
i n  1972 ;and :L'974. 
f o r  o the r  syichiconous o r b i t  satellites exceeding t h e  A t l a s  Centaur weight 
c a p a b i l i t y .  

Future  p lans  inc lude  t h e  poss ib l e  use  of T i t a n  I11 C v e h i c l e s  

The Lewis Research Center has  primary NASA management responsfbil i1:y f o r  
t he  T i t a n  I I I  C p ro jec t .  
Martin Marietta Corporation, Denver Div is ion ,  Denver, Colorado as the  prime 
con t r ac to r .  The United Technology Corporat ion,  Sunnyvale, C a l i f a r n i a  and 
Aerojet  General Corporation, Sacramento, C a l i f o r n i a  are associate! con t r ac to r s  
providing s o l i d  boos t e r s  and core  s t a g e  engines ,  r e spec t ive ly .  Hartill w i l l  
provide mission i n t e g r a t i o n  services; Martin,  with UTC and AGC, t r i l l  , i l so  
provide launch services. Launches w i l l  be from t h e  T i t an  ITL ( In tegr# i te -  
Transfer-Launch) f a c i l i t i e s  a t  t h e  Eastern T e s t  Range. 

Vehicles  w i l l  be procured through the  USAF, wi th  

During N 1970, funds are requi red  t o  i n i t i a t e  procurement of v e h i c l e s  and 
services f o r  t h e  ATS F and G missions.  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF UNX'IERSITY AFFAIRS SUSTAINING UNIVERSITY E"R0GRAM - 
PROGRAM OBJEC'IIVES AND JUSTIFICATION: 

NASA-Universii:, Programs 

The NASA-university programs have made major con t r ibu t ions  t o  the  n a t i o n a l  
ae ronau t i c s  and space e f f o r t .  They have generated new concepts ,  developed 
new technology, supported graduate  educat ion,  and have c rea ted  s p e c i a l  
u n i v e r s i t y  f a c i l . i t i e s  f o r  f u r t h e r  educa t ion  and research .  The u n i v e r s i t y  
community has provided po l i cy ,  s c i e n t i f i c ,  and engineer ing  advice t:o NASA a t  
a l l  l eve l s .  These con t r ibu t ions  demonstrate t h a t  NASA's u n i v e r s i t y  programs 
have been suc:c:es:sful i n  t h e i r  f i r s t  and most important o b j e c t i v e  - obta in ing  
the  e x p e r t i s e  of' the  u n i v e r s i t y  community t o  he lp  meet t h e  ae ronau t i c s  and 
space goals  of NASA, whi le  a t  t h e  same time s t r eng then ing  t h e  u n i v e r s i t i e s '  
a b i l i t y  t o  con t r ibu te  t o  o t h e r  n a t i o n a l  needs. 

Space f l i g h t  experimentat ion r e p r e s e n t s  an area of  s i g n i f i c a n t  accanp l i sh -  
ment i n  NASA supported u n i v e r s i t y  programs. 
eager  t o  take advantage of  t h e  o p p o r t u n i t i e s  made a v a i l a b l e  by NASA to  conduct 
experiments i n  space. More than 98 percent  of balloon-borne experimencs, 
more than 40 percent of sounding rocket  experiments,  and more than  halE of 
s a t e l l i t e  experiments flown on NASA v e h i c l e s  had p r i n c i p a l  invest i -gato cs or 
co- inves t iga to r s  i n  u n i v e r s i t i e s .  For  t h e  sa te l l i t e  experiments ,  t h i s  i s  
f i v e  times the  l e v e l  of p a r t i c i p a t i o n  of i n d u s t r y  and about t he  same as the  
p a r t i c i p a t i o n  of a l l  government l a b o r a t o r i e s .  

Un ive r s i ty  s c i e n t i s t s  have been 

NASA-university programs have had a s i g n i f i c a n t  impact on the  n a t i o n ' s  
u n i v e r s i t i e s .  About 200 u n i v e r s i t i e s  have been responsive t o  opportuni t t ies  
to become involved i n  the  ae ronau t i c s  and space program. They have used 
NASA support  ito s t r eng then  and b u i l d  r e sea rch  and educa t ion  capabi liticks. 
Centers  of exce l l ence  exist t h a t  w e r e  c r ea t ed  wi th  NASA support .  E n t i r e  
departments aiid graduate  degree programs have grown out  of NASA inwolvt!ment , 
many new courses  have been developed, and coun t l e s s  sc ience  and engineer ing  
and management courses  have had t h e i r  conten t  a l t e r e d  a s  a r e s u l t  of NASA 
programs. The niit ional c a p a b i l i t y  f o r  educat ion and research  has  been both 
broadened and s t rengthened.  

About 70 percen t ,  or  $480 m i l l i o n ,  of funds ob l iga t ed  to  universities 
s ince  1959 has been f o r  p r o j e c t  research.  These support ing research  arid 
technology pro , jec ts  have provided t h e  s o l u t i o n  t o  many h igh  p r i o r i t y  pi-oblems 
and opened avmues  f o r  experiments and advanced development while  invol ving 
l a r g e  numbers of f a c u l t y  and graduate  s t u d e n t s  i n  the  e f f o r t .  
of support ing the  r e sea rch  and f l i g h t  experiments of  u n i v e r s i t y  f a c u l t y  on 

The p o l j c y  
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campus i s  serv ing  both NASA and the  u n i v e r s i t i e s  w e l l .  
major e f f o r t  t o  provide funding s t a b i l i t y  i n  p r o j e c t  g r a n t s  through forward 
funding. About 50 percent  of t he  p r o j e c t  g r a n t s  w i l l  be step-funded by the  
end of FY 1969. A step-funded g ran t  i s  one which o b l i g a t e s  funds f o r  t he  
support  of a research  p r o j e c t  a t  t he  f u l l  l e v e l  f o r  t he  f i r s t  yea r ,  2!3rds 
of t h a t  l e v e l  f o r  t he  second year ,  and 1/3rd of  f u l l  l e v e l  f o r  t he  t h i r d  
year ,  t he  aggregate  of these  o b l i g a t i o n s  being made dur ing  the  f i r s t  !year, 
A t  t h e  beginning of t he  second year  supplemental funds equal  t o  one year  of 
f u l l  support  a r e  awarded and spread over  t h e  fol lowing t h r e e  years .  Idhen a 
dec i s ion  is made to  cease  support  of a step-funded g r a n t  no f u r t h e r  fiinds 
are added, but  the p r o j e c t  s t i l l  has  a t w o  year  phaseout per iod z i t  reciucing 
l e v e l s ,  whiclh enables  the  research  t o  be concluded i n  an e f f i c i e n t .  ana1 
o r d e r l y  manner. 
funded basis. 

NASA i s  making a 

There are now a t o t a l  of 200 g r a n t s ,  ope ra t ing  on a s t e p -  

Despite t h e  c o n t r i b u t i o n  of t hese  suppor t ing  r e sea rch  p r o j e c t s  t o  ithe 
n a t i o n ' s  ae ronau t i c s  and space goa l s ,  o v e r a l l  budgetary c o n s t r a i n t s  are 
expected t o  r e s u l t  i n  a reduct ion  i n  t h e i r  number dur ing  FY 1969. Of some 
1300 sponsored iprojects i n  u n i v e r s i t i e s  e a r l y  i n  FY 1969, i t  i s  estimiited 
t h a t  less than LOO0 can be continued i f  we a r e  to  have s u f f i c i e n t  funcls f o r  
i n i t i a t i n g  new s t u d i e s  i n  c r i t i c a l  areas developing dur ing  1969. Pari: of 
t h i s  reduct ion  w i l l  be n a t u r a l ,  i .e., p r o j e c t s  which have been ccmp1er:ed. 
Unfortunately,  o t h e r s  are mer i to r ious  p r o j e c t s  deserv ing  cont inua t  ion ,, b u t  
which cannot be extended as the  r e sea rch  i s  of lesser p r i o r i t y  thLan o1:her 
work competing Eor r e sea rch  funds. To ta l  support  t o  u n i v e r s i t y  p r o g r m s ,  
inc luding  an estimate f o r  FY 1969, i s  shown i n  Figure 1. To a l i m i t e c l  
e x t e n t ,  the !SJsitaining Univers i ty  program, i n  one of i t s  r o l e s ,  may br! ab le  
t o  o f f s e t  somewhat t h e  e f f e c t s  i n  u n i v e r s i t i e s  p a r t i c u l a r l y  hard h i t  I I . ~  t h i s  
manner, t hus  preserving the  p o t e n t i a l  of such u n i v e r s i t i e s  f o r  f u t u r e  
c o n t r i b u t i o n s  t o  the  n a t i o n a l  aerospace e f f o r t .  

S u s  t a i  ning Un Lve r s i t y P rog ram 

The Sus ta in ing  Univers i ty  program i s  an i n t e g r a t e d  p a r t  of NASA 'S Ilrogram 
of u n i v e r s i t y  r e sea rch  and t r a i n i n g .  Its goals ,  however, are broader  and 
longer-range than t h e  t y p i c a l  p r o j e c t  a c t i v i t y .  Grants  are made t o  
u n i v e r s i t i e s  in a way t h a t  provides  ex tens ive  l o c a l  c o n t r o l  over  research  
approaches and t a s k  s e l e c t i o n .  
funding" of a'L1 research  a c t i v i t y  and f u l l  funding f o r  t r a i n i n g  and o t h e r  
s p e c i a l  prog~:iuns. Since 1959, 30 percen t ,  or  $204 m i l l i o n ,  of NASA's 
support  to u n i v e r s i t i e s  has  been f o r  research ,  t r a i n i n g ,  and f a c i l i t i e s  
sponsored under the  Sus ta in ing  Univers i ty  program. This  broad support 
balances t h e  e f f e c t  of c l o s e l y  def ined  p r o j e c t  and f l i g h t  a c t i v i t y  ancl 
provides  f o r  t he  l o c a l  development of s t ronge r  aerospace educa t iona l  and 
research  prog,  ita an is. 

Funding s t a b i l i t y  i s  provided through "step-  

During the  yea r s  1959-1967, a l a r g e  number of u n i v e r s i t y  t r a i n e d  experts 
were needed t:o develop s c i e n t i f i c  experiments and spacec ra f t .  The 
u n i v e r s i t i e s  of t he  na t ion  were rap3dly brought intci t he  space program and 
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given resources  and o p p o r t u n i t i e s  t o  conduct r e sea rch  and t r a i n i n g  i n .  aero- 
space f i e l d s .  These demands were m e t  i n  p a r t  through t h e  research ,  t r a i n i n g ,  
and f a c i l i t i e s  elements of t he  Sus t a in ing  Univers i ty  program, which wlere ab le  
t o  r a p i d l y  I~sspond wi th  support  t h a t  f i l l e d  s p e c i a l  u n i v e r s i t y  and NASA needs 
i n  these  arecrs. 

In FY's 1968; and 1969 the  f l i g h t  and research  programs were c u t  back. 
The FY 1.970 treed is t o  u t i l i z e ,  t o  t h e  g r e a t e s t  e x t e n t  poss ib l e ,  the na t iona l  
s c i e n t i f i c  axid t e c h n i c a l  c a p a b i l i t y  t h a t  has  been developed. NASA must  also 
maintain an  a c t i v e  advanced technology research  program w i t h i n  the  s c i e n t i f i c  
conanunity i f  it seeks t o  r e t a i n  a p o s i t i o n  of l eade r sh ip  i n  space exp lo ra t ion .  
The cu r ren t  shor tage  of f l i g h t  o p p o r t u n i t i e s  should be o f f s e t  by a more 
i n t e n s i v e  l abora to ry  research  and s tudy  program. This  can  be done e f f e c t i v e l y  
by u n i v e r s i t i e s  working coope ra t ive ly  wi th  NASA. 

NASA's t echnologica l  and managerial  experience should be made a v a i l a b l e  
f o r  u n i v e r s i t y  r e sea rch  and educa t iona l  programs. 
of t h e  na t ion ,  such as t r a n s p o r t a t i o n ,  p o l l u t i o n ,  h e a l t h  ca re ,  and the  
r ebu i ld ing  of our  urban c e n t e r s ,  r e q u i r e  t a l e n t e d  people who understand t h e  
development and u s e  of advanced systems approaches. A need e x i s t s  t o  expose 
s tuden t s  and f a c u l t y  t o  t h e  broad and complex problems t h a t  involve  sc ience ,  
engineer ing ,  and c o n f l i c t i n g  s o c i a l  p r i o r i t i e s  and p o l i c i e s .  A goal  Iof t he  
Sus ta in ing  Un ive r s i ty  program in FY 1970 i s  to  make t h e  NASA experience 
a v a i l a b l e  t o  the  academic community through m u l t i d i s c i p l i n a r y  reriearc'li 
programs, s p e c i a l  t r a i n i n g  g r a n t s  , i n t e r n s h i p s ,  exchange programs, and s tudy 
a c t i v i t i e s  of mutual i n t e r e s t .  Hopefully,  t h i s  knowledge and experience 
w i l l  be combined wi th  e x i s t i n g  u n i v e r s i t y  s t r e n g t h s  i n t o  innovat ive  
educa t iona l  and research  programs. 

Many of t h e  m i i j o r  $problems 

The Sus ta in ing  Un ive r s i ty  program reques t  i n  FY 1970 r e p r e s e n t s   le^ than 
20 percent  of tlhe amounts a l l o c a t e d  t o  t h i s  program dur ing  i t s  peak years .  
These funds provide a f l e x i b l e  source of  research  and t r a i n i n g  support  t h a t  
allows u n i v e r s i t i e s  from many reg ions  t o  p a r t i c i p a t e  i n  the  n a t i o n ' s  
ae ronau t i ca l  and space a c t i v i t i e s .  The support  p rovides  opportuni t ierr  f o r  
u n i v e r s i t i e s  to  conduct m u l t i d i s c i p l i n a r y  research  and t o  e s t a b l i s h  s l , ec ia l  
h igh  p r i o r i t y  educa t iona l  programs, such as engineer ing  systems desigii and 
admin i s t r a t ion  and management. 
p a r t i c i p a n t s  to t ake  a broader  look  a t  t h e  e f f e c t s  and implicatiocns of 
advanced techino:logy on s o c i e t y  and i d e n t i f y  ways t h a t  t h i s  knowledge (:an be 
appl ied  t o  contemporary human needs. 

The Sus t a in ing  Univers i ty  p r o g r m  encourages 

It i s  a l s o  important  i n  FY 1970 t h a t  o p p o r t u n i t i e s  f o r  c r e a t i v e  recrearch 
be made ;ivaiXablie t o  emerging c o l l e g e s  and u n i v e r s i t i e s  i n  o rde r  f o r  them 
to  a t t r a c t  arid develop high q u a l i t y  f a c u l t y  and s tudents .  
wi th  t h e i r  research  f a c i l i t i e s ,  managerial  competence, and r e sea rch  needs, 
provide an exc:eI.lent base f r m  which t o  extend research  and t r a i n i n g  
o p p o r t u n i t i e s  t o  developing co l l eges .  Experimental programs aimed a t  
upgrading the  aerospace r e l a t e d  research  c a p a b i l i t y  of a few deve1opin.g 
c o l l e g e s  will.  be i n i t i a t e d  under t h e  Sus ta in ing  Un ive r s i ty  program, They 
w i l l  be continued by t h e  Centers  on t h e  b a s i s  of t h e i r  c o n t r i b u t i o n s  to NASA 
research  o b j e c t i v e s .  

NASA Centers ,  
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I n  FY 1970 the  Sus ta in ing  Univers i ty  program w i l l  encourage anti support  
cooperat ive ventures  wi th in  NASA and with u n i v e r s i t i e s  t o  ensure ithe f u l l  
cons idera t ion  of the  s o c i a l ,  economic, and educa t iona l  imp l i ca t ions  an'd 
a p p l i c a t i o n  of' NASA research.  The technological  research i n  such areas a s  
s a t e l l i t e  communication, weather modi f ica t ion  and ae ronau t i c s  m u s t  be 
p a r a l l e l e d  by t h e  cons ide ra t ion  of t he  s o c i a l ,  po l i cy  and l e g a l  iraplic a t ions  
of these technlological advances. The b e n e f i t s  of t hese  technologica l  and 
managerial developments can be then put t o  use i n  our  s o c i e t y  i n  a product ive 
and p o s i t i v e  way. 

SUMMARY OF RESOURCES REQUIREMENTS: 

1968 

Research........................ $6,000,000 
Adminis t ra t ion and management... 1,500,000 
Engineering systems design...... 1,000,000 
Spec ia l  t ra in ing . . .  ............. 1,500,000 

Tota l . . . . . . . . . . . . . . . . . .  ....... ~10 ,000 ,000  

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

NASA Headquarters..  ........... $10,000,000 

BASIS OF FUND REQUIREMENTS: 

Res e a rch  

Research... .  .................... $6,000,000 

1969 

$5,000,000 
1,500,000 

1,500,000 
1,000,000 

$9,000,000 

$9,000,000 

$5,000,000 

1'370 

$5,080,000 
1,500,000 

-A 1 500,000 

--- 

l ,OI)O,  000 

$9,000,000 - 

$9,0'00 ,000 

$5,01JO, 000 

The $5.0 m i l l i o n  requested i n  FY 1970 f o r  t h e  research  element of t h e  
Sus ta in ing  Univers i ty  program w i l l  cont inue research  support  t o  ur i iver~3i ty  
programs t h a t  a r e  broader i n  scope and longer  range i n  na ture  than the  usual 
p r o j e c t  o r i en ted  t a sks .  Emphasis w i l l  be placed on a c t i v i t i e s  which a r e  
m u l t i d i s c i p l i n a r y  i n  na tu re ,  and seek innovat ive ways t o  b r ing  t h e  f u l l  range 
of u n i v e r s i t y  e x p e r t i s e  and competence, inc luding  appropr i a t e  nont:echntcal 
cons idera t ions ,  t o  bear  on space r e l a t e d  problems. 

The research $element of the  Sus ta in ing  Univers i ty  program suppor ts  
"NASA," u n i v e r s i t y  programs of a h ighly  i n t e r d i s c i p l i n a r y  cha rac t e r .  

according t o  Dr. Freder ick  S e i t z ,  Pres ident  of t he  Nat ional  Academy of 
Sciences,  " I s  e s s e n t i a l l y  unique i n  the  way i t  binds s c i e n t i f i c  arid enl.;ineer- 
ing  d i s c i p l i n e s  toge ther  f o r  peaceful  purposes." During the  p a s t  decatle the  
Sus ta in ing  Univers i ty  program has  supported t h e  c r e a t i o n  of u n i v e r s i t y  research  
groups i n  such aerospace f i e l d s  as ae ronau t i c s ,  m a t e r i a l s ,  bioengineer j  ng, 
e a r t h  sc iences ,  and as t rophys ics .  The program has success fu l ly  encouraged 
u n i v e r s i t i e s  1113 conduct research  and t r a i n  graduate research  a s s i s t a n t : ,  i n  
advanced inu1t:Ldisciplinary f i e l d s .  



New u n i v e r s i t y  approaches t o  research  and s tudy  t h a t  br ing  toge the r  t h e  
f a c u l t y  and s tuden t s  of d i v e r s e  d i s c i p l i n e s  must be developed t o  inc rease  ou r  
understanding of t he  problems our  new technology i s  br inging.  

I n  FY 1970 the  Sus ta in ing  Univers i ty  program w i l l  f u r t h e r  encourage the  
inc lus ion  of t he  u n i v e r s i t i e s  ' extens ive  s o c i a l  and behaviora l  r e sea rch  
c a p a b i l i t i e s  i n  .mu l t id i sc ip l ina ry  e f f o r t s .  
and economic and s o c i a l  imp l i ca t ions  of advanced developments i s  essenI:ial 
i f  advanced technology i s  t o  cont inue  t o  c o n t r i b u t e  t o  the  n a t i o n a l  purposes.  

The understanding of t he  po l i cy  

At t en t ion  % w i l l  be given t o  those  research  programs which are relatecl  t o  
the  i n t e r e s t  and f u t u r e  planning e f f o r t s  of NASA Centers .  S t rong  Center -  
u n i v e r s i t y  r e l a t i o n s h i p s  provide NASA wi th  increased  f l e x i b i l i t y  and hliman 
resources  t o  i n i t i a t e  programs of n a t i o n a l  i n t e r e s t ,  such as the  atpp1ic:ation 
of space technology t o  e a r t h  problems and t h e  response t o  new opportunl . t ies  
i n  manned and unmanned space f l i g h t .  An i n t e n s i v e  e f f o r t  w i l l  be made i n  
FY 1970 t o  s t r eng then  u n i v e r s i t y  programs which make use  of government 
research  f a c i l i t i e s  and provide o p p o r t u n i t i e s  f o r  f a c u l t y  and s t u d e n t s  t o  
p a r t i c i p a t e  wi th  NASA i n  advanced r e sea rch  of mutual i n t e r e s t .  A few tipecial 
research  L n i t i a t i o n  o p p o r t u n i t i e s  w i l l  be made a v a i l a b l e  t o  developing 
i n s t i t u t i o n s  i n  reg ions  near  t h e  NASA F i e l d  Centers .  This  i s  e s s e n t i a l  i f  
t hese  co l  Leges are t o  r e c r u i t  and develop q u a l i f i e d  f a c u l t y  i n  sc ience  
engineer ing ,  and admin i s t r a t ion ,  and t r a i n  s tuden t s  i n  these  f i e l d s .  P'lajor 
c o n t r i b u t i o n s  can be made wi th  the  a d d i t i o n  of l i m i t e d  new resources  and 
s t rong  involvcment a t  t h e  l abora to ry  l e v e l .  

The Sus ta in ing  Univers i ty  program research  programs are i n d i v i d u a l l y  
t a i l o r e d  t o  t h e  s t r e n g t h s  and i n t e r e s t  of t h e  p a r t i c i p a t i n g  i n s t i t u t i o n s .  
The g r a n t s  a r e  l a r g e l y  l o c a l l y  c o n t r o l l e d  t o  ensure  t h a t  t h e  programs 
con t r ibu te  t o  both t h e  educa t iona l  needs of t he  u n i v e r s i t y  and research needs 
of NASA. 
funded" over  t h r e e  yea r s  to a s s u r e  f i n a n c i a l  s t a b i l i t y  f o r  t h e  p a r t i c i p a t i n g  
u n i v e r s i t i e s .  

The c:oonnitments a r e  long-term i n  na tu re  and each g r a n t  i s  "step-  

With a budget of $5 m i l l i o n  i n  FY 1970, t h e  r e sea rch  element of t he  
Sus ta in ing  Univers i ty  program w i l l  support  m u l t i d i s c i p l i n a r y  programs a t  
about 25 u n i v e r s i t i e s .  This  number is down from 50 i n  FY 1968 and 35 in 
FY 1969. I n  a d d i t i o n ,  t he  program w i l l  e s t a b l i s h  t a sk - l eve l  research  
o p p o r t u n i t i e s  for. i nd iv idua l  f a c u l t y  a t  about 20 developing i n s t i t u t i o n s  
near  NASA Cent:t!rs. 

Adminis t ra t ion and Management 

1970 -- 1968 1969 

Administ:rati.on and management.. . $1,500,000 $1,500,000 $1,500,000 

The $1.5 m i l l i o n  i n  FY 1970 w i l l  be a l l o c a t e d  t o  cont inue support  f o r  
admin i s t r a t ion  and management research  and graduate  t r a i n i n g  programs a t  10 
unive rsi t i e s . 



The r a t i o n a l e  f o r  support  of these  a c t i v i t i e s  i s  t h e  b e l i e f  t h a t  t he  
evo lu t ion  of publ ic  i s s u e s  -- p a r t i c u l a r l y  those having t o  do wi th  sc ience  
and technology -- has been so s w i f t  and so complex t h a t  t h e r e  has  been an 
inc reas ing  shortage of t r a i n e d  persons coming from the  u n i v e r s i t i e s  who 
understand how t o  work wi th  the  new and expanding dimensions of sc ience  and 
technology. There is an inc reas ing  need f o r  p ro fes s iona l  managers who 
understand the  broader imp l i ca t ions  of managing advanced research  and develop-  
ment as implementation of publ ic  po l icy .  The success  of f u t u r e  programs i n  
space and ae ronau t i c s ,  as i n  o t h e r  n a t i o n a l  concerns,  w i l l  become inc  ireasingly 
dependent on the  educa t ion  and t r a i n i n g  of i n d i v i d u a l s  wi th  a much broader 
base of understanding of management and pub l i c  admin i s t r a t ion ,  as w e l l .  a s  
sc ience  and technology. NASA and the  u n i v e r s i t y  community have ii common 
r e s p o n s i b i l i t y  i n  the  development of such managers. This program is ,iimed a t  
cont inuing support  f o r  those  u n i v e r s i t i e s  t h a t  have undertaken a r e s p o n s i b i l i t y  
f o r  educat ion i n  the  complex f i e l d s  of admin i s t r a t ion  and management. 

The program, as p r e s e n t l y  def ined ,  provides  support  t o  u n i v e r s i  t ier ;  f o r  
p i l o t  programs in  research  and t r a i n i n g  i n  publ ic  admin i s t r a t ion  and rtianage- 
ment. Each of t he  research  programs is s t ruc tu red  around a number of major 
research  areas of i n t e r e s t  t o  one o r  more NASA organiza t ions .  The unxvers i ty  
f a c u l t y  and gratiuate s t u d e n t s  involved i n  the  program a r e  encouraged l o  use 
the  f a c i l i t i e s  ixnd managerial  s t a f f  of NASA as a research  l abora to ry .  This  
enables  them to ga in  i n s i g h t  i n t o  the  r e a l i s t i c  problems of management i n  a 
publ ic  agency arid t o  have access  to  d a t a ,  systems, and management exper iences  
which might not  otherwise be ava i l ab le .  This a l s o  b r ings  the  univers j  t y  
r e sea rche r s  i n t o  c l o s e  con tac t  w i th  p r o f e s s i o n a l s  w i th in  the  agency wliich 
he lps  sharpen arid focus t h e i r  r e sea rch  and makes it more r e l evan t .  

During FY :L970 t e n  u n i v e r s i t i e s  w i l l  cont inue t o  r ece ive  r e sea rch  rrupport 
from t h i s  progrim. I n  a d d i t i o n ,  15 Publ ic  Adminis t ra t ion Traineeships  w i l l  
be awarded to  t h r e e  of these  u n i v e r s i t i e s .  These t r a i n e e s h i p s  w i l l  be 
awarded t o  ou1:st:anding s tuden t s  who a r e  i n t e r e s t e d  i n  t h e  management c l r  
socio-economic: a spec t s  of l a r g e  s c a l e ,  technology-based programs. 

Engineering Systems Design 

1970 - 1968 1969 

Engineering sys t e m s  de s ign .  . . . . . $1,000,000 $1,000,000 $ 1 , ~ ~ 0 , ~ ~ 0  

Indust:ry, government, and academic i n s t i t u t i o n s  need graduates  w i t h  
i n t e g r a t e d ,  i n t e r d i s c i p l i n a r y  des ign  experience who can conceive,  des ign ,  
and manage t h e  development of complex boos te r s ,  s p a c e c r a f t ,  a i r c r a f t ,  and 
ground f a c i l i t . i e s  which r ep resen t  t he  main t h r u s t  i n  t he  coun t ry ' s  space and 
ae ronau t i c s  e f ' fo r t .  The t rend  toward narrow s p e c i a l i z a t i o n  and research  
o r i e n t e d  engineers  i n  r ecen t  years must be balanced wi th  c r e a t i v e  p r o f e s s i o n a l s  
equipped t o  fcmnulate and so lve  broadly def ined  des ign  problems wi th  c anplex 
technica l  and s o c i a l  cons ide ra t  ions.  
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The Engineering Systems Design program b r ings  toge the r  t he  rel.evani: 
engineer ing and management s p e c i a l i s t s  a t  t he  d o c t o r a t e  l e v e l  t o  c r e a t e  a 
research  team t o  undertake a major sys t ems  des ign  problem, such LIS a 
s a t e l l i t e  communications system. The des ign  approach w i l l  use arid prcmote 
the  most r ecen t  advances i n  both the  engineer ing  and phys ica l  scienter.;. 
The p r o j e c t s  incorpora te  the  most advanced information and systems thttories.  

Prof e s s i o n a l  personnel i n  computer -aided systems des ign  a r e  e spec i i d  l y  
needed i n  i ndus t ry  and the  academic community i t s e l f .  A major secondiiry 
b e n e f i t  of t he  Engineering Systems Design program i s  t o  acquaint  a lai'ge 
number of engineer ing  f a c u l t y  and s tuden t s  with systems des ign  cc1ncepl.s. 
Accomnodatioins ,are made f o r  s tuden t s  and f a c u l t y  t o  p a r t i c i p a t e  i n  crtbative 
des ign  e f f o r t s  and t o  become involved i n  a c t i v e  des ign  programs i n  go\rernment 
and indus t ry .  

This  innovat ive  program is being supported t o  produce profess iona la  capable  
of understand Lng t h e  f u l l  range of problems a s soc ia t ed  wi th  complex systems. 
The program suppor ts  t r a i n i n g  and research  f o r  s tuden t s  working toward a 
doc to ra l  degree in Engineering Systems Design, The f i r s t  group of s tuden t s  
began t h e i r  t enu re  i n  September 1967. By September 1969 the  f i v e  nnivers i t ies i  
par t ic ipa t ing ;  i n  t h i s  program w i l l  have s tuden t s  i n  a l l  t h r e e  years  of 
graduate  trajiiiirig as the  i n i t i a l  group begins t h e i r  f i n a l  year  of t he  des ign  
p r o j e c t  , 

I n  FY 1970 each of t h e  f i v e  p a r t i c i p a t i n g  u n i v e r s i t i e s  w i l l  have reached 
t h e  planned l.t?vc!l of opera t ion .  A t  t h i s  po in t  t h e  u n i v e r s i t y  w i l l  have the  
g r e a t e s t  f1ex: tb i l i ty  i n  terms of numbers of s tuden t s  and s t a g e s  of graduate  
t r a i n i n g  t o  permit team assignments i n  va r ious  d i s c i p l i n e s  and a t  a l l  l e v e l s  
of responsibi.1. i t.y . 

Specia l  T ra in ing  

1970 ..- 1968 1969 

Special  t r a i n i n g .  ............... $1,500,000 $1,500,000 $1,500,000 

As space- re la ted  manpower d e f i c i e n c i e s  a r e  i d e n t i f i e d ,  t he  spec ia l i zed  
t r a i n i n g  a c t i v i t i e s  conducted under the  Sus ta in ing  Univers i ty  pro), p r a m  lire 
reviewed and assessed t o  ensure harmony wi th  t h e  new cond i t ions  arid t a s k s  
the  Agency w i l l  encounter .  The s p e c i a l  t r a i n i n g  a c t i v i t i e s  vary from 
i n t ense ,  spec ia l i zed  four-week courses  t o  two-year programs leading  t o  an 
advanced degree,  and involve f a c u l t y ,  graduate  and undergraduate s tudents .  

I n  1964, i n  coopera t ion  with the  American Soc ie ty  f o r  Engineering Ellucation, 
t he  Suamer Facul ty  Fellowship Program, emphasizing ind iv idua l  r e s e a r c h ,  w a s  
e s t ab l i shed .  The program i s  designed t o  f u r t h e r  t he  p ro fes s iona l  know'Ledge 
of f a c u l t y  members, t o  s t i m u l a t e  an exchange of i d e a s  between pa r t . i c ip ,mts  
and NASA, and t o  e n r i c h  the  research  and teaching a c t i v i t i e s  of t he  
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p a r t i c i p a n t  i n s t i t u t i o n s .  These 10-week s m e r  sessions are cooperai1:ive 
endeavors undertaken i n  conjunct ion wi th  u n i v e r s i t i e s  l oca t ed  near NASA 
F i e l d  Centers.  The p a r t i c i p a n t s  u s u a l l y  spend about 80 percent  of t h e i r  
time i n  t h e  IUASA Center working on r e sea rch  p r o j e c t s  of mutual i n t e r e s t  t o  
themselves a id  the  Center. The remaining 20 percent  of  t h e i r  t i m e  i r c  spent  
i n  seminars,  workshops, or l e c t u r e s  usua l ly  on the  campus of t he  spoosoring 
un ive r s i ty .  During the  summer of 1969, i t  is est imated t h a t  about 250 young 
f a c u l t y  m e m b e r s  w i l l  p a r t i c i p a t e  i n  t h e  program a t  one of e i g h t  NASA Centers  
and e leven  u n i v e r s i t i e s .  A program of  similar magnitude is planned f o r  t he  
summer of l5b;rO. 

The Sunme]: Facu l ty  Fellowship Program i n  engineer ing  systems desig,n w a s  
s t a r t e d  durimg the  s m e r  of  1966. Its main purpose i s  t o  allow young 
f a c u l t y  members the  oppor tuni ty  t o  work toge the r  f o r  e l even  weeks on a 
broad space r e l a t e d  problem t o  ga in  techniques and experience which w i l l  
acquaint them wfith the  mechanics of c o m u n i c a t i o n  and c o l l a b o r a t i o n ,  g ive  
them p r a c t i c e  i n  applying engineer ing  theory  t o  a c t u a l  engineer ing  problems, 
and enable  them t o  organize m u l t i d i s c i p l i n a r y  engineer ing  systems des ign  
courses  a t  th,eir home i n s t i t u t i o n s .  These a c t i v i t i e s  are also carrield on i n  
coopera t ion  with u n i v e r s i t i e s  loca ted  near  NASA Centers  wi th  Center  personnel  
having s p e c i a l  competence i n  engineer ing systems des ign  lending s t r o n g  
support .  During the  sumer of 1969, about 80 young f a c u l t y  members w i l l  
p a r t i c i p a t e  i n  the  program involving fou r  NASA Centers and s i x  U n i v e r s i t i e s .  
Programs a t  the  same l o c a t i o n s  are planned f o r  t h e  summer of 1970. 

Another t r a i n i n g  a c t i v i t y  of a s p e c i a l i z e d  n a t u r e  i s  t h e  Sumncir I n s t i t u t e  
f o r  upper -d iv is ion  undergraduates.  The i n s t i t u t e s  are concerned wi th  some 
of t h e  problems of undergraduate educa t ion  as a f f e c t e d  by the  new develop-  
ments i n  space sc ience  and technology. A p r i n c i p a l  goal  i s  t o  acquaint  
uppe r -d i v i s  i o n  undergraduate s w i  t h subs t an t i v e  problems of space sc iei Lce 
and engineer ing.  Talented young men and women w i l l  be s e l e c t e d  from , i  

n a t i o n a l  compet i t ion t o  p a r t i c i p a t e  i n  these  fou r -  to  six-week intstitutes. 
During the  s ~ n m u e r  of 1969 and 1970, i t  i s  planned t o  conduct four of t h e s e  
i n s  t i  t u  t e s . 

The post-M.D., t r a i n i n g  program i s  designed t o  h e l p  provide a few very  
s e l e c t  medica:L doc to r s  wi th  s p e c i a l  advanced t r a i n i n g  f o r  suppor t ing  r o l e s  
i n  manned space f l i g h t  e f f o r t s .  
w i l l  be t h e  Si-C! as i n  previous years .  

I n  FY 1969 and FY 1970, t h e  l e v e l  of e f f o r t  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1970 ESTIMATES 

RESEARCH AND DEVELOPMENT BUDGET PLAN FOR 

ADVANCED RESEARCH AND TECHNOLOGY PROGRAMS 

Program 

Basic research.  ............... 
Space veh ic l e  sys terns. ....... 
Elec t ron lc s  sys 1:ems.. ........ 
Human f a c t o r  sys:tems.. ....... 
Space power arid e l e c t r i c  

propuls ion ays terns.. ....... 
Nuclear rockets . .  ............ 
Chemical propuls ion .......... 
Aeronaut ical  vehicles . . . . . . . .  

Total . . . . . . . . . . . . . . . . . . . . . .  

F i s c a l  Year 
1968 

$21,465,000 

34,100,000 

38,057,000 

19,828,000 

43,735,000 

54,000,000 

37,037,000 

66,800,000 

$315,022,000 

F i s c a l  Year 
1969 

$21,000,000 

31,700,000 

34,771,000 

19,700,000 

42,200,000 

32,000,000 

28,900,000 

74,900,000 

$285,171,000 

Fiscal.. Year 
1970 

$21,4O~O ,000 

30,OClO, 000 

35,0010,000 

23,6010, ooo 

--- - 

39,900,000 

36,500,000 

25,100,000 

- ‘78,9O!D,OOO 

g 3 0  -A:; 400 000 
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FISCAL YEAR 1970 ESTIMATES 

The Advanced Research and Technology programs shown i n  the  precedinlg 
t a b l e  suppor ts  r e sea rch  i n  two major t echnologica l  areas, Space Technology 
and A i r c r a f t  Technology. The d i v i s i o n  of e f f o r t  between these  two a r e a s  
is shown belaw: 

1970 --- 1968 1969 

SPACE TECHNOLOGY ---- 
- Program 

Basic Research. .................. $17,165,000 $15,100,000 $14 ,'JOO,OOO 
Space Vehicle Systems ............ 34,100,000 31,700,000 30,000,000 
Elec t ron ic s  Systems .............. 30,257,000 23,671,000 22, '1'00,000 
Human Factor  Systems... .......... 17,328,000 16,700,000 20, ti00 ,000 

Propuls ion Systems. ............ 43,735,000 42,200,000 39,!100,000 

Chemical Progu1:sion.. ............ 37,037,000 28,900,000 25, J.00, 000 

Space Power and Electric 

Nuclear Rockets . . . . . . . . . . . . . . . . . .  54,000,000 32,000,000 36 ,!iOO,OOO 

Tota l  I~/.....,................. $233,622,000 $190,271,000 S189,7'00.000 

AIRCRAFT TECHNOLOGY 

Basic Research. ................... 4,300,000 5,900,000 6, ~100,000 
Elec t ron ic s  !$:ysl:ems.. ............ 7,800,000 11,100,000 12 , :I 00 ,000 
Human Factor  Systems.. ........... 2,500,000 3,000,000 3 , c~~oo,ooo 
Aeronaut ical  'Jeliicles ............ 66,800,000 74,900,000 78,900,000 

Total . .  .......................... $81,400,000 $94.900,000 ~100,700.000 

TOTAL, ADVANCED RESEARCH 
ANI) TECIINOLOGY &/ .......... $315,022,000 $285,171,000 2290,4:00,000 

A i r c r a f t  technology inc ludes  support ing r e sea rch  and technology e f f o r t  
conducted undtx Basic Research, E lec t ron ic s  Systems and Human Factor  Sys tems 
programs re1at:edi t o  a e r o n a u t i c s ,  i n  a d d i t i o n  to  all p r o j e c t s  i temized under 
the  Aeronautical. Vehicles  program. 

- 1/ Excludes Launch Vehicle  Procurement as fol lows:  
1.96 8 $4,066,000 
1.969 3,394,000 
1.970 650,000 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF ADJSICED RESEARCH AND TECHNOLOGY BASIC RESEARCH -. PROGRAM 

PROGRAM OBJESG.VES AND JUSTIFICATION : 

The Basic Research program supports  fundamental research  i n  tlhe phys ica l  
and mathematical sciences .  It is  aimed a t  providing an understainding of t he  
physical  phenamena p e r t i n e n t  t o  o the r  NASA programs concerned with cu r ren t  
and f u t u r e  a i r c r a f t  and space a c t i v i t i e s .  This bas i c  research  i s  c a r r i e d  
out  p r inc ipa l ly  i n  NASA's Research and Space F l i g h t  Centers  supplemented by 
i n v e s t i g a t i o n s  a t  u n i v e r s i t i e s ,  i n d u s t r i a l  research  l a b o r a t o r i e s ,  and o t h e r  
Government research c e n t e r s .  Fundamental understanding of phys ica l  phenomena 
i n  many f i e l d s  of science is required t o  develop the  technology :€or N,ASA's 
programs. Basic research i n  NASA, t h e r e f o r e ,  m u s t  encompass a wide spectrum 
of d i s c i p l i n e s .  It ranges from very fundamental s t u d i e s  i n t o  the  na tu re  and 
p r o p e r t i e s  of atoms and molecules to  t h e  m o r e  appl ied  r e sea rch  a r e a s  such a s  
determining the  bes t  materials f o r  t he  supersonic t r a n s p o r t  airpltane. 

The Basic Research program is divided i n t o  fou r  broad d i s c i p l i n e s :  F lu id  
Physics,  E lec t rophys ics ,  Materials, and Applied Mathematics. 

The F lu id  Physics subprogram promotes bas ic  research  on aerodynamic and 
gas  dynamic problems r e l evan t  t o  NASA o b j e c t i v e s  i n  both ae ronau t i c s  innd 
space. During the pas t  year the  program has been reor ien ted  t o  emphasize 
aeronaut ics  problems. I n  aeronaut ics ,  f o r  example, prel iminary 1:esullts 
show promise f o r  understanding and reducing sonic  boom and noise .  A program 
of research o n  air p o l l u t i o n  from aeronaut ics  sources  is beginning. 
research cont inues with s t u d i e s  p r imar i ly  concerned with experimental  
s imula t ion  and v e r i f i c a t i o n  of t h e o r i e s  regarding high speed entxy. 

IlSntry 

The ob jec t ive  of t h e  Electrophysics  subprogram is t o  ob ta in  a b e t t e r  
understanding of fundamental electron-atom-molecule behavior i n  an environ-  
ment of acous t i c ,  nuc lear ,  e l e c t r i c  and magnetic forces .  The researcli  results 
w i l l  provide new information d i r e c t l y  r e l evan t  toward advancing t h e  twhno logy  
of important elements of e l e c t r o n i c  comnunications such as s i g n a l  S O U I ' C ~ S ,  

d e t e c t o r s ,  arrd canputer elements and a l s o  toward ionized gaseous plasnla 
type propuls ion and power supply systems by l ea rn ing  how t o  inc rease  t.he 
gaseous dens i ty  and its i o n i z a t i o n  e f f i c i e n c y  which is a f f e c t e d  by 
undes i ra l )  l e  i ~ n s t  ab i  1 i t y  and turbulen t  mot ion. 

The Mate r i a l s  subprogram covers a broad spectrum of a c t i v i t i e s  that: seeks 
t o  explore  the  behavior of materials from t h e  fundamental viewpoint. It is 
concerned wit31 clef in ing  the  r e l a t i o n s h i p  between t h e  s t r u c t u r e  of s o l i d s  and 
t h e i r  c h a r a c t e r i s t i c s .  The d e f i n i t i o n  of t h e  s t r u c t u r e  involves  the  
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geometric arrangements of the e l e c t r o n s  and atoms and cons ide ra t ions  of t he  
fo rces  between them. The c h a r a c t e r i s t i c s  of m a t e r i a l s  include both the 
conventional mechanical p r o p e r t i e s ,  s t r e n g t h ,  toughness,  etc., and such 
physical. p r o p e r t i e s  as thermal and electrical conduct iv i ty .  It a l s o  includes;  
s t u d i e s  of the  behavior of materials i n  t h e i r  engineer ing e n v i r o m e n t s .  
Increased emphatsis is  being placed on those  programs which are p e r t i n e n t  t o  
aeronaut ics .  These inc lude  s t u d i e s  of ceramics and polymers f o r  a i r c r a f t  
comp0sit.e s t r v c t u r e s  and the  study of improved a l l o y s  f o r  jet engine use. 
Long-range st:udies concerned with the  processing of m a t e r i a l s  i n  space are 
a recent  add i t ion  to t h e  program. 

The Applied Mathematics subprogram i s  aimed a t  producing new ,and improved 
mathematical techniques needed f o r ,  and adaptable  t o ,  problems of aer lonaut ics  
and space technology. 
and sometimes the  only poss ib le  one for design of i n t r i c a t e  hardware and f o r  
planning complicated experiments, e s p e c i a l l y  when the  u l t ima te  working 
condi t ions  w i l l  be i n  some e x t r a t e r r e s t r i a l  s i t u a t i o n .  For in s t ance ,  optimal 
c o n t r o l  of spacec ra f t ,  processes  of orbi t -change,  rendezvous, o r  r e e n t r y  
requires ex tens ive  mathematical research i n  d i f f e r e n t i a l  equat ions  and t h e  
ca l cu lus  of v a r i a t i o n s  used a s  models f o r  t hese  complex opera t ions ,  including 
adapta t ion  of algori thms f o r  use both by on-board and on-the-ground 
computers. 

A mathematical approach i s  o f t e n  t h e  more econImica l  

SUMMARY OF RESOWRCES REQUIREMENTS: 

1968 

Supporting re,search and 
technology. ................. $21.465.000 

Tota l . . . . . . . . . . .  ............ $21,465,000 

D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Marshall  Space F l i g h t  Center 
Goddnrd Space F l i g h t  Center.  
Jet Propu:Ls:ion Laboratory.. . 
Ames Research Center. .  . . . .. . 
Elec t ronsss  Research Center. 
Langley Research Center.. . . . 
L e w i s  Research Center..  . . . . . 
NASA Headquarter s . . . . . . . . . . . 
NASA Passideria Off ice. .  . . . . . . 

$824,000 
131,000 

4,175,000 
2,336,000 

2,818,000 
2,702,000 
6,465,000 

15,000 

1,999,000 

1969 

$21,000,000 

$21,000,000 

$900,000 
130,000 

3,720,000 
2,450,000 
2,380,000 
2,830,000 
3,020,000 
5,570,000 

19  70 
PI 

$21, ~~+00,000 

$930,000 
11.40,ooo 

3,8;30,000 
2,!i20,000 
2,4-5O, 000 
2 , si1 20 ,000 
3,l. 10,000 
5, !LOO, 000 --- 
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BASIS OF FUNDSQUIREMENTS: 

Supporting Research and Technology 

1'!?70 -. 1968 1969 

Flu id  physics. .  . . * .  $4,957,000 $5,080,000 $5, 'I1 70,000 
Electrophysics . .  ............. 7,245,000 6,530,000 6,(ii60,000 

7,819,000 8,080,000 8 ,:;!30,000 Materials . . . . . . . .  ............ 
Applie<d mathematics.. ........ 1,444,000 1,310,000 1, :1)40,000 

Total . . . . . . . . . .  ............ $21,465,000 !321.000.000 $21,~,00.000 

Flu id  Physics 

I n  the pas t  :year and a h a l f ,  new programs were s t a r t e d  t o  promote research 
i n  gas  dynamic :Lasers, sonic  boom and aerodynamic noise .  

The new research program i n  gas  dynamic lasers is studying a number of 
Two concepts have concepts f o r  producing l a s i n g  a c t i o n  i n  flowing gases.  

been proven eKperimental1y - both a molecular l a s e r  and an e l e c t r i c  a1:'c 
expansion laser. 
be s tudied  i n  order  t o  understand and improve on them. High power, hli.gh 
e f f i c i e n c y  gins dynamic l a s e r s  show g r e a t  promise f o r  such aerospace 
a p p l i c a t i o n s  as space connnunications, power t ransmission t o  s a t e l l i t e t i ,  and 
a i r p o r t  fog xtmoval. 

The k i n e t i c s  of these  and o the r  concepts w i l l  continue t o  

The sonic  l>o(ma research has  provided improved schemes f o r  predictirilg t h e  
b o a  f r m  a i r c r a f t  maneuvering i n  a nonuniform atmosphere. Sane t h e o r e t i c a l  
r e s u l t s  of a i :ccraf t  conf igura t ion  s t u d i e s  show promise f o r  boom reduct ton  
with l i t t l e  appzirent pena l ty  i n  a i r p l a n e  performance. The concepts a r e  
being examined experimental ly  i n  wind tunnel tests. The o r i g i n  and 
mechanisms of c l e a r  a i r  turbulence,  an important ope ra t iona l  problem sf 
cur ren t  Jet  I:i:ansports, i s  being s tudied as an a i d  to d e t e c t i o n  and 
avoidance. 

Progress hiis been made i n  understanding the mechanisms of no ise  genera t ion  
from supersonic engine exhaust jets. Theore t ica l  s t u d i e s  f o r  p red ic t ing  
noise  arc! pursued and experiments f o r  means of j e t  noise  reduct ions  halve 
been c a r r i e d  out: with encouraging resul ts .  The t h e o r e t i c a l  understanding of 
the mechanisms Isy which t h e  reduct ion i s  achieved i s  still to  be obtained. 

It has beexi learned t h a t  t he  flow a t  the  s l ende r  leading edge lof eagine 
in t ake  duc t s ,  con t ro l  and l i f t i n g  su r faces  i s  more l i k e  the  s l i p  flow of 
r a r e f i e d  gas  dynamics than the  continuum flow a s  had previously bteen 
supposed f o r  f l i g h t  Mach numbers above 5. Consequently, the  hea t  t r a n s f e r  
and pressure  d i s t r i b u t i o n  are reduced by a s  much a s  a f a c t o r  of 110, which i s  
advantageous for high speed f l i g h t .  Based on these resul ts ,  t he  , a i r  f l o w  
d i s t r i b u t i o n  i n  the  engine in t ake  i s  d i f f e r e n t  than assumed so f a r .  The 
ex ten t  of the s l i p  f l o w  regime and i ts  consequences a r e  being inves t iga t ed .  
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Elec t rophys ics  

The E:Lectrophysics program i s  conducted l a r g e l y  w i t h i n  the  NASA latilora- 

The program inc ludes  a new re sea rch  r e s u l t  which 
t o r i e s  wi th  coopera t ive  and coordinated a s s i s t a n c e  from i n d u s t r i a l  and 
u n i v e r s i t y  l a b o r a t o r i e s .  
has  a p p l i c a t i o n  to  medical d i agnos t i c s .  It has been determined t h a t  CI 

semicondrictol:, $:allium antimonide (GaSb) i s  an outs tanding  t ransducer  by 
which s l i g h t  p re s su re  v a r i a t i o n s  a r e  changed to  e l e c t r i c a l  s igna l s .  I n  a 
cooperat ive l .nvest igat ion wi th  the  Harvard Medical School, a GaSb t ransducer  
w a s  mounted ai it c a t h e t e r  which w a s  i n s e r t e d  i n  a dog. The transduce1 
provided improved d e t a i l s  of t h e  v a r i a t i o n  of blood p res su re  dur ing  each 
hea r tbea t .  
t ransducer  so t h a t  no e x t e r n a l  power w i l l  be needed. 

Work i s  cont inuing  t o  des ign  a completely s e l f  -contained 

1nvestigal::Lon of superconducting junc t ions  w i l l  be undertaken t o  determine 
t h e i r  elc?ctrf.c:al. c h a r a c t e r i s t i c s  as s igna l  sources  and a s  u l t r a s e n s i t i v e  
d e t e c t o r s  of r a d i a t i o n  a t  the  microwave and s h o r t e r  wavelength reg ions .  
Also, d a t a  wil!l be obtained on t h e i r  s e n s i t i v i t y  as i n d i c a t o r s  of very small 
magnetic f i e 1 . d ~  as found i n  space and as u l t r a f a s t  switching devices  i n  
memory s to rage  subsystems of computers. 

It i s  real.itzed t h a t  f o r  space propuls ion and power systems, thle d e n s i t y  
of t he  gaseous plasma must be increased  t o  achieve h igher  o v e r a l l  e f f i c i e n c y .  
Research w i l l  be! extended on high d e n s i t y  plasma with emphasis on increas ing  
t h e  e1ect:rical. conduc t iv i ty ,  providing a b e t t e r  t h e o r e t i c a l  b a s i s  for t h e  
behavior of the plasma shea th  and f o r  t he  growth of i n s t a b i l i t y  and 
turbu1enc:e SCI thtese two undes i rab le  e f f e c t s  can be overcome. 

Research e f f o r t s  t o  modulate lasers and i n c r e a s e  the  peak pulse  power 
output  w i l l  ccbntinue. Work w i l l  be undertaken on methods t o  vary the  atomic 
and mo1ec:ular energy l e v e l s  themselves t o  o b t a i n  modulation. Techniques 
w i l l  be i.nves,t:igated t o  produce second pu l ses  t o  i n c r e a s e  the  peak 
power. The resu.lts should i n c r e a s e  the  use fu lness  of lasers f o r  e l e c t r o n i c  
c m u n i c  a t ion.. 

Materials 

As i n  the  p a s t ,  t he  materials r e sea rch  program covers  a broad : i p e c t m  
t h a t  seeks t o  explore  t h e  behavior  of materials from a v a r i e t y  of viewpoints. 
The p r i n c i p a l  t h r u s t  of t h e  program is t o  d e f i n e  the  r e l a t i o n s h i p s  between 
t h e  mechanical and phys ica l  p r o p e r t i e s  and the  geometric arrangements 13f t he  
atoms and e l e c t r o n s  and the  f o r c e s  t h a t  bind them toge ther .  It allso siseks 
the  understanding of t h e  more macroscopic r e l a t i o n s h i p  between the  m i c  ro- 
s t r u c t u r e  and t h e  p r o p e r t i e s  of materials as they behave i n  the  wjidely 
varying engineer ing  environment. Within t h e  p a s t  year ,  cons iderable  
progress  w a s  made i n  such bas i c  areas as the  d i f f u s i o n  of gases  through 
s o l i d s  and the  i n t e r a c t i o n  between s o l i d s  and e lec t romagnet ic  radjtation. 
Both of t hese  areas promise s i g n i f i c a n t  and e a r l y  rewards and wil l .  be 
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i n t e n s i v e l y  pursued i n  t h e  coming year. An example of such a reward i e  t h a t  
a study of t he  i n t e r a c t i o n  of microwaves with metals has  a l ready  l ed  t o  t h e  
cons t ruc t ion  of a crack  d e t e c t o r  t h a t  is  simple t o  use and which promiioes t o  
have g r e a t e r  s e n s i t i v i t y  than e x i s t i n g  in spec t ion  devices.  

While high temperature materials cont inue t o  be an important t o p i c  iEor 
research ,  t h i s  pas t  year has  seen a change i n  emphasis which is  expectled t o  
cont inue i n  t h e  forthcoming year. 
g r e a t e r  concent ra t ion  on those  areas p e r t i n e n t  t o  aeronaut ics .  "tius, (our 
polymer resea tch  i s  now somewhat decreased i n  the  area of a b l a t i o n  and 
increased i n  those a reas  r e l a t e d  t o  s t r u c t u r a l  laminates f o r  a i r c r a f t .  
S imi la r ly  our s t u d i e s  of ceramics are concerned samewhat less with a t t a i n i n g  
materials which can withstand very high temperatures but are more d i r e c t e d  
toward t h e  c r e a t i o n  of f i b e r s  which are expected t o  r e in fo rce  the  composites 
t h a t  are increas ingly  used i n  a i r c r a f t  s t r u c t u r e s .  Furthermore, our s t u d i e s  
of a l l o y s  t h a t  are p e r t i n e n t  t o  jet engines  are occupying a g r e a t e r  amount 
of research a t t e n t i o n  at  t h e  expense of r e f r a c t o r y  metals which were 
necessary f o r  advanced vers ions  of space power generators .  

The change i n  emphasis results from a 

We are also p lac ing  g r e a t e r  emphasis i n  i d e n t i f y i n g  and capital.izin:g on 
t h e  nonaerospace uses  f o r  our  sc ience  and technology. One p a r t i c u l a r l y  
i n t r i g u i n g  example of t h i s  category i s  the  app l i ca t ion  of t he  chemistry t h a t  
we learned i n  studying t h e  a b l a t i o n  process  t o  y i e ld  f i r e  r e s i s t a n t  p a t n t s  
and foams f o r  a v a r i e t y  of s a f e t y  app l i ca t ions .  

Although t h e  program has s h i f t e d  somewhat towards near-term goiils, {several  
longer range p r o j e c t s  have been i n i t i a t e d .  
s t u d i e s  which would lead us  t o  new types of m a t e r i a l s  or materials app l i ca -  
t i o n s  which can be obtained by processing materials i n  space. 
envisioned t h a t  a t  some t i m e  i n  the  f u t u r e  i t  may be poss ib l e  to  grow 
super ior  c r y s t a l s  f o r  e l e c t r o n i c  c i r c u i t s ,  and c a s t  o p t i c a l  g l a s s e s  with 
cu r ren t ly  unavai lable  high ind ices  of r e f r a c t i o n  i n  space -- and t o  do these  
opera t ions  a t  an economically a t t r a c t i v e  p r i ce .  

For example, we have jtnitirnted 

It i s  

Applied Mathematics 

The program i n  appl ied mathematics has  as i t s  ob jec t ive  t h e  improvement 
of mathematical techniques needed f o r  formulation of models of phys ica l  
condi t ions  and the  production of economical and e f f e c t i v e  algori thms fc,r 
computation. 
problems include d i f f e r e n t i a l  equat ions ,  ca l cu lus  of v a r i a t i o n s ,  and 
s t a t i s t i c s .  

The mathematical f i e l d s  of research  r e l a t e d  t o  t h e s e  

Research i n  d i f f e r e n t i a l  equat ions  i s  necessary f o r  g rav i t a t io r i a l  and 
o r b i t a l  mathematics, such as was appl ied ,  f o r  example, t o  t he  deslign and 
operat ion of t he  Lunar Orbi te rs .  
is  required f o r  s o l u t i o n  of such problems as the hea t ing  and aeroclynamtc 
e f f e c t s  involved i n  p l ane ta ry  reent ry .  

Research i n  p a r t i a l  d i f f e r e n t i a l  equintions 



Aeronautics also requires research in differential equations, as we'll as 
the calculus of variations involved in determining optimum aircraft 
trajectories. Shell theory, based on mathematical concepts, is requirIl?d for 
design of both aircraft and spacecraft. 
equations, including approximation methods for their solution, arc! necmsary 
for the improvement of optimum control theory. 

Studies of nonlinear differential 

Analytical and celestial mechanics research is the core topic of 
geophysical and planetary mathematics. The varying physical structure of 
the planets have very important effects on planetary flybys, probes, and 
multiple planetary swing bys. 
for which research in statistics and error analysis--the most active f Lelds 
of the tracking and data analysis area--is necessary for reliable 
exploitation of such data. 

The tracking of such probes yields much data, 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Space Veh.icle Systems program i s  an app l i ed  r e sea rch  and technology 
program dea l ing  w i t h  e n t r y  v e h i c l e  and launch v e h i c l e  aerothermod:ynamics , 
wi th  launch v e h i c l e  and spacec ra f t  s t r u c t u r e s  and w i t h  s p a c e c r a f t  environ- 
mental pr'otec:t:ion and con t ro l .  It a l s o  includes t h e  space vehiclle design 
c r i t e r i a  e f f o r t  which formulates and documents a u t h o r i t a t i v e  guides to '  
design. The o b j e c t i v e s  of t h e  program a r e  t o  conduct r e sea rch  and technology 
a c t i v i t i e s  i n  l abora to ry  f a c i l i t i e s  and by s e l e c t e d  f l i g h t  experiments to:  
Provide baseI.:inet technological  information required f o r  management and design 
dec i s ions  rel.i~ti.ve t o  new space v e h i c l e  mission undertakings ; provide t h e  
advanced technol.ogy f o r  t h e  conception and design of f u t u r e  manned and1 un- 
manned spacecxcaft and f o r  launch v e h i c l e s ;  and encourage and support  
technological1 irinavations i n  t h e  approach t o  space v e h i c l e  design t o  permit 
new and iisefu 1 accomplishments. 

Although t h e  p r i n c i p a l  focus f o r  t h e  advanced r e sea rch  and technology 
e f f o r t s  is NASA v e h i c l e s  and missions,  t h e  program a l s o  recognizes and 
con t r ibu te s  1:s r e l a t e d  DOD technology needs. 

A new a c t i v i t y  has been i n i t i a t e d ,  providing a da t a  bank f o r  t h e  co l l ec t io t i  
and disseminat ion of information on aerospace s a f e t y  and providing foil: r e sea rch  
programs i n  s e l e c t e d  a r e a s  of aerospace s a f e t y .  

SUMMARY OF RESOURCES REQUIREMENTS: 

1968 
Research and 'Technology: 

Space v e h i c l e  aerothermodynamics. $11,815,000 
Space v e h i c l e  structures... . . . . . .  9,779,000 
Spa c e e nv i r onme n t a 1 p r o t e c t ion 

and control.................... 10,754,000 
Space v e h i c l e  design c r i t e r i a . . . .  1,752,000 

Aerospace s a f e t y  research.......... --- 
Total ......................... S34.100.000 

1969 

$ 9,605,000 
9,77 1,000 

10,550,000 
1,774,000 

9 3  1.700.000 

1970 
-I 

$ 8,545,000 
8,980,000 

9,105,000 
1,570,000 

- 1,*800,000 
S30.000.000 -. 
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D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Manned Spacecraf t  Center......... 
Marshall  Space F l igh t  Center. . . . .  
Goddard Space F l igh t  Center...... 

A m e s  Research Center ............. 
Elec t ron ic s  Research Center. ..... 
Fl igh t  Res,earch Center. .  ......... 
Langley Research Center.......... 
Lewis Resciarch Center............ 
NASA Headquarters..  .............. 

J e t  Propuls ion Laboratory ........ 

1968 
$ 755,000 

4,103,000 
2,615,000 
2,045,000 
2,916,000 

410,000 
1,350,000 

15,716,000 
3,015,000 
1,175,000 

1969 
$ 947,000 

3,562,000 
2,451,000 
1,8 10,000 
3,480,000 

390,000 
1,320,000 

14,123,000 
2,650,000 

967,000 

1970 
$ 450,000 

3,140,000 

1,1485,000 
3,135,000 

340,000 

13,085,000 
4,100,000 

-. 

2 ,  :zoo, 000 

1,220,000 

845,000 

BASIS OF FuNCi RElQUIREMENTS: 

Space Vehicle Aerothermodynamics 

Supporting research  and 

Head s h i e l d  m a t e r i a l s  f l i g h t  

Parachute/ t lecelerator  f l i g h t  

Scout- launched r een t ry  technology 

L i f t i n g  body f l i g h t  research  

technology..................... . $ 7,073,000 $ 6,505,000 $ 5,695,000 

experiments ...................... --- --- 100,000 

experiments ...................... 1,336,000 650,000 400,000 

f l i g h t  experiments.. ............ 2,206,000 1,250,000 1,150,000 

1.200.000 1 200.000 

S u 1 m m  1. ..................... $11,815,000 $ 9,605,000 S 8 .,545,000 

ment Prograin). .................. ($ 1.100.000) ($ 1.200.000) ($5OO.000)1 

program. .......................... 1.200.000 

Scout (Launch Vehicle Procure- 

To ta l  ( including Launch 
  vehicle!^) ................... ($12.915 .OOO) ($10.805 .OOO) ($, -. 045 .ooo:l 

The Aerothenaodynamics subprogram i s  concerned p r i n c i p a l l y  w i t h  ent ry  
veh ic l e s  f o r  near -ear th  and p l ane ta ry  missions.  It a l s o  provides  support ing 
technology f o r  'launch veh ic l e s .  

A primary ob.jective i s  development of technology f o r  manned o r b i t a l  l o g i s t i c s  
veh ic l e s  wi th  the  goals  of improved economy through land recovery and space- 
c r a f t  reuse ,  mil improved ope ra t iona l  f l e x i b i l i t y  through g r e a t e r  maneuver- 
a b i l i t y  during -reentry. 

Research w i l l  cont inue on a number of  techniques f o r  te rmina l  descent and 
landing of s i m i b a l l i s t i c  types of spacec ra f t  l i k e  Apollo. Of these ,  t he  
g l i d i n g  parawing o f f e r s  promise f o r  e a r l y  a p p l i c a t i o n ,  and an  ongoing la rge-  
s c a l e  f l i g h t  technology program w i l l  cont inue dur ing  FY 1970. For advanced 
o r b i t a l  l o g i s t i e s  spacec ra f t  l a r g e r  and more maneuverable than  Apollo,, some 
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form of t h e  ho.ciizontally landed concept may be requi red .  A t t e n t i o n  i s  be ing  
given t o  aerot:lieimodynamic problems of such concepts throughout t h e i r  f l i g h t  
spectrum from r e e n t r y  t o  landing. This  inc ludes  research  on aerodynamjc 
hea t ing  and improved hea t  p r o t e c t i o n  systems, a s  w e l l  a s  v e h i c l e  performance, 
s t a b i l i t y ,  con t ro l  and f l y i n g  c h a r a c t e r i s t i c s .  The research  is being c a r r i e d  
out  i n  a wide v a r i e t y  of labora tory  f a c i l i t i e s  and through r e l a t e d  f l i p , h t  
experiments. 

Another major o b j e c t i v e  i s  t o  develop the  c r i t i c a l  t echnologies  f o r  plane-  
t a r y  atmosphere probes and hard landers .  Research w i l l  be continued tcl def ine  
the  most prom:Lsing conf igu ra t ions  from t h e  s tandpoin t  of e n t r y  hea t ing  and 
v e h i c l e  motions. Research w i l l  l ikewise  cont inue on problems of descent  t o  
the  su r faces  of t he  p l ane t s  wi th  emphasis on d e c e l e r a t o r s  t h a t  can be cleployed 
a t  h igh  super:mnLc speeds and on d e c e l e r a t o r s  of advanced design.  This, 
research  will b e  conducted both i n  ground based f a c i l i t i e s  and through 
r e l a t e d  f l i g h t  experiments. 

Heat Shie ld  Mate r i a l s  F l i g h t  Experiments 

These experiments,  us ing  small  sounding rockets ,  p r w i d e  anchor-point da ta  
t o  eva lua te  t h e o r e t i c a l  and ground based experimental  e s t ima tes  of a b l a t i o n  
performance i n  t he  a c t u a l  r e e n t r y  f l i g h t  environment. The next experiments 
w i l l  i n v e s t i g a t e  a carbon phenol ic  m a t e r i a l  t h a t  i s  a t t r a c t i v e  fo r  use i n  
a reas  where hea t ing  r a t e s  and shea r  fo rces  a r e  high,  and s e v e r a l  l i gh twe igh t ,  
low cos t  m a t e r i a l s  t h a t  a r e  promising f o r  l a r g e  a r e a s  on manned r e e n t r y  
v e h i c l e s  where hea t ing  r a t e s  a r e  low. 

Parachute/Decelerator  F l i g h t  E x p e r h e n t s  

These experiments v e r i f y  deployment, performance and r e l i a b i l i t y  of plane- 
t a r y  d e c e l e r a t o r  systems i n  t h e  e a r t h ' s  atmosphere under condi t ions  relbresent- 
a t i v e  of deployment i n  t h e  atmosphere of Mars. 
confirmation #of supersonic  deployment, drag,  s t a b i l i t y ,  and loads f o r  t r a i l i n g  
dece le ra to r s  . a t  Mach numbers up t o  about 3.5. Future experiments w i l l  i n v e s t i -  
ga t e  both t r a i l i n g  and a t t ached  d e c e l e r a t o r  concepts a t  Mach numbers ul) t o  5 .  

The program w i l l  provitle 

Scout-Launched Reentry Technology F l i g h t  Emeriments  

This  cont inuing s e r i e s  of c r i t i c a l  experiments d e a l s  w i th  aerot.hem.)dynamic 
a spec t s  of atmosphere e n t r y  f l i g h t .  Three success fu l  experiments have been 
accomplished s ince  1964: R-4 - C r i t i c a l  t e s t  of Apollo hea t  shie1.d m a t e r i a l ;  
R-5 - C r i t i c a l  t e s t  of an improved a b l a t o r ;  and R-6 - C r i t i c a l  experiment on 
tu rbu len t  hea t  t r a n s f e r  on a non-ablat ing s l e n d e r  body. 

F l igh t  experiments planned a r e  a p l ane ta ry  atmosphere experiment tel;t and 
a heat  t r a n s f e r  and boundary l a y e r  t r a n s i t i o n  experiment. The p l ane ta ry  
atmosphere experiment w i l l  perform a c r i t i c a l  t e s t  i n  t he  e a r t h ' s  atmosphere 
of a technique based on s p e c i a l  measurements of v e h i c l e  motions arid he<iIting 
t o  determine the  p r o p e r t i e s  and composition of an unknown p lane ta ry  atmosphere ,, 
The hea t  t r a n s f e r  and boundary l a y e r  t r a n s i t i o n  experiment w i l l  o b t a i n  f u r t h e r  
c r i t i c a l  measurements of boundary l a y e r  hea t  t r a n s f e r ,  map the  t r a n s i t  Lon 
region,  and measure the  a c o u s t i c  environment. 
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L i f t i n g  Body F l i g h t  Research Program 

This cooperat ive NASA and USAF re sea rch  program i s  invest igat ing;  p i l o t i n g  
problems and f l y i n g  and handl ing q u a l i t i e s  of conf igu ra t ions  represientiiig 
concepts of manned r e e n t r y  v e h i c l e s  during the  t e rmina l  phases of space f l i g h t ;  
i .e . ,  from low supersonic  speeds t o  landing. T h i r t y  f l i g h t s  were accomplished 
by December 9, 1968. During FY 1970 t h e  HL-10 tes t  f l i g h t s  w i l l  move i n t o  the  
supersonic  phase, t o  be followed by i n i t i a l  f l i g h t s  t o  s tudy power-on landings.  
The X-24A w i l l  be flown e a r l y  i n  calendar  yea r  1969. The M-2 w i l l  be modified 
and used a s  a r e sea rch  t o o l  f o r  i n v e s t i g a t i n g  advanced l a t e r a l  c o n t r o l  \tech- 
niques and systems. 

Space Vehicle S t r u c t u r e s  

1970 
-I- 

1968 1969 

Supporting r e sea rch  and technology ... $9.779.000 $9.771.000 S8.9i30.000 

Total.............. ................ $9.779.000 $9.771.000 Q8.9i30.000 
7.- 

This subprogram provides advanced s t r u c t u r e s  technology f o r  manned aind 
unmanned space veh ic l e s .  Major o b j e c t i v e s  r e l a t e  t o  e s t a b l i s h i n g  t h e  fieasi- 
b i l i t y  of new and improved s t r u c t u r a l  concepts and m a t e r i a l s ,  and developing 
advanced analys , is  and test techniques t o  permit f u t u r e  v e h i c l e s  t o  achiteve 
appropr i a t e  bal.ance between e f f i c i e n c y  and c o s t  while  maintaining high per- 
formance. 

Progress  i s  being made on advanced s t r u c t u r a l  concepts f o r  manned luna r  
exp lo ra t ion  innrolving expandable s t r u c t u r e s  f o r  s h e l t e r s  and a i r l o c k s .  
Emphasis w i l l  be given t o  demonstrating concepts f o r  near-term a p p l i c a t i o n s .  
C r i t i c a l  problems a s soc ia t ed  w i t h  o r b i t a l  space s t a t i o n  s t r u c t u r e s  a r e  being 
s tud ied  arid r e s u l t s  a r e  being used i n  t h e  design of t h e  S-IVB Workshop. 
Future e f f o r t s  w i l l  be d i r e c t e d  t o  s t r u c t u r a l  problems a s s o c i a t e d  w i t h  l a r g e r ,  
more comp1.e~ v e h i c l e s  required f o r  missions of longer durat ion.  Concepts a r e  
a l s o  being developed f o r  advanced s p a c e c r a f t  s t r u c t u r e s  t o  provide Lightweight 
expandable conf igu ra t ions  f o r  l a r g e r  a r e a s  , lengths ,  and volumes t'han have 
been f e a s i b l e  he re to fo re .  

Development: arid q u a l i f i c a t i o n  t e s t i n g  r ep resen t  a l a r g e  p o r t i o n  of t he  
c o s t s  a s soc ia t ed  wi th  launch v e h i c l e s .  Emphasis i s  being given t o  improving 
the  e f f e c t i v e n e s s  of s t r u c t u r a l  tes t  programs t o  permit c o s t  reduct ions 
without i nc reas ing  t h e  r i s k  of f a i l u r e .  

S t r u c t u r e s  f o r  o r b i t i n g  r a d i o  t e l e scopes  t o  ope ra t e  a t  f requencies  lower 
than 10 megahertz: (Mlz) a r e  being s tud ied  to  develop f e a s i b l e  concepts. Since 
these  t e l e scopes  involve dimensions g r e a t e r  than 1,000 meters i n  diameter,  
experimental  j.iivestigations a r e  conducted us ing  sca l ed  models. Models g r e a t e r  
than 5 meters :in diameter m u s t  be t e s t e d  i n  space because i t  is not p o s s i b l e  
t o  s imulate  t h e  combined vacuum and we igh t l e s s  environment of space i n  t h e  
l abora to ry  f o r  such l a rge  s t r u c t u r a l  models. F l i g h t  tests a r e  being def ined 



i n  conjunct ion wLth l abora to ry  experiments and a n a l y t i c a l  s t u d i e s  t o  eva lua te  
deployment, dynamics, and su r face  countours a s  w e l l  a s  o t h e r  c h a r a c t e r i s t i c s .  

!;pace Environmental P r o t e c t i o n  and Control  

1968 1969 - -, 1970 ._ 
Supporting research  and 

Radiat  ion/met:eoroid experiments (on 

S cou t - launched near  - e a r t h met eo r o i  d 

technology. ......................... $10,754,000 $ 9,653,000 $8,605,000 

orbit:Lng frog o t o l i t h  launch) ...... --- 497,000 100,000 

bumper expx:tment .................. --- 400.000 _ 1  400.002 

Total...... ...................... $10,754,000 $10,550,000 $9.105,0(5 - - -. - -. 

This siibprogram seeks t o  def ine  the  space environment from the  v e h i c l e  design 
viewpoint ,  t o  provide knowledge and understanding of i t s  e f f e c t s  on space 
v e h i c l e  opera t ion ,  t o  develop techniques f o r  environmental  p r o t e c t i o n  and 
c o n t r o l ,  and t o  develop r e l a t e d  technologies  t o  in su re  e f f i c i e n t  space v e h i c l e  
design and opera t ion .  The p r i n c i p a l  a r e a s  of r e sea rch  inc lude  space roldiation,, 
meteoroid,  and tlrennal/vacuum technologies .  

Research w i l l  be continued on the  e f f e c t s  of space r a d i a t i o n  on vehj.cle 
m a t e r i a l s  and coinponents and on r a d i a t i o n  sh ie ld ing .  For missions where 
protons c o n s t i t u t e  t he  major hazard and f o r  v e h i c l e s  having t h i n  sh i e ld ing ,  
s h i e l d i n g  teclinology is reasonably w e l l  i n  hand. Emphasis dur ing  FY 1970 
w i l l  be 011 research  r e l a t i v e  t o  those  missions where e l e c t r o n s  a r e  the  major 
c o n t r i b u t o r  t o  the  dose and where t h i c k  s h i e l d s  w i l l  be requi red .  

The importinnccz of meteoroid p r o t e c t i o n  technology t o  v e h i c l e  design in-  
c reases  a s  space veh ic l e s  become l a r g e r  and mission du ra t ions  become longer. 
Most of t he  rizseinrch i n  t h i s  a r ea  i s  conducted i n  the  labora tory ,  w i th  key 
f l i g h t  experiments providing anchor-point da ta .  
pene t r a t ion  imves t iga t ions  w i l l  be continued t o  provide a b e t t e r  understanding 
of p a r t i c l e  iiapact mechanics and t o  t e s t  promising meteoroid p r o t e c t i o n  
techniques.  JJ space f l i g h t  experiment t o  i n v e s t i g a t e  the  a c t u a l  ef feci iveness  
of the  meteoroid bumper p r o t e c t i o n  technique w i l l  be undertaken t o  provide a 
correlat i lon wi th  l abora to ry  inves t iga t ions .  F l i g h t  experiments t a  o b t a i n  
a d d i t i o n a l  da ta  on both t h e  near -ear th  and i n t e r p l a n e t a r y  meteoroid emfi ron-  
ments may be included on missions conducted f o r  o t h e r  purposes.  

Laboratory impact and 

As morle complex space missions a r e  undertaken, t he  need f o r  v e r s a t i l e  and 
r e l i a b l e  a c t i v e  thermal c o n t r o l  systems w i l l  increase .  Emphasis will lte 
placed on develoipment of techniques f o r  a c t i v e  temperature con t ro l .  A'I.so, 
research  will cont inue on hea t  t r a n s f e r  technology f o r  accu ra t e  predic1:ion 
of spacec ra f t  temperatures.  The present  s t a t e - o f - t h e - a r t  i n  t h e r m 1  dt!sign 
r equ i r e s  p r e f l i g h t  t e s t i n g  i n  space s imula t ion  f a c i l i t i e s  . E f f o r t s  wi ' l .1  
cont inue on improvement of s imula t ion  of s o l a r  and vacuum condi t ions  i i i  t e s t  
f a c i l i t i e s .  The program t o  develop thermal s c a l e  modeling techniques w i l l  
cont inue . 

RD 11-5 



R a d i a t i c d N e t e o r o i d  Experiments (On Orb i t ing  Frog O t o l i t h  Launch) 

Two "piggy1,ack" experiments w i l l  be c a r r i e d  on t h e  f o u r t h  s t a g e  of t he  
Scout used t o  launch t h e  O r b i t i n g  Frog O t o l i t h  Experiment. One experiment 
i s  t o  v e r i f y  i a  new r a d i a t i o n  dosimetry technique. The o t h e r  experiment i s  
t o  q u a l i f y  i n  f l i g h t  a t h in - f i lm  meteoroid v e l o c i t y  senso r  and o b t a i n  ~ 

prel iminary tIi3ta on meteoroid v e l o c i t y  d i s t r i b u t i o n .  Fabr i ca t ion  of t he  
experiment package was i n i t i a t e d  i n  FY 1969. The FY 1970 funds w i l l  cover 
launch c o s t s  ;and da ta  reduct ion.  

Scout-Launched Near-Earth Meteoroid Bumper Experiment 

A f l i g h t  designed t o  measure the  e f f e c t i v e n e s s  of a meteoroid bumper i n  
the  a c t u a l  space environment was i n i t i a t e d  i n  FY 1969 f o r  an FY 1971 launch. 
Measurements of bumper e f f e c t i v e n e s s  and secondary measurements of meteoroid 
v e l o c i t y  and Lmpact f l u x  w i l l  provide da t a  f o r  design of meteoroid p r o t e c t i o n  
systems and c o r r e l a t i o n  with ground based experiments. The FY 1970 funds 
w i l l  provide €01: completion of f a b r i c a t i o n  and t e s t i n g  of t he  spacec ra f t .  

Space Vehicle Design Cr i te r ia  

1968 1969 - 1970 . 

Supporting research and technology.. . $1.752.000 $1.774.000, 2 .570.00(! 

Total......,....................... $1.752.000 $1.774.000, 2 .570.00(! . -  

This !;ubpirl~gicam develops, documents, and pub l i shes  c r i t e r i a ,  i nc lud ing  
models of t he  environments, t h a t  a r e  a p p l i c a b l e  t o  t h e  design of spact v e h i c l e  
s t r u c t u r e s ,  propuls ion systems, and guidance and c o n t r o l  systems. Recearch 
r e s u l t s  and txpe r i ence  gained from t h e  design and ope ra t ion  of space \vehicles 
a r e  u t i l i z e d  to  formulate and update design gu ide l ines  t o  in su re  t h e  clevelop- 
ment of r e l i a b l e  and e f f i c i e n t  space v e h i c l e s .  

Documents i n  t h e  general  a r e a s  of launch phase hea t ing  and loads,  t m t r y  
heat  p r o t e c t i o n ,  shock and v i b r a t i o n ,  s o l i d  rocket  motor cases ,  guidance and 
c o n t r o l  during e n t r y ,  dis turbance torques i n  s p a c e c r a f t ,  and models 01' t he  
Mars and Venus atmospheres a r e  being developed and published. 

The FI 19'713 Eunds w i l l  be used t o  c o n t r a c t  f o r  t h e  s e r v i c e s  of tect lnical  
e x p e r t s  ou t s ide  of t he  Federal  Government who have knowledge and expei'ience 
i n  f i e l d s  of current  i n t e r e s t .  
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Aerospace Sa fe ty  Research 

1970 
--1- 

1968 1969 

Aerospace s ,a fe ty  research..  . . . . . ---- ---- $ l , S  0 0 ,,E 

Total ..... ,... .................. _--- --a- $1,800,,000 --- 
The o b j e c t i v e  of t h i s  new a c t i v i t y  i s  t o  in su re  t h a t  NASA maintains  and 

pursues an adequate research program t o  provide information needed f o r  s a f e t y .  
An Aerospace Sa fe ty  Research and Data I n s t i t u t e  (ASRDI) has been e s t a b l i s h e d  
a t  t h e  L e w i s  Research Center which func t ions  a s  a c e n t r a l  po in t  w i th in  NASA 
f o r  t h e  ga the r ing  of t echn ica l  da t a  and coord ina t ion  and s t i m u l a t i o n  of a n  
a c t i v e  research program f o r  increased s a f e t y  of aerospace a c t i v i t  Les. Two 
b a s i c  s e t v i c e a  a r e  suppl ied t o  NASA, o t h e r  Government agencies ,  and t h e  
aerospace indus t ry  a s  follows : 

1. Estalhlish and maintain an Aerospace Sa fe ty  Technical Data 
Bank: f a r  use i n  planning, design,  f a b r i c a t i o n ,  t e s t i n g ,  .and 
operati.on of a i r c r a f t  and s p a c e c r a f t  systems and a s soc ia t ed  
ground based f a c i l i t i e s  and personnel.  

2 .  Mair1t:ai.n an overview of NASA s a f e t y  r e l a t e d  research pro-  
grama and s imi la r  programs i n  o t h e r  Government agencies ,and 
indus t ry ;  seek p r a c t i c a l  s o l u t i o n s  t o  major s a f e t y  probl'ems 
through e x i s t i n g  NASA research programs; provide technical. 
consu l t a t ions  a s  r equ i r ed ;  and i n i t i a t e  new re sea rch  pro-  
grams; i.n a r e a s  of c r i t i c a l  need. 

The ASRDI is i n  its i n i t i a l  phases of implementation with s t a f f i n g  of t e n  
p ro fes s  iona 1 zinc, two adminis t r a t  i v e  personne 1. 
r e l a t i n g  t o  the  establishment of t h e  Technical  Data Bank and t h e  survey 
and a n a l y s i s  of ongoing s a f e t y  r e l a t e d  r e sea rch  and development a c t i v i t i e s  
a r e  undetway . 

Pre l iminary a c t i v i t i e s  

Funding wi . l . l  be u t i l i z e d  a s  follows: 

1. For procurement of data  s t o r a g e  and r e t r i e v a l  equipment a t  
t he  Lewis Research Center t o  accommodate t h e  extremely h r g e  
quant:it i e s  of t e c h n i c a l  information t o  be incorporated i n t o  
t h e  Data Bank. 

2 .  For support  of s e l e c t e d  r e sea rch  programs i n  a r e a s  where 
major s ,a fe ty  problems e x i s t .  

During FY 1.97'0, emphasis w i l l  be placed on the  development of the pro- 
fessional.  s t a f f  and a c t i v a t i o n  of t h e  Technical Data Bank. 

RDI 11-7 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF' ADVANCED RESEARCH AND TECHNOLOGY ELECTRONICS sys'rms ,PROGRAM 

PROGRAM OBJEC:TIP'ES AND JUSTIFICATION : 

Maintiiininj: CI p o s i t i o n  of world l eade r sh ip  i n  ae ronau t i c s  and space i s  
dependent: on having a s t r o n g  n a t i o n a l  e f f o r t  i n  t h e  d i s c i p l i n e s  r e l a t e d  t o  
e l e c t r o n i c s  sirid con t ro l .  The o b j e c t i v e  of t h e  E l e c t r o n i c s  Systems program i s  
t o  i d e n t i f y  arid support  endeavors fundamental t o  new and continued prcigress 
i n  e lectronic:  technology. Component and system p rogres s  i n  terms of per-  
formance,, r e l . xab i l i t y ,  and cos t  provide t h e  means f o r  t imely and e f f i c i e n t  
a t ta inment  of f u t u r e  n a t i o n a l  goals  i n  ae ronau t i c s  and space. Avionic com- 
ponents a r e  a n  i n t e g r a l  p a r t  of a l l  automatic  and semiautomatic systems used 
i n  a i r c r a f t  and manned and unmanned space v e h i c l e s .  Communications, f l i g h t  
c o n t r o l  systems,, navigat ion and guidance equipment, computation and daita 
processing,  a myriad of s enso r s  , r e fe rence  and c o n t r o l l e r  systems , approach 
and landing, s u r v e i l l a n c e  and i d e n t i f i c a t i o n ,  and c o l l i s i o n  avoidence are  
key f e a t u r e s  of t h e  v a s t  aerospace f i e l d  which depends on e l e c t r o n i c  equipment:. 
I n d i v i d u e l  rc!secirch and development even t s  a r e  s u s c e p t i b l e  t o  in f luence ;  t hus  
t h e  t i m e  of the i r  consummation can be modulated s i g n i f i c a n t l y  by r e g u l a t i n g  
t h e  resources  al-located t o  them. 

NASA has CI r o l e  o f  both performer and sponsor of advanced e l e c t r o n i c s  
r e sea rch  and technology s i n c e  t h i s  program will be c a r r i e d  out i n  par t  by 
in-house research,  supported by a major e f f o r t  i n  i n d u s t r y  and u n i v e r s i t i e s .  
I n  b u i l d i n g  EI base of  technology i n  e l e c t r o n i c s ,  NASA has s t r u c k  a balance 
between aystein o r i en ted  e f f o r t s  and e f f o r t s  t o  develop new technology 
a p p l i c a b l e  t o  ae ronau t i c s  and space ope ra t ions .  I n  a d d i t i o n  t o  t h e  ac cumu- 
l a t i o n  of funtiarnental knowledge which can be drawn from ove r  t h e  yearhi, t h i s  
program provider; f o r  t h e  generat ion of needed techniques and components, 
p a r t i c u l a r l y  those which w i l l  be pacing i t e m s  i n  f u t u r e  a e r o n a u t i c a l  and 
space developinents; exp lo ra t ion  of more than one p o s s i b l e  p a t h  t o  H d e s i r e d  
goal ;  anti coriEiguration of some of t h e s e  techniques and components i n t o  
systems i n  o r d e r  t o  demonstrate t h e i r  t e c h n i c a l  f e a s i b i l i t y ,  and colleiLct 
d a t a  on t h e i r  opera t iona l  p o t e n t i a l  and c o s t  e f f e c t i v e  a p p l i c a t i o n .  

SUMFIARY OF RE!;OIJRCES REQUIREMENTS : 

1968 1969 11.970 
I-< 

Supporting research and 

F l i g h t  pro:ject:s. 5 00.000 500.000 
technology. ............... $37,557,000 $34,271,000 $35 ,,000,000 --- ........... - 
Tota:L.. .................... $38.057 .OOO S34.771.000 $35,, 000.000 
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D i s t r i b u t i o n  of Program Amount by I n s t a l l a t i o n :  

Manned Spacecraf t  Center. .  ...... 
Marshall  !Space F l i g h t  Center.. .. 
Goddiard !;pace F l igh t  Center..  ... 
J e t  l?ropu is :Lon Laboratory ....... 
A m e s  Rest? arch Center. .  .......... 
Elec t ron ic s  Research Center..  ... 
Fl igh t  Re search Center..  ........ 
Langley Research Center..  ....... 
L e w i s  Research Center.. ......... 
NASA Headquarters..  ............. 

L970 
-I 

1968 19 69 

$15 0,000 - -e  --- 
2,655,000 $2,450,000 $2 ,,850,000 
2,878,000 2,880,000 2 ,,550,000 
3,405,000 2,791,000 3 !, 200,000 
3,771,000 3,589,000 3:,250,000 

16,679,000 15,675,000 16,500,000 
890,000 830,000 800,000 

5,357,000 4,931,000 4:,220,000 
400,000 

1,872,000 1,625,000 1 ,, 630,000 
--- e-.. 

BASIS OF FUN13 REQUIREMENTS: 

Supportinp Research and Technolom 

Advanced concepts. .  ............... 
Guidance s:ystems.. ................ 
Cont r o  1 sy:s t ems. .................. 
Communicatlons.................... 
Tracking and da ta  acquis i t ion . .  ... 
Data handling and processing.. . . .  . 
I n s  t rument ,a t  ion.. ................. 
Elec t ron ic  techniques and 

components...................... 

$3,909,000 
8,026,000 
5,692,000 
4,879,000 
3,429,000 
3,960,000 
3,467,000 

4.195.000 

$4,460,000 
5,067,000 
5,676,000 
3,795,000 
3,838,000 
3,870,000 
3,418,000 

4.147.000 

$4 ,, 640,000 
6 ,, 100,000 
5 ,,380,000 
3 ,,350,000 

3 ,,930,000 
3 ,,260,000 

4 ,, 12 0,000 

-1 4 ,, 22 0.000 

Total........................... $37.557.000 $ ~ , O O O .  000 
VI 

Advanced Concepts 

The ob jec t ives  of research  i n  the  advanced concepts a rea  a r e  t o  def ine  the 
environment i n  which f u t u r e  systems w i l l  be opera t ing ,  understand the i n t e r -  
a c t i o n  of t h e  system o r  subsystems wi th  the  environment and wi th  other: subsystems, 
development of  ,advanced technology and new techniques indigenous t o  tlie system 
i t s e l f ,  and t o  %complement and extend the  c a p a b i l i t i e s  of man i n  the  s v t e m .  
This  research  involves  the  i n t e g r a t i o n  of  technologies  i n t o  the  systeia from 
three d i s t i n c t  l e v e l s :  (1) technologies  t h a t  may s i g n i f i c a n t l y  improve the  
performance, c o s t  e f f e c t i v e n e s s  and r e l i a b i l i t y  of s p e c i f i c  elements of the  
av ionic  system, (2) technologies  t h a t  may provide important new funct  Lonal 
c a p a b i l i t i e s  f o r  av ion ic s  i n  genera l ,  and (3) technologies  aimed a t  s t>lving 
i n t e r f a c e  problems between f l i g h t  opera t ions  and the  ope ra t ing  eriviroiment. 

During the  pas t  year ,  a research  program w a s  i n i t i a t e d  aimed a t  developing 
and demonstrating the  key av ionic  systems technologies  t h a t  w i l l  he lp  V/STOL 
t r a n s p o r t a t i o n  r e a l i z e  t h e  promise which V/STOL veh ic l e s  have i n  e f f e c t i n g  more 
e f f i c i e n t  a i r  t r a n s p o r t a t i o n  systems. Since c u r r e n t  V/STOL a i r c r a f t  ldesigns 



p lace  a very heavy workload on t h e i r  p i l o t s  when ope ra t ing  under r e f ined  
t r a f f i c  con t ro l  o r  d e t e r i o r a t e d  weather condi t ions ,  ex tens ive  r e sea rch  w i l l  
be conducted i n  p i l o t  d i s p l a y s ,  instrument approach techniques,  ignd a i r c r a f t  
handling c h a r a c t e r i s t i c s  t o  make low speed, p r e c i s i o n  instrument apprloaches 
p r a c t i c a l .  The av ion ic s  program has a near-term purpose of providing V/STOL 
a i r c r a f t  wi th  economical and accu ra t e  naviga t ion  and c o n t r o l  f o r  te rmina l  
opera t ions ,  inc luding  approach and landing,  based on systems i n t e g r a t i o n  of 
r ad io  and s t a t e - o f - t h e - a r t  i n e r t i a l  a i d s .  Over a longer  per iod ,  advanced 
i n e r t i a l  and r a d i o  naviga t ion  techniques w i l l  be appl ied  t o  inc rease  the 
naviga t ion  and c o n t r o l  accuracy and r e l i a b i l i t y .  By use of f l i g h t  exper i -  
ments and s imula t ion ,  a da t a  base w i l l  be e s t a b l i s h e d  t o  provide t h e  designer  
w i th  the necessary information t o  des ign  an optimum system conf igura t ion .  A 
phase of t he  f l i g h t  t e s t  program has been completed. This  involved compilat ion 
of da ta  from over  f i f t y  f l i g h t s  us ing  a Gemini i n e r t i a l  naviga t ion  system i n  
an H-19 h e l i c o p t e r  t o  demonstrate r a d i o  update techniques.  

Flighlt t e s t i n g  of s e v e r a l  concepts f o r  improving automatic  Landing system 
performance of convent ional  a i r c r a f t  w i l l  s t a r t  i n  1970. These concepts 
include i n e r t i a l  s t a b i l i z a t i o n  of t h e  a i r c r a f t  c o n t r o l  system, i n e r t i a l  
f i l t e r i n g  of the  Instrument Landing System (ILS) r e fe rence  beams, non- l inear  
t r a j e c t o r y  genera t ion ,  command s i g n a l  processing,  and genera l ized  t r a j e c t o r y  
con t ro l .  

Because e l e c t r o n i c s  i s  so i n t r i n s i c  i n  both modern a i r c r a f t  and a i r  traffic:  
c o n t r o l ,  NASA's advanced r e sea rch  and technology program i n  avioinics o f f e r s  
s u b s t a n t i a l  support  t o  t h e  va r ious  a spec t s  of a i r  t r a f f i c  c o n t r o l  such a s  
connnunicatialr1s, naviga t ion ,  s u r v e i l l a n c e ,  and hazard avoidance. Conversely, 
t h e  c h a r a c t e r i s t i c s  of t h e  a i r  t r a f f i c  con t ro l  system in f luence  the a l l o c a t i o n  
of NASA research  resources  towards c r i t i c a l l y  needed techniques and components 
which may be f e a t u r e  items i n  improving, modernizing, o r  planning and develop- 
ing  f u t u r e  a i r  t r a f f i c  con t ro l  systems. The increased  number of a i r c r a f t  
opera t ions  a t  a l l  t e rmina ls ,  t he  broad v a r i e t y  of v e h i c l e  f l i g h t  c h a r a c t e r i s t i c s ,  
and t h e  d e s i r e  t o  even tua l ly  achieve t r u l y  a l l -weather  opera t ions  have a pro- 
found impact on v e h i c l e  av ion ic  systems and t h e  r o l e  man p lays  i n  t h e i r  
opera t ion  and  management. I n  view of t h i s  a spec t ,  NASA i s  emphasizing v e h i c l e  
av ionic  progr-auts drawing on advanced e l e c t r o n i c  components employed a s  sens ing ,  
monitoring, data  process ing  and comnunication systems. S p e c i f i c  e f f o r t s  
include:  (1) d i sp lay  concepts involving new components, da ta  formats ,  and 
p i l o t - c c q u t e r  i n t e r a c t i o n s ,  (2) low v i s i b i l i t y  landing systems, (3) hazard 
avoidance and p i l o t  warning systems, (4) a i r c r a f t  guidance and c o n t r o l  systems 
emphasizing acc uracy , s t a b i  1 i t y  , economic opera t  i o n  and maint a in,abi 1 i t  y , 
(5) new design phi losophies ,  system concepts,  and c o n t r o l  techniques f o r  
improving a i r c r a f t  e l e c t r i c a l  power systems w i l l  be s tud ied  with t h e  a i m  of 
e f f e c t i n g  apprec iab le  weight sav ings  i n  system components, reducing t h e  amount 
of wi r ing  requi red ,  and developing components which can wi ths tand  the  r i g o r s  
of supersonic  f l i g h t  and o f f e r  c o s t  e f f e c t i v e  opera t ions .  

Common t o  a l l  t he  above e f f o r t s  a r e  improved e l e c t r o n i c  components and 
techniques c a p i t a l i z i n g  on and f o s t e r i n g  advances i n  s o l i d  s t a t e  e l e c t r o n i c s .  
Key a spec t s  of t hese  programs a r e  d i r e c t e d  t o  meeting t e c h n i c a l  requirements 
i d e n t i f i e d  by t he  FAA. 
ind ica t ed  i r .  t he  i l l u s t r a t i o n  on page RD 12-11. 

Examples of  t he  a r e a s  of research  i n  av ion ic s  a r e  
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Guidance Systems 

Guidance :sys tem research  has t h e  o b j e c t i v e  of provid ing  improved stmsors 
and techniques €or  determining t h e  p o s i t i o n  and f l i g h t  pa th  of ae rospme  veh ic l e s .  
P r i n c i p a l  e f f o r t s  inc lude  t h e  development of advanced i n e r t i a l  arid e l i x t r o -  
magnetic sensors ,  high r e l i a b i l i t y  guidance computers, and s impl i f i ed  techniques 
f o r  naviga t ion  and guidance. 

I n  F'Y 1970, eva lua t ion  of t h e  f i r s t  strapdown i n e r t i a l  a i r c r a f t  naviga t ion  
system using th'e e l e c t r o n s t a t i c  gyro (ESG) w i l l  be  completed. Aclvanced p r e c i s i o n  
gimballed gyros and accelerometers  wi th  increased  performance and lifr! w i l l  r each  
t h e  pro to type  des ign  s tage .  Advanced gyro bear ing  technology e f f o r t s  w i l l  be 
continued t o  improve the  p r o d u c i b i l i t y  and r e l i a b i l i t y  of convent.iona 1 gyros . 
Research on l a s e r  gyros w i l l  cont inue towards t h e  o b j e c t i v e  of provid ing  a low 
c o s t ,  no-moving p a r t ,  sensor  f o r  a i r c r a f t  naviga t ion ,  and guidance appl icat ioins  . 

The development of e lectromagnet ic  d e t e c t o r s  t o  provide g r e a t e r  rei3olution 
and o p e r a t i o n a l  s i m p l i c i t y  f o r  horizon senso r s  and s t a r  t r a c k e r s  w i l l  be con- 
t inued.  Resu l t s  of a s tudy  t o  provide a h igh ly  s e n s i t i v e  i n f r a r e d  horizon 
measurement rad iomet e r  and a s soc ia t ed  c a l i b r a t i o n  techniques w i l l 1  be iextended 
t o  t h e  developmcent of experimental  hardware by t h e  Langley Research Ccenter. 
On-board spacec ra f t  guidance techniques f o r  p l a n e t a r y  approach w i l l  be evalu- 
a t ed  i n  a l abo ra to ry  s imula t ion  by t h e  Jet  Propuls ion  Laboratory us ing  on-board 
da ta  from t h e  Mariner-Mars 1969 mission. The use of  holographic  s t a r  p a t t e r n  
r ecogn i t ion  tec'hniques f o r  e a r t h  o r b i t a l  a t t i t u d e  r e fe rence  o f f e r s  t h e  p o t e n t i a l  
f o r  a s i n g l e  instrument  wi th  g r e a t  o p e r a t i o n a l  f l e x i b i l i t y  t o  r ep lace  t h e  mul t ip l e  
s t a r  t r a c k e r s  requi red  on cu r ren t  unmanned o r b i t i n g  observatorierr. Ea r ly  f e a s i -  
b i l i t y  e f f o r t s  a t  t h e  E lec t ron ic s  Research Center  have been h igh ly  encouraging 
and e f f o r t  w i l l  cont inue i n  FY 1970. A m e s  Research Center effort:s  t o  provide 
accu ra t e  manned space naviga t ion  us ing  simple handheld instrument:s w i l l  cont inue 
wi th  emphasis on determining spacec ra f t  window e f f e c t s  . 
s i g h t i n g  experiment i s  planned t o  extend t h e  l imi t ed  s t a r - t o - s t a r  s e x t a n t  
measurements obtained on a Gemini f l i g h t .  This  experiment w i l l  add luna r  
landmark and l imb  s i g h t i n g s  and compare handheld s e x t a n t  measurement tmccuracy 
wi th  t h a t  of t h e  more complex Apollo nav iga t ion  ins t ruments ,  

An Apolllo Appl ica t ions  

An advanced landing r ada r  for unmanned p lane ta ry  missions,  wit:h p o t e n t i a l  
a p p l i c a t i o n  t o  'VTOL a i r c r a f t ,  w i l l  be eva lua ted  by f l i g h t  test  i n  a h e l i c o p t e r ,  
The r a d a r  pr,omises t o  p r o v i d e  equipment s i m p l i c i t y  a long wi th  improved perform- 
ance over  cu r ren t  systems. An o p t i c a l  l a s e r  rendezvous r a d a r  developed f o r  
Marshall  Space F l igh t  Center has  been t e s t e d  and has demonstrated a c c u r a t e  
automatic  docking c a p a b i l i t y .  Continued e f f o r t s  on l a s e r  transmlitteris and 
l a s e r  beam s t e e r i n g  w i l l  improve t h e  long range performance and e l imina te  t h e  
need f o r  e lectromechanical  gimbals. 

Evaluat ion of s e l f  t e s t  and r e p a i r  computer techniques f o r  long-term unmanned 
space missions i w i l l  cont inue a t  t h e  J e t  Propuls ion  Laboratory.  
t h a t  au tomat ica l ly  diagnoses f a i l u r e s  and switches standby u n i t s  i n t o  ope ra t ion ,  
o f f e r s  t h e  p o t e n t i a l  f o r  providing a long l i f e t i m e  on-board computing c a p a b i l i t y  
f o r  unmanned deep space missions.  

This  technique, 
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Control  Systems 

Research i n  c:ontrol systems f o r  a i r c r a f t  and space v e h i c l e s  i nc ludes  both 
automatic  systenis and systems i n  which man i s  an  in t ima te ,  v i t a l ,  and o f t e n  
i r r e p l a c e a b l e  system component . Emphasis w i l l  be placed on advanced component: 
des igns ,  expl.oit.ation of new f l u i d i c  and e l e c t r o n i c  technology f o r  corttrol  use,  
and undei:staruling t h e  va r ious  ways i n  which t h e  p i l o t  can func t ion  a s  a 
c o n t r o l l e r  arrd system manager. 

The need f o r  f u t u r e  a i r c r a f t  wi th  new and widely d i f f e r i n g  f l i g h t  cha rac t e r -  
i s t i c s  t o  ope ra t e  i n  inc reas ing ly  lowered v i s i b i l i t i e s  and i n  dense a i r  t r a f f i c  
environments rnay w e l l  r equ i r e  new concepts  and technologies  i n  cockpit d i s p l a y s  
and f l i g h t  co t i t ro l  systems. The t r a n s p o r t  of t h e  f u t u r e  w i l l  be a l a r g e  f l e x i -  
b l e  v e h i c l e  t.o which r i g i d  body dynamics do not  apply.  
made t o  ident.i,fy and develop concepts ,  and t o  c i t e  s p e c i a l  c o n t r o l  prciblems 
attendant: t o  t h e  f l exure ,  s i z e ,  and mass of t h e  a i r f r ame  and a i r c r a f t  s k i n  
temperatures ,  The a c c e l e r a t i o n  cues received by t h e  p i l o t  i n  advancecl a i r c r a f t  
can be consiclmably d i f f e r e n t  from those  i n  t h e  o l d e r ,  more r i g i d  a i r c r a f t .  
Analysis  of the e f f e c t  of f l e x i b l e  body dynamics on p i l o t  cues  and the1 resultcint  
e f f e c t  on t h e  a b i l i t y  of t h e  p i l o t  t o  f l y  t h e  a i r c r a f t  w i l l  be made. 

System s tud ie s  w i l l  be 

There a r e  genera l  problems a s soc ia t ed  wi th  manned f l i g h t  d i sp lays .  The mariner 
i n  which i n f o ~ ~ t t i o n  should be presented ,  both i n  conten t  and format,  w i l l  be 
s tud ied  on a systematic ,  cont inuing  bas i s .  S p e c i f i c  o b j e c t i v e s  of tha s tudy  a r e  
t o  develop and v a l i d a t e  a theory  of a i r c r a f t  f l i g h t  d i s p l a y s  based on c o n t r o l  
engineer ing  c:onc:epts and measurement techniques  e The use  of c o n t r o l  engineer ing  
methods t:o desc r ibe  t h e  p i l o t - a i r c r a f t  system, combined wi th  e x i s t i n g  informat:ion 
on human perc:c?pt.ual models from t h e  behav io ra l  s c i ences  f i e l d ,  w i l l  be used t o  
p r e d i c t  severcil d i s p l a y  design f e a t u r e s  such as p r e f e r r e d  presenta t ion .  and 
arrangement of d i s p l a y s ,  p i l o t ’ s  dynamic behavior  i n  a c t i n g  on d isp layed  quant:i- 
t i e s ,  t h e  queititities which must be d isp layed  t o  enable  mission accompl ishment 
p i l o t  worklostd da t a ,  and f i x a t i o n  t imes and f requencies  on each instrument  . 
Simulat ion st:ud.l.es and a c t u a l  f l i g h t  i n v e s t i g a t i o n s  w i l l  be performed t o  v e r i f y  
t h e  r e s u l t s  of t:he a n a l y t i c a l  work. 

Effort:s i n i t i a t e d  i n  the  p a s t  on c o n t r o l  moment gyro (CMG) systems and 
components have r e s u l t e d  i n  a system which i s  c u r r e n t l y  under development f o r  
use  i n  t h e  Apo1l.o Applicat ions p r o j e c t .  Continuing technology e f f o r t s  i n  
J?Y 1970 f o r  f u t u r e  manned o r b i t i n g  s p a c e c r a f t ,  r e q u i r i n g  long l i f e t i m e s  and 
increased po in t ing  accuracy w i l l  inc lude  t h e  i n t e g r a t i o n  of brush le s s  ,, d i r e c t  
cu r ren t  nootor:; i n t o  CMG designs.  S tud ie s  of advanced QlIG c o n t r o l  systems f o r  
l a r g e ,  fllexib:Le,, manned o r b i t i n g  space l a b o r a t o r i e s  w i l l  cont inue I n  o r d e r  t o  
meet t h e  need:; of f u t u r e  s c i e n t i f i c  experiments . 

Communications, Tracking and Data Acqu i s i t i on  

A cont:inuing o b j e c t i v e  of t h e  Comnunications, Tracking and Data Acquis i t ion  

(1) higher  ini’ormatioa 
subpro jec t s  1.1; t:he t h e  improvement of our  c a p a b i l i t y  a t  h igher  f requencies .  
The advantages of ope ra t ing  a t  h igher  f requencies  a r e :  
t r a n s f e r  r a t e s ,  (2) smal le r  and l i g h t e r  weight antennas,  (3) s impler  power 
genera t ion  equipment, and (4) less expensive overall  equipment . Until t h e  
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invent ion  of t h e  l a s e r ,  ou r  c a p a b i l i t y  f o r  developing s i g n a l  power dwindled 
r a p i d l y  a t  wavelengths i n  t h e  one cent imeter  reg ion  and almost disappeared a t  
one mi l l imeter .  The invent ion  of t he  laser changed t h i s  s i t u a t i o n  and we have 
devoted cons iderable  a t t e n t i o n  t o  e x p l o i t i n g  t h i s  powerful new too1 f o r  many 
uses  i n  both ae ronau t i c s  and space. However, even t h e  advent of t h e  l a se r  has 
not  lessened our  need f o r  mi l l ime te r  systems wi th  t h e i r  b e t t e r  a l l -weather  
c a p a b i l i t y  and g r e a t e r  i m u n i t y  to  degrada t ion  by t h e  atmosphere,, A iconsider.. 
a b l e  e f f o r t  w i l l  t h e r e f o r e  cont inue t o  be expended on improved s o l i d  istate and 
microe lec t ronic  devices  f o r  use a t  cen t imeter  t o  submi l l imeter  wzivelengths. 

One of t he  sc i ence  community's long-term o b j e c t i v e s  i s  t o  p l ace  a la rge  
d i f f r a c t f o n - l i m i t e d  t e l e scope  i n  space where i t  i s  f r e e  of t h e  d e l e t e r i o u s  
e f f e c t s  of t h e  atmosphere and thus  w i l l  permit astronomers t o  s e e  deeper i n t o  
space wi th  g r e a t l y  improved r e so lu t ion .  To do t h i s  we must deve:top the tech- 
nology of l a r g e  adap t ive  mi r ro r s  and t h e  l a s e r  devices  f o r  measuring (and 
c o r r e c t i n g  t he i r  shape, a s  w e l l  a s  superaccura te ,  long-term po in t ing  ,and 
thermal c o n t r o l  systems. Since much of t h e  space environment which c r i t i c a l l y  
inf luences  t h e  o v e r a l l  o p t i c a l  and po in t ing  systems i n  the  space t e l e scope  
cannot be adesquately s imulated on e a r t h ,  our  p l ans  inc lude  d e f i n i t i o n  of  an 
o rb i t i ng ,  telesscope which, i f  flown, could s imultaneously prove the  technology 
and s e n e  a s  a s c i e n t i f i c  instrument  f o r  as t ronomerso The d e f i n l t i o n  e f f o r t  
f o r  such a proof-of-concept s a t e l l i t e  w i l l  be continued i n  FY 19'70. 

Although a system may be developed by t h e  a i r l i n e s  t o  prevent  m i d - a i r  
c o l l i s i o n s  w i t h  a high degree of confidence,  t he  c o s t  of t h e  equipment is 
pro jec ted  tal be so high t h a t  p r i v a t e  and bus iness  a i r c r a f t  cannot a f f o r d  t o  
use them. 'Ihro l i g h t  weight inexpensive p i l o t  warning devices  a r e  being 
s tud ied  by NASA t h a t  may have a p p l i c a t i o n  t o  smaller a i r c r a f t .  F l igh t  t e s t s  
of some concepts should be completed wi th in  t h e  next year .  
concept has been achieved, technologica l  da t a  w i l l  be a v a i l a b l e  t o  be used 
by i ndus t ry  (IS a b a s i s  f o r  design of an  ope ra t iona l  system. 

A f t e r  proof-of- 

One of t h w  l i m i t i n g  f a c t o r s  i n  a i r c r a f t  t r a f f i c  c o n t r o l  Over the  North 
Atlantic:  and, o t h e r  ocean rou te s  i s  l ack  of communication and nav iga t ion  
f a c i l i t i e s .  A coopera t ive  development program between NASA and FAA i s  aimed 
a t  providing s a t e l l i t e  communication and p o s s i b l e  naviga t ion  s e r v i c e s  i n  t h e  
1500 megahertz band (L-band) and a t  t h e  same time provid ing  FAA with  t h e  
independent s u r v e i l l a n c e  which they  r e q u i r e  t o  achieve t r a f f i c  contrcll on 
these  remote rou te s  . An a i r c r a f t  t e rmina l ,  i nc lud ing  antennas and swtitching 
systems,, wi1.11 be developed t o  work wi th  experimental  r e p e a t e r s  on the  ATS-E 
and ATS-F saf:el.lites. 
f a c t o r s  ,, a i r c r a f t  antenna p a t t e r n s ,  and the  e f f e c t  of mul t ipa th  and d i f f e r e n t  
modulation t:t?chniques a t  t hese  r e l a t i v e l y  u n t r i e d  communication frequencies  . 

Extensive measurements w i l l  be made of propagat ion 

Data Handling and Process ing  

Conti.nuing: advancements i n  t h e  technology of computing and da ta  process ing  
are required to  keep pace wi th  t h e  growing complexity, v a r i e t y  and volume of 
da t a  attendastit t o  t he  experimental  development and ope ra t ion  of advanced a i r  
and spac:e ve!hic:les. 
and p l ane ta ry  exp lo ra t ion ,  supersonic  and hypersonic a i r c r a f t  can be expected 

Such missions a s  e a r t h  resources  survey,  astronomy, luna r  
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t o  genera te  deita of a complexity and volume f a r  exceeding cu r ren t  C a p a b i l i t i e s  
f o r  processing.  Advances are needed t o  (1) ease  t h e  burden on communications 
channels ;and process ing  f a c i l i t i e s ,  and (2) t o  f a c i l i t a t e  t h e  acquis i t ic in  and 
e x t r a c t i o n  of u s e f u l  information f o r  human use r s .  

P r i o r  yea r  ( e f f o r t s  have shown t h e  conceptual  f e a s i b i l i t y  of cmpu te i -  tech- 
niques which -rleduce the  process ing  burden by au tomat i ca l ly  recognizing 
S i g n i f i c a n t  pa t t e r n s  i n  meteoro logica l  and p l ane ta ry  imaging da ta  and r.,electing 
f o r  t ransmissi lm only meaningful information.  FY 1970 e f f o r t s  w i l l  coritinue 
t h i s  work t o  (ZKpiand t h e  category of p a t t e r n s  and improve r ecogn i t ion  cclnfidencc!. 
Successfu l  research  on such techniques could reduce s i g n i f i c a n t l y  t h e  c:ost and 
amount of da t a  processing over  t h a t  now required t o  ob ta in  meaningful new 
i n  f orma t i o n  . 

Needs €or  m-13oard da ta  s t o r a g e  c a p a b i l i t i e s  1000 times g r e a t e r  thalt cu r ren t  
techno1og:y can provide a r e  foreseen  f o r  such missions a s  Ea r th  Resourcc!s Survey. 
F e a s i b i l i t y  s t u d i e s  i n i t i a t e d  i n  p r i o r  yea r s  have shown t h a t  holog,raph:i.c/optical 
methods a r e  a p o t e n t i a l  so lu t ion .  FY 1970 research  w i l l  extend such s1:udies arid 
de f ine  the  requi red  system. 

Research i n i t i a t e d  p r imar i ly  f o r  support  of space exp lo ra t ion  hias boen 
expanded t o  provide s o l u t i o n s  t o  problems inherent  i n  ae ronau t i c s  reseiirch. Ftrr 
example, development of means f o r  vo ice  c o n t r o l  of computers w i l l  enable  an aiir- 
c r a f t  p i l o t ,  .as we11 a s  an a s t ronau t ,  t o  l i t e r a l l y  t a l k  wi th  a conrpute.i: and 
permit them t o  use t h e  computer t o  c a l c u l a t e  o r  a d j u s t  f l i g h t  parameters while  
p h y s i c a l l y  engagled i n  c r i t i c a l  f l i g h t  maneuvers. P r i o r  research  has  sliown the  
f e a s i b i l i t y  of such means of communication f o r  a l imi t ed  vocabulary ant1 f o r  
elementary iniput of handwri t ten or  p r i n t e d  t e x t .  FY 1970 e f f o r t s  w i l l  be dire,::tpd 
toward inc reas ing  the  vocabulary and the  v a r i e t y  of t e x t  which car1 be cecognizcd. 

Although t h e  growth of computer usage i n  aerospace a p p l i c a t i o n s  has led  t o  
s i g n i f i c a n t  advances i n  hardware, t h e  a b i l i t y  t o  employ t h i s  technology 
e f f e c t i v e l y  i s  dependent on t h e  sof tware (programs) requi red  to  c o n t r o l  and 
ope ra t e  computers and da ta  processors .  
i d e n t i f i e d  a s  c r i t i c a l  t o  the  f u t u r e  ope ra t ion  and a p p l i c a t i o n  of computers. An 
e f f o r t  tot c l e a r l y  de f ine  s p e c i f i c  sof tware problem a r e a s  and t o  so lve  them was 
i n i t i a t e d  i n  the  Advanced Concepts subpro jec t  i n  FY 1969. This e f f o r t  w i l l  be 
continued i n  FY 1970 i n  t h e  Data Handling and Processing subpro jec t .  

This  i s  an a r e a  which has been r e c e n t l y  

Ins t rumenta t ion  

Space ins t rumenta t ion  technology advancements have been made i n  a number of 
a r e a s  dur ing  the  pas t  year.  For example, t he  c a p a b i l i t y  t o  make r a d i a t i o n  
measurements i n  t h e  u l t r a v i o l e t  and X-ray p a r t  of t h e  spectrum, requirled f o r  
astronomy and i n t e r p l a n e t a r y  missions,  was advanced a s  a r e s u l t  of t h e  develop- 
ment of low cclst f i l t e r s  and photo d e t e c t o r s  wi th  extended u l t r a v i o l e t  s e n s i t i v i t y  
and by t h e  design of a broad band radiometer  f o r  use i n  the  v i s i b l e  and i n f r a r e d  
s p e c t r a l  regions.  The l a t t e r  w i l l  be used t o  measure accu ra t e ly  t h e  siolar 
cons tan t  (a s tandard f o r  measuring s o l a r  r a d i a t i o n )  i n  abso lu t e  u n i t s  and may 
r ep lace  p re sen t  re ference  s tandards .  
f u r t h e r  advance measurement c a p a b i l i t i e s  f o r  space missions,  p a r t i c u l a r l y  i n  the  
f i e l d  of d e t e c t o r s  w i th  s e l e c t i v e  band pass ,  and l i g h t  sources  w i t h  wideband 
s p e c t r a l  emisstiam i n t e n s i t i e s  i n  t h e  f a r  W and s o f t  X-ray reg ion .  

In FY 1970, research  w i l l  be continued to 
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There i s  a b a s i c  need t o  measure p re s su re  down t o  torr, and lower, i n  
space environmental s imula tors  i n  o rde r  t o  perform c e r t a i n  c r i t i c a l  tests such 
a s  those requi red  i n  the  s tudy of outgass ing ,  f a t i g u e  and cold welding of 
ma te r i a l s  which can occur under space vacuum condi t ions  and a r e  important  f o r  
many experiments and opera t ions  r e l a t e d  t o  f u t u r e  lunar ,  p l ane ta ry  and i n t e r -  
p l ane ta ry  missions.  
has advanced raerisurement c a p a b i l i t y  down t o  10' t o r r .  However, c a l i b r a t i o n  
accuracy i s  o t i l . 1  a problem. Work i n  FY 1970 w i l l  inc lude  ex tens ion  of t h e  
measurement 1:i1ng;e of r e s i d u a l  gas ana lyze r s  and improvement of vacuum gages t o  
remove cu r ren t  l i m i t a t  ions.  

The development of new t ec lq iques ,  under p r i o r  funding, 

I n  FY 1969, research  i n t o  the  a p p l i c a t i o n  of l a s e r s  t o  gas measurements led 
to  the  design of a highly s e n s i t i v e  system which can d e t e c t  minutce q u a n t i t i e s  
of hazardous o r  combustible hydrocarbon gas compounds such a s  met'hane, butane,  
a lcohol  and giisoline. Work i n  FY 1970 w i l l  be d i r e c t e d  t o  improve the  sens i -  
t i v i t y  of t h i s  l a s e r  absorp t ion  d e t e c t o r  so t h a t  concent ra t ion  of I. p a r t  p e r  
m i l l i o n  can be de tec t ed  

One of the  l i m i t a t i o n s  common t o  s t u d i e s  of hypersonic  aerodynamics, h igh  
pressure  gas e f f e c t s  and e n t r y  hea t  t r a n s f e r ,  is  t h e  l ack  of adequate gas 
parameter measurement techniques ., Low d e n s i t y  flow v i s u a l i z a t i o n  and s p a t  ia1l.y 
resolved measurement of gas dens i ty ,  temperature,  and v e l o c i t y  a r e  e s s e n t i a l  t o  
t he  accu ra t e  determinat ion of flow c h a r a c t e r i s t i c s  i n  hypersonic t e s t  sec t ions , .  
An e l e c t r o n  bearn technique has been found f e a s i b l e  and i s  being develciped t o  
measure these  important c h a r a c t e r i s t i c s  without  t h e  i n t e r f e r e n c e  of instrument. 
supports  i n  t h e  high v e l o c i t y  flow region. This has proved t o  be a very  use fu l  
t o o l  f o r  low dens i ty  measurements dur ing  the  extremely s h o r t  run times; (1 m i 1 I . i -  
second) which p r e v a i l  i n  c e r t a i n  hypersonic t e s t  f a c i l i t i e s .  I n  FY 1970 i t  i s  
planned to cont inue development of t h i s  technique f o r  a broader  range of a p p l i -  
ca t ions  rand :Em a lower d e n s i t y  (h igher  a l t i t u d e )  of s imulated f l i g h t  regimes ., 

Laser  probing f o r  determinat ion of atmospheric d e n s i t y  p r o f i l e s ,  rel'ported 
l a s t  year ,  o.Efers a p o t e n t i a l  technique f o r  d e t e c t i n g  c l e a r  a i r  turbulence.  
I n v e s t i g a t i o n s  w i l l  be continued wi th  an  improved o p t i c a l  r ada r  system t o  
determine t h e  phys ica l  mechanism of atmospheric tu rbulence  inc luding  mountain 
wave turbuleince. The f e a s i b i l i t y  of  an a i rbo rne  system and t h e  p o s s i l d l i t y  of 
an o p t i c a l  rada c synopt ic  network f o r  meteoro logica l  and p o l l u t i o n  moriitoring 
a r e  a l s o  planned for  s tudy i n  FY 1970. 

The l imi t ed  c a p a b i l i t y  of sens ing  devices  t o  o b t a i n  c e r t a i n  cr i t ic t i l l  f l ight :  
parameters,  such a s  r e l a t i v e  wind v e l o c i t y ,  forms a fundamental l i m i t j  ng 
f e a t u r e  of p i l o t  d i sp l ays  and f l i g h t  c o n t r o l  systems i n  V/STOL a i r c r a j ' t .  Since 
conventional techniques based on a i r  p re s su re  sens ing  a r e  imprac t i ca l  a t  low 
v e l o c i t i e s ,  € h i d  a m p l i f i c a t i o n  techniques which w i l l  permit sens ing  of r e l a t i v e  
wind v e l o c i t i e s  of l e s s  than one-half knot are under development. Prototype 
design ctonfigurations of such instruments  a r e  being t e s t e d  and t h e i r  tlevelopment 
w i l l  be continued i n  FY 1970. 
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Elec t ron ic  Techniques and Components 

E l e c t r o n i c  components and the  techniques a s s o c i a t e d  wi th  t h e i r  manu.facturing, 
assembly, and test a r e  key f a c t o r s  i n  t h e  development of e f f i c i e n t ,  r e l i a b l e  
e l e c t r o n i c  systems f o r  aerospace app l i ca t ions .  The a p p l i c a t i o n  of sol i d  s t a t e  
technology to e l e c t r o n i c  components, p a r t i c u l a r l y  i n t e g r a t e d  c i r c u i t s  i n  which 
many componeni:~ a r e  combined i n t o  one func t iona l  assembly of minute s i z e  and 
weight, repr(isent t h e  lead ing  edge of t h i s  technology. 

Research fit3 needed t o  cont inue t h e  evo lu t ion  of t h i s  technology frcm t h e  
l abora to ry  011 development s t a g e  t o  u s e f u l  economical a p p l i c a t i o n s  i n  t h e  aero-, 
space environment. P r i n c i p a l  program e f f o r t s  c e n t e r  on: m a t e r i a l s  research  t:o 
provide :incrt?iast?d v e r s a t i l i t y  and e f f i c i e n c y  i n  t h e  phys ica l  and e l e c t  ron ic  
cha rac t e i r i s t i c s  of t hese  components; t h e  a p p l i c a t i o n  of computer-aided techniques 
t o  t h e  des ign ,  cons t ruc t ion  and test  of t h e s e  devices ;  development of test 
c r i t e r i a  and irools f o r  d e t e c t i n g  f a i l e d  components and t h e  reasons foi)  t hese  
f a i l u r e s ;  and development of new o r  improved techniques f o r  t h e  assemllly and 
packaging of 1:hese components i n t o  ope ra t iona l  systems o r  subsystems. 

I n  FY 1970, these  e f f o r t s  w i l l  cont inue as the  core of t he  program, 
S p e c i f i c  emphasis w i l l  be placed on techniques t o  reduce component c o s t s  such 
as improving f a b r i c a t i o n  processes  t o  inc rease  y i e l d s ,  reducing des ign  and lay- 
out  c o s t s  of  t he  ind iv idua l  c i r cu i t s ,  and s t anda rd iz ing  manufacturing and test. 
procedures t o  a s su re  g r e a t e r  un i formi ty  i n  the  f i n i s h e d  products .  1nl:egral t o  
t h i s  program will be the  search f o r  material and techniques t o  provids  longer  
use fu l  l i f e t i m e s  of  t he  components and a consequent reduct ion  i n  c:ost of both 
system and component t e s t i n g .  

F l i p h t  P r o i e c t s  

19 68 1969 -, 1970 

Radio At tenuat ion  Measurements 

Scout (Launch Vehicle 
$500,000 -0- (RAM-C) .......................... $500,000 

............. Procurement Program) ( 800.000) (300.000) (---I 
T o t a l  ( inc luding  Launch Vehicles)  ($1,300,000) ($800.000:1 -I ( - - - I  ->-= 

Radio At tenuat ion  Measurement (RAM) 

The purpose of t he  Radio At tenuat ion  Measurement (RAM) p r o j e c t  is  to 
develop the  theory  of t he  i n t e r a c t i o n  of r a d i o  waves w i t h  a plasma, t o  v e r i f y  
t h i s  theory  by l abora to ry  and f l i g h t  tests, and t o  apply  t h i s  theory  to  the  
p r e d i c t i o n  and prevent ion a f  r a d i o  blackout  i n  p r a c t i c a l  c i rcumstances.  

The RAM-C-I1 test v e h i c l e  w a s  s u c c e s s f u l l y  f i r e d  back i n t o  the  e a r t h ' s  
atmosphere a t  a speed of 25,000 f e e t  per  second i n  August 1968. Valu(nble 
information was obta ined  f o r  t he  t h e o r e t i c i a n s  which will r e s u l t  i n  a b e t t e r  
understanding of t he  blackout  phenomenon. 
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The success  of t h e  RAM-C-I f l i g h t ,  which used water i n j e c t i o n  t o  amel iora te  
connnunication blackout ,  and of l abora to ry  tests of e l e c t r o p h i l i c  nnater ta ls ,  
which have a s p e c i a l  a f f i n i t y  f o r  t he  f r e e  e l e c t r o n s  t h a t  cause bl.ackout, 
i n d i c a t e  t h a t  a f l i g h t  t e s t  us ing  the  a v a i l a b l e  backup spacec ra f t  should be 
made t o  explore  the  p o t e n t i a l  of t hese  materials i n  a r e a l i s t i c  r e -en t ry  
environment. A p r o j e c t  p lan  is now being formulated f o r  such a f l i g h t  i n  
FY 1970. 
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PESEARCII AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

HUMAN FACTOR SYSTEMS I'ROGRAM 
II ---- -- OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY -- ----_--- -___--_ll--ll- 

PROGRAM ORJEC'TIVES AND JUSTIFICATION : 
-._I- ---I -.I_- _I__--I_-_ 

The objective of the Human Factor Systems program is to provide the 
essential research data and the technology necessary to ensure safe ant1 proper 
participation of man in advanced aeronautical and space missions e.nd to further 
the development 3f the systems necessary to sustain him. As such miss:ons 
require long durations and complex operations, it becomes necessary to obtain 
detailed information on man's capabilities and limitations and on vehic:le 
design features that will permit man to perform his role most effectivc?ly. 
This information is obtained from comprehensive ground based research, 
development, and test efforts validated by pertinent flight experiment!;. Also 
required are baseline definition and control data against which fut.ure opera- 
tional and experimental flight data may be interpreted. 

The Human Factor Systems program aims to provide critical information with 
respect to: (1) man's physiological and psychological reactions to weight- 
lessness and other flight stresses; (2) the requirement for and tciehnillues of 
providing artificial gravity; ( 3 )  man's capabllities for performing us,?ful 
tasks in air and space vehicles and in the extravehicular environment; ( 4 )  
the environmental requirements, the design criteria for life support a>id 
protective systems, and the technologv which will permit and assist mayi to do 
useful work in the aerospace environment for extended periods of time; and 
(5) design criteria for maintenance and reliability for extended missions. 
This research program must lead to understanding man's capabilities, limita- 
tions, and requirements in sufficient depth to provide data upon which future 
flight program decisions may be based and to allow subsequent developmmt of 
appropriate manned flight and exploration systems. It must progress ai: a 
rate commensurate with the development of the other systems required to achieve 
the broad goals and the specific objectives of the national aerospace Iprogram. 

The Human Factor Systems program includes: Human Research and Perftmmance, 
Man-Systems Integration, Life Support and Protective Systems, Advanced 
Concepts and Eiotechnology Flight Projects. 

The Human Research and Performance sub-program includes research to de- 
termine: (1) the nature, time-course, and limits of human adaptation to 
flight environmental factors; (2) the specific mechanisms through whicin these 
adaptations are mediated; (3 )  the means of predicting the onset and severity 
of undesirable effects; ( 4 )  the means of preventing or ameliorating such 
effects; and (5) the effects of flight environment on human behavtor. Nan- 
Systems Integration research aims to determine, preserve, and extend man's 
performance capability through: (1) the identification of in-flight tasks 
which can best be performed by man; (2) the determination of optimal 
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measurement techniques required to assess performance; (3) the identif Lcation 
of crew skills and training needed to ensure optimal performance; (4) the 
development of equipment, design requirements, and techniques for critical 
operations such as command, control, rescue, maintenance, and repair; (5) the 
development of methods and design criteria to provide habitable living areas 
in space and cln the lunar surface; and (6) the extension of extravehicular 
performance design information and the continued development of work aids. 
The Life Suppclrt and Protective Systems program element advances the tfechnology 
required to provide controlled and physiologically acceptable env:Lronmlents 
for flightcrews during all phases of aerospace missions. 
must supply fciod, water, and oxygen, provide for personal hygiene, and re- 
move wastes arid contaminants. As the name Implies, the Advanced Concepts 
element of the program explores very advanced ideas evolved from the needs 
pointed cut tly the work in the above research areas. Biotechnology Flight 
Projects verif’y important ground based research in weightlessness. 

Life support systems 

The Human Factor Systems program, by necessity, is accomplished through 
a multidI.scip1.in.ary approach which includes research in physiolog:y, psychology, 
medicine, bioll.og,y, engineering, physics, chemistry, and electronics. It is 
carried cut a.t: the various NASA Centers, Department of Defense aerospace 
medical l.abox~tto~ries, other Government facilities, universities; and in 
industry. 

SUMMARY OF RESOURCES REQUIREMENTS : 

1970 ---- - 1968 1969 

Support.ing research and 

Biotechnology flight projects.. 1,600,000 1,790,000 - 2,000,000 
t e c hrno lo 8 y ................... $18,228,000 $17,910,000 $21,600,000 

......................... $19,828,000 $i9,7oo,ooo ~23,6a,o,ooo 
-PI- 

Total 

Distribution of Program Amount by Installation: 

Manned Spiicecraf t Center. .... 
Marshall !;pace Flight Center. 
Jet I’ropubsion Laboratory. ... 
Wallops Station.. ............ 
Ames Reswrc:h Center.. ....... 
Electronics Research Center.. 
Flight Research Center.. ..... 
Langley F:ese!arch Center. ..... 
NASA Headlqusirters ............ 

$2,243,000 
300,000 
50,000 
712,000 

6,029,000 
910,000 

1,000,000 
5,682,000 
2,902,000 

$3,364,000 
410,000 
50,000 

790,000 
5,990,000 
995,000 

5,310,000 
1,891,000 

900,000 

$5,550,000 
7010,000 
lalo, ooo 
3010, ooo 

5,950,000 
1,250,000 
900,000 

6,900,000 
I-, 95 0,000 

RD :113-2 



BASIS OF FuNcl REQUIREMENTS: 

Supporting Research and Technology 

1970 --.- 1968 1969 

Human research and performance. . $6,386,000 $6,281,000 $8,450,000 

Life support: and protective 

Advanced cclricep t s 500,000 500,000 , 

Man-systems: integration. ........ 3,757,000 3,895,000 4,650,000 

systems.. ..................... 7,585,000 7,234,000 8,000,000 
500, ooo ............... 

Total .....#,.................... $18,228,000 $17,910,000 $21,60~0,000 

Human Research and Performance 

The Human Research and Performance subprogram represents a coatinu ing 
effort to quad.ify man for space missions of extended duration. The contents 
of the subprof;ra.m 
the President:"s Scientific Advisory Committee's Report entitled, "The Space 
Program in the I'ost-Apollo Period . I '  In implementing the subprogr,am 
consideriition is given to the recommendations of the National Academy of 
Sciences' Space Science Board's summer study groups and committees., 

are in specific response to requirements spelled out in 

full 

In FY 1970, t:he ongoing systems analysis of cardiovascular adaptive 
mechanisms wiU emphasize neurohumoral control loops, particularly their 
responses to :Lmposed stresses, extremes of responses before collapse, and 
methods of supporting or supplementing those responses. There is 8 strong 
probability t:liat: we will need to know how to control these mechanisms to aid 
man in the prob1.em of reacclimatization to earth's gravity after prolcmged 
weightless fl.:ight . 

Additional. physiological baseline information on man will be obtained by 
means of extended bedrest studies as well as measurement of stress in 
selected individuals by means of advanced bioinstruments. 

In preparation for the changeover to two-gas atmospheres in space vehicles 

Confirmation that they are truly inert or definition 
of the future, there will be an intensification of study of the so-called 
inert or dilucznt: gases. 
of their sub1::le functions is crucial to selection of optimum mixtures. 

Prolonged Elight will result in some exposure to varying doses of xadiation 
and it is therefore important to understand the effects of this type af 
exposure. In FY 1970 we will be continuing to determine the extent tci which 
the delicate Lens of the eye is damaged by space radiation. 

Increased emphasis will be given in FY 1970 to studies of potential micro- 
biologiciA probltems in future space missions, particularly, virus infections. 
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Nan-Sys t ems Integration 

The Man-Systems Integration portion of our program will emphasize heavily 
in FY 1970 the very important area of man-machine relationships in aeronautical 
systems. Research will be conducted on the optimization of crew organization 
and duty performance in large subsonic and supersonic aircraft, V/STOL air- 
craft, arid he!l.ic:opters. Appraisal will be made of the effects of t.he stresses 
imposed on men who operate these vehicles. Human factors studies of men who 
carry out: the air traffic control functions will receive attention through 
discussions and cooperative programs with FAA. Man-Systems Integration 
research will al.so emphasize the problem of man as a system component in space 
operatioris. I I i f : h  priority studies include space station habitability, problems 
of locomotion on the moon, and maintenance of equipment in space. 

J,ife Support and Protective Systems 

Manned space flight missions require onboard life support and .astronaut 
protective systems. For short duration missions, those of less than one 
month, st:oring expendables such as oxygen and water has been the most 
practical. appiroach. 
penalties of carrying expendables are excessive and thus regenerative-type 
system techni.ques become desirable. 

For missions exceeding one month, the weight and volume 

Extended numned system tests in simulated space cabins have be'm recently 
completecl and have demonstrated for the first time that continuous water 
regeneration and oxygen reclamation techniques are feasible for a n  extended 
period of tinu: (60 days). 

In FY 1970 a 90 day manned test of a regenerative life support system 
will be conducted as part of the development of the technology required to 
support future extended manned space missions. In this test, emphasis will 
be placed on :-ong-term system operation and long-term uninterrupt,ed crew 
conf inemcmt . 

Life suppoirt studies and hardware development and tests have shown certain 
areas of pacing technology. In FV 1970 we will initiate efforts to obtain 
performance clata for new systems of oxygen and water regeneration. 
appealing oxyf;en regeneration system operates directly off humid cabin air 
by means of :I water vapor electrolysis cell. It will be able to produce 
more than enc)ugh oxygen to fulfill a man's daily requirements and control 
space cabin humidity at the same time. The water reclamation technique 
that shocrs the most promise for space applications uses a principle called 
electrodia1ys:;s. The system eliminates the need for a phase change in the 
purification process and requires verv little energy. 

The most 

An advanced waste processing technique which NASA and the Federal hater 
Pollution Conl:rol Administration are jointly investigating can be applied 
either for disposal of wastes (including feces) or reclamation of water from 
these wastes. The technique employs a chemical process known as .wet oxidation. 
The process is already in use in many cities and solutions are being sought 
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f o r  t he  few remaining problems a s soc ia t ed  wi th  i t s  use.  I n  a d d i t i o n ,  t h e  
high temperat:nre a t  which t h e  r e a c t i o n  had t o  be c a r r i e d  ou t  has  been tre- 
mendous1:r reduced by the  development of a s p e c i a l  c a t a l y s t  (from 150Oc' t o  less 
than 200°F).  This development, which w i l l  be e s p e c i a l l v  important for space 
a p p l i c a t i o n s ,  w a s  a l s o  a product of NASA FWPCA cooperat ion.  

The thrust: of t he  Advanced Astronaut P r o t e c t i v e  Systems f a c e t  of tkle L i f e  
Support and I'irotective Systems subprogram i s  aimed a t  producing irnprclved 
space s u i t s  f o r  both i n t r a -  and ex t r aveh icu la r  ope ra t ions  and a s t ronau t  
cool ing t1evic:es t o  f a c i l i t a t e  ex t r aveh icu la r  opera t ions .  S u i t s  w i l l  f e a t u r e  
"stovepipe" and convoluted j o i n t s  which w i l l  provide improved a r t i c u l a t i o n  
and reduc:tion of up t o  50 percent  i n  opera t ing  torques.  A new ex t r aveh icu la r  
a c t i v i t y  garment: w i l l  cool  t h e  a s t ronau t  via  i n t e r n a l l y  contained evaporat ive 
cool ing patches t h a t  absorb body hea t .  This  garment e l imina te s  t h e  need f o r  
a backpack hea t  exchanger and w a t e r  supply,  r e s u l t i n g  i n  a l i g h t e r  opera t ing  
weight. 

Advanced Concepts 

The explora t ion  of t h e  f e a s i b i l i t y  of advanced concepts  of technolclgy 
app l i cab le  t o  f u t u r e  ae ronau t i ca l  and space ope ra t ions  is  e s s e n t i a l  tcl 
cont inuing progress .  One example of t h e  type of e f f o r t  which w i l l  be under- 
taken i n  FY 1.970 is  t o  apply the  noninvasive u l t r a s o n i c  method of measuring 
blood flowing through a p a r t i c u l a r  v e s s e l  i n  a given per iod of time. Since 
t h e  p u l s a t i l e  flow of blood causes changes i n  t h e  v e s s e l  d iameter ,  both 
v e l o c i t y  and v e s s e l  s i z e  must be cont inuously monitored and these  q u a n t i t i e s  
i n t eg ra t ed  t o  ob ta in  the  volume. 

Rio t e c h o  lo= F1 i gh t ProJ ec t s 
-1 - -- -- 

Biotec1inolcq:v f l i g h t  p r o j e c t s . .  .. $1,60O,000 $1,79O,OOO $ 2  ,0ClO, 000 

Program). ...................... ___ --(I:=) _(L1"02!0) .- -- -ex) Scout (Launch Vehicle Procurement 

Total. ( inc luding  launch 
v e h i c l e s ) .  ................... - ($1 A-- 600 A- 000) ---&--2-- ( $ 2  890 000) ---- ( $ 2  A-- OfIO,O@O) --.-- _I-.----- ---I- I_- -.-- --- 

I n  EY 1970,  ii Scout launch of a v e s t i b u l a r  experiment i s  planned t o  pe r -  
m i t  s tudy of t h e  a c t i o n  i n  weight lessness  of t h e  bas i c  c e l l s  i n  t h e  f r o g ' s  
balance niechmism, which i s  similar t o  the  balance mechanism i n  man's inner  
ear ( the  o to l : - th) .  These t i n y  o t o l i t h  c e l l s  d e t e c t  t h e  presence of' g r a v i t y  
and send coded messages t o  the  b ra in  c o n t r o l  cen te r s .  A c l o s e  s tudy c f  t he  
mechanism involved w i l l  help us  t o  b e t t e r  understand the  sensor  which is so 
necessary t o  nan ' s  w e l l  being i n  space as well as on e a r t h .  
l o g i c a l  expes:-ments a r e  being def ined by t h e  A m e s  Research Center ,  as an  ou t -  
growth of the1.r human and animal research .  

Other ph3sio- 

The remaining Biotechnology F l igh t  P r o j e c t s  a c t i v i t y  i n  FY 70 i s  devoted 
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t o  experiment: d e f i n i t i o n  f o r  needed f u t u r e  f l i g h t  experiments as an oiitgrowth 
of t h e  ground based research  discussed i n  t h e  previous subprograms. One 
important experiment under d e f i n i t i o n  should br ing  us  a s t e p  c l o s e r  t c l  t he  
qualificiatioI1 of man f o r  long du ra t ion  weight less  space f l i g h t .  This s tudy 
of the  phys io logica l  base l ines  of t h e  p r i m a t e s  w i l l  cont inue a t  t he  
Naval Aerospiii:e Fledical I n s t i t u t e ,  Pensacola,  F lo r ida ,  and a t  t he  Yerl e s  
Regional Primate Center,  At lan ta ,  Georgia. Other phvsiological  experjments 
such as ithose concerned with the  card iovascular  svstem, calcium metabcllism, 
e t c . ,  a r e  cont inuing a t  the  A m e s  Research Center and co l l abora t ing  unj v e r s i t i e s .  

F l i g h t  expertments on t h e  l i f e  support  systems are being def ined b!. t h e  
A m e s  Research Canter,  t he  E lec t ron ic s  Research Center ,  t he  Manned Spacecraf t  
Center,  and t’ie Langley Research Center.  Langley is a l s o  de f in ing  otl ler 
p r o j e c t s ,  inc luding  a manned research  c e n t r i f u g e ,  and determining the  
charac te r i s t f ics  of an o r b i t i n g  biotechnology r e sea rch  labora tory .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF ADP'ANCED RESEARCH AND TECHNOLE SPACE POWER AND ELIXTRIC 
PROPULSION SYSTEMS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The primary objectives of the Space Power and Electric Propulsion 'program 
are to: (1) establish or advance the state-of-the-art of a limited number of 
systems and components having the greatest potential of satisfying estimated 
future mdssian requirements to the point where there is a high degree of con- 
fidence in their ultimate successful development, and (2)  to effect a timely 
and orderly introduction of the new or advanced technology emanating Erom the 
program. 

Current es,timates of potential future mission power system requirenents 
encompass a wide range of power, life and mission environments. No olne power 
system can meet these varied requirements. 
at providing the research and technology necessary for the improvement and/or 
development ckf a limited number of solar, chemical and nuclear systems for 
anticipa.ted auxiliary power and electric propulsion mission requirements 
ranging from watts to kilowatts in the 1970's to megawatts in the 1980's. 

The space power program is aimed 

The early application of solar powered electric thrusters for spacecraft 
position control and for small, automated, interplanetary spacecraft continues 
to be a major goal of the electric propulsion program. The expe-ttence to date 
from the ATS (Applications Technology Satellite) flight program coupled with 
the design arid ground evaluation of typical thruster systems conEirms their 
potential advantages of spacecraft operational flexibility and simplicity, 
increased payload or decreased trip time or reduced spacecraft weight. The 
proposed SERT I1 (Space Electric Rocket Test) flight, the continuing ATS 
program and the ground technology program are essential steps toward the goal 
of ear 1 y appl. ic at ion. 

SUMMARY --- OF R:E!SOURCES REQUIREMENTS : 

1970 
-I- 

1968 1969 

Supporting research and 
technology ..................... $42,385,000 $40,700,000 $39,400,000 

SNAP-8 technology ................ (7,500,000)* (5,000,000)* (5,000,000)* 
Space elec t:ri.c rocket 
test. (SEXT) .................... 1,350,000 1,500.000 500.000 , 

Total.... ...................... $43,735,000 $42,200,000 --. -$39,900,000 

*Included in Supporting Research and Technology 
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Dis t r ibu t ion  of Program Amount by I n s t a l l a t i o n :  

1968 1969 

Manned Spaccecraf t Center..  ...... $ 122,000 
Marshall Space F l igh t  Center. .  .. 960,000 
Goddard Space F l igh t  Center..  ... 3,615,000 
Jet ‘Propills Lon Laboratory. ...... 9,416,000 
Ames Research Center. . . . . . . . . . . .  345,000 
E lec t ron ic s  Research Center.. . . .  1,350,000 
Langley IResearch Center. . , . . . . . .  665,000 
Lewis Research Center.. . . . . . . . . .  24,506,000 
NASA Headquarters ............... 2,596,000 
NASA Pasadena Off ice. ........... 160,000 

$ 550,000 
350,000 

4,255,000 
10,670,000 

310,000 
1,410,000 

815,000 
21,239,000 

2,601,000 --- 
BASIS OF FUNID REQUIREMENTS: 
_c---- 

Supporting Research and Technology 

Nuclear f l i g h t  s a f e t y . .  ........... $ 278,000 $ 100,000 
Electric propulsion. .............. 7,840,000 7,480,000 

$ 5t10,OOO 
430,000 

5,7;!0,000 
9,270,000 

41i0,OOO 
1,6:1.0,000 
1,4t)O, 000 

18,5:1.0,000 
1,800,000 --- 

5; 300,000 
6,800,000 

Nuclear power generation*. ........ 21,150,000* 18,910,000* 18,100,000* 
Solar  power generat ion.  ........... 8,210,000 8,580,000 8,6OO,OOO 
Chemical power generat ion ......... 4,907 ,000 5,630,000 5.6OO ,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . .  242,385,000 $40,700,000 j;39,4f:)O,OOO --- 
*Incluldes SNAP-8 program 

Nuclear F l i g h t  Safe ty  

The ob jec t ives  of t h e  NASA Nuclear F l i g h t  Safe ty  program inc lude :  (1) t h e  
coord ina t ion  and d i r e c t i o n  of t he  NASA por t ion  of t h e  j o i n t  AEC/DIOD/NASA re- 
views and ana lyses  of proposed missions u t i l i z i n g  nuc lear  space power systems, 
(2) providing gu ide l ines  t o  the  NASA Centers  f o r  f u t u r e  mission etpplil:ations, 
(3) developing s p e c i f i c  design information i n  such areas as reent:ry aero- 
dynamics where NASA has s p e c i a l  competence and f a c i l i t i e s ,  and (4) t h e  recovery 
of NASA launched spacecraf t  ca r ry ing  s i g n i f i c a n t  q u a n t i t i e s  of nucleair 
materials i n  those cases where  a determinat ion is made t h a t  recovery Ls 
f e a s i b l e  and des i r ab le .  

E l e c t r i c  Propuls ion 

The Electric Propulsion program has t h e  o b j e c t i v e  of providing; t h e  tech- 
nology requi red  f o r  t h e  app l i ca t ion  of such systems t o  f u t u r e  missions.  

The p r i n c i p a l  motivat ion f o r  t h i s  work s t e m s  from t h e  high s p e c i f i c  impulsc! 
poss ib l e  w i t ’ h  e l e c t r i c  t h r u s t e r s  which can r e s u l t  i n  a lower p rope l l an t  
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expenditure rate to achieve a given thrust level. The net result of this 
fuel economy would be to increase payload of a given launch vehicle 01:’ reduce 
launch vehicLe requirements and therefore costs for a given mission. In addi- 
tion, missions totally impractical for chemical propulsion, such as ax1 orbiter 
of Mercury, (:an be carried out with electric propulsion. 
keeping and maneuvering at reduced system weight are also possible. Additional 
benefits, some of which are peculiar to a given mission, stem from other 
charactexist:Lcs of electric thruster systems such as continuous low tlvust, 
nonmechanica:t thrust vectoring and the availability of relatively larp:e 
amounts of e:Leclrric power during nonpropulsion periods. 

Satellite station 

The e:Lectrosl:atic thruster which accelerates charged particles by means of 
electrostatic fields will continue to receive the major emphasis in F1” 1970. 

The contact :Lon engine appears most suitable for very low thrust (10-4 to 
10-5 lbs thrust:) auxiliary propulsion applications. 
engines of tlrts type were successfully operated aboard the ATS-IV spacecraft 
in the fall of 1!968 and are also included as experiments on the ATS-E space- 
craft to be Itau~iched in CY 1969. These engines can vary thrust level over a 
factor of four and electrically, rather than mechanically, align the thrust 
vector through the changing center of mass of the spacecraft. Work ori, a 
higher thrust: version of the contact ion engine for north-south staticin 
keeping planned for FY 1969 was delayed in favor of an evaluation of the 
capabilities of the rapidly advancing electron bombardment ion engine for 
this role. This latter engine using either cesium or mercury propellent 
appears to offer the advantage of placing a smaller power demand upon the 
spacecraft. However, demonstration of a satisfactory thrust vectoring; scheme 
has yet t o  be accomplished and work in this area, as well as on the mare 
advanced col3.oiclal thruster, will continue in FY 1970. 

Experimental cesj um 

Electron bombardment thrusters appear to offer superior capability for 
spacecraft prtma propulsion applications (10-1 to lbs thrust) Such 
thrusters at the one kilowatt power level have demonstrated operating life- 
times of about €1 year, which appear adequate for early solar powered missions. 
Work will- continue in FY 1970 toward both improved efficiency in the low 
specific impul.se! range of most interest (2000-3000 sec) and larger single 
module sfze (2  -. 2.5 KW) . 
part of a program to simulate the operations required of an entire solar 
electric thruster system on a typical mission. 
been proc:ured and testing is scheduled to start in the last half of Fy 1969 
and will c0nt.f-nue during M 1970. 

These engine modules are also being clustered as 

Virtually all hardware has 

Resist:ojet. thrusters which produce thrust via expansion of an electrically 
heated gas have also received attention in this program. 
temperature (1.600°F) ammonia resistojets for the operational east-west 
station keeping function and even though the spacecraft did not achieve the 
planned orbit, the resistojet systems were operated successfully. Such low 
temperature stystems are now considered operational and future reslearch efforts 
are expected t:o be limited to comparative evaluation and relatively minor 
research effolrts . 

ATS-IV carried low 
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Higher temperature (3600-4000°F) resistojets using hydrogen or ammonia 
and those capable of using biowaste products such as C02 for propellants have 
been shown to be of substantial interest for manned space station draj: can- 
cellation and attitude control. Conclusion of an 8000 hour life test of 
ammonia and hydrogen units and continuation of work initiated in FY 1969 on 
biowaste units are planned for FY 1970. 

Research on electromagnetic thrusters which take advantage of forcczs 
generated by electric current-magnetic field interactions will also continue 
in FY 1970. Advances have been made in basic understanding which remains the 
fundamental research problem. The ultimate objective of the research is the 
eventual evolution of a system simpler and more compact than possible with 
electrostatic engines. 

Nuclear Power Generation 

The primary objective of the Nuclear Electric Power Technology program is 
to obtain the experimental and analytical data needed to permit the ultimate 
development of the energy conversion equipment to be used in the advanced 
nuclear electric power generating systems required for future space mlssions. 
The conversion systems will utilize isotope or nuclear reactor ht- sat sources 
furnished by AEC.  

The conversion system program must cover the broad spectrum of potential 
space power requirements from tens of watts of power for unmanned science 
spacecraft tal as much as megawatts for manned electric propulsion systems 
and for periods of one to five years. Very lightweight systems are riequired 
to make the electric propulsion system competitive with other rocket systems. 
The concepts under investigation range from some with as yet unproven feasi- 
bility to some that are established, but with a remaining need for improved 
performance, reliability and operating life. 

The program is primarily concerned with the technology associi~ted with: 
(1) the Brayton gas turbogenerator cycle, (2) the Rankine liquid metal turbo- 
generator, (31) thermionic direct conversion systems, (4) isotope therinoelectric 
generatotrs, ( 5 )  a more general research effort on fuels, containinent tnaterials, 
etc., fox a high temperature, liquid-metal-cooled reactor and (6:) exploratory 
programs concerning advanced concepts such as liquid metal MHD (iaagnetohydro- 
dynamics ) . 

The Brayton turbogenerator effort is continuing as a combined in-hlouse and 
contractual program whose objective is to demonstrate the high compon'ent, sub- 
system, and system performances needed to be useful with an isotopic heat 
source. The Brayton power conversion system uses the gas working fluid as the 
bearing lubricant which simplifies the turbogenerator design perniittiiig a 
hermetically sealed system. Long time operation of a gas bearing mouiiited 
turbogenerator package at des€gn temperature is yet to be achieved. 

During FY 1969 the low temperature research rotating units such as the 
compressor, turbine and alternator units were tested and their predicted 
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performances were v e r i f i e d .  H o t  closed-loop t e s t i n g  of t h e  s ing le - sha f t  t u r -  
bine-compressor-alternator package wi th  and without  t h e  pro to type  recupera tor  
w i l l  begin dur ing  FY 1969. E l e c t r i c a l  hea ted ;  i.e., nonnuclear,  t e s t i i i g  of a 
complete Brayton power system is  planned f o r  e a r l y  i n  FY 1970 a t  t h e  P:I.um Brook 
Space Power F a c i l i t y .  
Energy Commission i s  cont inuing,  and an i so tope  heated,  Brayton pciwer :;ystem 
t e s t  is being j o i n t l y  planned by t h e  two agencies.  

Coordination of t h e  Brayton program wi th  the  Atomic 

The Rankine turbogenera tor  program i n  FY 1969 made progress  i n  development 
t e s t i n g  of key components and i n  exp lo ra t ion  of t o t a l  system charnc ter i i s t ics .  
Endurance t e s t i n g  of a t h ree - s t age  potassium vapor t u r b i n e  showed inconclus ive  
evidence of e ros ion  r equ i r ing  f u r t h e r  i n v e s t i g a t i o n  of  t u r b i n e  performance and 
eros ion  i n  FY 1970. An a l t e r n a t o r  s t a t o r e t t e  b u i l t  of advanced e l .ec t r tca1 ,  
magnetic and i n s u l a t i n g  m a t e r i a l s  and a potassium f i l l e d  ceramic bore (seal 
completed a 10,000 hour test  a t  1300°F without  degrada t ion  of matcirialgr o r  
e l e c t r i c a l  performanceo 
work i s  needed t o  e s t a b l i s h  t h e  pro to type  t u r b o a l t e r n a t o r  design. 
a t u rb ine  a l t e r n a t o r  s imula tor  w i l l  be i n i t i a t e d  t o  s tudy t h e  dynamic 
behavior  of t h e  f u l l  s c a l e  machine. 

During FY 1970 f u r t h e r  experimental  and rinalylrical 
Deslgn of 

During FY 1970 f a b r i c a t i o n  of a three- loop h igh  temperature  boliler itest 
r i g  w i l l  be ccmpleted and tests w i l l  be i n i t i a t e d  on a pro to type  b o i l e r  tube 
wi th  working f l u i d s ,  temperatures ,  and m a t e r i a l s  t y p i c a l  of space opera t ion .  
Development of' potassium condenser des igns  w i l l  be continued i n  F1 19713. 

Successful  e l e c t r i c a l  and mechanical t e s t s  a t  llOO°F were comp:leted on a 
f u l l - s c a l e  model of t h e  e lec t romagnet ic  potassium b o i l e r  feed pump s t a t o r .  
This  pump will .  be t e s t e d  f o r  performance and endurance i n  FY 1970, 

T e s t  on a small-scale ,  two-loop l i thium-to-potassium Rankine cyc le  system 
coupled t o  a r e a c t o r  s imula tor  showed e x c e l l e n t  system s t a b i l i t y  under severe  
changes i n  ope ra t ing  condi t ions  and dur ing  100 hours of hands-off opera t ion .  
During Fk' 1970 i n v e s t i g a t i o n s  of system ope ra t iona l  c h a r a c t e r i s t i c s  w i l l  be 
cont inuecl . 

The r e a c t o r  thermionic  conversion program continued t o  make p rogres s  i n  a 
number of a r e a s  during FY 1969. 
( a t  t h e  300 N3I power l e v e l )  f o r  each of t h e  t h r e e  p r i n c i p a l  in-core thermionic  
concepts by ai j o i n t  contractor-AEC-NASA e f f o r t .  S i g n i f i c a n t  f u e l s  and in su la -  
t o r  i r r a d i a t i o n  da ta  were obtained as w e l l  a s  important s t r u c t u r a l  p r o p e r t i e s  
and e1ect:ricailt performance da ta  on key cons t ruc t ion  m a t e r i a l s  suclh a s  tungsten 
and rhenium airid alumina. 

Reference r e a c t o r  designs were e s t a b l i s h e d  

The NASA t:echnology programs concerning thermionic  r e a c t o r  systems a r e  
planned t o  cont inue i n  FY 1970 a t  approximately t h e  same l e v e l  a s  i n  FY 1969. 
The main effoicta w i l l  involve: 
system des ign  st:udies; (2) cont inua t ion  of f o u r  thermionic  f u e l s  i r r a d i a t i o n  
t e s t s  a t  t h e  NASA Plum Brook r e a c t o r  t o  determine f i s s i o n  gas r e l e a s e  r a t e s ,  
dimensional changes, e t c .  ; (3) in-house and c o n t r a c t o r  thermionic  conver te r  
performance rind l i f e  t e s t s ;  and (4) a number of smal le r  programs aimed1 a t  
s p e c i f i c  system problems or experimental  program needs, such a s  insulal tor  

(1) experimental  and a n a l y t i c a l  r e a c t a r  and 
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electrical bmalcdown studies, fission gas "venting" studies, development of 
high temperature thermocouples, studies of cesium reservoir materials, long 
term compatibi1:Lty studies of fuels, emitters, insulators, brazes, etr.. 

The first NASA mission using a nuclear power supply, the Nimbus B 
weather satellite, was launched on May 18, 1968; unfortunately, a booratter 
guidance malEunction necessitated mission abort. 
the Nimbus BZ, w i l l  be launched in early CY 1969, again utilizing two SNAP-19 
radioisotope thermoelectric generators (RTG's). 

An identical spaceci-aft, 

During FY 1970, NASA will continue programs aimed at defining and riiinimizing 
spacecraft R'TG integration and operational problems and will continue life 
testing of R'TG's and their components. AEC and NASA will also conducf: in- 
vestigations of high temperature capsules and intact reentry vehicle tlesigns 
which will lead to definition of the experimental heat source and necessary 
reentry protection intended for the ground test of an isotope-Brabyton turbo- 
generator system. 

The objective of the SNAP-8 program is to provide, by ground development, 
the technology for a 30-50KWe, 10,000 hour or longer reactor merc:ury <t:ur- 
bogenerator space power system. 
with AEC responsible for the reactor and shield and NASA responsible IIor the 
power conversion system and, eventually, for full system integrat:ion , m d  
operation. SNAP-8 utilizes a mercury Rankine conversion loop to convlxt the 
thermal power developed by a compact reactor into electrical power. 

SNAP-8 is a joint NASA-AEC technology effort 

During FT 1968 and J?Y 1969, primary attention was placed on developing the 
necessary performance and life of the major components of the power ccmversion 
system and on obtaining basic system technology data using the breadboarded 
system approach. This phase of SNAP-8 development has been substantially 
completed, thus permitting the technology to proceed to combined reactor plus 
power conversion system testing. 

All major cotmponents of the power conversion system have now demonstrated 
more than 2500 hours of life in individual tests without failure with all 
system pumps, haxing exceeded 10,000 hours in test. Demonstration of the full 
10,000 hour life milestone of the boiler and turboalternator condenser has 
not yet been accomplished; however, the main problems previously encountered 
of turbine stage cracking and boiler corrosion and unreliable thermal per- 
formance! at ritalrtup appear to be solved. 

Testing of t:he two breadboarded SNAP-8 power conversion systems to develop 
system dynamics; data and endurance has continued. A major milestone was 
reached on October 2, 1968, with the first demonstration of an aut.omatic 
bootstrap st:cirt:up, representative of space operation. 

The budgel: request for FY 1970 provides for initiation of the next and 
final step c)f SNAP-8 technology development, the combined test of the power 
conversion syst:em with the SNAP-8 reactor in NASA's Space Power Facility at 
the Lewis Research Center. This test is the logical extension of the 
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nonnuclear system development now being completed. It is needed t o  help 
achieve the future availability of SNAP-8 as a space power system and to pro- 
vide knowledge amd technology of complete reactor dynamic space power systems 
including the factors influencing combined system performance and :l.ife under 
realistic: spaice simulated operating conditions. 

The current: breadboarded power conversion systems were not intended and 
are not suitable for combined system testing because of their experimental 
and configuraitional features. Therefore, the FY 1970 request provides funds, 
principally, for work toward a compact power conversion system which can be 
combined with the reactor and which includes the basic flight representative 
features whic:li must be verified in actual reactor operation. 
endurance life testing of the major components will be continued beyond 
10,000 hours. 

In .addition, 

Solar Power Generation 

Goals of the solar power system program are: (1) investigation of inethods 
for compact stotrage and reliable, automatic deployment of large area, light- 
weight solar cel.1 arrays; (2)  understanding the structural and flight dynamic 
interactions of large, flexible solar cell arrays with guidance, control, and 
propulsion subsystems; (3 )  development of reliable, long life electro-mechanic a1 
drive mechanXsm:; for solar cell power systems for application to spacecraft 
flights on Venus-Mercury flybys, solar probes, Mars landers and Jupiter 
flybys arid orbiters; ( 4 )  substantial improvement in the resistance of solar 
cells to deg1:;3dation in the space radiation environment; (5) better metal-to- 
silicon contact:; needed to withstand new extremes of temperature arid t hermal 
cycling; and (6 )  new solar cells having greatly improved efficiency arid 
reduced cost I, 

There is also an urgent need to advance the technology of the powex 
distribution, regulation and control systems. These circuits and components 
must handle aL1 of the electric power generated and provide conversion and 
regulation as required by the individual spacecraft loads. The power con- 
version ~~lec!:~tonics account for the major complexity and cost of many solar 
power system:;. Spacecraft failures in flight have been traced to defjciencies 
and failures in these circuits and components. Emphasis is needed to obtain 
a better understanding of the power conversion electronics under off-design 
conditions an13 to provide a major technological advance toward improved 
reliabil tty ivnd increased efficiency. 

Research wf1:L continue toward a multipurpose control circuit for pulse 
modulated, VoLtiage regulator circuits, such as are needed for most spacecraft 
power conversion electronic systems. Work in FY 1970 will continue toward 
more temperature resistant and thermally stable capacitors capable of storing 
large amounts of electrical energy per pound of capacitor weight. Research 
on convetter,lregulator units capable of operating reliably with severci.1 
hundred volt:; input and capable of handling kilowatts of power in sinp;le 
modules will need to continue in FY 1970. A comprehensive test efforl 
to identify basic failure modes in the complex power conversion elect1,onics 
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will be undertaken in FY 1970 in a continuing program to improve reliability, 
life and efficiency and to reduce weight and eliminate spacecraft failures. 

The second phase of a major effort to achieve technology readiness c>f an 
advanced 20 watt per pound (20 w/lb), 50KW folding solar cell array inl:er- 
planetary flight was completed during FY 1969. 
the ability of these new lightweight arrays to withstand repeated, deer) 
thermal cycling such as would be encountered on earth orbiting spetcecrdift. 
The ability of the new beryllium frame-fiber glass tape substrate structureto 
withstand relatively high stress and acceleration while deployed will oilso 
be investigated during FY 1970. 

Work was initiated to improve 

A significant effort toward a goal of a 250 ft2, 30 w/lb deployable array 
concept utilizing a thin plastic substrate and deployable structural booms 
was initiated in FY 1969 and will continue in FY 1970. In addition, tlie long 
term stability of a lithium doped, radiant resistant solar cell deve1ol)ed in 
previous years' work must be determined. 
realistic irradiation rates are needed to determine the self-healing rcites of 
damage annealing. 

Laboratory and space teats ai': 

Chemical Power Generation 

Work in FY 1969 has emphasized the search for more reliable seatling methods 
and materials, for better methods of constructing battery plates, and !for a 
procedure that permits selection of reliable batteries. Auxiliary e1ec:trodes 
developed in previous years' programs that avoid overcharge and thus over- 
heating and excessive pressure cycling, are beginning to be used in. SpiIce- 
craft. New maaterials for battery plates are being studied with a view to 
(a) increasing the energy density, (b) minimizing migration of active 
battery materials in long term use, and (c) eliminating drying over thc! years. 
A three-pronged approach to battery testing is being formulated, niakinj,; use 
of chemical, statistical and crypto-analytical models. Its goal i s  to give 
the space pow'er engineer a tool for nondestructively testing a battery over 
a period of less than 1X of its expected life, and to use the data. for pro- 
jecting its long term reliability. 

The first requirement for a battery in a planetary lander was to mal.;e the 
power package sterilizeable and capable of surviving a hard impact. A small 
(5 amp-hour) , primary (one-shot , nonrechargeable) sterilizeable cell with 
applicable impact resistance has been demonstrated. 

Investigations in FY 1970 will be toward larger cells for higher power 
requirements :having increased impact resistance that can be remotely 
activated to avoid any deterioration during prolonged storage. 

A new set of iproblems appeared with the use of weather balloons at Itigh 
altitudes. The power systems carried onboard will have to operate ovei. wide 
temperature ranges and their batteries must be light in weight, fragile! 
enough to be ingested in an airplane engine without causing any hazard., and 
inexpensive enough for mass use. Thus, a program has been started to j'ind 
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(a)  a b a t t e r y  e l e c t r o l y t e  t h a t  does not  f r e e z e  a t  t h e  low end of t.he 
temperature excursion;  (b) a s t r u c t u r e  t h a t  p reserves  the  b a t t e r y ' s  intre- 
g r i t y  while  i n  use ,  y e t  pe rmi t s  i ts quick d i s i n t e g r a t i o n  i n  a j e t  engiiie; 
(c)  a means f o r  s t o r i n g  some hea t  and, i n  e f f e c t ,  narrowing t h e  temperiiture 
cyc le .  

The Gemini spacec ra f t  used the  f i r s t  f u n c t i o n a l  f u e l  c e l l  system. Apollo 
has another  t y p e  of f u e l  c e l l .  Though both systems are w e l l  s u i t e d  t o  t h e i r  
purposes,  n e i t h e r  is  very  appropr i a t e  f o r  f u t u r e  space missions.  A mo're 
rugged, f l e x i b l e  and longer  l i v e d  power p l an t  w a s  u rgen t ly  r equ i r ed .  1)uring 
s e v e r a l  previous years  of technologica l  e f f o r t ,  t he  mat r ix  type system w a s  
per fec ted  f o r  t h i s  purpose under a j o i n t  OART/OMSF program. It is now being 
q u a l i f i e d  €or  manned s p a c e c r a f t ,  according t o  both NASA and A i r  Force 
s p e c i f i c a t i o n s  and has been s e l e c t e d  f o r  MOL. 

I n  FY 1970 r e sea rch  w i l l  be aimed a t  f ind ing  a more e f f i c i e n t  and 1c)nger 
l i v e d  c a t a l y s t  f o r  t h e  oxygen cathode,  opt imizing t h e  e l e c t r o d e  st:ructi.ire f o r  
b e t t e r  power ,density,  r ep lac ing  the  a sbes tos  mat r ix  by a more i n e r t  s t r u c t u r e ,  
and searching  f o r  novel engineer ing approaches to  improve power d e n s i t y  by a 
f a c t o r  of t en  o r  so. 

Basic research  w i l l  cont inue  i n  FY 1970 on such t o p i c s  as hea t  and mass 
t r a n s f e r  i n  e lec t rochemica l  power sources ;  s t a b i l i t y  of anode-e1ec:trol:ete 
couples;  e f f e c t s  of v a r i a b l e s  on s h e l f  l i f e ;  e f f e c t s  of e lec t romagnet ic  
r a d i a t i o n  on e lec t rochemica l  c e l l s ;  a p p l i c a t i o n  of holography t o  e l e c t r o -  
chemistry;  mechanism of d e n d r i t e  growth on z inc  p l a t e s ;  and p r o p e r t i e s  of 
novel e lec t rochemica l  couples  and cells. 

Space .E lec t r i c  Rocket T e s t  (SERT) 

197 1) 
--_I- 

1968 1969 

Spacecraf t  and experiment 

Agena (Launch Vehicle 
development.. ................. $1,350,000 $1,500,000 $!iOO,OOO 

Procurement Program). ......... ($2,166,000) ($794,000) (~~50,000) - 
Tota l  ( inc luding  launch 

v e h i c l e )  .................... ($3,516,000) ($2,294,000) 

After  t h e  success fu l  demonstration on the  s u b o r b i t a l  SERT I i n  J u l y ,  1964 
t h a t  i on  beams could be neu t r a l i zed  i n  space and, hence, i o n  engines  wlzre 
f e a s i b l e ,  work was i n i t i a t e d  on a second s p a c e c r a f t ,  SERT 11. The primary 
o b j e c t i v e  of t h i s  second f l i g h t  i n  t h e  SERT program is t h e  v e r i f i c a t i o n  of 
long term., e l e c t r o n  bombardment ion  engine performance i n  space. The 'space- 
c r a f t  w i l l  also c a r r y  experiments aimed a t  a s s e s s i n g  p o s s i b l e  e l e c t r i c  pro- 
pu ls ion  spacec ra f t  i n t e r a c t i o n s .  SERT 11, as the  next  major s t e p  i n  prime 
e l e c t r i c  propuls ion,  is  expected to  provide both va luable  des ign  information 
and confidence i n  adopt ing e l e c t r i c  propuls ion  f o r  prime mission use.  



SERT 1:I is: scheduled f o r  launch dur ing  CY 1969. The spacec ra f t  w i l l  be 
i n j e c t e d  i n t o  a near  po la r  s u n l i t  o r b i t  by a Thorad Agena from the  Western 
T e s t  Range. A 1..5 KW s o l a r  a r r a y  a t t ached  t o  the  Agena v e h i c l e  w t l . 1  b e  used 
t o  sequential.1.y power two 1 KW mercury e l e c t r o n  bombardment t h r u s t e r s  with 
a goal  of 6 niont:hs opera t ion .  The FY 1970 funds are requi red  f o r  :l.aunch 
support  and ciiitet r educ t ion .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF ADVAIICE:D RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PROGRAM 

PROGRAM OEIJECYIYES AND JUSTIFICATION : 

The ob:jectl.ve of the  Nuclear Rockets program i s  t o  provide rocke t  
propuls ion systenis for a p p l i c a t i o n  t o  advanced o rb i t a l ,  l u n a r  and ,planetary 
missions.  I n  ca r ry ing  out  t h i s  o b j e c t i v e ,  t h e  AEC-NASA Space Nuclear 
Propuls ion 0ff:Fce: is  conducting a d e t a i l e d  program of system a n a l y s i s ,  
des ign ,  develcqmwnt and t e s t i n g  t o  provide a 75,000 pound t h r u s t  NIERVA engine 
capable  of performing advanced space missions.  Engine development is 
proceeding us ing  the  base of technology e s t a b l i s h e d  through the  Phoebus and 
NERVA techno1ol:y programs . 

Apart from 1IEE:VA development, t h e  Nuclear Rockets program inc ludes  
a c t i v i t i e s  t o  ridvance the  technology of nuc lea r  rocke t ry ,  and i n  p a r t i c u l a r  
s p e c i f i c  impulse, du ra t ion  and r e a c t o r  r ecyc l ing  c a p a b i l i t y .  The Los A.lamos 
S c i e n t i f i c  Laborattory (LASL) PEWEE r e a c t o r  program p lays  an important role 
i n  t h i s  work. E f f o r t  w i l l  cont inue t o  be d i r e c t e d  toward t h e  development of 
veh ic l e  tt~chnollogy, r a d i a t i o n  e f f e c t s  s t u d i e s ,  and s t u d i e s  and experimentat ion 
t o  enhance the  r e l i a b i l i t y  of nuc lear  rocke t  components. 

The prime output  of t h e  Nuclear Rockets program w i l l  be a nuc lear  enlglne, 
developed through Pre-Fl ight  Rating Tes t s  (PFRT) , having a s p e c i f i c  i m p u l s e  
of approximatc!:Ly 825 seconds and a t h r u s t  of approximately 75,000 pounds 
(equiva len t  to a r e a c t o r  power of about 1500 megawatts). Other performance 
o b j e c t i v e s  inc::Lucle the  c a p a b i l i t y  f o r  m u l t i p l e  c y c l e s  of opera t ion ,  increased 
f u l l  power du~:iation and high r e l i a b i l i t y .  This  engine w i l l  provide a major 
advance i n  propul.sion c a p a b i l i t y .  
performing a wide v a r i e t y  of advanced space miss ions  beyond the  performance 
p o t e n t i a l  for chemical rockets .  

A nuc lea r  s t a g e  would be capable  of 

The advantages of nuc lear  propuls ion  over  chemical propuls ion  r e s u l t  s 
from i t s  high payload performance, propuls ion  e f f i c i e n c y  and v e r s a t i l i t y .  
In t he  types  oE miss ions  involv ing  h igh  energy and high payloads,  s p e c j f i c  
impulse becomes an extremely important performance requirement . The nuclear  
rocket  has  a marked inc rease  i n  s p e c i f i c  impulse over  t h e  chemical rocket .  
Among the  missloris f o r  which t h e  nuc lea r  rocke t  o f f e r s  s i g n i f i c a n t  advantages 
are t h e  movement of heavy s c i e n t i f i c  payloads i n t o  deep space,  t he  moveiment 
of high payloads (both manned and unmanned) t o  t h e  luna r  su r face ,  and t h e  
movement of he,nvy payloads on h ighly  e n e r g e t i c  t r a n s f e r s  i n  e a r t h  o r b i t  . 
Detailed s t u d i e s  of unmanned' p l ane ta ry  miss ions  using the  nuc lear  rocket  are 
cont inuing.  k 3  ai t h i r d  s t a g e  on t h e  Sa tu rn  V launch v e h i c l e ,  replacing; t he  



chemical S-IV B s t age ,  t h e  nuc lear  rocket  can inc rease  the  payload by a 
f a c t o r  of two, t he  exac t  i nc rease  depending upon t h e  mission. 
i nc rease  of t h i s  amount would inc rease  s tayt ime f o r  manned luna r  exp lo ra t ion  
missions and would permit d i r e c t  manned f l i g h t s  t o  any po in t  on t h e  luna r  
su r face ,  as d i s t ingu i shed  from t h e  luna r  o r b i t  rendezvous used i n  Apollo. 
Operational ad,vantages o f f e red  by t h e  nuc lear  rocke t  inc lude  fewer launches 
t o  achieve a t o t a l  program ob jec t ive  and lower s e n s i t i v i t y  t o  t r i p  t i m e .  
V e r s a t i l i t y  appears  i n  t h e  v a r i e t y  of  missions a p p l i c a t i o n s  which can inake 
use of a s ing, le  bas i c  engine.  

A payload 

SUMMARY OF --- RESOURCES REQUIREMENTS: 

1968 

Supporting res:earch and 

NERVA....... .................... 37,500,000 
NRDS op1eratS.on.s.. ............... 4,000,000 

techmolog,y.. .................. $12,500,000 

Total.. . . . . . . . . . . . . . . . . . . . . . . .  $_54,000,000 

D i s t r i b u t i o n  cif Program Amount by I n s t a l l a t i o n :  

Marshall  Space F l i g h t  Center..  $1,400,000 

Space Nuc 1.ea.r Propuls ion 
Lewis;  Research Center..  ....... 2,200,000 

Off ice . .  .................... 50,400,000 

BASIS OF FUNDI RE;QUIREMENTS: 

1969 

$6,000,000 

3,800,000 
22,200,000 

$32,000,000 

$920,000 
1,000,000 

30,080,000 

Supporting Research and Technology 

Rocket r eac to r  research. .  ....... $7,850,000 $3,720,000 
Nuclear rocket engine systems.. . 3,100,000 1,180,000 

100,000 Safety.  ......................... 150,000 
Vehicle technology. ............. 1,400,000 1,000,000 

Tot a 1. ...... .................... $1 2,500,000 $6,000,000 

1970 ..-, 

$8,000,000 
27,500,000 
-4 1 000,000 

~ 5 0 0 , 0 0 0  

$2,200,000 
1,500,000 

32,800,000 

$3,800,000 
1,800,000 

200,000 
2 200,000 

$8,000,000 

.-I 

- 
The support ing research  and technology e f f o r t  (SR&T) covers  a broad 

spectrum of programs, most of which a r e  of r e l a t i v e l y  small d o l l a r  value.  
The general  aims; a r e :  
development program; (2) t o  extend t h e  technology f o r  so l id -co re ,  nuc lear  
rocket  systenis beyond cu r ren t  performance l e v e l s  ; (3) t o  prepare  the 
technology base f o r  nuc lear  s t age  development; and (4) t o  i n v e s t i g a t e  the  
f e a s i b i l i t y  of advanced propuls ion concepts. 

(1) t o  provide support  t o  t h e  NERVA engine des ign  and 
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Rocket Reactor Research 

The funding i n  t h i s  a r ea  supports :  (1) nonreactor  components f o r  r e a c t o r  
t e s t i n g  (nozzles ,  turbopumps, c o n t r o l s ,  e t c . )  inc luding  the  propel lant  s 
necessar!r f o r  experimental  analyses  ; and (2) i n v e s t i g a t i o n  of advancedl 
concepts and design s t u d i e s  of r e a c t o r s  f o r  fu tu re  a p p l i c a t i o n s .  

A sigriifi<:ianl: por t ion  of t he  funds appl ied i n  t h i s  area is used t o  provide 
p rope l l an t  arid rionnuclear support ,  such a s  propel lan t  feed systems t o  t h e  
Los Alamos PEI\JEE( f u e l  element test bed r e a c t o r  program. The second PEWEE 
r e a c t o r  fs schecluled f o r  t e s t i n g  i n  the f i r s t  q u a r t e r  of CY 1970. 

Research will. continue i n  FY 1970 on advanced nuc lear  propuls ion concepts.  
The primary emphasis of t h i s  e f f o r t  is being d i r e c t e d  toward closed -cycle  gas  
core  systems,, namely, t he  nuc lear  l i g h t  bulb concepts.  F e a s i b i l i t y  st ud ies  
on t h i s  concept w i l l  continue t o  be conducted using a 1.2 megawatt raclio 
frequency h e a t e r  t o  provide high temperature plasmas which d u p l i c a t e  t he 
heat  f l uxes  o : E  t he  nuclear  l i g h t  bulb. As t h e  c a p a b i l i t y  t o  cope with the  
high heal: f l uxes  improves, simulated hea t  f l uxes  w i l l  be pushed to t h e  poin t  
where thermal. condi t ions  a r e  dupl ica ted .  

Research ~ 1 1 1 .  a l s o  continue on advanced concepts such as t h e  coaxitiil flow 
In4iouse c a p a b i l i t y  and research  is centered a t  t he  Lewis  Research r eac to r .  

Center. 

Nuclear Rocket Engine S ys t e m s  

The rt3seai:c:h conducted i n  t h i s  a r e a  provides  information f o r  specil’ying 
c h a r a c t e r i s t k c s  f o r  improved nuc lear  rocke ts  as w e l l  as e s t a b l i s h i n g  a 
general  base of information on t h e  des ign  and ope ra t ion  of components and 
engines.  The most s i g n i f i c a n t  need i s  f o r  s t u d i e s  t o  a id  systems enghneer- 
ing  management i n  the NERVA development work and f o r  research  d i rec ted ,  
toward the  erlliaricement of the bas ic  des ign  r e l i a b i l i t y  of s e l ec t ed  ccmiiponents 
of a nuclear  rocket  engine such as the  nozzle ,  turbopump, va lves ,  ac t i i a to r s  
and instrmmen1tal:ion. 
a r e  examples of t he  type of a c t i v i t y  t h a t  t he  e f f o r t  w i l l  be appl ied  1:o. 

Proposed work on nozzle coa t ings  and r o t o r  dynamics 

Other important e f f o r t s  a r e  d i r ec t ed  toward improved instrunrentat ion,  
f l u i d i c  c o n t r o l  system components and the  a n a l y s i s  of engine transien1:s. 
E f f o r t  i s  a l s o  conducted on the  e f f e c t s  of r a d i a t i o n  on nuc lear  enginc! 
components, tantczrials and systems. 
t h e  behavior of m a t e r i a l s  i n  a combined r a d i a t i o n  and cryogenic environment. 
Such informal: Lori supports  a l l  nuc lear  rocket program a c t i v i t i e s  and i : i  

essential f o r  the  design e f f o r t .  

The purpose of t h i s  work i s  t o  d e f i n e  



Safe ty  

The eEfor t  i n  t h i s  a r ea  i s  d i r ec t ed  toward completing t h e  base of knowledge 
required t o  cief:i.ne and resolve the  new and unique s a f e t y  problems assoc ia ted  
with nuc lear  rocket propulsion system development. Most of t h i s  infoimation 
s t e m s  from the  mainstream a c t i v i t i e s  of the  Nuclear Rockets program. 
Frequent Ly, howcsver, s p e c i a l l y  d i r e c t e d  research and ana lyses  must be 
conducted oultside of these  d i s c i p l i n e s .  Examples of work i n  progress  o r  
planned Eor I'Y '1970 include explora t ion  of t he  r e l a t i o n  between systems 
performance and s a f e t y  requirements, and f u r t h e r  a n a l y s i s  and conceptual 
design O E  measures to  avoid o r  counter  f l i g h t  f a i l u r e s .  

Vehicle Technology 

The e f f o r t  i n  t h i s  a c t i v i t y  i s  d i r e c t e d  toward providing b a s i c  desji.gn 
information which w i l l  assist the  development of nuclear  rocket  vehic1I.e~ 
f o r  f l i g h t  mission appl ica t ions .  

A t  MSFC, ( ? € f o r t  w i l l  be continued i n  s t u d i e s  and experimentat ion of t he  
Understanding and co~ntroll.1ing e f f e c t s  of risdiiation on propel lan t  heating. 

p rope l l an t  ht?,at:i.ng phenomena i s  of fundamental importance s ince  t h i s  c!f f o r t  
determines p:ropczllant b o i l  -off l o s s e s ,  t ank  pressure  l e v e l ,  and the 
p r o p e r t i e s  o:E f l u i d  en te r ing  the  pump. 

Work w i l l  d ! 3 0  continue t o  provide support  i n  var ious  system desigri 
concepts and s tud ie s .  The s t u d i e s  w i l l  provide d e t a i l e d  ana lys i s ,  coiiceptual 
design and dtwe:Lopment requirements of a nuclear  f l i g h t  propuls ion syt,;tem 
and i t s  evolu t ion  from a f l i g h t  test s t age  t o  an ope ra t iona l  i n j ec t io i i  
s tage.  
development program and w i l l  provide NASA management with a bas i s  for f u t u r e  

'L'he results of t h i s  study are v i t a l  t o  t he  conduct of the NERVA 
. -- 

dec i s ions  f o r  follow-on a c t i v i t y .  
study c o n t r a c t s  

No hardware-is 

Engine system 

NERVA 

1968 

component and 
subsystem. .................... $16,700,000 

Ground test  and opera t ions  
support......... .............. 18,500,000 

Prope1:lants.. ................... 2,300,000 

Total.. ...................... $37,500,000 

planned under these 

1969 

$10,800,000 

9,800,000 
1,600,000 

$22,200,000 

1970 
--, 

$18, (ilO0,OOO 

7,:~'00,000 
1, (?OO, 000 

$27,!iOO, 000 
-: 
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Engine System Development 

During FY :1970, f u l l - s c a l e  NERVA development w i l l  be i n i t i a t e d .  Thiis 
w i l l  include::  t:he es tab l i shment  of t he  f i n a l  engine des ign ;  t he  procurement , 
f a b r i c a t i o n  c u d  t e s t i n g  of component development hardware; and procurement 
of nozzle  foq:ings and o t h e r  long lead  t i m e  hardware f o r  t h e  f i r s t  develop-  
ment r e a c t o r  and engine. I n  add i t ion ,  t he  des ign  of ETS-1 modi f ica t ia lns  
w i l l  be establlished and a c o n t r a c t  w i l l  be i n i t i a t e d  f o r  t h e  f a b r i c a t i o n  of 
a new test st:itntL exhaust  duc t  f o r  NERVA engine t e s t i n g .  

Component and Subsystem Development 

The indust:irial c o n t r a c t o r  w i l l  be engaged i n  the  des ign ,  procurement and 
t e s t i n g  of the! fo l lowing  components t o  support  NERVA: 

1. Reactor subsystem: This  e f f o r t  i s  l a r g e l y  funded by t h e  A:EC: and w i l l  
be c a r r i e d  out: by t h e  Westinghouse Astronuclear  Laboratory. 
of t h i s  subsystem which w i l l  r ece ive  a t t e n t i o n  dur ing  FY 1970 inc lude  r e a c t o r  
f u e l  elements,, r e a c t o r  support  hardware, mechanical and e l e c t r i c a l  coalponents, 
and ground support  equipment. 

The cmpanen t s  

2. Turbopump assembly: The d e t a i l e d  des ign ,  f a b r i c a t i o n  and t e s t i n g  of 
t h e  development hardware f o r  t h i s  assembly w i l l  be i n i t i a t e d  dur ing  FY 1970 
based on a n a l y s i s  of  pre l iminary  des igns ,  conf igu ra t ion  and requirements 
specified1 by SNPO and information from t h e  NERVA technology phase. 

3. Thrust chamber assembly: The b a s i s  f o r  t he  des ign  of t he  IYERVA 
nozzle  is: the  regenera t ive ly-cooled ,  U-tube nozzle  developed under the  NERVA 
technology phutse . M a t e r i a l s  research  conducted under the  SR&T program a l s o  
support  t h i s  e f f o r t .  During FY 1970, t he  des ign  and f a b r i c a t i o n  of t he  
nozz les  f o r  t he  NERVA R-1 r e a c t o r ,  t he  E - 1  engine,  and development t e s t i n g  
w i l l  be i n i t i a t e d .  I n  a d d i t i o n ,  des ign  a c t i v i t i e s  a s soc ia t ed  with t h e  
nozzle  extens,i.on s and s k i r t s  w i l l  be continued. 

4 .  Li.nes, va lves  and ac tua to r s :  The des ign  and f a b r i c a t i o n  oE develop- 
ment hardware w i l l  be i n i t i a t e d  dur ing  FY 1970 based on components f a b r i c a t e d  
and t e s t e d  i n  t he  NERVA technology phase. Components requi red  f o r  t he  NERVA 
R-1  r e a c t o r  and E - 1  engine w i l l  s t e m  from the  e f f o r t .  

5. Thrust  s t r u c t u r e  and a t t i t u d e  c o n t r o l :  During FY 1970, t he  long lead 
procurement and f a b r i c a t i o n  of development hardware f o r  t hese  components 
w i l l  be i n i t i a t e d .  

6 .  Engine c o n t r o l  system: The e f f o r t  i n  t h i s  a r e a  w i l l  be based o n  
information fram t he  XE ground experimental  test program, LASL Phoebus and 
PEWEE r e a c t o r  test  programs and l abora to ry  ana lyses  of subsystems and 
components eva lua ted  under SR&T programs. 
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Stud ies  wil.1 cont inue dur ing  FY 1970 on engine /vehic le  i n t e r a c t i o n s  and 
interface.  requirements,  e.g., r a d i a t i o n  s h i e l d i n g ;  tank  hea t ing ;  p r o p e l l a n t s  
s to rage ;  and 1:he e f f e c t  o f  t h e  space environment on engine-s tage components 
and subsystenrr;. 

Ground T e s t  Operat ions and Support 

During FY 1.970, t h i s  e f f o r t  w i l l  be d i r e c t e d  toward completing XE pos t -  
m o r t e m  operat:j.ons; p repa ra t ion  of ETS-1 f o r  NERVA modi f ica t ions ,  e r g . ,  
removal of t h e  d.ry exhaust  duct  and a s soc ia t ed  l i n e s ,  va lves  and instrumenta- 
t i o n ,  t he  XE tes t  s tand adap te r ,  e t c . ;  des ign  of ETS-l engine development 
rnodificatAonsi ; end des ign  of GSE modi f i ca t ions  f o r  t he  E-MAD bu i ld ing  and 
f o r  t h e  i:emot:e! handl ing,  checkout,  tes t  and maintenance of engine develop- 
ment hardware! at. NRDS. 

In adcliticni, t h e  modi f ica t ions  of eng ine / r eac to r  component development 
test  f a c i l i t i e s  a t  Aero je t  G e n e r a l  Sacramento and Westinghouse w i l l  be 
i n i t  iatecl. 

P r o p e l l a n t s  

Funding provi.ded under t h i s  heading w i l l  be used f o r  procurements of  
p rope l l an t s ,  p r jmar i ly  l i q u i d  hydrogen, requi red  i n  var ious  p a r t s  of t h e  
NERVA progran18. 

Eluc l e  ar  Rocket Development S t a t  i o n  Ope rat i o n s  

1970 
I- 

1968 1969 

General. sit.€! support  ............ $3,875,000 $3,700,000 $1,000,000 
Capital. equipnient.. ............. 125,000 100,000 --- .-- 

Total .......................... $4,000,000 $3,800,000 $1,000,000 
-11 

The Nuclea~i: Rocket Development S t a t i o n  i s  the  n a t i o n a l  s i te  f o r  t he  ground, 
s t a t i c  -testing: of nuc lear  rocke t  r e a c t o r s  and engines.  Eventuall.y, i t  w i l l  
be used t:o tes t  t he  propuls ion modules o r  rocket  s t a g e s  a s soc ia t ed  w i t h  
f l i g h t  engine development. The major users of t h e  S t a t i o n  a r e  the  Aero je t -  
General Corpcmat ion ,  t h e  Westinghouse E l e c t r i c  Corporat ion,  and the  Los 
Alamos Sc:ientJ.fic Laboratory. Overall management is  provided by the AEC- 
NASA Spac:e Nuclear Propuls ion  Off ice .  The major a c t i v i t y  t o  be conducted i n  
FY 1970 is thm PEWEE-2 r e a c t o r  test program. The PEWEE-2 r e a c t o r  w i l l  be 
used t o  q u a l i f y  the  f u e l  and c r i t i c a l  core  support  hardware f o r  NERVA r e a c t o r  
development. The reduced requirement f o r  NASA funds i n  FY 1970 i s  t he  r e s u l t  
of the ccbmp1et:icln of t he  XE t e s t i n g  program e a r l y  i n  FY 1970 and the low 
l e v e l  of a c t i v i t y  f o r  t h e  balance of t h e  year .  NERVA t e s t i n g  w i l l  not be 
r e i n i t i a t e d  ad: t h e  s i te  u n t i l  FY 1972. 
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Maintenance, housekeeping and management func t ions  must be provided a t  
t h e  s i t e  T h e s e  func t ions ,  taken toge the r ,  c o n s t i t u t e  genera l  s i t e  slipport. 
They inc lude  rout ine maintenance and opera t ion  of si te  f a c i l i t i e s ,  e.#;. , 
cus tod ia l  s e m i c e s ;  maintenance of roads,  grounds and u t i l i t y  systems , t h e  
furn ish ing  of u t i l i t i e s ;  f i r e  p r o t e c t i o n ;  and c a f e t e r i a  s e rv i ces .  Alrio 
included are the se rv ices  of a support  con t r ac to r  t o  main ta in  and opera te  
e l e c t r i c a l ,  p Lurabing, carpenter ,  welding and machine shops. 

These funds provide ' f o r  NASA's share  of the  genera l  s i te operation:; .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

CHEMICAL PROPULSION PROGRAM OFFICE OF --- ADVANCED RESEARCH AND TECHNOLOGY --- 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The Chemical Propulsion Program has the objective of providing required 

Elements 
technology to permit the straightforward development of advanced chemical 
rocket systeals necessary for the nation's future space missions. 
of this program are: 
ments; (2) research into fundamental propulsion concepts to meet these require- 
ments; (3)  study of principal design parameters; (4) investigation of sound 
technical solutions to key design problems; (5) development of eirperiinental 
design, fabrication, and test techniques; ( 6 )  demonstration of experimental 
engines and motors, and (7) evaluation of concepts and verificat:ton oE 
technical capability to meet the mission requirements. 

(1) identification of future mission propulsion require- 

The development of advanced propulsion systems to meet future spacle 
program needs for launch vehicles and spacecraft requires a carefully 
planned technology base which should precede the actual system development 
phase by many' years. 

Applied research and experimental work is directed toward two prim,ary types 
of propulsion; systems using liquid propellants and motors which use solid 
propellants. Hybrid chemical propellant systems which use both .liquild and 
solid propellants are also included. Thrust levels range from m:Llliplounds 
to several million pounds and applications range from small attitude stabili- 
zation thrusters for spacecraft to very large motors for first stages of 
future launck. vehicles. In all of these applications of chemical propulsion 
the demands clf future missions involve higher performance requirements and 
improved operating reliability to assure mission success. This program is 
directed at finding expeditious and economical solutions to these require- 
ments. 

Propulsion processes, performance improvements, combustion problems, 
engine design, engine materials, and fabrication techniques are major 
categories of active research. In addition, propellant physical properties, 
gas dynamics, heat transfer, fluid mechanics, solid mechanics, elastic 
properties, and chemical reaction phenomena, as they relate to advanced 
propulsion systems, are studied both experimentally and theoretically. The 
basic technological investigations are supported by complemintarv system 
demonstration programs, which have the purpose of establishing the validity 
of the advanced propulsion systems concepts generated by the pro,3 1 ram. 

The technical projects under the Chemical Propulsion program are managed 
by NASA field. centers and the Jet Propulsion Laboratory (JPL), which use 
competent research and engineering personnel and unique equipment available 
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a t  these  fac:L.Lil:ies. Work a t  t h e  NASA c e n t e r s  is augmented by contrac.ted 
e f f o r t  i n  order  t o  c a p i t a l i z e  on the  s k i l l s  and spec ia l i zed  t a l e n t  avs . i lab le  
i n  s e v e r a l  i n d u s t r i a l  and u n i v e r s i t y  groups working i n  the  f i e l d  of chemical 
propulsion. 

Problems e:cpt?rienced i n  t h e  opera t ion  of e x i s t i n g  space propuls ion systems 
are a l s o  inve:;t:Lgated as p a r t  of the  o v e r a l l  e f f o r t  i n  t h e  Chemical Pi,opulsion 
program. 

SUMMARY OF RE:SOlJRCES REQUIREMENTS : 

1968 

Supporting research  and 
technology. ,,. ............... $33,537,000 

Large s o l i d  motor.. ........... 3,500,000 

Tota:L.. . I. .. ,,. ............... $37,037,000 

D i s t r i b u t i o n  --- of Program Amount by I n s t a l l a t i o n :  

John F. Kennedy Space 
Center ,, NASA. ............. $75,000 

Manned Spncecraf t Center.  ... 950,000 
Marshall  :Space F l i g h t  Center 6,175,000 
Goddard !Space F l i g h t  Center.  540,000 
Jet Propu Ls:Lon Laboratory. .. 5,319,000 
Lang:Ley Research Center. .  ... 2,673,000 
L e w i s  Reseairch Center. .  ..... 13,338,000 
NASA Headquiirters ........... 2,743,000 
NASA Pasadena Off ice. ....... 5,224,000 

1969 

$28,900,000 --- 
$28,900,000 

--- 
$550,000 

2,800,000 
150,000 

4,497,000 
2,630,000 

12,310,000 
2,364,000 
3,599,000 

BASIS OF --- FUND REQUIREMENTS: 

Supporting Research and Technology 

Liquid rocke t  research  and 

Liquid rocket  experimental  

Sol id  propii Ls:Lon research 

Sol id  rocke t  experimental  

advanced technology.. ....... $12,504,000 $12,575,000 

engineer:ing.. ................ 12,210,000 6,075,000 

and i3dvani:etf technology. .... 5,083,000 4,825,000 

engineer:Lng ................. 3,740,000 5,425,000 

Tota:L...... ................. $33,537,000 $28,900,000 

$2!5,100,000 --- 
----__I 

--- 
$5(10,000 

2,750,000 
21~10,000 

.5,2(10,000 
2 ,  2C10,OOO 

:L,l?lO, 000 
!3,5CIO,OOO 

:3,5f10,000 

$10, OCIO ,000 

8 ,  Z I O ,  000 

4 ,  OCIO ,000 

--_A 2 9~:~0 ,000  

---L $25 1Cl0,OOO 
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Liquid Rocket Research and Advanced Technology 

The Liquid Racket Research and Advanced Technology project consists of 
broadly hased research applicable to advanced liquid rocket propulsion 
concepts. Effort is also directed to research that will lead to lower cost, 
improved reliability and better operational performance with existing concepts. 
The work is carried out through NASA centers and through the Jet Propulsion 
Laboratory, with roughly half the total work conducted under contract with 
industry and :in universities. 

The irif orniatfon generated is published as engineering reports and handbooks, 
applicable to both the aerospace and non-aerospace industry. Coordinwtion 
is maintained with the Department of the Air Force and other DOD programs, 
both inf ormal.:Ly and through formal information exchanges, administered by 
the Interagency Chemical Rocket Propulsion Group (ICRPG) . 

About one--ha!tf of the project can be classified as subsystem and cclmponent 
technology. 'ChJis includes investigations of improved designs for pumps, 
turbines, in:jecl:ors, thrust chambers, valves, and feed system componen.ts. 
About one-fourth of the project is devoted to generating scientific and 
engineering data on subjects such as stable and unstable combustion, li.gni- 
tion, heat transfer, and nozzle flow processes. The remaining one-foiath of 
the project :Liic:Ludes propellant performance and chemistry, instrumentation 
and test teclniiques, and a small continuing analysis effort to identil'y that 
research and technology that will most effectively accomplish our g0a:l.s. 

Technology pertinent to launch vehicle engines includes improved mcbthods 
of fabrication of components, better design parameters to prevent comlmstion 
instability, research in unconventional nozzles, and design criteria l!or low 
cost turbo-pumps . 

The program includes basic technology for engines using high energy space 
storable propellants, and research in the factors related to long durcition 
space missions, such as space ambient ignition, and gelled and partly frozen 
(slush) propellants. 

Effort is being directed toward the tripropellant combination using liquid 
hydrogen, fluorine, and lithium to define a practical engine concept. An 
experimental system using this propellant has now demonstrated specif Lc 
impulse performance in excess of 500 pound seconds per pound, the highest yet 
measured with chemical propellants. 

Liquid Rocket Experimental Engineering 

The purpose of the Liquid Rocket Experimental Engineering pro:ject is to 
translate the improved component design and fabrication methodology evolved 
by the technology program into workable "breadboard" systems. These systems 
are then tested over a wide range of simulated operating conditions tlo define 
operating limits and to uncover system interactions and unanticipated problem:;. 
Frequently, a.dditiona1 research is required at the component level. This work 
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identifies and develops appropriate designs, fabrication methodology, 1:est 
procedures, a.LL with strong consideration of cost and performance advaritages 
to future space programs. Probable cost, schedule, and facility requii-ements 
for a potizntiial hardware development, can be estimated from the resulta; of 
this expe rimen ta I work. 

Launch Vehicle Propulsion Systems - The main objective of the launclt 
vehicle propulsion work is to reduce the present costs of launching spiice 
payloads. 
hydrogen-(oxygen upper stage costs and simplifying present hydrogen-oxyl;en 
engines. Several projects bear on this. These include work on engine 
turbo-pumps wLth the purpose of relaxing the temperature and pressure 
restrictions Ion starting cryogenic propellant engines. 

Near- term liquid propellant work is focused on "scrubbjng down" 

Work is continuing on the further applicability of aerospike nozzle 
engines. The thrust chamber which was used last year to explore start and 
stop transients in an annular thrust chamber engine will be used t:o study 
nozzle base-pressure and thrust vector control. A modular thrust chamher 
element representing an arc-segment of a total thrust chamber will. be hilt 
and tested t o  explore the applicability of low-cost fabrication proced3ures 
to meet the requirement of advanced, high thrust launch vehicles. 

Space Propulsion Systems - The development of a technology base for use 
of high performance propellants in our future space systems will be continued. 
The performance advantage of such propellants for the high-acceleration 
requirements of lunar, planetary, and deep space missions will often prsrmit 
realistically useful payloads to be carried on these missions with existing 
launch vehicles . 

Hydrogen-oxygen engine technology is considered to be well understood 
and hydrogen-f'luorine engine technology is well advanced. 
effort in hydrogen-fueled systems is to develop methods of storing hydrogen 
for extended d.uration in space. This includes work on insulation, frozen 
hydrogen (slush), and self-refrigeration. 

NASA's main 

The high performance, high bulk density, and suitable physical properties 
of space storable propellants make them attractive for planetary orbiters, 
landers, ascent vehicles and earth return stages. The propellant combinations 
of interest are oxygen difluoride or mixture of oxygen and fluorine as 
oxidizer and either liquefied hydrocarbon gases or diborane as fuel. The 
oxygen-dif lucIid.de, diborane combination shows superior performancle but 
limited c:apabj.ll ty for cooling; accordingly it is being pursued for small 
low-pressure propulsion systems. The oxygen-fluorine oxidizers are being 
investigated with methane fuel for pump-fed systems of larger sizle. Engine 
demonstrationz; of these propellant systems will be undertaken in FY 1970. 
Complete propulsion systems to be tested in facilities simulating t:he space 
environment should follow engine demonstration tests. 

Auxiliary l~ropulsion - Current and future spacecraft require small thrust 
units to change orbit or trajectory, and to maintain attitude. Operational 
rendezvous wKL1 require precise auxiliary thrusters to operate reliably with 

RD 16-4 

http://lucIid.de


an exceedingly variable duty cycle. Thrust requirements for auxiliary pro- 
pulsion units range from millipounds to several hundred pounds. 

Reseaxch on monopropellant hydrazine will be continued in an attempt to 
improve the catalyst materials and to develop a better understanding of the 
transient operation of catalytic reactors started from low initia.L temperature. 
Prior woxk has led to the selection of this monopropellant in many applications 
such as Miariner , Mars 1969, Advanced Technology Satellite (ATS) , Intelsat , 
and Titan,. 

Future large spacecraft will use high energy propellants for their main 
propulsion sya,tems. 
propellants is underway. 
cryogenic liquid oxygen and liquid hydrogen have been tested and work is 
going ahead ori small thrust chambers for these propellants. 

Testing of auxiliary systems using these same high energy 
Materials to allow zero-g positive expu.lsion of 

Solid Propulsion Research and Advanced Technology 

The Solid I’ropulsion Research and Technology project provides ,the technical 
framework. for developing and using solid and hybrid rocket systems. Solid/ 
hybrid project:s include analytical and experimental investigations in combus- 
tion, igmitiolrt, and extinguishment, acceleration effects, materials and fabri- 
cation techniques, high efficiency propellants, high performance rockets 
(solid, hybrlci, tribrid), rocket defects and nondestructive testing,, and 
pyrotechnics. 

The project: is broadly based by design. Generalized propulsion capability 
needs are modified by technical forecasts of specific future requlrements. 
Research priorities are structured to provide an adequate technical. base in 
the time frame of anticipated need. 

Much of the research during the past several years bears on problems of 
large solid uiotors. 
rheo1ogic:al axtd mechanical properties of propellants, potential instability 
investigations aad nondestructive testing techniques. 

Among these research tasks are burning rate control, 

P1anet:ary spa.cecraft propulsion systems must be sterilized. A significant 
effort is to develop solid propellant binders and oxidizers that Ian tolerate 
the steriliza,t:ion (heat) processes. 

Solid Rocket Experimental Engineering 

The Solid E:oc.ket Experimental Engineering project advances the technology 
of all cl.asser; of solid motors to the point where selection and development 
for specific missions can begin. 
of launch pro~~ul.sion, space propulsion and auxiliary propulsion. 

The work falls into the three c-ategories 

Solid Launch Vehicle Propulsion - The FY 1970 work continues wLth investi- 
gation arid de!nionstration of a technology base for low-cost solid ‘boost motors. 
One task is the design and verification of thrust vector control, which is 
unproven for 1-axge solid motors. Other tasks are developing new cost optimized 
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materials for large motor cases, nozzles and insulation. These taisks itre 
aimed at defining a prototypical large solid motor for future development. 

A steel alloy (HY 140) with exceptional combination of strength, toiighness 
and formability .will continue to be evaluated as a motor case material, 

Laminates of cloth, paper, fiberglass, and castable carbon resin mixtures 
are being examined as low-cost substitutes for expensive component:s of solid 
motor nozzles. The bonding characteristics of cast propellant batxhes will 
be further studied as a function of casting methodology and propel-1-ant 
properties. 

The motor test in calendar year 1967 showed unpredicted pressure peaks 
and propellant expulsion through the nozzle. Better understanding of the 
influence of process variables is essential. The equipment and methods for 
inspecting finished motors will be investigated to give means for veriEica- 
tion of the quality of the internal propellant structure. 

Space Propulsion - Work will continue on the high performance solid 
propellant mot.or with stop and restart capability, started in prior years. 
It will give the combination of low cost and reasonable performance in small 
size motors typical of the class widely used in NASA unmanned mis:;ions. The 
stop-restart c:apability, new for solid rockets, will give the motor flexi- 
bility especially attractive for transfer to high orbit and orbit insertion. 
The tasks: for FP’ 1970 will continue the investigation of stop-start: propellants, 
verificat:ion of motor case, insulation, and nozzle design, and pr’oof of thrust: 
termination arid re-ignition. 

Auxiliary I’ropulsion - The major work in this effort will involve evalua- 
tion of squibs and initiators used widely in vehicles and payloads. 
emphasis of work with these components is enhancement of reliability through 
establishment: of test methods and criteria, and investigations of improved 
designs. 

The 
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RESEARCH AND DEVELOP~.lENT 

FISCAL YEAR 1970 ESTIVATES 

The r o l e  c ~ f  t h e  Aeronaut ical  Vehicles program is t o  provide corit:inwd 
improvements i n  the  s a f e t y ,  e f f i c i e n c y  and u t i l i t y  of a l l  classes of mi l - i ta ry  
and commercia.1. a . i rcraf  t. Advanced d a t a  f o r  t he  design of new airci-af  t , 
technological  advances needed t.o develop s a f e r  and supe r io r  commeircial a i r -  
c r a f t ,  arid leade ' rship i n  the  genera t ion  of advanced a i r c r a f t  concepts are 
i n t e g r a l  p a r t s  of t he  program. E f f o r t  i n  t h e  advanced research  and tezh- 
nology di.sc-lpl.ir.ary areas o E aerodynamics, loads and s t r u c t u r e s ,  !>i:opulsion 
operatin$: envirclnment and f ' l i gh t  dynamics: p l u s  proof-of-concept ef Fort i n  
the  genera l  a v i a t i o n ,  V/STOL, subsonic ,  supersonic  and hypersoni c ii i r c r a f  t 
a r e a s ;  is conducted i n  fur therance  of t h e  above ob jec t ives .  ProoF-of-concept 
a c t i v i t y  i s  s;yst:em i n t e g r a t i o n  technology whereby f u l l  sca1.e oper.l't inq 
sys  tems are usec! t o  extend labora tory  technology i n  s y s  t e m  element::: . The 
programs i n  t:hese a reas  encompass work i n  materials, no i se  and so.1.i.c boom, 
opera t iona l  a spec t s ,  propuls ion system and a i r f rame i n t e g r a t i o n  am!! the  
re la t ionships :  which e x i s t  between t h e  p i l o t  and t h e  t o t a l  a i r c r a f t  system. 

A s  has been rioted i n  previous program j u s t i f i c a t i o n s ,  t h e  XV-54 fan-in- 
wing a i r c ra f t : ,  t h e  t i l t -wing  XC-142A V/STOL t r anspor t  and the  vari.cible- 
sweep wing F--111. a l l  appeared s e v e r a l  years  ago as promising NASA research 
concepts ,  Now, these  a i r c r a f t ,  developed by t h e  m i l i t a r y ,  are par t  of t he  
NASA's contiruiing f l i g h t  research  programs aimed a t  f u r t h e r  explorciticn of 
t h e  c h a r a c t e r i s t i c s  of such veh ic l e s  and f o r  c o r r e l a t i o n  wi th  e a r l  i er NASA 
test results I 

The NASA aLso conducts ex tens ive  wind tunnel  tests,  s imula tor  s t u d i e s  , 
analyses  and € l i g h t  i n v e s t i g a t i o n s  t o  a i d  i n  t h e  s o l u t i o n s  of problems of 
a development.il na tu re  i n  support  of m i l i t a r y  and c i v i l  a i r c r a f t  proct re- 
ment. This work is performed i n  cooperat ion wi th  t h e  Department off Defense 
and o t h e t  Government agencies  and wi th  Government-sponsored cont rac tor  s 
a t  the  reques t  of cognizant Government agencies .  

Technology 111 t h e  Aeronaut ical  Vehicles program i n  FY 1970 w i l l  i n c  Zude 
s t u d i e s  d i r e c t e d  t o  improve s a f e t y  of genera l  a v i a t i o n  a i r c r a f t :  s ' t u d j  es 
of l ightideight propuls ion systems f o r  both genera l  a v i a t i o n  and V/!iTOI, 
a i r c r a f t ;  s t u d i e s  of advanced r o t o r  and STOL concepts t o  increase  the  
u t i l i t y  of h e l i c o p t e r  and s h o r t - f i e l d  a i r c r a f t ;  prototyne development: 1 
research  d i r e c t e d  toward minimizing fan- je t  no i se  r a d i a t i o n  and f o r  
q u i e t e r  engines: s t u d i e s  of a i r -b rea th inz  propuls ion cyc les  and en:-intb 
components f n r  advanced supersonic  and hypersonic a i r c r a f t  : and s t u d i f b s  
d i r e c t e d  tow3rd the  o v e r a l l  imnrovement of f l i g h t  s a f e t v  throuo,h incrtbasinc: 
ope ra t iona l  F l e u i b i l i t y  inc ludin?  adverse o r  a l l -weather  condi t icns .  
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Experirnenta.L research  and development a i r c r a f t  and engineer ing t e s t -  
p i l o t  pro-Eicieiicy a i r c r a f t  necessary t o  c a r r y  ou t  and support  
aeronaut ics  e:E €art are included under t h i s  program. 

Advanced re:; e a ~ c h . .  ............ $12,800,000 
General a v i a t i o n  a i r c r a f t  

technology.. ................. 450,000 
V/STOL # s i r c r a f t  technology ..... 7,057,000 
Subsonic a i r c r a f t  technology.. . 7,905,000 
Supersonic , a i r c r a f t  technology. 24,050,000 
Hypersonic #s i r c ra f  t technology. -14,538,$-02 

Total . . . . . . . . . . . . . . . . . . . . . . . .  -L- $66 800 -2--- 000 

Distr ibut ion of Propram Amount by I n s t a l l a t i o n :  

Xarsha l l  Space F l i g h t  Center.  $380,000 
A m e s  Research Center . . . . . . . . .  9,563,000 
F l i g h t  Research Center. .  ..... 18,303,000 
Langley Research Center. .  .... 22,743,0030 
L e w i s  Research Center . . . . . . . .  13,989,000 
NASA Headquarters ............ 1,822 , 000 

- Advanced -- _1--_1- Research 

A i r c r a f t  aerodynamics .......... $1,910,000 
A i r c r a f t  loads and s t r u c t u r e s . .  1,530,000 
A i r  b rea th ing  propuls ion ....... 600, 00r) 
A i r c r a f t  opera t ing  environment. 3,109,000 
A i r c r a f t  f l i g h t  dynamics ....... 1,400,000 .............. 4 260,000 A i r c r a f t  support .  --J -A_-- 

Tota l . . . . . . . . . . . . . . . . . .  ...... $12,800,000 - 
A i r c r a f t  Aerodynamics 

$16,891,000 

535,000 
8,740,000 

17,046,000 
21,893,000 
9,795 ---L 000 - 

$230,000 
8,7 5 0,0!30 

13,915,000 
26,660,000 
20,645,000 
4,700,000 

$2,150,000 
2,472,000 
2,918,000 
2,803,000 

783,000 
5 1---1--- 765 000 

$16,891,000 

Advanced research  i n  a i r c r a f t  aerodynamics is  a cont inuing 

t h e  

$21,785.000 

500 ./ 000 

16,190 ., 000 
20,900 ,000 

--.?.---''-- 8 275 000 ~ 

11,250 ., 006 

S620,000 
1s ,400 ,009 

El, 410 ,000 
24 ,170,000 
31 ,500,000 

800,009 

$3,730,000 
4 , 2 3 0 ,  n0o 
4,800,000 
3,215,000 
I., 910,000 
3 990 000 

$23.,785 - L- 000 

-- --..-i-- L - ~ 

__--- - 

i n v e s t i g a t i o n  
of a i r f lows  around a i r p l a n e  shapes and t h e i r  e f f e c t s  on performance, s t a b i l i t y  , 
and c o n t r o l  i r  f l i g h t .  The research  information obtained i s  t h e  connecting 
l i n k  between k'asic f l u i d  physics  and aerodynamic design optimizat-icin of 
advanced ae ronau t i ca l  veh ic l e s .  
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I n  the  s u b s m l c  and t r anson ic  flow regimes,  research  w i l l  be conduc!.ed 
on app l i ca t ions  of s u p e r c r i t i c a l  wing s e c t i o n s  t o  minimize shock-inducc!d 
boundary-Layer sepa ra t ion  nea r  t he  speed of sound. An important exten:,ion 
w i l l  be t o  s tudy  s u p e r c r i t i c a l  wing c h a r a c t e r i s t i c s  a t  h igher  as well ;is 

lower speieds and wi th  var ious  h i g h - l i f t  sys  terns f o r  t h e  takeoff  /lamdin!: 
condi t ion .  With improved wing c h a r a c t e r i s t i c s  a t  t ransonic  c r u i s e  o r  (:omhat 
speeds,  increased a t t e n t i o n  w i l L  be given t o  reducing low-speed brundai*y- 
l a y e r  s epz ra t  im,  high-speed fuse lage  boundary-layer l o s s e s ,  and unfavorable 
wing-body in t e r f e rences .  

I n  t h e  s imersonic  and hypersonic flow rezimes , research w i l l  be con! inued 
on t h e o r e t i c a l  and experimental  techniques f o r  p red ic t inq  t h e  aerodvnariics 
of confizuration:;  f o r  opera t ion  a t  these  speeds.  Def in i t i on  of optimuri 
wing planforms and shapes (camber and t w i s t )  f o r  hiyh f l i g h t  efficient!,, 
shaping t o  min€m Lze son ic  boom, and techniques f o r  p r e d i c t i n z  aercdynariiic 
e f f e c t s  of t h e  f l e x i b i l i t y  of l a r g e  a i r c r a f t  are major ob jec t ives  in pi-0- 
j e c t e d  supersonic  s t u d i e s .  Def in i t i on  of flow f i e l d s  and boundary-lay6!r 
phenomena i n c  Lud in% tu rbu len t  hea t  t r a n s f e r  i s  the  o b j e c t i v e  of res1earc:h 
i n  aerodynamics in  the  high supersonic  and hypersonic speed regime. 

I n  add i t ion  t o  t h e  advanced research ,  s p e c i f i c  wind tunnel  inves t ig i l t ions  
w i l l  be conducted f o r  o t h e r  agencies  of t h e  Government as requested ancI 
i nd ica t ed  t o  be required.  Technical  support  and a s s i s t a n c e  w i l l  be provided 
i n  a i r c r a f t  aerodynamics t o  t h e  Department o f  Defense i n  t h e  developmeiit 
of new mili tary a i r c r a f t  and missiles systems. S imi la r  support  w i l l  bf! 
furnished t o  the Department of Transpor ta t ion  where t h e  employment of IIASA's 
e x i s t i n g  f a c i  L i t  ies and c a p a b i l i t i e s  are  requi red .  

The funds i n  , a i r c r a f t  aerodynamics are f o r  support  of in-house reseiirch 
by procurement of computer s e r v i c e s ,  wind tunnel  models, and s p e c i a l  test 
equipment; updating of major wind tunnel  f a c i l i t i e s ;  and un ive r s i ty / in t lu s t ry  
c o n t r a c t s  f o r  su3plemental s t u d i e s  i n  low-speed, t r anson ic ,  supersonic  
and hypersonic aerodynamics. 

The response <of very l a r g e  a i r c r a f t  t o  f l i g h t  through atmospheric 
turbulence m a y  be charac te r ized  by undes i rab le  dynamic f l e x i b i l i t y  e f  f f x t s  
which produce p i l o t  and passenger discomfort  and increased s t r u c t i t r a l  
stresses. Wind tunnel  tests using f l e x i b l e  dynamically sca led  mocels T r i l l  
be conducted t o  study t h i s  problem and t o  eva lua te  the  use of an active! 
c o n t r o l  s y s t e m  t o  reduce stresses and acce le ra t ions .  Complementary 
a n a l y t i c a l  s t u d i s  t o  improve p red ic t ion  techniques w i l l  be  Undertaken 

High s t r e n g t h  boron o r  g raph i t e  f i laments  bonded t o  conventional 
aluminum o r  t i t an ium s t r u c t u r e s  r ep resen t  a s t r u c t u r a l  concept showing 
promise f o r  s i g n i f i c a n t  weight saving.  Ana ly t i ca l  and experimental  
s t u d i e s  w i l l  ' b e  undertaken t o  eva lua te  and e x p l o i t  t h i s  concept f o r  a 
v a r i e t y  of s t r u c t u r a l  app l i ca t ions .  

A cont inuing  e f f o r t  w i l l  be  expended on t h e  development and acc[uisi .-  
t i o n  of computer programs f o r  s t r u c t u r a l  a n a l y s i s  of a i r c r a f t  componen1:s 
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with  an u l t ima te  goa l  of i n t e g r a t i n g  these  programs i n t o  an automated 
system appliCZhle t o  a complete a i r c r a f t .  Such a system would permit 
accu ra t e  stru.c:tu.ral weight estimates on a r a t i o n a l  and t imely b a s i s .  

The p o s s i b i l i t y  of s t r u c t u r a l  f a i l u r e s  due t o  m e t a l  f a t i g u e  is  of 
important c0nc:er.n i n  modern a i r c r a f t .  The primary emphasis, i n  the con- 
t i nu ing  research e f f o r t  on f a t i g u e ,  i s  on enz ineer ing  a spec t s  of crack 
propagat ion arid on t h e  r e s i d u a l  s t r e n g t h  of s t r u c t u r e s  conta in ing  a 
f a t i g u e  crack. Included w i l l  be s t u d i e s  of t h e  e f f e c t s  of s t r u c t u r a l  
conf igura t ion ,  r e a l i s t i c  thermal and co r ros ive  environments and oE more 
realist ic random. loadings.  

A i r  Breathing Propuls ion 

The primary goa ls  of t h e  advanced research  a i r  brea th ing  propuls ion 
e f f o r t  are t o  provide advanced technology through a n a l y t i c a l  and 
experimental  i n v e s t i g a t i o n s  of ens ine  components and propuls ion system 
concepts which e i t h e r  are no t  r e a d i l y  i d e n t i f i e d  wi th  a s p e c i f i c  €liq:ht  
spectrum o r  ~‘1.s~. are i d e n t i f i e d  over  a broad f l i g h t  spectrum. The 
major research  e f f o r t  w i l l  be i n  j e t  no i se  genera t ion  supnression and 
p red ic t ion ,  arid advanced bear ings ,  f u e l s ,  and l u b r i c a t i o n .  The noise  
research will .  inc lude  s m a l l  scale and moderate scale research  conducted 
wi th  a 4,000 pound t h r u s t ,  6 t o  1 by-pass r a t i o  f an  engine,  and a 7,500 
pound t h r u s t  t u r b o j e t  engine.  The e f f e c t  of by-pass r a t i o ,  f a n  t i p  speed,  
i n l e t  guide v;inE~s, and son ic  choke concepts w i l l  be  examined. The work on 
advanced bear]-ng and l u b r i c a t i o n  systems w i l l  be  aimed f o r  t h e  hi:her 
temperature hear ing  speeds and loading a s soc ia t ed  with cu r ren t  a n d  
expected high performance engines .  Ana ly t i ca l  s t u d i e s ,  supported by 
l imi t ed  experj.menta1 r e sea rch ,  w i l l  be  conducted i n  a technolozy 
assessment program. Research w i l l  be conducted and aimed a t  e l imina t inz  
o r  a l l e v i a t i n g  t:he tendency of  j e t  enqines t o  smoke. Other research  
w i l l  be conducted on i n l e t s  and a f t e rbod ies  t y p i c a l  of high bynass r a t i o  
propuls ion systems a n t i c i p a t e d  f o r  very l a r g e  subsonic  a i r c r a f t .  

A i r c r a f t  Operating Environment 

The rc?seai:c:h i n  t h i s  program area is aimed a t  so lv ing  gene ra l  problems 
a s soc ia t ed  wi th  runway and f l i g h t  environment, f l i g h t  s a f e t y ,  n o i s e ,  f l i g h t  
ins t rumenta t ion  and son ic  boom. It involves  t h e o r e t i c a l  ana lyses  and 
labora tory  arid f l i g h t  test experiments t o  v a l i d a t e  cu r ren t  engineering 
procedures and t o  explore  s o l u t i o n s  t o  a i r c r a f t  ope ra t iona l  problems. 
The resu:tts pirovide t h e  technology f o r  s a f e r  and q u i e t e r  a i r c r a f t  
opera t ions  and t h e  b a s i c  environmental d a t a  f o r  a p p l i c a t i o n  t o  s p e c i f i c  
classes of a i r c r a f t  (e.g. ,  V/STOL. subsonic ,  e t c . )  

F l i g h t  environmental research  inc ludes  l abora to ry  s t u d i e s  and f Xelcl 
tests of warm a f r  fog modi f ica t ion  concepts,  i n v e s t i g a t i o n s  of means f o r  
d e t e c t i n g  c l e x  a i r  turbulence ,  t h e  a n a l y s i s  and c o r r e l a t i o n  of turbulence 
d a t a  co1:Lected on tes t  a i r c r a f t  w i th  atmospheric parameters,  and supnort  
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of t h e  Nattional Severe Storms Laboratory programs r e l a t e d  t o  e lectromagnet ic  
c h a r a c t e r i s t i c s  of severe  storms. 1:iinway t i r e  t r a c t i o n  experiments a re  planned 
t o  assess  t h e  a b i l i t y  of var ious  s u r f a c e s ,  t i re  t r e a d s  and brakin?  devices  
t o  improve b r a k i n g  and c o n t r o l  . 

I n  thcb f l i y h t  s a f e t y  area research  i s  planned t o  determine the  F e a s i b i l i t y  
of p ro tec t ion  schemes t o  avoid c r i t i c a l  a i r p l a n e  s t r u c t u r a l  damage r e s u l t i n g  
from r o t o r  d i s k  f a i l u r e s  i n  j e t  engines .  Various comaosite m a t e r i a l s  are 
bein:, evaluat  (xi f o r  containment and d e f l e c t i o n  func t ions .  The l i q ' i t n inz  
hazards s t u d i e s  have been extended from m a t e r i a l s  tests t o  an i n v e s t i p a t i o n  
of e f f e c t s  of' lj ghtning on a i r c r a f t  e l e c t r i c a l  sys t e m s  . 

NASA a i r c r a f t  no i se  a l l e v i a t i o n  research  is  a cont inuing e f f o r t  d i r  cc ted  
p r imar i ly  a t  rneans of minimizing engine no i se  a t  i t s  source.  A b e t t e r  under- 
s tanding  of t h e  fundamentals of c m n r e s s o r  and f an  no i se  qenera t ion  i s  
sought. Funclmental information on t h e  genera t ion  and propagat ion of no i se  
from t h e  exhaust. j e t s  of  turbofan enqines  having high r a t i o s  of bvr)as.c t o  
primary riass ':lows w i l l  be obtained. P a r t i c u l a r  emnhasis w i l l  be placed 
on the  1 c ) w  exhaust v e l o c i t y  range where t h e  turbulence  level  of exhau5 t 
j e t s  may be a dominant f a c t o r  i n  no i se  genera t ion .  The experimental  s t u d i e s  
w i l l  be  conducted under c a r e f u l l y  con t ro l l ed  l abora to ry  condi t ions  wi th  j e t  
v e l o c i t y  and j e t  turbulence level as t h e  main v a r i a b l e s .  

A i r c r a f t  F l i g h t  Dynaxics 

Research i i i  t h i s  area i s  aimed a t  t h e  determinat ion of t h e  dynamic 
i n t e r a c t i o n  a i d  t h e  fundamental r e l a t i o n s h i n s  between the  p i l o t  and ttle 
veh ic l e  he coi i t rols  . This  involves  t h e o r e t i c a l  ana lyses ,  ground basec 
s imula tor  s t u d i e s  and measurements i n  t h e  real f l l g h t  environment t o  
i n v e s t i g a t e  basic handling q u a l i t i e s  f a c t o r s .  The research  program a l s o  
inc ludes  studLe:; of improved methods f o r  a i r c r a f t  c o n t r o l  and of  imprcwed 
tes t  techniques ,  and i n v e s t i g a t i o n s  t o  achieve more r e a l i s t i c  p i l o t e d  
f l i g h t  s:Lmula to r s .  

Among t h e  3tiidies planned are i n v e s t i g a t i o n s  t o  determine t h e  e Efec:ts 
of atmospheri 2 turbulence on p i l o t i n g  problems during t h e  landing appi'oach 
f l i g h t  phase,  t o  determine t h e  a i r c r a f t  handling q u a l i t i e s  f a c t o r s  of  
primary Lmpoittaiice i n  e s t a b l i s h i n g  optimum high speed turbulence penei:ra- 
t i o n  speeds,  t o  e s t a b l i s h  t h e  in f luence  of  multi-dimensional v ib ra t io i i s  
on p i l o t l n g ,  and t o  improve methods and techniques f o r  measuring a i r c i ' a f t  
s t a b i l i t y  and c o n t r o l  parameters i n  f l i g h t .  Planned s imula tor  relatecl 
research  inc.Ludcs inves t iga t ions  of optimum motion-generator washout 
c h a r a c t e r i s t i c s  t o  achieve improved f i d e l i t y  wi th  l imi t ed  motion t rav iAs .  
Ex i s t ing  and new s imula tor  improvement and upgrading e f f o r t s  w i l l  i n c  I-ude 
work wi th  the  b a s i c  computer systems, t h e  v i s u a l ,  audio and motion- 
genera tor  d e v i c e s  and t h e  cockpi t  d i s p l a y s  and c o n t r o l s .  

A i r c r a f t  Support 

The N,4SA liesearch Centers use var ious  a i r c r a f t  i n  d i r e c t  supnort  o t' 
advanced research  and technology programs. The maintenance, sna re  p a r t s  
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and ground support  equipment f o r  t h e s e  R&D a i r c r a f t  and chase and proli ici-  
ency a i r c r a f t  which are used f o r  va r ious  missions are included i n  thi: ;  
funding category. 

-- General --.----.- Aviation --- A i r c r a f t  -- - Techno>- 

Di sc ip l ina ry  technology.. . . . . . . . . $450,000 $535,000 $500 ,OO(! 

Total . . . . . . . . . . . . . .  ............. $450&0- $ 5 3 5 , E c  ~~~~ -.- 

The small a i r c r a f t  has assumed a n  i n c r e a s i n g l y  important r o l e  i n  tlie 
economy (of our n a t i o n  and is  being used as an ex tens ion  of  ou r  maljor ctir- 
l i n e  networks through t h e  so-called t h i r d  level a i r l i n e s .  Ind iv idua l  
businessmen are a l s o  p i l o t i n g  t h e i r  own o r  company a i r p l a n e s  on t r i p s  
where sclieduLes to  be m e t  sometimes r e s u l t  i n  f l i g h t  environmental coit- 
d i t i o n s  beyond the combined c a p a b i l i t i e s  of t h e  a i r c r a f t  and p i l o t .  
Thus, t he  e l e n e i i t s  of the e f f o r t  are aimed a t  imnroving t h e  u t i l i t y  
and s a f e t y  o €  t h e  s m a l l  a i r p l a n e  and inc ludes  t h e  aerodynamics, s truc1:ures , 
and f l i g h t  dynamics d i s c i p l i n e s .  Environmental r e sea rch  performed uncler 
t h e  Advanced Research program a p p l i e s  equa l ly  w e l l  t o  t he  s m a l l  airplztne 
as t o  t h e  large t r a n s p o r t  o r  m i l i t a r y  a i r c r a f t .  

The gczneral a v i a t i o n  a i r c r a f t  technoloEy e f f o r t  is a balanced techiiology , 
addressing each of  t h e  d i s c i p l i n e s  as i t  a p p l i e s  t o  t h e  s m a l l  a i r p  Lam! : 
aerodynamics, f Light dynamics, s t r u c t u r e s ,  and ope ra t ing  env i ron ren t .  
The major t h r u s t  of t h e  c u r r e n t  e f f o r t  cont inues t o  be  devoted t o  hanclling 
q u a l i t i e s  s t u d i e s  and f l i g h t  dynamics i n v e s t i g a t i o n s .  Following f u l l - . s c a l e  
wind tunnel  t?sits of a t y p i c a l  l i g h t  p i s t o n  twin engine a i r p l a n e ,  s i m :  l a r  
tests were coiducted on a t y p i c a l  j e t  twin engine a i r p l a n e  (#A-4Q939 :I.n 
19th Semianniisl Report t o  Confiress). Addit ional  f u l l - s c a l e  tunnel  tesits 
are planned i ivolvinfi  o tne r  twin ens ine  a i r c r a f t  and t y p i c a l  s i n p l e  ertsine 
s m a l l  ai.cp1an.s. The purpose of t h e s e  tests is  t o  o b t a i n  aerodynamic 
d e r i v a t i v e  d a t a  f o r  t h i s  class of a i r p l a n e s  which is  necessary t o  any 
thorough en@ l e e r i n g  understanding of  a class of  a i r c r a f t  . A NASA Tec:hnical 
Tote is  hein;: published simmarizing t h e  r e s u l t s  of t h e  f i r s t  full-:;ca:l.e 
t unne l  test ii t h i s  series. Resul ts  of t h c  success ive  tests w i l l  h e  1-e- 

ported i n  forthcoming NASA Technical Motes. 

F l i g h t  tests of t h e  l i z h t  p i s t o n  twin engine a i r c r a f t  have been 
completed and t h e  d a t a  has c o r r e l a t e d  w e l l  wi.th the  f u l l  scale wind 
tunne l  da t a .  S imi l a r  f l i g h t  t e s t i n g  of t h e  twin j e t  engine a i r c r a € t  
is  c u r r e n t l y  1mierway f o r  c o r r e l a t i o n  wi th  t h e  tunne l  da t a .  

An ana1yt:iI:a:L technique used by t h e  A i r  Force t o  p r e d i c t  f l y i n g  
c h a r a c t e r i s  tics of l a r p  a i r c r a f t  from b a s i c  s p e c i f i c a t i o n  infonrlatiori 
has been s i m p l i f i e d  and appl ied t o  t h e  l i g h t  twin p i s t o n  engine a i r c r a f t  
program. I t  shows good c o r r e l a t i o n ,  and i t  i s  hopeful  t h a t  t h i s  techIiique 
can be r e l i a b  ly developed and provided t o  t h e  gene ra l  a v i a t i o n  industi-y 
as an e f f e c t i v e  design eva lua t ion  t o o l  f o r  t h e i r  use.  
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The l i g h t  twin p i s t o n  engine a i r c r a f t  is being modified f o r  u s e  as 3 t es t  
bed f o r  t h e  i r v e s t i g a t i o n  of advanced c o n t r o l  systems concepts.  As an 
i n i t i a l  s t e p  i n  t h e  c o n t r o l  systems i n v e s t i g a t i o n ,  a simple yaw damper has  
been i n s t a l l e d  i n  t h i s  a i r p l a n e  and f l i g h t s  t o  d a t e  i n d i c a t e  great: proinise 
f o r  t h i s  device as an e f f e c t i v e  cockpi t  workload reliever.  I n  t h e  NASI. 
s tudy of gener a1 av-lation handling c h a r a c t e r i s  tics made s e v e r a l  years  ago,  
i t  was found t h a t  one of t he  main con t r ibu to r s  t o  a low p i l o t  opinion ra t ing  
during an inst rument  approach made i n  turbulence w a s  low dutch r o U  danninz. 
The yaw damper c o n s i s t s  of ia paral le l -connected magnetic powder c'tritch , 
servo  ac tua to r ,  power ampl i f i e r  assembly, and a ra te  gyro. Yaw ra te ,  sensed 
by the  r a t e  gj ' ro,  commands ,a propor t iona l  torque outuut  from the  servo  
a c t u a t o r  which is connected d i r e c t l y  t o  t h e  rudder c o n t r o l  cab les  through 
a f r i c t i o n  s l i p - c l u t c h .  Thus any yawing, induced by i n t e r n a l  o r  e x t e r n a l  
i npu t s  i s  canc:elled by the  damper. I t  is so  configured t h a t  i t  docs nDt 
i n t e r f e r e  w i t h  normal s a f e  ope ra t ion  of the a i rp l ane .  
ments i n  a i r c r a f t  dutch r o l l  c h a r a c t e r f s t i c s  are achieved with t h i s  vaJ 
damper. The clamping is  most e f f e c t i v e  i n  tu rbu len t  a i r  where r i d e  q u a l i t y  
i s  improved i n  t o t h  c r u i s e  and approach modes, a l lowing f o r  b e t t e r  c o n t r o l  
of t h e  a i r p l a n e  during a c r i t i c a l  t rack ing  t a sk  such as f l y i n g  an ILS m t h .  
Addi t iona l ly ,  t he  yaw damner system e f f e c t s  a cons iderable  improvement i n  
t h e  basic: aut op1 l o t  performance, s p e c i f i c a l l y  i n  t h e  lateral-dire 'zx: i ona l  
response mode. With t h i s  improvement i n  performance, t h e  normal nutopi lo t  
usage could tre extended t o  inc lude  s a t i s f a c t o r y  heading and bank a n g l e  
con t ro l  j.n turbulence,  and a l s o  as a va luable  p i l o t  a i d  i n  smooth or 
turbulent: a i r  landings made e i t h e r  under VFR o r  IFR condi t ions .  Preliminary 
r e s u l t s  a l s o  - indicate  t h a t  t h e  yaw damper provides  a s i g n i f i c a n t  s t :abi l izat ion 
of a i r c r a f t  a t t i t u d e  during thc. s t a l l  o r  s imulated sudden engine f a i l u r e .  The 
normal sudden onse t  of  yaw during engine f a i l u r e  is s i g n i f i c a n t l y  reduced i n  
s e v e r i t y ,  providing t h e  p i l o t  wi th  a d d i t i o n a l  t i m e  t o  proper ly  assess the  
s i t u a t i o n  and fol low the  c o r r e c t  procedure f o r  such an emergency. This 
foregoing d iscuss ion  w a s  provided as a t y p i c a l  example of  t he  type of con- 
t r i b u t i o n  NASA can make t o  General Aviat ion Technology. 

S i g n i f i c a n t  improve- 

Scale models of small  a i r c r a f t  are being employed i n  dynamic wind tunnel  
tes ts  t o  determine r o t a r y  s t a b i l i t y  d e r i v a t i v e s ,  s t eady  s t a t e  s p i n  moces, 
and sp in  recovery techniques.  A model is  a l s o  being used t o  deterninc 
what e f f e c t s  var ious  conf igura t ions  of l a r g e ,  f l a t ,  overhung engine nece l l e s  
have upon wing 'Lift d i s t r i b u t i o n  and aerodynamic behavior of t he  aircx a f t .  

The survey o E post-1940 NACAINASA r e p o r t s  of i n t e r e s t  t o  General Aviat ion 
Technology hias been completed by North Carol ina S t a t e  Unfvers i ty ,  and a 
summary reDo:ct Ls due t o  be i ssued  i n  the  nea r  fu tu re .  Over 10,000 r e n o r t s  
w e r e  examined, and a b s t r a c t s  w r i t t e n  on some 5,000 t h a t  had a p p l i c a b i l i t y  
t o  general  av ia t ion .  Rased upon t h i s  work, an a d d i t i o n a l  con t r ac t  e f f o r t  
w i l l  pre-Dare summaries of d i s c i p l i n a r y  research  information and iden t j  f y  
gaps i n  research needed f o r  t h i s  class of a i r c r a f t .  
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Fl igh t  tesics of l i g h t ,  high performance STnL a i r c r a f t  are planned t o  
explore  t h e  ope ra t iona l  margins appropr i a t e  €or  ope ra t ion  under such 
adverse environmental  f a c t o r s  as low v i s i b i l i t y ,  turbulence,  wind shea r ,  
and gus t ing  winds. 

Crashworthiness of gene ra l  a v i a t i o n  is  being looked a t  both a n a l y t i  c a l l v  
and expei:imenta:Lly. The U. S. Army's f u l l  modif icat ion prorgram t e s t  ir lvolves 
c rash  teatin!: of var ious  a i r c r a f t ,  and NASA plans  t o  a d d i t i o n a l l y  instrument 
a f l i g h t  sinj;Le engine a i r c r a f t  which t h e  Army is crashing f o r  o the r  rurnoses 
NASA's oBject ive he re  is  t o  update c rash  da ta  obtained 1 5  years  ago w i  t h  a 
l i g h t  tnbulair-1 ongeron-s t r i n g e r  fabric-covered a i r ? l ane .  "lie present1 y 
planned t e s t  1Ji:I.l involve a monocoque s t r u c t u r e  monoplane a t  an irnnact s p e e d  
represen t a t i w  of today ' s  small a i r c r a f t  landing o r  takeoff  speeds.  

Examination of t h e  p r a c t i c a l  f e a s i b i l i t y  of tee tai.1.s f o r  l t z h t  a i l  c r a f t  
i s  planned fircorn the  s t r u c t u r a l  a n a l y s i s  and aerodynamics po in t  of vieti.  

D i sc ip l ina ry  techno logy. ...... 
Proof-(of-conccp t : 

Rotat ing cy l inde r  f l a p  ...... 
Je t-augmen t o r  wing. ......... 
J e t - f l a p  rotor . . . . . . . . . . . . . .  
T i l t  r o t o r  research a i r -  

c ra f t . . . . . . . . . . . . . . . . . . . . .  
XV-5B advanced l i f t - f a n  

a i rc raf t . . . . . . . . . . . . . . . . . .  

S6,6O7., 000 

450,000 

Total . . . . . . . . . . . . . . . . . . .  

450,000 1,000,000 
210,000 1,2r)0,000 

--- 500, m o  

100,000 4n0, 000 

Technolosy w i l l  be increased  pr imar i ly  i n  t he  proof-of-concept are;i. 
I n  t he  gene ra l  a r ea  of aerodynamics, s t u d i e s  w i l l  cont inue t o  gain a 
b e t t e r  understanding of induced i n t e r f e r e n c e  e f f e c t s  which can hove 
an important in f luence  on t h e  con t ro l  and handl inc  c h a r a c t e r i s t i c s  of 
V/STOL a i r c r a f t  i n  t h e  low-speed takeoff  and landing condi t ion.  ln-  
creased a t t e n t i o n  w i l l  be given t o  t h e  s tudy of t h e  aerodynamics 
c h a r a c t e r i s t i c s  of l i f t - f a n  conf i su ra t ions  and of advanced hi?her--  
performance r o t o r c r a f t ,  leadin:: t o  conf igura t ions  optimized f o r  law aiid 
high-speed f l i g h t .  Basic s t u d i e s  w i l l  be  expanded t o  determine t:he 
f a c t o r s  a f f e c t i n g  t h e  loading and v i b r a t i o n  c h a r a c t e r i s t i c s  of atlvanclzd 
r o t o r s ,  p a r t i c u l a r l y  a t  high speeds.  

In  t h e  a rea  of V/STOL propuls ion,  continued emphasis w i l l  be given 
t o  providing information leadinp, t o  improved l i f  t - fan des icns  . !;tudil:s 
w i l l  inc lude  fundamental s t u d i e s  a t  r e l a t i v e l y  small s c a l e  and more 
comprehensive s t u d i e s  of near  f u l l - s c a l e  f ans ,  t o  determine t h e  e f f e c t  
of c ross  florv on the  opera t ion  of high pressure  r a t i o  fans .  The studv 
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of t h e  means of a l l e v i a t i n g  problems a s soc ia t ed  wi th  d i r e c t - l i f t  e n ~ i n e  
ho t  exhaust E:iIs r e inges t ion  w i l l  cont inue.  Considerat ion w i l l  be given 
t o  means of reducing the  no i se  of var ious  V/STOL concepts ,  p a r t i c u l a r l y  
t h e  l i f t  fan,. 

F l i g h t  and s imulator  s t u d i e s  w i l l  cont inue t o  e s t a b l i s h  more rel iaki le  
c r i t e r i a  f o r  handling q u a l i t i e s  requirements f o r  V/STOL a i r c r a f t .  Par  t i cu -  
l a r l y  vaLuab:Le information is expected t o  be acquired from t h e  r e c e n t l y  
obtained XC-:L$2 t i l t -wing  and XV-5B l i f t - f a n  a i r c r a f t  as w e l l  as from t h e  
X-14 dirrxt-:lifr: j e t  a i r c r a f t  now equipped wi th  an advanced v a r i a b l e  
s t a b i l i t y  system, and t h e  Dornier DO-31 j e t  VTOL t r ansvor t  w i t h  which a 
j o i n t  ?JASA-We3t German program is planned. P a r t i c u l a r  a t t e n t i o n  w l i l l  be 
given t o  an iind(:rstanding of problems encountered i n  VTOT, landing oper a t i o n ,  
e s p e c i a l  Ly under poor v i s i b i l i t y  weather condi t ions .  

Five s p e c i  fi t :  "proof-of-concept" areas are included i n  the  o v e r a l l  
V/STOL piroblein. 

Based on resiilts of  f e a s i b i l i t y  s t u d i e s  completed i n  FY 1969, desip,n 
s t u d i e s  w i l l  '5e undertaken aimed a t  modifying a n  OV-10 a i r p l a n e ,  now 
loaned t o  t h e  NASA by t h e  Department of t h e  Navy, t o  incorpora te  a 
r o t a t i n g  cyl.Lndsr f l a p ,  which previous wind tunnel  model s t u d i e s  ii?di( a t ed  
is a very prinnising means of providing good STOL c a p a b i l i t y  f o r  propel. ler 
d r iven  a i r c r a f t .  F l igh t  research  s t u d i e s  w i l l  be  c a r r i e d  o u t  la ter  t o  
v e r i f y  t h e  w.Lnd tunnel  s t u d i e s  and t o  uncover poss ib l e  ope ra t iona l  
problems . 

Other wind tunnel  tests have shown t h e  jet-augmentor winz t o  he very 
e f f e c t i v e  i n  producins improved STOL c h a r a c t e r i s  t i c s  f o r  a jet-pronell.ed 
a i r c r a f t .  Based on the  r e s u l t s  of a design s tudy  i n i t i a t e d  i n  FY 196!1, 
modification:; O E  t h e  NASA C-8 t r anspor t  t o  incorpora te  an augmentor w1.n~ 
w i l l  be i n i t i a t e d  t o  enable f l i g h t  v e r i f i c a t i o n  of t h e  STOL p o t e n t i a l  of 
t h e  conc'ep t . 

The jlzt-flap r o t o r  has  been shown from wind tunnel  tests t o  be a 
promising means  of reducine r o t o r  v i b r a t i o n ,  i nc reas inz  r o t o r  l i f t  cal)a- 
b i l i t y ,  and (cruise  speed. Based on r e s u l t s  of such tests,  an a i r c ra f i :  
design f t ea s ib i l i t y  s tudy w i l l  be undertaken aimed a t  modifyincl a ro to i - c ra f t  
t o  incorpora te  the j e t - f l a p  r o t o r  f o r  f l i g h t  eva lua t ion .  

Another promising means of increas ing  tne  c r u i s e  speed of r o t o r c r a  l f t  
is  t h e  tilt  r o t o r ,  which opera tes  as a p r o p e l l e r  i n  convent ional  f l ig l i t .  
Following wind tunnel  tests of a f u l l - s c a l e  t i l t - r o t o r  desizned f'or a 
high performance r o t o r c r a f t ,  design w i l l  bez in  of a research ro torcra l i t  
t o  v e r i f y  t h e  c n a r a c t e r i s t i c s  i n  f l i g h t .  

Kecent s t u d i s s  have evolved l i f t - f a n s  showing s u b s t a n t i a l l y  inlprovc!d 
performance cover those included i n  t h e  XV-5B fan-in-wing a i r c r a f t .  pre:;ently 
undergoing N.4SA f l i g h t  research .  Based on s t u d i e s  conducted i n  FY 131i9 
and continued i n  1970 on the a p p l i c a t i o n  of such advanced fans  t o  the  
X v - T R ,  rlesien s t u d i e s  w i l l  be  i n i t i a t e d  i n  FY 1970 of modi f ica t ions  t o  
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t h e  XV-5B a i r c r a f t  t o  provide a research  l i f t - f a n  a i r c r a f t  having s u b s t a n t i a l l y  
improved l i f t  and c o n t r o l  c h a r a c t e r i s t i c s ,  enabl ing tests over a broader  envelope 
of take  o f f  and descent  condi t ions .  

D i sc ip l ina ry  technology. ...... $1,989,900 $2,596,000 $2,390,000 

A i r c r a f t  noise . .  ............ 4,200,000 6,950,000 3 800 , 000 
....... 1 716 000 --L-L-- 7 500 000 -2 10 000,000 Quiet research  engine 2 -2._- 

Proof-o,f-concept : 

Technology on subsonic a i r c r a f t  is  o r i en ted  toward s a f e t y  of f l i z h t ,  €mprove- 
ment of f l igh t :  e f f i c i e n c y  and the  reduct ion  of no ise .  This class of a i r c r a f t  
inc ludes  a l l  of t h e  commercial subsonic  j e t  t r a n s p o r t s  and many m i l i t a r y  types .  

Aerodynamic: technology will relate t o  t h e  a€rbus and o t h e r  advanced 
subsonic  j e t s ,  wi th  p a r t i c u l a r  emphasis on seeking favorable  flow i n t e r a c t i o n s  
between t:he a i r f r a m e  and high bypass r a t i o  turbofan  engines.  Conf igura t ion  
s t u d i e s  w i l l  he d i r e c t e d  toward use of t h e  propuls ion system flow:; t o  improve 
landing c h a r a c t e r i s t i c s  a t  l o w  speeds , as well as t o  inc rease  t r anson ic  c r u i s e  
f l i g h t  e f f i c i ency .  For f i g h t e r  a i r c r a f t ,  t h e  aerodynamic emphasis w i l l  he  on 
improvement of combat maneuverabi l i ty  a t  t r anson ic  speeds.  

Struct:ures technology app l i cab le  t o  commercial a i r c r a f t  w i l l  i . ic lude 
s t u d i e s  of s t r u c t u r a l  loads and environment, f a t i g u e  and t h e  deve lomen t  of 
improved crack Cetect ion techniques.  

The primary e f f o r t  of t h e  subsonic  a i r c r a f t  a i r  brea th ing  propuls ion pro- 
gram is a i m e d !  at.  providing support ing r e sea rch  f o r  t he  Quiet  Engine p r o j e c t  
with the  majcti- po r t ion  of the  e f f o r t  focused on in-house research  on l a rge -  
scale, hi.gh-pressure r a t i o ,  low-noise fans .  The planned experimental  work 
w i l l  provide noxe insircht as t o  t h e  e f f e c t  of s c a l i n s ,  f an  p re s su re  r a t i o ,  
f an  blade loading and f an  t l p  speed on f an  no i se  genera t ion  and p red ic t ion .  
High work load t:urbines and low smoke genera t ing  combustors requi red  f o r  t h e  
low no i se  fans  w i l l  a l s o  be examined. S tud ie s  of problems related t o  
i n t e g r a t i o n  of t:he Quiet  Ensine i n  var ious  a i r c r a f t  w i l l  a l s o  be conducted. 

Flight: dynmi cs technology e f f o r t  w i l l  be  concentrated on inves t iqa  t i o n s  
of handl ing c[ual. i t ies and ope ra t iona l  techniques of  subsonic  j e t  t r a n s p o r t s  
t o  nrovicle a Inore r a t i o n a l  foundation f o r  c e r t i f i c a t i o n  c r i te r ia ,  s t u d i e s  
of p i l o t  managed automatic f l i g h t  c o n t r o l  i n  te rmina l  area ope ra t ions ,  
and tests of 2-mproved v e r t i c a l  s i t u a t i o n  d is? lays  f o r  n o i s e  abatement steep 
approaches. ‘Chis i n v e s t i z a t i o n  w a s  recommended by t h e  Federa l  Aviat ion 
Adminis t ra t ion and began i n  J?Y 1969 w i t h  s t u d i e s  of  t h e  a p p l i c a b i l i t y  
of an improved minimum speed c e r t i f i c a t i o n  c r i te r ia ,  t h e  determinat ion 
of quant i - ta t ive  s tandards  f o r  low-speed c o n t r o l  c a p a b i l i t v ,  and v a l i d a t i o n  
tests of simu:tat:or der ived optimum landing-f l a r e - i n i t i a t i o n  a l t i t u d e  
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c r i t e r i a .  Although t h e  concept of  p i l o t  managed automatic  fliEh1: c o n t r o l  
o f f e r s  considerable  promise t o  he lp  a l leviate  the a i r  t r a f f i c  c o n t r o l  delays 
i n  terminal  a r e a  o;rerat ions,  ex tens ive  s imula tor  and f l  i z h t  research  is 
required t o  c s t a b l i s h  optimum real is t ic  system mechanization chai- act^ r i s t i c s  , 
t o  i s o l a t e  and so lve  problems a s soc ia t ed  wi th  the  m s s i b l e  varioiis techniyues 
f o r  implementing the  concept,  and t o  de f ine  sys t en  dvnamic response and per- 
formance c r i t e r i a .  Planned technology e f f o r t  r e l a t e d  t o  steep approa zhes 
f o r  no ise  abatement w i l l  inc lude  pound based s imula tor  and f l i 3 l i t  t e  j ts of 
iqprovcd p i l c t  d i sn l ays  c u r r e n t l y  under s tudy.  

I n  FY 1965 a systems technologv pro3ra.n w a s  i n i t i a t e d  t o  carrv p,round 
based research  on promisin!: new t r anson ic  win2 s e c t i o n s  (su?ercr:.tica 1 a i r -  
foils) i n t o  f l i g h t .  An F-8 a i r c r a f t  on loan from t h e  Qepar tnent  of tlie N a v y  
i s  being modified f o r  t h i s  nurpose t o  incorpora te  a h izh-aspec t - ra t io  swept 
s u p e r c r i t i c a l  research  vin:;, bu t  wi th  a minimum of o the r  changes.  T ~ I ?  
experimental  a i r p l a n e  w i l l  be  instrumented and operated i n  FY 19'70 t o  ob ta in  
b a s i c  d a t a  f a r  f u t u r e  app l i ca t ions .  I n  p a r t i c u l a r ,  s t a b i l i t y  and Derformance 
margins w i l l  be  def ined under adverse and off-design f l i q h t  condi t ion ;  and 
s e n s i t i v i t y  t o  p r a c t i c a l  su r f ace  deformations under f l i g h t  loads w i l l  be 
assessed. M o s t  of t h e  work involved, except f o r  d e t a i l e d  s t r u c t i i r a l  idesign 
and cons t ruc t ion  of t h e  modi f ica t ions ,  w i l l  be c a r r i e d  ou t  in-hoiise a t  t he  
F l i g h t  Research Center t o  minimize c o s t s .  

The SASA'S r o l e  i n  t h e  Interagency A i r c r a f t  Xoise Abatement Progran 
involves  a p r ina ry  r e s p o n s i b i l i t y  f o r  t h e  research  and devclopment l e d i n g  
t o  a major reduct ion  of a i r c r a f t  no i se  a t  i t s  source.  I t  i s  f o r  t h i s  
reason t h a t  t he  NASA is  heav i ly  involved i n  the  a i r c r a f t  no i se  and q u i e t  
research engine proof-of-concept a c t i v i t i e s .  

The a i r c r a f t  no i se  proof-of-concept work is  d i r e c t e d  a t  providing 1 
means f o r  minimizing t h e  noise  r ad ia t ed  from t h e  primary landing approach 
configurat ion no i se  sources ,  t h e  i n l e t  and t h e  f an  discharge duc t s ,  oE 
turbofan engines such as are now i n s t a l l e d  i n  o r e s e n t l y  opera t ing  four- 
engine commercial j e t  t r a n s p o r t s .  This f an  compressor no i se  minimization 
program, which w a s  i n i t i a t e d  i n  FY 1967 and FY 1968 included wind tuniiel 
t e s t i n g ,  a n a l y s i s  design and t e s t i n g  of b o i l e r p l a t e  n a c e l l e  modi f ica t ions ,  
w i l l  reach t h e  f l i g h t  test s t a g e  i n  FY 1969 wi th  completion of some phases 
i n  EY 1970. In  FY 1969 and FY 1970 the  f i n a l  and now s e l e c t e d  nacell l? 
conf igura t ions  w i l l  be  f l i g h t  proof t e s t e d  on a 707 type a i r c r a f t  and on 
a DC-8 a i r c r a f t .  Analysis  of t h e  f l i g h t  t e s t  r e s u l t s  and d e t a i l e d  an,alyses 
of t he  impact of such p o t e n t i a l  no i se  minimization modi f ica t ions  on onera t ing  
c o s t s  and e f f i c i e n c y  w i l l  s e rve  as a b a s i s  f o r  FAA r egu la t ion  of noist? l e v e l s  
of p re sen t  and f u t u r e  t r a n s p o r t  a i r c r a f t .  Addi t iona l ly ,  i n  FY 1070 a phase 
of t h e  program which promises several o rde r s  of  magnitude reduct ion  i n  i n l e t  
no ise  r a d i a t i o n ,  t h e  son ic  choke i n l e t ,  w i l l  be c a r r i e d  from ground t o  € l i g h t  
t es t .  This should complete t h e  t o t a l  n a c e l l e  modi f ica t ion  program. 

The Quiet  Research Engine p r o j e c t  has as i t s  o b j e c t i v e  t h e  developnent 
and test of a research  ens ine  designed wi th  low no i se  product ion a s  tlie 
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primary conf igu ra t ion  c o n s t r a i n t .  Some important f e a t u r e s  of t h i s  rescxrch 
engine are t h a t  i t  w i l l  have a bypass r a t i o  between 5 and 6 ,  a maximum fan 
t i p  speed of 1,030 f t / s e c  and a sea l e v e l  t h r u s t  of a t  least  22,000 lb!;. 
Work accomplished i n  FY 1968 under a Quiet Enqine D e f i n i t i o n  Program hais 
i nd ica t ed  the  f e a s i b i l i t y  of such an approach. I n  FY 1969 a contracto.1.- 
o r  c o n t r a c t o r s  w i l l  be s e l e c t e d  t o  perform the  d e t a i l e d  desiqn and t o  
begin the  f a b r i c a t i o n  of t h e  long-lead t i m e  hardware i tems. FY 1070 
funding i s  required f o r  t h e  developmental and f a b r i c a t i o n  work nec:rssaicy 
i n  t h i s  t i m e  period t o  produce and test  components of t h e  engine a s  d e ; i p e d  
i n  the  FY 1969 phase. I n  f u t u r e  f i s c a l  yea r s  t h e  work w i l l  be comyletl?d 
with t h e  t e s t i n g ,  including d e t a i l e d  n o i s e  and performance measurement;, 
of engines a t  t h e  L e w i s  Research Cen te r ' s  propuls ion test  f a c i l i t i e s .  

Suxersonic A i r c r a f t  Technology 
I ----+--- 

Disc ip l ina ry  technology.. ..... $14,050,000 $15,843,000 $18,700,000 

5,000,000 --- XB-70.. ..................... 10,000,000 
F - l l l . A . . . . . . . . . . . . . . . . . . . . . .  --- 1,050,000 :t ,200,000 

--- --- 'L 000 000 YF-12. . . . . . . . . . . . . . . . . . . . . . .  - -.-*-*--_ L- 

P roo f -el f - co ric e p t : 

Tot:al. .................... &24,050,000 =1&93,000 ~ ( ~ ~ f l M J 3 -  
I---I_ 

The ob jec t ive  of t he  cont inuing FJASA technology program f o r  supersonic  
a i r c r a f t  is  t o  provide advanced technology i n  the  va r ious  discip1:ines 
f o r  improved r u l  i t a r y  and c i v i l  supersonic  a i r c r a f t .  

The aerodyriamic technology t h a t  has evolved has been programmed on 
highspeecl e l e c t r o n i c  computers which can now be used as d e s i p  t o o l s  t o  
optimize a conf igu ra t ion  f o r  high speed f l i s h t  and t o  e s t a b l i s h  new, 
higher  levels of' aerodynamic e f f i c i e n c y .  
and extending t h i s  p r e d i c t i o n  program w i l l  continue.  Configurations s o  
evolving f o r  m i l i t a r y  f i g h t e r  a i r c r a f t  and m i l i t a r y  and c i v i l  t r a n s p o r t  
a i r c r a f t  w i l l .  be analyzed and t e s t e d  t o  determine t h e i r  p o t e n t i a l  f o r  
hiEh aerodynariic: e f f i c i e n c y  with adequate s o l u t i o n s  f o r  s t a b i l i t y  and 
c o n t r o l  probl.ems,. I n  the  case of  advanced a i rc raf t ,  s t u d i e s  w i l l  he 
made t o  approximate optimum a i r c r a f t  concepts t h a t  would s a t i s f y  s n e c i f i c  
o r  proposed mi.saion requirements,  recognizing t h e  emphasis t o  be placed 
on aerodynamics, engine s e l e c t i o n  and i n t e g r a t i o n ,  and s t a b i l i t y  2nd 
con t ro l .  

Technology e f f o r t  on imnroving 

Wind i:unne:L and f l i g h t  tests w i l l  be conducted t o  determine means 
t o  minimize hi i f fe t ing and i n c r e a s e  maneuver c a p a b i l i t i e s  of f i g h t e r  type 
a i r c r a f t  a t  1:itansonic speeds.  

S tud ie s  w i l l  cont inue t o  eva lua te  experimental ly  materials and 
s t r u c t u r a l  concepts,  such as composites, which o f f e r  promise of more 
e f f i c i e n t  st1:uct:ures f o r  supersonic  a i r c r a f t .  
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Each major component of t h e  supersonic  a i r c r a f t  ena ine  is considered a 
c r i t i c a l  prokllem area marked f o r  improvenent, w i th  t h e  h o t  sec t io .?  a r e a  
most c r i t i ca l . .  

I n  the  compressor, boundary l a y e r  c o n t r o l  devices ,  such as p a r t  span 
s l o t s ,  f ences ,  and vor tex  eene ra to r s  w i l l  cont inue t o  be  investiRat:ed as 
means f o r  a t ta inment  of increased  pressure  r a t i o  per  s t a g e ,  increased 
range of opera t ion ,  and increased  to l e rance  t o  i n l e t  a i r  d i s t o r t i o n s .  
r o t o r  t i p  ?.lac11 Numbers (mul t ip le  c i r c u l a r  arc b lades)  and high nressure  
r a t i o  r o t o r  :;':ages are under i n v e s t i g a t i o n  to minimize shock losses .  Low 
r o t o r  t i p  speeds,  b lade  arrangements and boundary l a y e r  c o n t r o l s  a r e  In- 
cluded i n  o rde r  t o  ob ta in  lowered n o i s e  outputs .  

Iligh 

Aerodynamil- tests of t he  t u r b i n e  are cont inuing t o  improve s t a g e  
loadinqs of inli l t istage a x i a l  flow des iyns ,  so t h a t  fewer s t a g e s  will t e  
required t o  (113 rhe same work. Tandem blades ,  boundary l a y e r  c o n t r o l ,  
and j e t  Flan ? lades  a r e  t o  be cxanined. "lethods of cool ing turbinca 
b lades  and vaie:; i n  cascades siihjccted t o  ?as t enoera tures  ur, t o  3,5OC OP 
using coolin): a i r  un t o  1,200017 are bein:: t e s t ed .  The e f f e c t  of cool jn-  
a i r  discliargi? i n t o  the  na in  en::ine hot  :as st ream is  heinn, stiidi-eil 
experimental lv  and ana1:Tticallv. 

F u l l  stall? m n u l a r  e x t r a  s h o r t  l enyth  nrimarv biirners and f u l l  :;ca?.e 
duct hiirners,  u*;in,q methan? and J P 4  f u e l ,  a r e  being t e s t ed  t o  nrcv ide  
r a d i a l  and c i r cumfe ren t i a l  temnerature p r o f i l e s ,  blow-out l i m i t s ,  and 
d u r a b i l i t y .  S p l x i a l  high t e m p e r a t u r e  (3,9ng°F) burners  , capable  of  
giving high performance t y  use of cooliny: techniques,  are t o  %e t c s t e t l .  
Studies  of f u e l - a i r  ( J P ,  :!ethane) hea t  exc1ian:ers w i l l  h r  s t r v l i t c  for  
high temperature turb ine  ( 2 ,  500°F) app l i ca t ions .  

I n  FY 1970 ,  t h e  l a r g e  Propuls ion Systems Laboratory f a c i l i t y  
f o r  t e s t i n g  f u l l  scale engines under s imulated a l t i t u d e  condi t ions  
is  e::riectec! to be opera t iona l .  F u l l  scale enqine connonents incornor , i t in?  
advanced concepts i n  comnrcssors, combustors, t u rh ines  , and e x i t  n o m  les 
are scheduled f o r  eva lua t ion  i n  t h i s  f a c i l i t y  t o  determine t h e i r  i n t w -  
a c t i o n  e f f e c t s  i n  t h e  ensine system. 

I n  a d d i t i o n  t o  t h e  cont inuinq program on high temperatiire tu rb i  ne 
materials i n v e s t i % a t i o n ,  t i t an ium a l l o y s  f o r  comnressor b l ades ,  vanes,  
and d i s c s  w i l l  be inves t iga t ed  f o r  t h e  e f f e c t s  of onera t ion  i n  a sa l t  
a i r  environment. Composite materials f o r  comnressor d i sks  and cases 
show g r e a t  promise f o r  weioht reduct ion  and expanded e f f o r t  i n  t h i s  a r e a  
i s  Dlanned. Tests of compressor b lade  composites which reduce b lade  
bendinp, a r e  planned s o  t h a t  narrow chord b lades  f o r  s h o r t e r  cornoressors 
may be used. Platerials f o r  cooled tu rb ine  a i r f o i l s  which resist oxida t ion  
a t  metal temrleratures up t o  2,200OF w i l l  be  t e s t ed .  

F l i g h t  dynamics technoloqy wi 11 be concentrated on supersonic  t rans-  
po r t  f l i g h t  c :ha rac t e r i s t i c s  to assist t h e  Federal. Aviation Adminis t ra t ion,  
handlinp q u a l i t i e s  i n v e s t i y a t i o n s  of c r i t i c a l  c o n t r o l  s i t u a t i o n s  o f  l a r y e  



supersonic  a i r c r a f t ,  and s t u d i e s  of advanced m i l i t a r y  a i r c r a f t  p i lo t in! :  
problems. Ground based and i n - f l i z h t  s imula tors  w i l l  he  used t o  exxplo.re 
t he  v a l i d i t y  o f  proposed supersonic  t r anspor t  c e r t i f i c a t i o n  s tandards  
and t o  i n v e s t i g a t e  unique response c h a r a c t e r i s t i c s  of supersonic  1:ransl)orts 
c u r r e n t l y  under development. The c a p a b i l i t i e s  of e x i s t i n g  motion s imuta tors  
and v a r i a b l e  s t a b i l i t y  a i r c r a f t  w i l l  be  expanded t o  achieve improved 
s imula t ion  f i d e l i t y .  Advanced m i l i t a r y  a i r c r a f t  technologv a c t i v i t y  $7 ill 
inc lude  i n v e s t i g a t i o n s  of improved methods f o r  c o n t r o l ,  s imula tor  and 
f l i g h t  t e s t s  t o  determine r a t i o n a l  handl ing qua l i - t i e s  c r i te r ia  f o r  h i g  i 
maneuverabi l i ty ,  and s t u d i e s  of p o s t - s t a l l  and s p i n  behavior.  

The j o i n t  IASA-FAA-USAF program t o  measure t h e  cosmic r a d i a t i o n  environ- 
ment a t  SST a l t i t u d e s  is  cont inuing.  Measurements are beiny: made wi th  NASA 
inst ruments  c a r r i e d  a l o f t  i n  bal loons , and i n  U-2 and R8-57F a i r c i - a f t  supnlied 
by the  USAF. The ob jec t ive  of t he  program is  t o  map the  r a d i a t i o n  l e v z l s  of 
biologicad si,c,ni f icance  durinp, t h e  ascending p o r t i o n  of t he  l l -ye, i r  s o l a r  
cycle .  Xeasurenents are t o  be obtained a t  SST a l t i t u d e s  and a t  a hi2h l a t i t u d e  
(above 50°) dtirinf: a l a r g e  s o l a r  event  when r a d i a t i o n  l e v e l s  are exnected t o  
be most i n t ense .  

Spec ia l  gus t  measuring and record in3  e q i i l p e n t  has  been assembled f o r  
instal1at : ion on a research  a i r c r a f t  t o  ob ta in  a d e f i n i t i o n  of atmospheric 
turbu1enc:e i n t e n s i t y .  
on t h e  in tens i - ty  of d i s c r e e t  gus ts  and power s p e c t r a l  dens i ty  of the  g u s t  
environments encountered, as i n  mountain waves, g r a v i t y  waves and je t  streams. 

The turbul  ence measurenents wi 11 provide 3.1 formation 

An F-IL11.4 vas loaned t o  the  NASA i n  January 1967 for f l i g h t  research  
purposes I n i t i a l  tests included a s t r u c t u r a l  temperature survey requles ted 
by the  A i r  Force and a b r i e f  program t o  determine the  handl inc q u a l i t j e s  
of t h i s  advanced v a r i a b l e  sweep a i r p l a n e .  Following these  tes ts ,  s p e c i a l  
ins t rumenta t lon  w a s  i n s t a l l e d  t o  measure the  e f f e c t  of high-frequency i n -  
l e t  airf:Low o s c i l l a t i o n s  on a supersonic  turbofan-powered a i r p l a n e  ,. This 
work i s  contiiiu:ing. A second F-ll lA w i l l  be  loaned t o  NASA f o r  f l i g h t  
t e s t i n g  boron composite s t r u c t u r e s  f o r  t h e  A i r  Force and f o r  use i n  an 
aerodynamic 1) if f e t  improvement program. Both a i r c r a f t  w i l l  be  used iri 
Ey 1970 by tlw F l i g h t  Research Center. 

The FLigh t Research Center i n  cooperat ion wi th  t h e  USAF w i l l  eva lua te  
da t a  obtained during f l i a h t s  of  t h e  YF-12 a i r c r a f t .  The da ta  a c q u i r e c  
w i l l  be  combined wi th  d a t a  obtained from ground based f a c i l i t i e s ,  in  
o rde r  t o  assess the  v a l i d i t y  of c u r r e n t  a n a l y t i c a l  and experimental  t c b s t  
procedures.  Spcc ia l  emphasis w i l l  be  placed on problems which have boen 
observed during f l i g h t s  of modern hiyh-sDeed h igh -a l t i t ude  a i r c r a f t .  The 
r e s u l t s  w i l l  b e  u s e f u l  i n  the  des izn  of  f u t u r e ,  more advanced c i v i l  arid 
m i l i t a r y  a i r c r a f t .  



Disc ip l ina ry  technology.. ..... $4,090,000 $4,295,000 $6,275,000 

X-15.. ....................... 3,448,000 
Hypersonic research  engine. .  --& 7 000,000- -5,5002GOp0- -2 2 ---- 300 d-. 000 I 

Proof-of-cortcept : 
--- - -- 

Total . .  . ................ $14,5 3 0 2 E  $9,795 , 000 

Disciplinai:;~ technology a c t i v i t y  i s  d i r e c t e d  a t  providing t h e  technclogy 
f o r  t h e  design of e f f i c i e n t  hypersonic a i r b r e a t h i n g  a i r c r a f t .  

Aerodynamic s t u d i e s  are cont inuing  t o  determine t h e  c h a r a c t e r i s  tics 
of veh ic l e s  wf  Lh large f u e l  volume requirements and veh ic l e s  proportioned 
f o r  new propu:t:;ion systems. Problems of s t a h i l  i t y  and c o n t r o l ,  boundazy 
l a y e r ,  propuls ion system i n t e g r a t i o n  and hea t ing  are included. Ana ly t i ca l  
s t u d i e s  w i l l  be made i n  conjunct ion w i t h  wtnd tunnel  tests t o  genera te  
conf igura t ions  which w i l l  be evaluated exDerimentally . 

Hypersonic s i rb rea th ing  propuls ion systems and the i r  exhaust flow 
can have a sig n i  Eicant aerodynamic in f luence  on hypersonic a€ rc ra f  t . l'hus , 
methods are being devised of designing hypersonic  vehicles which derivcm 
maximum b e n e f i t s  from t h e  mutually i n t e r a c t i n g  a i r f rame and propuls ion 
system f h w  f i e l d s .  S tudies  are requi red  t o  eva lua te  these e f f e c t s  anc 
provide a b a s i s  Erom which optimum arrangements can be def ined.  Accortlingly, 
t h e  power-off and power-on e f f e c t s  of a i rb rea th ing  propuls ion instaLla!. ions 
on the  aerodynamic c h a r a c t e r i s  t i c s  of hvpersonic a i r c r a f t  w i l l  b e  deteimined. 

A c r i t i c a l  requirement f o r  a success fu l  hvpersonic c r u i s e  a i r p l a n e  
is t h a t  t h e  a i r f rame weight compare favorably W i t h  cu r r en t  success fu l  ztir- 
c r a f t .  The genera l  a i m  o f  loads and s t r u c t u r e s  research i s  t o  estab1i::h 
a b a s i s  f o r  t h e  design of a hypersonic a i r p l a n e  s t r u c t u r e  which w i l l  w:i.th- 
s tand  t h e  h i g h  temperature environment W i t h  a minimum weight penalty, 'ind 
w i t h  no loss i n  r e l i a b i l i t y .  Ana ly t i ca l  s t u d i e s  and s t r u c t u r a l  tests \ r i l l  
be conducted t o  eva lua te  promising s t r u c t u r a l  concepts f o r  cooled and 
uncooled s t r u c t u r e s  app l i cab le  f o r  wing leading  edges,  wing s u r f a c e s ,  
cryogenic tankage, and i n l e t s  and engine components. 

The hypersonic i n l e t  p r o j e c t  i s  o r i en ted  t o  develop t h e  b a s i c  i1nder:;tanding 
required t o  design hypersonic i n l e t s .  Methods f o r  a s ses s ing  the  comnl,?x 
i n t e r a c t i o n s  between shock wave and boundary l a y e r  flow, i n v i s c i d  flow f i e l d ,  
and shear  floclp a r e  being developed. The knowledge gained by a n a l y t i c a l  and 
experimental  research  w i l l  then be appl ied  t o  t h e  des ign  of an  i n l e t  aiid 
i nves t iga t ed  throughout i t s  Mach nunber range t o  a s c e r t a i n  i t s  prcxllct ?d 
performance. Future  a n a l y t i c a l  and experimental  s t u d i e s  are bein:; con- 
s ide red  which w i l l  involve in le t -conbus tor  sys  terns d i r e c t l y  a p l i c a h l e  t o  
hypersonic scramje t  c r u t s e  and boost  veh ic l e s .  
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Basic s t u d i e s  are cont inuing on supersonic  combustion and supersonic 
mixing o f  hydrogen-air systems. These s t u d i e s  are explor ina  t h e  lower Vach 
number limits for hydrogen-air i z n i t i o n ,  methods f o r  ob ta in ing  s a t i s f a c t o r v  
i g n i t i o n  a t  reduced f l i g h t  speeds,  h e a t  t r a n s f e r  i n  a scramjet combiistcir, 
i t s  des ign  pa.r3meters, and i t s  opera t ton .  Tests w i l l  a l s o  be conducted on 
18-inch diameltsr supersonic  combustion chambers and nozz les  using combined 
w a l l  and . s t r u t  f u e l  i n j e c t i o n ,  wi th  the  concent ra t ion  of  e f f o r t  bein:: 
placed on f u e l  i n j e c t i o n  and mixinn,. 

The Hynersonic Research Engine proof-of-concep t program cont inues  
t o  fu rn i sh  d e s i p i  information f o r  hypersonic  pronuls ion sys  terns. Tnlet 
performance and ope ra t ing  c h a r a c t e r i s t i c s  have been subs t a n t i a t c d  tlirorqh 
tests of one-third and two-thirds scale i n l e t  models w i th  sinu1ate.d w a l l  
cool ing.  Nozzle t e s t i n g  and a n a l y s i s  of r e s u l t s  have been completed, 
and f i n a l  nozzle  contours  f o r  u s e  i n  a b o i l e r p l a t e  engine have been 
se l ec t ed .  

Combus t o r  development is p r c s e n t l v  beinc, conducted on a 2-inch bv 
6-inch combus t o r  rnodcl t o  detennine f u e l  i n j e c t i o n ,  inixin:, and i r n i  t i o n  
c h a r a c t e r i s t i c s  w i t h  both subsonic  and sunersonic  cornhiistion. Thc in- 
vesti::ation w i  11 a l s o  includci t e s t s  t o  de t e rn ine  t h e  e f f e c t  of a simu1:itcd 
i n l e t  boundarv-layer on combustton. 

The b o i l e r n l a t e  en::ins will be b u i l t  hased on thc  r e s u l t s  of t h e  
i nd iv idua l  coinpoilent s t i id ies ,  and w i l l  be  asserihled and t e s t e d  i n  d i s -  
crete u n i t s  t o  d e t e r n i n e  component i n t e r a c t i o n s .  This enKim w i l l  
i nco rpora t e  t h e  nos t  advanced n ~ ~ r o t h c i ~ o d v n a f n i c  t r ! c l i n o l ~ ~ - ~  dcT.7rl op r  
dur inq t h e  pro-r<m. Cmipletc b o i l c r ~ l n t e  engine t e s t s ,  inc ludi  nfr t’it 
i n l e t ,  w i l l  i i l t i i~ i a t c ly  be conducted a t  t h c  T,ewis Research Center ’s  
Plum Brook F a c i l i t y  t o  demonstrate o v e r a l l  ope ra t ing  performance and 
s t a b i l i t y .  
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HYPERSONIC RESEARCH ENGINE PROGRAM 

INLET TESTS COMBUSTOR AND NOZZLE TESTS 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF --- TRACKING AND DATA ACQUISITION TRACKING AND DATA --- 
ACQUISITION 'I?ROGRAM -- 

PROGRAM OBJECTIVES AND JUSTIFICATION: 
I--- 

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. I n  addition, support is provided, as mutually agreed, for projects 
of the Department of Defense, other Government agencies, and other co-iintries 
and international organizations engaged in space research endeavors. 

Support is provided for manned and unmanned flights; for spacecraft, 
sounding rockets, and research aircraft; for earth-orbital and suborbLta1 
missions; for lunar and planetary missions; and for space probes.. 

Types of support provided include: (a) tracking to determine the iposi- 
tion and trajectory of vehicles in space, (b) acquisition of scitmtifLc 
data from onboard experiments, (c) acquisition of engineering data on the 
performance af spacecraft and launch vehicle systems, (d) transmission of 
commands from ground stations to spacecraft, (e) communication with astro- 
nauts and acquisition of medical data on their physical condition, (f) 
communication of information between various ground facilities and mission 
control centers, and (g) processing of data acquired from the space vehicles. 
Such support is essential for achieving the scientific objective:, of all 
flight missicas, for executing the critical decisions which must be made to 
assure the success of these 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 worldwLde network 
of NASA ground stations supplemented by appropriate instrumentatLon ships, 
aircraft, and ground stations of the Department of Defense. These facilities 
are interconnected by a network of ground communications lines, undersea 
cables, high frequency radio links, and communication satellite c:lrcuits, 
which provide the capability for instantaneous transmission of data and 
critical commands between spacecraft and the control centers in the United 
States from which the flights are directed. Facilities also are provided 
to process irkto meaningful form the large amounts of data which are collected 
from flight projects. In addition, instrumentation facilities ace provided 
for support cif sounding rocket launchings and flight testing of research 
aircraft . 

The R.esea.rch. and Development appropriation provides funds : (a) for the 
operaticm and maintenance of the worldwide facilities; (b) for t:h€! procure- 
ment of equipment and for modifications to facilities to support continuing, 
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new, and chang:tng f l i g h t  p r o j e c t  requirements;  and ( c )  f o r  t h e  i n v e s t i g a t i o n  
and development of advanced t racking  and d a t a  a c q u i s i t i o n  equipment anti 
techniques.  The subsequent s e c t i o n s  desc r ibe  p lans  and r e l a t e d  funding, 
requirements to cont inue the  Tracking and Data Acquis i t ion  Program i n  each 
of t hese  isreas during FY 1970. 

SUMMARY 01' RE!;OUI<CES REQUIREMENTS -- : --- 

1968 1969 

Operations .................. $211,483,000 $226,950,000 

technology.. .............. 12,800,000 11,500,000 

Equipment.. ................. 51,567,000 41,222,000 
Supporting icesearch and 

Total . . . . . . . . . . . . . . . . . . . . .  $275,850,000 $279,672,000 

D i s t r i b u t i o n  o E  I?rogram Amount by I n s t a l l a t i o n :  --- 
Marshall  Space F l i g h t  

Center. . . . . . . . . . . . . . . . . .  
Goddard Space Fl igh t  

Center.. . . . . . . . . . . . . . . . .  
Jet Propulsion Laboratory. 
Wallo,ps S t a t  Lon.. ......... 
Elec t ron ic s  :Research 

Center.. . . . . . . . . . . . . . . . .  
F l i g h t  Research Center.... 
Langley Rsse,arch Center. . .  
NASA Headfquarters ......... 

BASIS OF --- FUND RBQUIREMENTS: 

Manned space f l i g h t  network. 
Satell i te network........... 
Deep space network.......... 
Other  instrumentation.. . . . . .  
Communications.............. 
Data processing ............. 

Total.. . . . . . . . . . . . . . . . . . . .  

$400,000 

201,302,000 
52,368,000 

5,000,000 

--- 
2,000,000 
1,625,000 

13,155,000 

Operations 

$71,079,000 
41,488,000 
37,290,000 

5,900,000 
42,118,000 
13,608,000 

$211,483,000 

$300,000 

209,522,000 
50,400,000 

6,000,000 

--- 
2,000,000 
1,350,000 

10,100,000 

$82,000,000 
43,000,000 
34,600,000 
6,150,000 

45,500,000 
15,700,000 

$226,950,000 

$239,400,000 
4 6 ,10(1,000 

$400,000 

220,100,000 
514 , 200,000 

6,000,000 

20( 1 ,000 
2,000,000 
J., 300,000 

1.3 ,80( 1 ,000 

$89,201\), 000 
44,500,000 
:~6,90~~),000 

6,301i1,OOO 

---L 3t6 00B ,000 
46,5O~l), 000 ---- $2'39 400,000 ______- 

Manned Space F l i g h t  Network Operations 

The primary func t ion  of t he  Manned Space F l i g h t  Network i s  
t r ack ing ,  data  a c q u i s i t i o n ,  communications, and command support  f o r  NAiSA's 
manned space f l i g h t  programs. The Network: (a)  provides  spacec ra f t  t rack-  
ing d a t a  which a r e  used f o r  o r b i t  and t r a j e c t o r y  determinat ion anti t o  
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initiate and verify orbital maneuvers, (b) receives telemetered inform,ation 
concerning the condition of the astronauts and the performance of the space- 
craft, (c) provides for voice communication with the astronauts, (d) rleceives 
television data from the spacecraft, (e) communicates information to control 
centers in real time for critical decisions, (f) transmits commands to the 
spacecraft, and (g) records engineering data from the spacecraft. 

In addition. to the support provided for manned missions, selected 
stations of the Network provide support to unmanned deep space anti earth 
orbital projects of NASA and the Department of Defense. Based upon require- 
ments for each mission, manned or unmanned, the Manned Space Flight Network 
(MSFN) and other resources of the Office of Tracking and Data Acqu:isition, 
such as the Space Tracking and Data Acquisition Network (STADAN), the NASA 
Communications, Betwork (NASCOM), and the Deep Space Network (DSN), are called 
upon to provide support. The DOD also provides tracking support 13s required. 

The Manned Space Flight Network is a worldwide tracking and ground instru- 
mentation system which originated with the Mercury Program, was modified 
and expanded f'or the Gemini Program, and has been further modified and 
expanded for the Apollo Program. Completed and fully checked out during 
FY 1968, the PISF'N by the end of December 1968, has successfully supported 
three unmanned and two manned Apollo missions. Testing and trainlng is 
continuing tal assure readiness for future manned orbital and lunar flights. 

The Network consists of: (a) ten 30-foot diameter antenna stations 
located at Cape Kennedy; Bermuda; Antigua; Ascension Island; Grand Canary 
Island; Carnaii'vctn, 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 trans:portiible 30-foot diameter antenna station presently located at 
Grand Bahama 1:sland. In addition, four instrumentation ships and eight 
aircraft, operated by the Department of Defense, and three 85-foot diameter 
antenna stations of the NASA Deep Space Network will provide support for 
Apollo. Secondary support will be provided by the NASA station at 
Tananarive, Nadatgascar; and by the Department of Defense stations at Point 
Arguello ,, Cal.ifornia; Eastern Test Range facilities; and White Sands, New 
Mexico, using existing equipment. 

The currently planned mission workload requires a limited second shift 
of personnel at the stations for Apollo support in FY 1970. Leadtf-mes 
associated with programming, simulations, and checkout result in overlap 
between actual: mission support and the preparation necessary for subsequent 
missions. Tkis is beyond the capacity of a single shift of personnel and 
required the lmildup for a limited second shift which was initiated during 
FY 1968 rind is being completed in FY 1969. The FY 1970 budget includes 
funds to covei: zi full year's effort for this additional manpower arid Is 
reflected in the increased request over FY 1969 for Manned Space Flight 
Network operations. 
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The second area of i nc rease  over  FY 1969 is  f o r  reimbursement t o  DOD f o r  
ope ra t iona l  support  and f o r  t e c h n i c a l  and a d m i n i s t r a t i v e  a s s i s t a n c e .  
Est imates  f o r  DOD opera t ion  of t h e  Apollo s h i p s  and t h e  Apollo/Range 
Instrumentat ion A i r c r a f t  i n  FY 1970 are included and r e f l e c t  a ful.1 y a a r ' s  
cos t  f o r  t h e  opera t ion  of t hese  s h i p s  and a i r c r a f t .  

Other a r e a s  i n  the  MSFN ope ra t ions  budget,  i nc lud ing  l o g i s t i c s ,  network 
suppor t ,  and programming, r e f l e c t  an inc rease  over  FY 1969 c o s t s  and #.are 
as soc ia t ed  wi th  pay e s c a l a t i o n  and cos t -of - l iv ing  a d d i t i o n s .  The procure- 
ment of magnetic tape  is  a l s o  expected t o  inc rease  i n  FY 1970 due t o  ithe 
number, d u r a t i o n ,  and complexity of t h e  miss ions  t o  be supported.  

Sa t e l l i t e  Network Operat ions 

The primary func t ion  of t he  S a t e l l i t e  Network is t o  support  NASA's 
unmanned s c i e n t i f i c  and a p p l i c a t i o n s  sa te l l i te  programs. The Network 
inc ludes  t h e  e l e c t r o n i c  s t a t i o n s  of t h e  Space Tracking and Data Acquis i t ion  
Network (STADAN) operated by the  Goddard Space F l i g h t  Center ,  supplemented 
by t h e  o p t i c a l  t r r c k i n g  s t a t i o n s  operated by t h e  Smithsonian Astirophy:sical 
Observatory. The STADAN s t a t i o n s  provide a ground system which: (a)  t r a c k s  
each sa te l l i t e ,  (b) determines t h e  s t a t u s  of onboard systems, (c) cominands 
the  s a t e l l i t e  func t ions ,  and (d) acqu i r e s  s to red  o r  real-time d a t a  from t h e  
sa te l l i t e .  The o p t i c a l  s t a t i o n s  provide s p e c i a l i z e d  s e r v i c e s  i n  p rec f s ion  
o r b i t a l  t r ack ing  a s  w e l l  as backup support  t o  STADAN dur ing  launch and e a r l y  
o r b i t  t r ack ing  of satellites. 

STADAN s ta t ions  are loca ted  a t  For t  Myers, F lo r ida ;  Mojave, C a l i f o r n i a ;  
Quito, Ecuador; Lima, Peru; Sant iago,  Chi le ;  Johannesburg, South Af r i ca ;  
Tananarive,  Madagascar; Canberra, A u s t r a l i a ;  Fairbanks,  Alaska; 1 s t .  JlDhn's, 
Newfoundland; Winkfield,  England; Rosman, North Caro l ina ;  and Toowoomba, 
Aus t r a l i a .  

During F'Y 1969, cont inuing budget c o n s t r a i n t s  and personnel  1Lmitat ions 
a t  overseas  I .ocations,  due t o  t h e  balance of payments problem, hi3ve requi red  
a c u r t a i l e d  l e v e l  of ope ra t iona l  suppor t .  A number of te lemet ry  l i n k s ,  t h e  
opera t ion  of which was c u r t a i l e d  i n  FY 1967, cont inue  t o  be maini:aine,d only  
i n  a caretake:r s t a t u s .  Operations a t  s t a t i o n s  i n  t h e  o p t i c a l  network are 
being reduced. even f u r t h e r  i n  FY 1969, support  of o l d e r  satell i tes cont inues  
t o  be terminalted, and o t h e r  sa te l l i t es  c u r r e n t l y  being supported are being 
reviewed p e r i o d i c a l l y  f o r  e i t h e r  te rmina t ion  o r  reduced l e v e l s  oE suppor t .  

Funds requested i n  t h e  FY 1970 budget w i l l  cover a con t inua t ion  of 
t h e  present  l e v e l  of ope ra t ions  r e q u i r i n g  t h e  c a r e t a k e r  s t a t u s  O E  
c e r t a i n  f a c i l . i t i e s  and r e s u l t i n g  i n  permanent loss of d a t a  from s e l e c t e d  
satel l i tes  arid experiments.  The requested inc rease  i n  funds over  FY 1969 
w i l l  provide only f o r  cos t -of - l iv ing  inc reases  and f o r  a d d i t i o n a l  c o s t s  t o  
ope ra t e  t h e  e x i s t i n g  c o n t r o l  c e n t e r s  f o r  t he  Orb i t ing  Astronomical. Observa- 
t o r y  (OAO) , Nimbus, t he  Appl ica t ions  Technology S a t e l l i t e  (ATS) , and t h e  
smaller s c i e n t i f i c  sa te l l i t e  launches scheduled dur ing  FY 1970. 



Currently the network, with around-the-clock operation, is supportLng an 
average of over 35 satellites most of which will constitute an on--going work- 
load in FY 1970. The additional satellites to be launched in the remainder 
of FY 1969 will, in most instances, require extended support in FY 1970. 
Added to this workload will be 19 satellites scheduled for launch during 
FY 1970. Despite this anticipated total workload, existing limitatioiis on 
facilities and manpower will be continued in FY 1970. 

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) provide's 
tracking data which are used to determine and make mid-course correcttons 
and terminal maneuvers to spacecraft trajectories, (b) acquires enginirering 
telemetry data concerning performance of the spacecraft, (c) transmits 
commands to the spacecraft, and (d) receives and records the scientifLc 
data which are acquired from the spacecraft. The network consists of 
stations located at Goldstone, California; Woomera and Canberra, Australia; 
Madrid, Spain; Johannesburg, South Africa; and Cape Kennedy, Florida. 

The control center for the Deep Space Network is the Space Flight 
Operations Facility (SFOF) located at the Jet Propulsion Laboratory i a  
Pasadena, California. The SFOF: (a) receives information transmittel3 via 
ground communications from stations of the Deep Space Network, (1);)  prlxesses 
the data, (c) displays the resulting information so that mission dire1:tors 
and associated project personnel can analyze mission performance and inake 
critical decisions in near real time concerning functions to be executed 
by the spacecraft, and (d)  transmits instructions to the station:; for 
commands that must be sent to the spacecraft. 

The Deep Space Network achieved a high workload level in FY 1!)68, 
principally as a result of the numerous missions involved in unmanned 
lunar exploration. Completion of the Lunar Orbiter, Surveyor, and Mariner 
IV programs in FY 1968 and the Mariner V program in the early part: of 
FY 1969 allowed reductions in personnel at the control center and stations 
which were reflected in the FY 1969 budget. However, increased cmgin~eering 
effort starting in late FY 1969 and continuing through FY 1970 is reqlJired 
for the Mariner '71 and the Pioneer F and G missions. This is reflected in 
the FY 1970 budget request. 

The flight missions of the Pioneer program will continue through FY 1970. 
The Mariner-Mars flyby missions are scheduled for launch in late I'Y 1969 
and ground support is required well into FY 1970 for these missions. In 
addition, four stations in the Network, one each in Australia and Spaln, 
and two in California, will. provide joint support for the Apollo manned 
lunar missions. In summary, the Deep Space Network and the Space Flight 
Operations Facility (SFOF) must be staffed and equipped to suppoicl: five 
Pioneers, the Mariner F and G missions, and Apollo during the FY I970 time 
period, plus engineering arid programming effort required for the Mariner '71 
and follow-on Pioneer missions. 
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Other Instrumentation Operations 

Instrumentation systems are operated and maintained in support of sounding 
rockets and reentry vehicles launched from Wallops Station, Virginia, ,and the 
Churchill Research Range, Canada; and for flight research programs of the 
Flight Research Center, California. General purpose tracking, telemetry, 
data handling, recording, timing, plotting, and communications systems are 
provided as well as special purpose fixed and mobile optical and sound rang- 
ing (acoustica.1) equipment. 

The instrumentation at Wallops Station is operated by NASA contractors 
and by other Government agencies such as the Environmental Science Services 
Administration (ESSA), the National Bureau of Standards, the U . S .  Navy, the 
U.S. Air Force, and the Military Sea Transportation Service. Funds requested 
in FY 1970 will maintain a required level of effort which closely approximates 
that of prior years. 

Mobile telemetry and optical equipment are maintained and operated at 
selected sites a.long the eastern seaboard to support rocket flights from 
Wallops Staticin. This down-Range support is funded by Langley Research 
Center. 

Instrumentation at the Churchill Research Range consists of general purpose 
tracking, tel.eme:try, command and control, and associated systems required to 
conduct soundj-ng; rocket experiments in the high latitudes. The Range is 
operated unde~ t.he management of the National Research Council of Canada 
which shares the costs with NASA as a cooperative effort. 

The Flight: Research Center operates the Aerodynamic Test Range consisting 
of facilities at: the Edwards Air Force Base and the up-Range site at Ely, 
Nevada. The increased tracking capability at the Ely site, obtained by 
the addit:ion of a precision radar, resulted in the closure during FY 1969 of 
the tracking and telemetry facility at Beatty, Nevada. Programs suppclrted 
by the Aerodynamic Test Range include various research aircraft and 1J f ting 
body projects 

Communications Operations 

The Goddard Space Flight Center operates NASA's global communicaticins 
system arid sc~iwc:s as its major switching point. The system interconnects 
all NASA tracking stations i n  operational support of all NASA projects and 
projects of oi:ht:r agencies that are supported by the NASA networks. 1 t 
interconnects such facilities as telemetry and command control sites, 
launch areas., test sites, and mission control centers. In the interes,t of 
economy, re1iab:tlity and full utilization of circuitry, subswitching 
centers have herm established at London, Honolulu, Canberra, Madrid, (ham, 
and Cape Kennedy. During this fiscal year, another subswitching centc!r will 
be estab:Lisht?d ixt the Jet Propulsion Laboratory in Pasadena, Califorriia. 
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Communicalr ions satellites will continue to provide service to the Apollo 
ground stations and ships. As new communications satellite ground stiitions 
are establish~d, such as one recently completed in Chile, and another to be 
completed in 1969 in Ecuador, existing high frequency radio circuits 1.0 NASA 
tracking and data acquisition stations in these areas will be changed to the 
more reliable communications satellite service. In a further effort i:o 
improve the reliability of the communications network, high frequency radio 
circuits to South Africa are being replaced with circuits leased in a new 
submarine cable installed between South Africa and Ascension I s l a n d  wliich 
will link up with communications satellite circuits. 

The FY 1970 communications budget reflects only a slight increase over 
the FY 1969 'budget. This increase is due in part to a heavier Ap0110 
mission support schedule in FY 1970 than in N 1969 which will requirc! that 
the full communications network be kept up during the year rather thaii call- 
ing up and taking down circuits between missions. Also included i n  tlie 
FY 1970 budget are funds for television coverage from Australia and a full 
year's funding for an increase in domestic long-line tariff rates 3whil:h 
became effective in September 1968. 

There will also be increases in the costs of operating personnel dliie to 
the requirement for four-shift operation at all locations, salary incireases, 
and the introduction of technical controllers at key switching locations. 
These controllers, through circuit patching and switching, will select the 
best route of cable and satellite services for the transmission of data. 

Data Processing Operations 

Information received in the form of tracking and telemetry data fmrn 
satellites and space probes must be processed into a form that is useEul to 
both those performing the real-time control of the space vehicle and those 
responsible for analyzing the scientific data acquired by the spacecraft. 

Tracking data are processed to provide orbital elements which are used 
to supply stations with predictions on future passes of the spacecraft, and 
to provide position information that can be used by the scientif:Lc exper- 
imenters, to determine where in the trajectory the scientific meawixrements 
were made. 

Telemetry data must be processed to: (a) separate the information 
obtained1 from the various scientific experiments aboard the spacecraft, 
(b) consolidate information from each experiment, (c) apply the necessary 
scaling factors and calibrations on the measuring instruments, ($31 determine 
spacecrstf t ai1:tJ: tude, and (e) correlate these measurements with the position 
data meritioried above. Processed data are the primary product of the space- 
craft missions, and it is through reduction and analyses of these data by 
the experimenters that a better understanding of space is achieved. 

Several projects, particularly those in the Observatory and Geodetic 
classes :, recpire extensive pre-mission orbit studies, including spacecraft 
positiori predictions and mutual visibility analyses. Studies are ala o 
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required to work out operational methods and procedures to be used durtng 
the actual mission operations. 

Support must be given to a wide variety of programs which vary from the 
small University Explorer satellites to the large and complex Solar, 
Geophysical, and Astronomical Observatories, and Applications Technology 
Satellites. 

The FY 1970 budget request is based upon the workload which wi:Ll result 
from previous1.y launched satellites that will require continued support, 
plus addi.tion.al satellites that are scheduled to be launched during the 
period. This workload includes an increase in the number of high data rate 
satellites, mchi as the Nimbus D, OAO-C, OSO-H, and IMP-I, which id11 result 
in additional. telemetry data processing and mission related computer support. 
There wil.1 al.so be an increase in orbit and attitude computations due to 
greater spacecratf t complexity. The telemetry data processing wor'kload in 
FY 1970 is projected to be about 10 percent above the N 1969 workload. 

Equipment 

Manned space flight network.. .. $24,181,000 $14,200,000 $1:3,30~0,000 
Satellfte network.. ............ 9,478,000 9,000,000 13,000,000 
Deep space network. ............ 9,354,000 10,200,000 12,5(10,000 
Other instrumentation.. ........ 3,300,000 3,800,000 :3,6(10,000 
CommunLcatlon!s.. ............... 3,090,000 2,300,000 2 , 200,000 
Data processing ................ 2,164,000 1,722,000 1 , 5O0,OOO 

Total ........................ $51,567,000 $41,222,000 $46 100 000 ==A L 

Manned Space Flight Network Equipment 

The Manne'd Space Flight Network equipment program encompasses the pro- 
curement of equipment and services necessary for incorporation of new 
capabilities in the network to meet new manned space flight program slipport 
requirements, for modification of existing equipment to increase the network's 
operational effectiveness and efficiency, and for sustaining the netwwk's 
continuing capability for reliable mission support. 

1mplementa.tion of the Manned Space Flight Network's basic Capability 
for Apollo Program support was completed during FY 1968. 
activity has been primarily devoted to maintaining the network in a csontinu- 
ing state of readiness for support of the changing mission requi:rements of 
the manned space flight program. This effort will be continued In FY 1970. 

During FY 1'369, 

During FY 1970, the network will be heavily engaged in Apollo mission 
support. In such an environment, a continuing effort will be necessary to 
maintain the support capability throughout the flight program. Accordingly, 
funds are requested for facility modifications and for equipment to be used 
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in off-line monitoring of station and system performance, for correctica of 
operational deEiciencies, and for replacement of failure prone systems with 
more reliable un:Lts. Funds are also requested for the engineering effcrt 
required Eor system checkout, provision and modification of test eqiiipnient , 
continuation O E  the test and training satellite capability, and €or thc pro- 
curement of moldule spares needed to preclude long periods of station dclwn- 
time . 

Tracking and data acquisition requirements for missions in the ApoC.0 
Program vary Eroin mission to mission depending on specific mission objtictives, 
flight plans, and the requirement to investigate special problem areas dis- 
covered i n  the sgacecraft on previous flights. In general, it is necezisary 
to modify or <augment network. equipment to enable support of these v,ary:i.ng 
requirements. Such changes are anticipated in most systems areas and j'unds 
are requested in FY 1970 for procurement of equipment at the system ant[ 
module levels to provide for these mission-to-mission changes. 

The complex orbital flight operations planned for Apollo Applicatioiis will 
require Manned Space Flight Network support of multimodule rendezvous 
maneuvers with an orbiting spacecraft cluster equipped with a broad spcxtrum 
of scientific and technological experiments. To fulfill both mission 
control and experiment support requirements, it is necessary to attgmenl: the 
data handling capabilities of the network stations. Currently, most oli the 
stations are equipped with three PCM systems for decommutation of t:he 1:hree 
telemetry data links used for Apollo mission control. An additional 
decommutator is required at each station to handle AAP experiment clata. 
These systems were originally programmed for procurement in FY 1909; hlwever, 
the delay in the Apollo Applications mission schedule has permitttxl post- 
ponement of the procurement to FY 1970. 

The rendezvous phases of Apollo Applications missions will require 'let- 
work support sf the orbiting spacecraft cluster simultaneously with support 
of manned or unmanned rendezvous spacecraft. Since the data systems aDoard 
the rendezvous, spacecraft differ functionally from those aboard the or>iting 
cluster and slnce individual network stations will be required to support 
the two vehicles in rapid sequence, station capabilities for rapid reprogram- 
ming and quick. conf iguratioii turnaround are required. 

Currently, these capabilities are limited by the time requirements for 
configuraltion verification and checkout. Accordingly, funds are requested 
to initiatte provision of automatic configuration monitoring and automatic 
checkout capa.hil ities in the network stations. Provision of these capabili- 
ties will. significantly reduce the time required for the reliable Iconfigura- 
tion turnaround necessary for support of these complex missions. 

Satellite Network Equipment 

In fiscal !rear 1970, the equipment program for the Satellite Network 
consists of three major categories with the following objectives: 
sustaining the basic capability of the network; (2) improving the utilization 

(1) 
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of existfng cquipments; and (3) implementing required new capability. As in 
previous yeam, funding constraints in fiscal year 1969 have required equip- 
ment defarrab into fiscal year 1970. 

Under the sustaining effort for fiscal year 1970, the objective wiJI.1 be 
to maintain tne minimum level of performance necessary to meet the recpire- 
ments of the numerous and varied on-going programs which are supportecl by 
the network. In meeting this objective, the fiscal year 1970 effort will 
include &he :rep.Lacernent of command encoders and command antennas , essrmtially 
completing a three-year program to update the command systems in a geiieral 
purpose configuxation. 

On a contlnulng basis, equipments are needed at both the stations ;md 
the control centers to meet requirements of mission-to-mission changei; 
within a program. As part of the sustaining effort, these changes inc:lude 
modifications to display boards, computer interface equipment, anid miiision 
directors ' consoles. 

In addition, funds are included in the fiscal year 1970 budget reqitest 
for the more routine functions associated with maintaining a global nc!twork. 
These include the procurement of test and calibration equipment necesr;ary 
to insure a high performance level of the electronic systems and subsystems, 
provision for facility repairs and alterations , procurement of specia:i.ized 
non-expendab Le spare components and modules , and procurement of station 
maintenance veh lcles . 

The major efEort planned in fiscal year 1970 to improve the utiliziition 
of existing equipment is the implementation of Station Technical Operiitions 
Control (STOC) 'consoles. These consoles, by centralizing a number of 
routine oper,atilons at the stations and affording a rapid checkout. of 
station's configuration to support a particular satellite pass, will reduce 
the turnaround time between passes. With a reduced turnaround time, inore 
satellite passes can be supported with existing equipment, and without: the 
addition of new telemetry and command links. Due to budget const:rainl:s in 
fiscal year 196%9, this item was deferred into fiscal year 1970. 

The new capability category includes those equipments which are needed to 
meet new requirements brought about by new program starts in the fisc*%l 
year. For fiscal year 1970, the high data rate of the Earth Resource's 
Technology Satellite will require antenna modifications and recording 
equipment at two sites; and command, display, computational, and videc, 
data handling equipment at the control center. For the new OS0 missions, 
equipment is needed to update the control center to support these higlier 
data rate spacecraft. 

Deep Space Network Equipment 

As the emphasis in the unmanned lunar and planetary program in the early 
1970's changes from lunar to planetary exploration, the Deep Space Network 
is being augmented to provide a general purpose capability to support the 
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more demanding and complex mission requirements associated with this c:hange. 
These requireinents include precise ground control of orbiting spacecraif t 
at planetary distances, data processing systems to handle large quantii.ties 
of both visual :Lmaging (TV) and scientific data, and sensitive and reliable 
ground systems 1:o handle multiple spacecraft , particularly during crii:ical 
mission mode!;, at extreme distances. 

To provide a general purpose configuration in the network to meet 1:hese 
newly evolving requirements, the development and testing of several systems 
are underway in FY 1969. The FY 1970 budget request includes funds to 
continue with this development which is required to implement or modiliy 
selected proven systems for support of Mariner 1971. 
in this request for sustaining the network capability to support the on- 
going Mariner 1969 and Pioneer missions. 

Funds are a.lso mcluded 

For the Mariner 1971 mission, modifications will be made to the geiieral 
purpose teleinet ry system at the 85-foot antenna sites. These moclif ic4itions 
will allow a more rapid transfer of data to earth from spacecraft. at 
planetary distances. Also, to provide for the handling of visual. imaging 
data from two spacecraft orbiting Mars in 1971, and to allow for t.he .;imul- 
taneous processing of such data, certain modules of the 210-foot C:old.;tone 
antenna data processing and receiver systems will be dualized. 

General purpose command generation equipment will also be impl-emen~ted 
at those sites supporting Mariner 1971. This equipment, a prototype of which 
has been developed, provides a direct, automatic command capability from the 
control center. This centralized command capability allows prompt anii 
reliable initiation of commands for those spacecraft requiring cliose IDpera- 
tional surveillance and real-time control as typified by the two orbiting 
Mariner '71 spacecraft. 

The two Mariner 1971 spacecraft orbiting Mars every 12 hours xwl.ll also 
relay an extremely large volume of occultation data. This type of data, 
derived from the perturbed radio transmissions through the Martian atmosphere, 
will be acquired two times during each 12-hour orbit of the planet. 
previous planetary missions allowed only one occultation opportuiiity they 
were conducted on an experimental basis using a slow data processing 
technique at only one ground station. 
greatly increased data workload, it will be necessary to implement or modify 
selected systems, including new digital recorders and receiver modifications, 
at four DSN stations. 

Since 

To enable the network to handle this 

Funds are included in the FY 1970 request for sustaining the network at 
the required levels of reliability to support the on-going program. Up- 
dating and replacement of obsolete or high maintenance components, modules, 
and subsystems are necessary on a continuing basis to maintain network 
integrit.y and reliability. This requires the procurement of suc'h items as 
test andl calibration equipment, major cabling assemblies, antenna and servo 
components, and power distribution modules. It also provides for module 
spares provf.sicrning , minor mission-to-mission changes, and simulation inter- 
face modules far system training and testing. 
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Other Instrumentation Equipment 

A wide var:Letty of fixed and mobile equipment is used to provide Snstru- 
mentation supporc for sounding rockets and reentry vehicles launched fi.om 
Wallops Station ;and other locations, and for flight research projects (.on- 
ducted at the F1:ight Kesearch Center. 

At Wallops Station, these funds in FY 1970 are required to sustaln 
existing capabiltty by the provision of maintenance and spare parts, the 
procurement O F  non-recoverable flight hardware (antennas, transponders, 
command/destruct receivers, and small test rockets for calibrating groimd 
support instrumentation) and the accomplishment of the third phase of r:he 
S-band telemetry conversion scheduled for completion in FY 1971. In 
addition, a C-band radar, surplus to the Canary Island tracking statioii, 
will be refurbished to meet current requirements. 

The Aerodynamic Test Range radar systems have been converted from S--band 
to C-band. Fiscal year 1970 funds are required for integration of the new 
system into existing instrumentation, for associated ground support. tei;t 
and calibration equipment, and for the procurement of -maintenance an 
repair parts. This effort was essentially deferred from FY 1969 due 
budget constraints. 

Communications Equipment 

Procurement of communications equipment will maintain the present 
of capability and provide a few necessary improvements. One of the 

to 

1 (eve 1 
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ments- will be the addition of technical control facilities at Ascension 
Island and Canary Island to permit maximum cross-use, by switching and 
patching, of communications satellite circuits and new submarine cable 
circuits. This equipment will permit the controllers to monitor imd 
evaluate each type of circuit and pick the best one for transmiss:ion O E  
data. 

Another improvement is the standardization of the teletype network at 
100 wpm worldwide. Presently, the network consists of teletype equipment 
capable of handling various data rates which require special conversion 
equipment:. 1.n aiddition, equipment items such as direct wideband 'computer- 
to-comput:er interface units, core modules, tape units, and replacement parts 
and spares wil.1 be purchased t o  meet normal requirements to sustain the 
network . 

Data Processing Equipment 

The operat::tonal data processing equipment requires a continuing program 
of minor redesign, modification, and improvement, as well as normal maiinten- 
ance and repxir,, While the data processing lines are designed to Re ais 
flexible as possible, changes and updating are necessary to meet the 
requirements of new programs and to accommodate mission-to-mission changes 
within exist!tng programs. The objective of these changes is to accelerate 
the processing of data and thus minimize the acquisition of new processing 
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equipment. An example of such a change is t h e  a d d i t i o n  t o  an e x i s t i n g  data 
processing l i n e  of a command decoder and PCM equipment t o  support  trm's H, I ,  
and J. The FY 1970 budget i nc ludes  funds t o  provide t h e  components necessary 
f o r  t hese  modif icat ions and improvements t o  e x i s t i n g  processing equipment. 

Supporting Research and Technology - 

1.97C ___.-- 1968 1969 

New syst:ems. .................. 
1ntegrat:ed syst:ems a n a l y s i s ,  

development and test .  ....... 
Antenna subsyst:ems.. ......... .I 
Receiving and t r a n s m i t t i n g  

Data handl ing and c o n t r o l .  ... .I 
Data proceso:int; and reduct ion.  
Spacecraf t  wibsys t e m s .  ........ 
Network perfonaance and 

subsystems..  ............... .I 

..... opera t ions  technology. ,,, - 

$685,000 

2,916,000 
1,505,000 

2,481,000 
1,920,000 
1,660,000 
1,633,000 

$801,000 

2,382,000 
836,000 

2,798,000 
1,923,, 000 

871,000 
1,161,000 

728,000 

$1 ,, 37C1,OOO 

2 :, 54Cl ,000 
1 !, 34C1,OOO 

2 ,, 51CI ,000 
l.,97CI,OOO 
1 ., 15C1,OOO 

99(: ,000 

63C1.000 

Total....................... $12,800,000 $11,500,000 ----L..-..- $12 500 1-- 000 
---I- - 

The SupporlLLng Research and Technology (SRT) program f o r  t r ack ing  arid 
d a t a  acqu Lsit-Llm i s  undertaken t o  develop t h e  telecommunications technology 
needed t o  supp3rt  f u t u r e  f l i g h t  missions.  
t h e  s t u d i e s  and developments needed f o r  t h e  o r d e r l y  evo lu t ion  of retwoi-k 
support  capab L l i  t i e s  and f o r  the c o s t  e f f e c t i v e  augmentation of trackiitg 
and d a t a  a c q u i s i t i o n  support systems. 

The program i s  planned to pi-ovide 

The e f f o r t  i n  FY 1970 w i l l  remain focused on t h e  Deep Space Network r o l e  
i n  the  telecommunications l l n k  and t h e  S a t e l l i t e  Network c a p a b i l i t  3 es  :o 
provide c o s t  eff tsct ive support  t o  f u t u r e  s c i e n t i f i c  and applicaticiris 
sa te l l i t e  missions.  The o b j e c t i v e  f o r  deep space is  t o  r e c e i v e  s p x e c  raf t  
te lemetry a t  higher rates than now ob ta inab le  and a t  g r e a t e r  d i s t a n c e s ,  t o  
r ece ive  p l ane ta ry  lander  te lemetry d i r e c t l y  from t h e  s p a c e c r a f t  OIL t h e  
s u r f a c e ,  t o  a l l o d  simultaneous ope ra t ion  of several s p a c e c r a f t ,  am t o  
provide t h e  more accu ra t e  t r ack ing  needed f o r  advanced p:Lanetary r i i  $;si ins .  

The prime o b j e c t i v e  of SF:T support  of e a r t h  satel l i tes  is  the :iTqill:atinn 
of c o s t  e f f e c t i v e  techniques f o r  implementing required augmentatioi 1:; a id  
f o r  ope ra t ing  t h e  t o t a l  network of ground s t a t i o n s ,  c o n t r o l  centei-:;, ai6 
s p e c i a l  f a c i l i t i e s  which support  NASA f l i g h t  p r o j e c t s ,  both manzetl and 
unmanned., Work w l 1 1  cont inue on d a t a  r e l a y  sa te l l i t e  s t u d i e s ,  tei:~i:iiqie~: 
t o  automate s t a t i o n  ope ra t ions  and reduce s t a t i o n  turnaround time )e twien  
missions,  mettods f o r  onboaird d a t a  handling and processing,  and dtt 1e13DmenI 
of network sut:syst.ems t o  meet s p e c i f i c  mission needs. 

The program f o r  SKT campl:l:;es e f f o r t  i n  e i g h t  t a s k  arms as ~ Q L ~ ~ F I S :  



New Systems 

The effort in. this category consists primarily of studies to define the 
configuration anid operation of a Data Relay Satellite System (DRSS). 
studies are al-sc~ intended to identify any potential problems in the technology 
of such ii system. This system would use relay satellites in synchronous 
orbit to gather data from lower altitude orbiting spacecraft to augment the 
capabi1it:y ant1 improve the efficiency of the NASA tracking and data acquisi- 
tion networks. Studies will be conducted to define the system which can 
most economic:all.y and reliably satisfy support requirements of NASA flight 
programs project.ed for the mid-to-late-1970's. 

These 

These stucMea will make use of appropriate technical and cost trade-off 
analyses to &?fine the DRSS; that is, the number, location, and performance 
specifications of supporting ground stations, and the characteristrcs of 
the te1ec:ommunic:ations subsystems of mission spacecraft for which the DRSS 
is to provide: support. 

:[nt:egrated Systems Analysis, Development and Test 

The main purpose of this effort is to prove the acceptability of sciftware 
concepts and hardware models in a real or simulated network operating 
environment before they are committed to implementation into the network 
stations., control centers and other facilities. Also to be continued in 
this task area in FY 1970 is the development of techniques for network 
frequency and time synchronization, the development of techniques and computer 
programming for more precise orbit determination, and planetary radar and 
telecommunications experiments to obtain data which are used for both 
scientiffc and network engineering purposes. As part of the interface 
planning between the networks and the flight missions, work will continue 
on the ana1ys:Cs of on-going and future mission trajectories and profi3 e 
alternatives i:o ensure ground system compatibility with these new flipht 
requirements 

Antenna Subsystems 

The objective of this task area is to provide technology for improving 
overall perfo:nnance of ground antenna systems and subsystems in terms of 
efficiency, irel:iability, and maintainability. Improvements are needed to 
achieve operational flexibility for transmitting various frequency bands 
using fixed and rapidly changeable antenna feed configurations. Digital 
antenna contiwl and other automation techniques are needed to provide more 
effective uti Lization of large antenna facilities and decrease the tinie 
required t o  change the antenna mode from one mission to another. ThiE work 
will continue arid includes the measurement and calibration of antenna 
performaiice, studies to lower noise interference, and the evaluation clf 
design techniques for large antennas. 
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Receiving and Transmitting Subsystems 

The objectives of this category are to devise, construct, test, and 
demonstrate prototype versions of transmitters and receivers needed to meet 
the requlrements of approved flight missions. For deep space missions, a 
major objectlve is to allow two-way radio communications simultanleously with 
orbiting spacecraft and lander vehicles at several frequencies and at extreme 
distances. Developments for multi-mission telemetry through use o f  hybrid 
computers to perform digital decommutation will continue. For earth satel- 
lites, the pr'imaxy effort in FY 1970 will focus on the automated multl- 
function receiver and low noise masers for future ATS and other flight 
missions. 

Data Handling and Control 

The object::ive of this effort is to provide efficient and error-free 
data transmission, handling, and control required by the networks in their 
support fiunct::tons of telemetry, command, tracking, ranging, and timinp,. 
Effort wt11 c:ont:inue on the development of hardware and software to pi'ove 
out techniques 1:hat are cost-effective in providing a moderate degree of 
station ziutonliition. This work will include more efficient handling oi' 
data for comm;intling satellites, monitoring station status, fault detection 
and isolation, and for operational flexibility to respond quickly to changes 
in mission support requirements. 
receiving high-rate coded telemetry and methods of obtaining useful dztta 
from very weak signals that are below present signal thresholds. 

Work will also continue on techn€qut!s for 

Data Processing and Reduction 

The objectfves of this task are the efficient and reliable operation of 
the control ixniters and the preparation of flight experiment datal whic:h is 
acceptable for use by scientific and engineering personnel partic:ipating in 
the NASA space programs. Computer programming theories and languages will 
be applied and techniques will be developed to fulfill control center needs 
for multtple spacecraft mission support. Development will continue 011 more 
efficient methods of displaying, reducing, and processing large volumes of 
data. 
ing equipment and other methods of providing capabilities needed t:o fiilfill 
future requirements. 

Investigations will be made of techniques using optical data process- 

Spacecraft Subsystems 

The main objective of this effort is the development of common-usage 
spacecraft telecommunications subsystems that are compatible with the 
ground stations and are optimized for spacecraft-network trade-offs. Develop-- 
ment of general-purpose spacecraft subsystems will continue in FY 19713 
primarily in the area of on-board information processing and control, and 
a unified radio frequency subsystem. Techniques will be examined t o  reduce 
the amount of redundant and unnecessary data transmitted to the statirons. 
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Network Performance and Operat ions Technology 

The o b j e c t i v e s  of t h i s  new t a sk  area are t o  determine the  performance and 
l i m i t a t i o n s  of’ t he  networks as a whole and t o  e x p l o i t  ways of reducing 
r ecu r r ing  ope ra t ions  c o s t s .  S p e c i f i c a l l y ,  i n  FY 1970, e f f o r t  will concen t r a t e  
on c o s t  ana lyses  of s t a t i o n  automation, automating range schedul ing,  improving, 
t he  q u a l i t y  af t r ack ing  d a t a ,  and ob ta in ing  g r e a t e r  e f f i c i e n c i e s  i n  opera- 
t i o n s  by reducing r a d i o  frequency i n t e r f e r e n c e  i n  the  spacecraf  t-to-ea r t h  
te1eCommunicai:ions l i n k .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1970 ESTIMATES 

OFFICE OF TECIO~OLOGY UTILIZATION_ TECHNOLOGY UTILIZATl.0N PI LOGRAM -___-_- 

PROGRAM 0:BJECTIVISS --- AND JUSTIFICATION: 

This program provides a necessary follow-on to all Government supported 
programs in line with the principle that techniques and methods discovered 
and/or developed with public support should be made available to the public 
expeditiously for their benefit. Those techniques and methods which are of 
direct benefit to the aeronautical and space communities almost automatically 
are put to use throughout that community. 
discoveries and developments in any line of research which are of potential 
benefit to users outside of the developing community. It is the purpose of 
the program to uncover such useful discoveries and provide a mechanism for 
making them known and available to the general public. In addition, this 
program provides a similar service in connection with management techniques 
for large, complex research and development activities by giving wide dis- 
semination t o  new systems and concepts in this area. 

However, there are inevitably 

The primary objectives of the Technology Utilization program are: (1) to 
increase the return on the national investment in aerospace research and 
development by encouraging additional uses of the knowledge gained in those 
programs; (2) to shorten the time gap between the discovery of new knowledge 
and its effective use in the marketplace; (3)  to aid the movement of new 
knowledge acxoss industry, disciplinary, and regional boundaries; (4) to 
contribut:e to the kpowledge of better means of transferring technology f rorn 
its points of origin to its points of potential use. 

SUMMARY OF --- RE:;OlJRCES REQUIREMENZ: 

1968 1969 

IdentilicatLoii and publication.. . $1,500,000 $1,600,000 $1, 70O4,000 

Dissem:hat:k~n, ................... 1,600,000 1,400,000 2,350 ,,OOO 
Ana1ys:l.s ......................... 200,000 

Evaluation ....................... 700,000 800,000 950 ,, 000 

--- --- ___- - 
Total .......................... $4,000,000 $3,800,000 - 2 - L  $5; 000 000 ----- - __-____ 

Distribution of Program Amount by Installation: --- 
NASA HeacbElrters. e e e e o  e o  . e o m  e e 4,000,000 3,800,000 5,000,000 
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BASIS OF FUND --- REQUIREMENTS: 

Identification and Publication 

Technology Utilization Officers at NASA field installations and special- 
ists from universities, research institutes and private industry search 
through selected areas of scientific and technical endeavor, and :Ldentify 
and document those inventions, innovations, improvements, and discoverfes 
that have potential utility to the nonaerospace sector of the economy. 
Increased emphasis is placed on the identification and reporting of new 
technology, particularly in the areas of computer programs and biomedical 
instrumentation with high potential for secondary application. Also, lefforts 
will be undertak'en to evaluate prospectively the potential for gerieratfng new 
technology at th'e initiation stage of R&D programs. 

Evaluation 

Personnel at NASA installations and research institutes evaluate the new 
technology so identified, determine its novelty, significance and potential 
nonaerospace industrial application and utility and prepare reporits which 
are published and made available to the scientific, industrial and academic 
communities. In addition, NASA personnel and research institute personnel 
are continually evaluating technology transfer mechanisms and feeding the 
new knowledge back into the Technology Utilization program. 

Dissemination 

This program element is accomplished by the employment of regional dis- 
semination centers that store, retrieve and interpret, the new technology 
developed by ~IASA for local industry. Biomedical applications te8ams are 
also employed to assist researchers in defining and solving medical problems 
by adaptation of NASA technology. In addition, Government developed computer 
software is evaluated and disseminated to industry. Cooperative programs are 
underway with several other agencies such as the Bureau of Reclamation, 
Law Enforcement Assistance Administration, Social Rehabilitation Servlce of 
HEW, Small Business Administration, Atomic Energy Commission and others to 
disseminate applicable new technology developed by NASA. 
programs are t:o be expanded and strengthened. Increased emphasis is t o  be 
placed on cooperative interagency programs, particularly those now reaching 
the full implementation stage such as the agreement under which Department 
of Defense computer programs are to be made available to the Computer Soft- 
ware Management Information Center for evaluation and distribution to 
secondary users. Increased participation with trade associations, the 
arrangement of Technology Utilization conferences and seminars, and con- 
tinued high emphasis on the announcement and publication of available new 
technology through the trade press is planned. 

Such dissemination 
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