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NATLONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

GENERAL STATEMENT 

The program of research and development and support ing a c t i v i t i e s  olt the  
National Aeronautics and Space Administration i s  d i r e c t e d  toward maintdining 
the United S t a t e s  i n  a 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. 
The major program elements designed t o  achieve t h i s  o b j e c t i v e  are: 

MANNED SPAlECFLIGHT: 
operat  ions and e x p l o r a t i o n  through extended e a r t h  o r b i t a l  f l i g h t s  , 
development of rendezvous and docking techniques,  and manned lunar  
landing and r e t u r n .  

The at ta inment  of a c a p a b i l i t y  f o r  manned space 

SPACE SCIENCE AND APPLICATIONS: An unmanned space f l i g h t  program 
d i r e c t e d  toward 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 the Ea r th ,  Moon, Sun, 
p l a n e t s ,  s ta rs  and i n t e r p l a n e t a r y  space; and the development of 
technology and s p a c e c r a f t  s y s t e m s  t h a t  can be used i n  ope ra t iona l  
systems , such as meteorology and communications. 

ADVANCED FLEEARCH AND TECHNOLOGY: 
fundamental knowledge and t h e  t echno log ica l  base f o r  the f u t u r e  
ae ronau t i c s  and space programs. 

An e f f o r t  required t o  provide tht: 

TRACKING Al!$-DATA ACQUISITION: The e f f o r t  required f o r  the opera- 
t i o n a l  support  of t he  NASA manned and unmanned f l i g h t  programs. 

MANNED SPACE FLIGHT 

The g r e a t e s t  po r t ion  of t h e  FY 1967 r eques t  i s  f o r  the support  of t he  
The development of a c a p a b i l i t y  f o r  mannt!d manned space f l i g h t  program. 

space operat ions with a support ing base of engineer ing,  s c i e n t i f i c  and pro-  
duc t ion  capac i ty  remains unchanged as the b a s i c  ob jec t ive  of t h i s  program. 
Within t h i s  b a s i c  ob jec t ive  t h e r e  i s  a s p e c i f i c  goa l  of landing men on the  
lunar s u r f a c e  f o r  Limited lunar  e x p l o r a t i o n  and r e tu rn ing  them s a f e l y  1:o 
e a r t h  i n  t h i s  decade. P r o j e c t s  Gemini and Apollo continue t o  be t h e  hard 
core of the p r s s e n t  f l i g h t  and ground tes t  and development e f f o r t .  Supple- 
menting these p ro jec t s  are s t u d i e s  and support ing development a c t i v i t y  which 
are d i r ec t ed  toward the e x p l o i t a t i o n  of t he  hardware and techniques developed 
by Gemini and Apollo. 

Gemini has a l ready e s t a b l i s h e d  man's c a p a b i l i t y  f o r  u se fu l  a c t i v i t i e s  i n  
space f o r  per iods of up t o  two weeks. I n  FY 1967 i t s  f l i g h t  operat ions w i l l  
be completed. Tiese f l i g h t s  w i l l  provide Apollo with important development 
information on space nav iga t ion ,  guidance , rendezvous and docking techniques.  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

(XNERAL STATEMENT 

The progran of research  and development and support ing a c t i v i t i e s  of the 
Nat ional  Aeronautics and Space Adminis t ra t ion i s  d i r e c t e d  toward maintaining 
the  United Staire:; i n  a p o s i t i o n  of world leadersh ip  i n  aeronaut ics  and space.  
The major prog:carn elements designed t o  achieve t h i s  ob jec t ive  are: 

MANNED SPACE ]?LIGHT: The a t ta inment  of a c a p a b i l i t y  f o r  manned space 
operat ions and exp lo ra t ion  through extended e a r t h  o r b i t a l  f l i g h t s ,  - - 

development o E rendezvous and docking techniques,  and manned lunar  
landing and r e  tu rn .  

SPACE SCIENCE --- AND APPLICATIONS: An unmanned space f l i g h t  program 
d i r e c t e d  toward s c i e n t i f i c  i nves t iga t ions  of the Ea r th ,  Moon, Sun, 
p l a n e t s ,  star:; and i n t e r p l a n e t a r y  space; and the development of 
technology and spacec ra f t  systems t h a t  can be used i n  ope ra t iona l  
systems,  such as meteorology and communications. 

ADVANCED --- RJLSEARCH AND TECHNOLOGY: 
fundamenta 1 k..?owledge and the technologica l  base f o r  t he  f u t u r e  
aeronautic:; and space programs. 

An e f f o r t  required t o  provide thc! 

TRACKING --- A N D  ;DATA ACQUISITION: 
t i o n a l  :;upport of t he  NASA manned and unmanned f l i g h t  programs. 

The e f f o r t  required f o r  t he  opera- 

MANNED SPACE ]?:LIGHT ---- 
The g r e a t e s t  por t ion  of t h e  FY 1967 reques t  i s  f o r  the  support  of the  

manned space Eli,ght program. 'The development of a c a p a b i l i t y  f o r  manncd 
space opera t ions  wi th  a suppor t ing  base of engineer ing ,  s c i e n t i f i c  and pro-  
duc t ion  capac i ty  remains unchanged as the  b a s i c  ob jec t ive  of t h i s  program. 
Within t h i s  b a s i c  ob jec t ive  the re  i s  a s p e c i f i c  goa l  of landing men on t h e  
lunar su r face  f o r  Limited lunar  exp lo ra t ion  and r e tu rn ing  them s a f e l y  1:o 
e a r t h  i n  t h i s  decade. P r o j e c t s  Gemini and Apollo cont inue t o  be the  hard 
core of the  prestgnt f l i g h t  and ground tes t  and development e f f o r t .  Supple- 
menting these  p ro jec t s  are s t u d i e s  and suppor t ing  development a c t i v i t y  which 
a r e  d i r ec t ed  toward the  e x p l o i t a t i o n  of t he  hardware and techniques deTreloped 
by Gemini ,and Apollo. 

Gemini has a l ready  e s t ab l i shed  man's c a p a b i l i t y  f o r  u se fu l  ac t iv i t i c t s  i n  
space f o r  ]periods of up t o  two weeks. I n  FY 1967 i t s  f l i g h t  operation:; w i l l  
be completed. These f l i g h t s  w i l l  provide Apollo with important development 
information on space naviga t ion ,  guidance, rendezvous and docking techiiiques. 
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I n  a d d i t i o n  t o  con t inua t ion  of t h e  ground test  a c t i v i t i e s ,  FY 1967 Apollo 
e f f o r t s  wi1:L expand i n t o  manned s p a c e c r a f t  f l i g h t  tests using the Sa tu rn  I B  
launch v e h i c l e ,  and the i n i t i a l  development f l i g h t s  of t h e  Sa tu rn  V launch 
veh ic l e .  

I n  the ama of advanced f l i g h t  missions,  s t u d i e s  and advanced component 
development w i l l  be continued. The a i m  of t h i s  e f f o r t  w i l l  be t o  e x p l o i t  and 
extend the  i s p a b i l i t y  of the Apollo s p a c e c r a f t .  

SPACE SCIEN(gL,4ND APPLICATIONS 

I n  the F'Z 1'967 budget r eques t  t he  next  major program i s  t h a t  of space 
science and ,aplplications. P a r t  or t he  s c i e n t i f i c  program is concerned with 
unmanned s p a c e  f l i g h t s ,  which are used t o  s tudy t h e  environment and s u r f a c e  
of the Ea r th ,  IYoon, and p l a n e t s ,  as w e l l  as t h e  in t e rven ing  space environment. 
The f l i g h t  p r o j e c t s  concerned with t h e  above o b j e c t i v e s  include sounding 
rocke t s ,  Geophysical s a t e l l i t e s  , Explorers , Pioneer  probes , Mariners and 
Surveyor. ' he  p r o j e c t  involved with t h e  s tudy  of t he  Sun i s  the  Orb i t ing  
S o l a r  Observatory; while the purpose of the Orb i t ing  Astronomical Observatory 
is t o  s tudy  tho stars. The b i o s a t e l l i t e  program w i l l  cont inue development sol 

as t o  launch i t s  f i r s t  f l i g h t  i n  1966. I n  the  area of a p p l i c a t i o n s ,  p r o j e c t  
Nimbus w i l l  continue t o  support  the p re sen t  and f u t u r e  requirements of the 
ope ra t iona l  weather s a t e l l i t e  systems f o r  the Weather Bureau. Effort .  w i l l  
a l s o  continue i n  t h e  development of t he  Applicat ions Technology S a t e l . l i t e  
which w i l l  g ive  u s e f u l  information f o r  a p p l i c a t i o n  t o  meteorology and com- 
munications 3s w e l l  as s c i e n t i f i c  s p a c e c r a f t  systems. 

ADVANCED REILEAJCH AND TECHNOLOGY 

The advan~:ed r e sea rch  and technology e f f o r t  c o n s t i t u t e s  a cont inuing over- 
a l l  program aimed a t  meeting the technology goa l s  of the n a t i o n  with par t icul lar  
a t t e n t i o n  t o  providing the t echn ica l  base f o r  c a r r y i n g  out  a t t r a c t i v e  f u t u r e  
aero-space 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  
research t o  improve our fundamental knowledge of phys i ca l  and l i f e  s c i ence  
phenomena, through applied technology t o  improve our p r a c t i c a l  c a p a b i l i t y  
f o r  developfing advanced systems, 
research and technology program are b a s i c  r e sea rch  , biotechnology and hunian 
r e sea rch ,  e Lec t ron ic s  and c o n t r o l ,  nuclear  systems and space power , chemical 
propuls ion,  space veh ic l e  r e sea rch  and technology, and ae ronau t i c s .  

The s p e c i f i c  areas of e f f o r t  i n  t h e  advanced 

TRACKING ANli&9TA ACQUISITION 

The t r ack ing  and d a t a  a c q u i s i t i o n  e f f o r t  i s  d i r e c t e d  toward provicl ing the 
necessary sui?port required by t h e  inc reas ing  a c t i v i t y  of t he  NASA space 
f l i g h t  prog~r~am; . During FY 1967 increased numbers of launches are scheduled 
f o r  both the  manned and unmanned space f l i g h t  programs , thereby r e q u i r i n g  
a d d i t i o n a l  e f f o r t  by the  world-wide network of t r ack ing  s t a t i o n s .  Aclditional.l)., 
t he  program x o v i d e s  f o r  supplementing and maintaining the t r ack ing  and d a t a  
a c q u i s i t i o n  c a p a b i l i t y  of the network as required.  
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TECHNOLOGY 1 ~ ~ ;  IZATION 

The technology u t i l i z a t i o n  program provides f o r  the d i s t r i b u t i o n  and 
disseminat ion !of t he  s c i e n t i f i c  , technological  and engineer ing information 
and concept:; r e s u l t i n g  from NASA programs so as t o  permit t h e i r  f u l l e s t  use 
i n  accomp1i:;hi:G n a t i o n a l  o b j e c t i v e s .  I n  o rde r  t o  a s s u r e  fu l f i l lmen t :  of 
t h i s  b a s i c  ob jec t ive  , s e v e r a l  s u b s i d i a r y  o b j e c t i v e s  must be r e a l i z e d  ,, They 
are:  1. Es tab l i sh ing  e f f e c t i v e  mechanisms and systems f o r  a s s u r i n g  t h a t  
a l l  new knowledge i s  i d e n t i f i e d  , c o l l e c t e d  , evaluated and made a v a i l a b l e  i n  
the most u se fu l  manner; and 2 .  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  
announcing i2ind disseminat ing t h i s  new knowledge i n  o rde r  t o  a s su re  the widest: 
poss ib l e  a p p l i c a t i o n  and u t i l i z a t i o n  the reo f .  

FINANCING 

The FY 113157 budget t o  support  t he  r e sea rch  and development prograri, which 
is  discussed i n  d e t a i l  i n  t h i s  volume, i s  $4,246,600,000. This conipares 
with a program t o t a l i n g  $4,5L1,644,000 f o r  FY 1966. 

Experiditiire:; f o r  the c u r r e n t  f i s c a l  year  are est imated at $4,520 ,ClOO,OOO 
and $4,340,~000,000 for FY 19 6 7 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF MPSIED SPACE FLIGHT GEMIN,I PROGRAB 

PROGRAM OBJEKJ'IVES AND JUSTIFICATION : 

The Gemini program o b j e c t i v e s  a r e  t o  develop an ope ra t iona l  c a p a b i l i t y  i n  
manned spaces f l i g h t  and through t h i s  c a p a b i l i t y  t o  conduct s p e c i f i c  exper i -  
ments and t e s t s  which support  Apollo,  Department of Defense programs, and 
s c i e n t i f i c  i n v e s t i g a t i o n s .  I n  the  Gemini program, the  U.S. is  develioping and 
dem0nstratir.g t h e  c a p a b i l i t y  f o r  long-durat ion f l i g h t s  of a t  l e a s t  14 days, 
rendezvous and docking, post-docking maneuvers, ex t r aveh icu la r  a c t i v i t y ,  and 
c o n t r o l l e d  r een t ry .  

The Gemini spacec ra f t  systems a r e  s u b s t a n t i a l l y  more s o p h i s t i c a t e d  and 
v e r s a t i l e  t h a n .  those  used i n  Mercury. The s p a c e c r a f t  inc ludes  a number of 
subsystems used f o r  t h e  f i r s t  t i m e  i n  manned space f l i g h t :  e j e c t i o n  s e a t s ;  
f u e l  c e l l s ;  on.-board propuls ion;  rendezvous r ada r ;  i n e r t i a l  guidance; and 
c o n t r o l l e d  r een t ry .  The i n e r t i a l  guidance system used f o r  rendezvous a l s o  
provides  an a l t e r n a t e  c a p a b i l i t y  i n  t h e  event of f a i l u r e  i n  t h e  launch 
v e h i c l e  primary guidance system. I n - f l i g h t  experiments a r e  conducted a s  pari: 
of a plannec Frogram t o  u t i l i z e  t h e  f u l l  payload and ope ra t iona l  c a p a b i l i t i e s  
of Gemini. 

By t h e  end of ca lendar  year  1965, 7 of t h e  12  planned f l i g h t s  had been 
successfu l ly  conducted. Gemini I, 11, and I11 were f l i g h t  q u a l i f i c a t i o n  
missions;  Gemini I V ,  V, and V I 1  were long-durat ion f l i g h t s  t h a t  proved man's 
a b i l i t y  t o  perform use fu l  t a s k s  i n  space f o r  extended per iods  of time. 
ope ra t iona l  ca .pabi l i ty  o u t s i d e  t h e  conf ines  of a s p a c e c r a f t  w a s  demonstrated 
by the  extrasrehicular  a c t i v i t y  conducted during t h e  Gemini I V  mission.  The 
rendezvous c f  spacec ra f t  6 with spacec ra f t  7 represented  a major s t e p  i n  
developing the  ope ra t iona l  s k i l l s  and techniques t h a t  a r e  v i t a l  t o  tlhe Apollo 
missions.  'I'he experiments program conducted on t h e  5 manned missions during 
ca lendar  year  1965 have s i g n i f i c a n t l y  increased  our  medical and s c i e l n t i f i c  
knowledge of t h e  Ear th  and near-space environment. 

Man's 

Extensive ex t r aveh icu la r  a c t i v i t y  is  planped f o r  t h e  remaining Geinini 
f l i g h t s  ( V I I I  through X I I )  both t o  eva lua te  l i f e  support  systems and maneuver- 
ing u n i t s  f a r  t he  a s t r o n a u t s ,  and t o  demonstrate t h e  a b i l i t y  t o  perform s p e c i f i c  
ope ra t iona l  t a s k s  i n  space. "he DOD maneuvering u n i t  w i l l  a l s o  be evaluated 
as a coopereSive NASA/DOD e f f o r t .  

Delivery of t he  major f l i g h t  hardware has  continued a t  a r ap id  pace i n  
support  of the i n t e n s i v e  ope ra t iona l  a c t i v i t y  underway. By t h e  end (of 
ca l enda r  year  1965, 7 f l i g h t  s p a c e c r a f t ,  7 Gemini Launch Vehic les ,  2 Gemini 
Agena Target Vehicles  and 3 A t l a s  SLV-I11 had been de l ive red .  By mid-calendar 
year  1966, d . e l ive r i e s  w i l l  t o t a l  10 s p a c e c r a f t ,  10 GLV, 4 A t l a s  SLV-111, and 
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5 Gemini Agena Target Vehicles.  
including 2 s p a c e c r a f t ,  2 Gemini Launch Vehicles ,  1 Gemini Agena Target 
Vehicle and 2 A t l a s  SLV-111 w i l l  be de l ive red  t o  t h e  Kennedy Space Center 
during FY 15167. 

The remainder of  t h e  Gemini hardware, 

Upon completion of t h e  remaining Gemini missions,  t h e  United S t a t e s  w i l l  
have develoFled a sound ope ra t iona l  c a p a b i l i t y  i n  manned space f l i g h t ;  w i l l  
have demonstrated a c a p a b i l i t y  f o r  manned f l i g h t s  of a t  l eas t  14 days'  
du ra t ion ;  rendezvous; docking and post-docking maneuvers; ex t r aveh icu la r  
ac t iv i ty ;  ard c o n t r o l l e d  r e e n t r y ,  a l l  of which a r e  e s s e n t i a l  t o  Apollo. 

SUMMARY OF IFSOURCES REQUIREMENTS : 

1967 ._ 1965 1966 -, 

Spacecraft  ...................... $165,300,000 $107,211,000 $19,100,000 
Launch v e h i c l e s . ,  ............... 115,400,000 88,600,000 8,500 , 000 
Support ......................... 27,700,000 30,800,000 -, 13,000 ,OO!, 

Total . . . . . . . . . . . . . . . . . . . . . . . . .  $308,400,000 $226,611,000 &3.600.00!l 
-, -- 

Dis t r ibu t ion  of Program Amount bv I n s t a l l a t i o n :  

1967 ._ 1965 1966 -I 

Manned Spacecraf t  Center. . . . . . .  $308,050,000 $226,211,000 $40,300,000 
NASA Headquarters .............. 350 , 000 400 , 000 300,000 

BASIS OF FUNDREQUIREMENTS : 

Spacecraf t  

1965 1966 -, 1967 ._ 

Spacec ra f t , .  ................... $165,300,000 $107 ,21~ ,000  $19,100,000 

Under t h e  YcDonnell c o n t r a c t ,  major i tems being provided f o r  the  Gemini 
program include: 1 2  f l i g h t  s p a c e c r a f t ;  6 non-flying " b o i l e r p l a t e "  spacec ra f t  
f o r  use i n  cevelopment and q u a l i f i c a t i o n  t e s t i n g  of  subsystems; 5 s t a t i c  
a r t i c l e s ,  ncn-f lying r een t ry  a r t i c l e s  used p r imar i ly  f o r  va r ious  s t r u c t u r a l ,  
thermal and f l o t a t i o n  t e s t s ;  a complete f l i g h t - q u a l i t y  s p a c e c r a f t  f o r  simulate1.l 
space missicns i n  an environmental chamber (P ro jec t  O r b i t ) ;  an e l e c t r i c a l  
systems t e s t  u n i t  f o r  i n t e g r a t e d  t e s t i n g  of engineer ing models of e l e c t r i c a l  
and e l e c t r o r i c  equipment; a compa t ib i l i t y  t e s t  u n i t  (a non-flying s p a c e c r a f t  
configured fo r  checking f l i g h t - q u a l i f i e d  models of a l l  subsystems f o r  opera- 
t i o n  and compa t ib i l i t y  with t h e  ground equipment be fo re  t h e  al l -systems t e s t  
f l i g h t ) ;  2 mission s imula to r s ;  1 t r a n s l a t i o n  and docking t r a i n e r ;  systems 
t r a i n e r s ;  t z r g e t  v e h i c l e  docking adap te r s ;  and s p e c i a l i z e d  ground equipment, 
t e s t  hardware, and spa res .  With t h e  except ion of t h e  f l i g h t  s p a c e c r a f t  and 
t a r g e t  docking adap te r s ,  d e l i v e r y  of t h e  above i t e m s  w a s  completed during 
FY 1965. Seven Gemini s p a c e c r a f t  had completed f l i g h t  missions by t h e  end 
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5 Gemini Ag2n.s Target Vehicles.  
including :1 s p a c e c r a f t ,  2 Gemini Launch Vehicles ,  1 Gemini Agena Tal-get 
Vehicle and 2 Atlas SLV-I11 w i l l  be de l ive red  t o  t h e  Kennedy Space (:enter 
during I!Y l367. 

The remainder of  t h e  Gemini hardwai-e, 

Upon completion of t h e  remaining Gemini missions,  t h e  United Stat.es w i l l  
have developed a sound ope ra t iona l  c a p a b i l i t y  i n  manned space f l i g h t  ; w i l l  
have dernonsrrated a c a p a b i l i t y  f o r  manned f l i g h t s  of a t  l e a s t  14 dajrs' 
du ra t ion ;  r ~ ~ n d e z v o u s  ; docking and post  -docking maneuvers ; extravehic:ular 
a c t i v i t y ;  and c o n t r o l l e d  r e e n t r y ,  a l l  of which a r e  e s s e n t i a l  t o  Apollo. 

SUMMARY OF XESOURCES REQUIREMENTS : 

1965 1966 . - 1967 __ 
Spacec ra f t . .  .................... $165,300,000 $107,211,000 $19,100,000 
Launc ti veh i c  1 e s  ................. 115,400,000 88,600,000 8 , 500,000 
Support .......................... 27,700,000 30,800,000, - 13,000 ,OC!KJ 

T o t a l .  ......................... $308,400,000 $226,611,000 s 1 0  .600,OC!KJ 
. -  -- 

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

1965 1966 , __ 1967 ._ 

Manned Spacecraf t  Center . .  ..... $308,050,000 $226,211,000 $40,30O,OClO 
NASA Headquarters. ............. 350,000 400,000 300 , 000 

BASIS OEY FUND REQUIREMENTS: 

Spacecraf t  

1967 __ 1965 1966 - 
Spacecraf t .  .................... $165,300,000 $107,211,000 $19,1OO,OC~O 

Under the  flcDonne11 conti:act , major i tems being provided f o r  t he  Gemini 
program inc:::ude: 1 2  f l i g h t  s p a c e c r a f t ;  6 non-f lying "bo i l e rp l a t e "  Eipacecraft 
f o r  use i n  development and q u a l i f i c a t i o n  t e s t i n g  of  subsystems; 5 s t a t i c  
a r t i c l e s  , non-fl.ying r e e n t r y  a r t i c l e s  used p r imar i ly  f o r  va r ious  s t r u c t u r a l  , 
thermal. and f l o t a t i o n  t e s t s ;  a complete f l i g h t - q u a l i t y  s p a c e c r a f t  f o r  simula.ted 
space m i s s i o n : ;  i n  an environmental chamber (P ro jec t  Orbi t )  ; an e l e c t r i c a l  
systems t e s t  u n i t  f o r  i n t e g r a t e d  t e s t i n g  of engineer ing models o f  e l e c t r i c a l  
and electronic: equipment; a compa t ib i l i t y  t e s t  u n i t  (a non-f l y ing  spacec ra f t  
configured :for checking f l i g h t - q u a l i f i e d  models of a l l  subsystems f o r  opera-. 
t i o n  and cornpat ibi l i ty  with the  ground equipment be fo re  t h e  a l l - s y s t  ems t e s t  
f l i g h t ) ;  2 r i iss ion s imula to r s ;  1 t r a n s l a t i o n  and docking t r a i n e r ;  systems 
t r a i n e r s  ; t:iirget v e h i c l e  docking adap te r s  ; and s p e c i a l i z e d  ground equipment , 
t e s t  hardware ,, and spa res .  With t h e  except ion of t h e  f l i g h t  s p a c e c r a f t  and 
t a r g e t  c1ocE::ing adap te r s  , d e l i v e r y  of t h e  above i tems w a s  completed curing 
FY 1965. Seven Gemini s p a c e c r a f t  had completed f l i g h t  missions by t h e  end 
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of ca lendar  year  1965. Three spacec ra f t  have been de l ive red  i n  FY 1966 and 
two a r e  scheduled f o r  de l ive ry  p r i o r  t o  the  end of  t h e  f i s c a l  year .  The l a s t  
two spacec ra f t  a r e  wel l  i n t o  t h e  product ion phase a t  t h e  McDonnell p l a n t  i n  
S t .  Louis ,  Missouri ,  i n  p repa ra t ion  f o r  d e l i v e r y  i n  FY 1967. 

Launch Vehicles 

1967 
PI 

1965 1966 

Launch veh ic l e s . .  .............. $115,400,000 $88,600,000 $8,!500,000 

Three sepa ra t e  veh ic l e s  a r e  requi red  f o r  t h e  Gemini program: t h e  Gemini 
Launch Vehicle (GLV), the  At l a s  SLV-111, and t h e  Gemini Agena Target  Vehicle.  
The GLV, which p l aces  the  spacec ra f t  i n  o r b i t ,  i s  an A i r  Force T i t a n  I C  
i n t e r c o n t i n e n t a l  b a l l i s t i c  m i s s i l e  which has been modified f o r  manned € l i g h t .  
The modi f ica t ions  include inco rpora t ion  of redundant e l e c t r i c a l  power 13upply 
and f l i g h t  c o n t r o l  systems, a malfunct ion d e t e c t i o n  system t o  warn t h e  
a s t ronau t s  of a f a i l u r e  r e q u i r i n g  a b o r t ,  and replacement of t he  T i t a n  I1 
i n e r t i a l  guidance system wi th  t h e  r a d i o  guidance system used s u c c e s s f u l l y  
i n  Mercury. The A t l a s  SLV-I11 which p l aces  t h e  Gemini Agena Target  Vehicle 
i n  o r b i t ,  is  an A i r  Force Standard Atlas Launch Vehicle .  The Gemini Agena 
Target  Vehicle is an Agena-D modified t o  provide (1) a d d i t i o n a l  maneuviar- 
a b i l i t y  i n  o r b i t ;  (2) command communications compatible wi th  t h e  spacec ra f t  
and ground s t a t i o n  network; and (3) a docking mechanism. The modi f ica t ions  
inc lude  changes t o  the  e l e c t r i c a l  power supply,  t e lemet ry ,  spacec ra f t  icommand 
subsystems, and t h e  propuls ion system. To f a c i l i t a t e  rendezvous maneuvers, 
t h e  main engir.e was modified t o  provide a f ive- t ime r e s t a r t  c a p a b i l i t y  whi le  
i n  o r b i t .  
v e l o c i t y  changes and p rope l l an t  o r i e n t a t i o n  f o r  main engine s tar t .  A l l  t h r e e  
v e h i c l e s  a r e  procured f o r  t h e  Gemini program under t h e  d i r e c t i o n  of thle Manned 
Spacecraf t  Center through the  Space Systems Divis ion (SSD) of t h e  A i r  Force 
Systems Commarid. SSD i s  procuring t h e  GLV under f i v e  major c o n t r a c t s ;  
Mart in-Mariet ta  i s  the  c o n t r a c t o r  f o r  t he  veh ic l e ;  Aerojet  supp l i e s  thle 
engines;  General E l e c t r i c  produces t h e  guidance system; Burroughs f a b r i c a t e s  
t h e  computer; arid Aerospace Corporat ion i s  r e spons ib l e  f o r  systems eng inee r ing ,  
For the  A t l a s  SLV-I11 and t h e  GATV the  Space Systems Divis ion  of the  A i r  Force 
has  p r i n c i p l e  ccintracts wi th  General Dynamics/Convair Divis ion and Locltheed 
M i s s i l e s  and Elpace Company, r e s p e c t i v e l y .  

A secondary propuls ion system was added t o  provide f o r  smal le r  

To support  th.e planned missions of t h e  Gemini program, 1 2  Gemini Launch 
Vehicles and ti PitlaslAgena v e h i c l e s  a r e  requi red .  FY 1965 and p r i o r  year  
funds provided f o r  t he  development and q u a l i f i c a t i o n  t e s t s  p re sc r ibed  f o r  
components and subsystems of t he  GLV p e c u l i a r  t o  Gemini, a s  we l l  as de l ive ry  
and checkout cif  6 f l i g h t  v e h i c l e s .  
a d d i t i o n a l  GLV while  t h e  FY 1967 funding covers  de l ive ry  of t he  f i n a l  2 GLV. 

FY 1966 funds provide f o r  d e l i v e r y  of 4 

One Atlas was de l ive red  i n  December 1964 t o  v a l i d a t e  and check out  Launch 
Complex 14. 
funds provide f o r  de l ive ry  and checkout of 3 Atlas v e h i c l e s  during FY 1966 
and de l ive ry  and checkout of t h e  las t  2 during FY 1967. 

1hi.s v e h i c l e  was u t i l i z e d  on t h e  Gemini V I  mission.  FY 1966 
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One Gemini Agena Target Vehicle was l o s t  i n  an unsuccessful  o r b i t  iritsertion 
attempt i n  October 1965. Four a d d i t i o n a l  GATV w i l l  be de l ive red  i n  FY 1966 
and one i s  sctil2duled f o r  d e l i v e r y  i n  FY 1967. 

Support 

1.967 
P 

1965 1966 

Support .......................... $27,700,000 $30,800,000 $13,C)OO,OOO 

The manned inissions planned i n  FY 1966 and FY 1967 p lace  heavy emphmis on 
crew ope ra t ions ,  f l i g h t  ope ra t  ions , and s p a c e c r a f t  and launch v e h i c l e  support .  

Crew ope ra t ions  funds provide f o r  t h r e e  types of e f f o r t :  (1) astroriaut 
t r a i n i n g ,  (2) inission s imula to r s  , and (3) s p e c i a l i z e d  i n - f l i g h t  device:;: 

AstronaulLJraininq - Gemini a s t r o n a u t  t r a i n i n g  inc ludes  academic i n s t r u c -  
t i o n ;  wa te r ,  ,j Jngle ,  and d e s e r t  s u r v i v a l ;  zero-gravi ty  i n d o c t r i n a t i o n ;  and 
f l i g h t  i n  high-performance j e t  a i r c r a f t .  

a t  
a r e  
f o r  

too 

Mission Simulators - Each primary and backup f l i g h t  crew member rcxeives  
e a s t  125 hours of s imulator  t r a i n i n g  be fo re  a mission.  The simula1:ors 
modified p r i o r  t o  each mission t o  update t h e  conf igu ra t ion  and proc:edures 
t h a t  s p e c i f i c  mission. 

Speciali,gz i n - f l i g h t  dev ices ,  such as camera mounts, s e x t a n t s ,  timers, 
s ,  and exa rc i s ing  equipment, are a l s o  being developed and procured,,  These 

items are required f o r  performing experiments and c a r r y i n g  ou t  f l i g h t  Iilans. 

Spacecraffand Launch Vehicle Support funds provide f o r  procurement and 
q u a l i f i c a t i o n  t e s t i n g  of components and subsystems, i nc lud ing  l i f e  sup1)ort 
systems and ex t r aveh icu la r  equipment. 

I n  t h e  a r e a  o f  space medicine and l i f e  support ,  development and q i i a l i f i -  

Development of 
c a t i o n  of t h e  l ight-weight  p re s su re  s u i t  has  been completed. This s u i t  was 
worn by both a s t ronau t s  during t h e  14-day Gemini V I 1  mission. 
t h e  Extravehicular  L i f e  Support System ches t  pack f o r  f u t u r e  mission e x t r a -  
veh icu la r  a c t i v i t y  was a l s o  completed i n  FY 1966. 

Astronauts w i l l  perform i n - f l i g h t  experiments during a l l  FY 1966 and 
FY 1967 Gemini missions.  Medical experiments w i l l  provide d a t a  on psychological 
and physiological  r e a c t i o n s  t o  t h e  space environment and t h e  a s t r o n a u t s '  abi1it:y 
t o  perform ope ra t iona l  t a s k s  during space f l i g h t .  Engineering experiments 
performed during FY 1966 w i l l  measure t h e  space r a d i a t i o n  environment j u s t  
o u t s i d e  t h e  o r b i t i n g  spacec ra f t  and measure t h e  d i r e c t i o n  and amplitude of 
t h e  E a r t h ' s  magnetic f i e l d  r e l a t i v e  t o  t h e  s p a c e c r a f t .  S c i e n t i f i c  experiments 
w i l l  provide data  i n  a number of f i e l d s ,  i nc lud ing  t h e  e f f e c t s  of weight lessness  
on c e l l  t i s s u e  and t h e  n a t u r e  of i n t e r p l a n e t a r y  dus t .  I n  a d d i t i o n  t o  these 
experiments, KASA i s  conducting f o r  DOD technological  experiments which w i l l  
eva lua te  t h e  a s t r o n a u t s '  a b i l i t y  t o  observe o b j e c t s  on Earth and i n  ou re r  space 
and t o  nav iga te  t h e i r  s p a c e c r a f t  during per iods i n  which t h e r e  is  l i t t l e  ground 
c o n t r o l .  
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F l i g h t  qzsrintions a c t i v i t i e s  cover t h r e e  main a reas  : (1) mission planning,  
(2) f l i g h t  c o n t r o l ,  and (3) recovery.  

Missio1Lp:Lanninq e n t a i l s  o rganiz ing  and coord ina t ing  t h e  group a c t i v i t i e s  
necessary t o  conduct manned missions success fu l ly .  Included a r e  network 
t r ack ing  and d a t a  handl ing , t r a j e c t o r y  design and a n a l y s i s ,  and rea l - t ime 
computer program des ign  and implementation. 

~ o n t r o l  t o  support  t h e  FY 1966 and FY 1967 missions i s  e s s e n t i a l l y  F l i g h t  
t h e  management of heterogeneous groups r e spons ib l e  f o r  v e h i c l e  and l i f e  systems , 
v e h i c l e  dynanics , crew s a f e t y  , network ope ra t ions  requi red  t o  support: manned 
space f l i g h t  , ,and mission c o n t r o l .  

RecoverL a c t i v i t i e s  f o r  t h e  manned missions a r e  concerned wi th  r een t ry  
and recovery of a s t ronau t s  and spacec ra f t .  Primary and secondary recovery 
a reas  a r e  ass igned f o r  each mission;  however, unforeseen circumstanct!s may 
r e q u i r e  a recovery anywhere along the  f l i g h t  pa th .  Therefore  , s h i p s  a i r c r a f t ,  
and para-rescue teams a r e  requi red  f o r  contingency recovery a reas .  

Recovery support  i s  provided most e f f e c t i v e l y  and economically Iby agencies  
of  t he  Department of Defense (DOD). To conduct t h e s e  ope ra t ions ,  DO11 provides  
s h i p s ,  a i r c r a f t ,  and men t o  support  each recovery.  Typical  support  fo rces  a r e  
t h e  same f o r  both rendezvous and long-durat ion f l i g h t s ;  however, c o s t s  a r e  
h ighe r  f o r  long-durat ion f l i g h t s ,  s i n c e  the  recovery fo rces  a r e  on s t a t i o n  
f o r  longer  per iods.  

Requirements f o r  t h e  DOD recovery suppor t ,  which i s  t h e  l a r g e s t  element 
i n  t h e  f l i g h t  ope ra t ions  budget,  depend d i r e c t l y  on t h e  number of f l i g h t s  
scheduled f o r  a given year .  
average deployment t imes and o t h e r  f a c t o r s  a s soc ia t ed  wi th  each type  of 
mission.  The FY 1966 and FY 1967 funding requirements a l s o  take  i n t o  account 
t h e  e f f e c t  of minimal de lays  i n  launch opera t ions  and re -cyc le  t imes .  

Ship and a i r c r a f t  c o s t s  a r e  c a l c u l a t e d  on t h e  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF MANEGiISPACE FLIGHT APOLLO PROGRAM 

PROGRAM Ol3JECT~'E:S AND JUSTIFICATION: 

The goal  of t h e  manned space f l i g h t  program i s  t o  provide a broad n a t i o n a l  
c a p a b i l i t y  f o r  manned space exp lo ra t ion ,  which w i l l  achieve and maintain a 
p o s i t i o n  of l eade r sh ip  f o r  t he  United S t a t e s .  A s p e c i f i c  o b j e c t i v e  i n  ac- 
q u i r i n g  t h i s  c x p a b i l i t y  i s  t o  land men on t h e  moon and r e t u r n  them s a f e l y  
t o  e a r t h  wi th in  t h i s  decade. The Apollo Program w i l l  no t  only meet the 
s p e c i f i c  o b j e c t i v e ,  bu t  w i l l  a l s o  create a broad base of  ope ra t iona l  capa- 
b i l i t y  i n  manned space f l i g h t  and the  a s s o c i a t e d  s k i l l s  and technology; a 
valuable  comp1.e~ of  development, manufacturing, t es t ,  and ope ra t iona l  f ac i l -  
i t i e s  ; and an experienced Government and i n d u s t r i a l  team. 

To accomplish the  o b j e c t i v e ,  t h e  Apollo Program r e q u i r e s  t h e  development 
of a h igh ly  r e l i a b l e  s p a c e c r a f t ,  capable of support ing t h r e e  men i n  space 
f o r  per iods up t o  two weeks, docking i n  space,  landing on and r e tu rn ing  from 
t h e  lunar  surEace, and s a f e l y  r e -en te r ing  the  e a r t h ' s  atmosphere. The pro- 
gram includes th ree  l a r g e  launch v e h i c l e s  - t he  Saturn I,  which completed 
i t s  f l i g h t  s e r i e s  i n  Ju ly  1965; t h e  Saturn I B ;  and t h e  Saturn V. The Saturn 
I B  and V a r e  being developed and q u a l i f i e d  f o r  manned space f l i g h t .  

The Apollo Program i s  divided i n t o  unmanned f l i g h t s ,  manned e a r t h  o i - b i t a l  
f l i g h t s ,  and manned lunar  f l i g h t s .  Unmanned Apollo Saturn I B  f l i g h t s  vi11 
v e r i f y  the s t r u c t u r a l  i n t e g r i t y  and compa t ib i l i t y  of t h e  spacec ra f t  and 
adapter  i n  r e l a t i o n  t o  the launch v e h i c l e ;  t he  s a t i s f a c t o r y  f i r i n g  and re- 
s t a r t i n g  of the s p a c e c r a f t  engines and the  s a f e  recovery of t h e  spacec ra f t  
command module; and t h e  c a p a b i l i t y  of t he  guidance and nav iga t ion  systttm t o  
perform r e - e n t r y  a t  e a r t h  o r b i t a l  speeds. 

Manned e a r t h  o r b i t a l  f l i g h t s  on t h e  Saturn I B  w i l l  include ope ra t ions  with 
the  command and s e r v i c e  modules and the  luna r  excursion module. The command 
module w i l l  be manned i n  t h e  long-duration missions l a s t i n g  up t o  14 d*sys.. 
Both crew and equipment w i l l  b e  exposed t o  t h e  r i g o r s  of t he  space environ- 
ment. An unmanned l u n a r  excursion module w i l l  be remotely c o n t r o l l e d  md 
evaluated f o r  t h e  purpose of checking the  r e l i a b i l i t y  of i t s  systems and the  
performance of t he  descent and a scen t  engines i n  t h e  space environment. 
Rendezvous ancl docking of the  command and s e r v i c e  modules with an unmaimed 
luna r  excursicn module w i l l  a l s o  be accomplished. Rendezvous, docking, 
and post-docking maneuvers w i l l  be r e f i n e d  and t h e  nav iga t ion  and guid,snce 
system, rendezvclus t r a j e c t o r i e s  and ground support  network w i l l  be v a l i d a t e d  
i n  subsequent e a r t h  o r b i t a l  f l i g h t s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF MANPBDSPACE FLIGHT APOLLO PROGRAM 

PROGRAM 0BJECT:CVEIS AND JUSTIFICATION : 

The goal. of the  manned space f l i g h t  program i s  t o  provide a bro,ad n a t i o n a l  
c a p a b i l i t y  f o r  manned space exp lo ra t ion ,  which w i l l  achieve and maintain a 
p o s i t i o n  of 1eadc:rship f o r  t h e  United S t a t e s .  A s p e c i f i c  o b j e c t i v e  i n  ac-  
q u i r i n g  thi .s  c :apabi l i ty  i s  t o  land men on t h e  moon and r e t u r n  them s a f e l y  
t o  e a r t h  wi.thi.n t h i s  decade. The Apollo Program w i l l  not  only meet the 
s p e c i f i c  objec:l:ive, b u t  w i l l  a l s o  c r e a t e  a broad base of operational.  capa- 
b i l i t y  i n  manned space f l i g h t  and the  a s s o c i a t e d  s k i l l s  and technology; a 
valuable  ccimp1.e~ of development, manufacturing, t es t ,  and ope ra t iona l  f ac i l -  
i t i e s ;  and an experienced Government and i n d u s t r i a l  team. 

To acconiplish t h e  o b j e c t i v e ,  t h e  Apollo Program r e q u i r e s  the development 
of a h igh ly  re:.iable s p a c e c r a f t ,  capable of support ing t h r e e  men i n  space 
f o r  per iods up t o  two weeks, docking i n  space,  landing on and returning from 
the  luna r  surfiace, and s a f e l y  r e -en te r ing  the  e a r t h ' s  atmosphere. The pro- 
gram includes t h r e e  l a r g e  launch v e h i c l e s  - t he  Saturn I, which completed 
i t s  f l i g h t  s e r i e s  i n  J u l y  1965; t h e  Saturn IB, ;  and t h e  Saturn V. 'The Saturn 
IB and V are baing developed and q u a l i f i e d  f o r  manned space f l i g h t .  

The Apol.10 I?rogram i s  divided i n t o  unmanned f l i g h t s ,  manned e a r t h  o r b i t a l  
f l i g h t s ,  and niianI1ed luna r  f l i g h t s .  Unmanned Apollo Saturn I B  f l i g h t s  will 
v e r i f y  the sti:iictural i n t e g r i t y  and c o m p a t i b i l i t y  of t h e  spacec ra f t  anc 
adap te r  i n  rel.i3t:ion t o  t h e  launch v e h i c l e ;  t h e  s a t i s f a c t o r y  f i r i n g  and re- 
s t a r t i n g  of the s p a c e c r a f t  engines and the  s a f e  recovery of the spacec ra f t  
command module; imd t h e  c a p a b i l i t y  of t he  guidance and nav iga t ion  system t o  
perform re-ent::ry a t  e a r t h  o r b i t a l  speeds. 

Manned e a r t h  o r b i t a l  f l i g h t s  on t h e  Saturn I B  w i l l  include operatioris with 
the  command arid s e r v i c e  modules and the  luna r  excursion module. The cclmmand 
module w i l l ,  be manned i n  t h e  long-duration missions l a s t i n g  up t o  14 days.. 
Both crew and equipment w i l l  be exposed t o  t h e  r i g o r s  of t h e  space environ- 
ment. 
evaluated f o r  the purpose of checking the  r e l i a b i l i t y  of i t s  systems arid the  
performance of t he  descent and a scen t  engines i n  t h e  space environment, 
Rendezvous and docking of t h e  command and service modules with an unmarined 
luna r  excursioii rnodule w i l l  a l s o  be accomplished. Rendezvous, docking, 
and post-docking maneuvers w i l  I be r e f i n e d  and t h e  nav iga t ion  and guidsince 
system, rende;svous t r a j e c t o r i e s  and ground support  network w i l l  be v a l i  dated 
i n  subsequent e a r t h  o r b i t a l  f l i g h t s .  

An unmanned l u n a r  excursion module w i l l  be remotely c o n t r o l l e d  sind 
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The Saturn V w i l l  be used i n i t i a l l y  i n  unmanned e a r t h  o r b i t a l  q u a l i E i c a t i o n  
f l i g h t s .  Unmanned r e -en t ry  of  t he  command module a t  36,000 f e e t  per  second 
will be demonstrated t o  q u a l i f y  t h e  command module h e a t  s h i e l d .  

Manned e a r t h  o r b i t a l  f l i g h t s ,  u s ing  the  Saturn V launch v e h i c l e ,  w i l l  be  
conducted w i t h  a f u l l y  loaded space v e h i c l e  t o  s imulate  t h e  luna r  mission. 
A l l  phases of  crew ope ra t ions  and equipment performance w i l l  be va1idal:ed 
during these  .Apollo Saturn V f l i g h t s .  Manned luna r  f l i g h t  i s  planned be fo re  
the end of  t h i s  decade. 

SUMMARY OF RESWJRCES REQUIREMENTS : 

1965 1966 

Spacecraf t .  ............. $1,009,898,000 $1,170,600,000 
Saturn I................ 40,265,000 800 , 000 
Saturn I B . . . . . . . . . . . . . . .  262,690,000 274,185,000 
Saturn V. . . . . . . . . . . . . . . .  964,924,000 1,177,320,000 

Mission support . . . . . . . . .  170,542,000 210,385,000 
Engine development ...... 166,300,000 134,095,000 

Total . . . . . . . . .  ....... $2,614,619,000 $2,967,385,000 

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

John F. Kennedy Space 
Center,  NASA......,. 

Manned Spacecraf t  
Center. . . . . . . . . . . . . .  

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

Goddard Space F l i g h t  
Center. . . . . . . . . . . . , .  

Ames  Research Center. ,  
Langley Research 

Center. . . . . . . . . . . . . .  
L e w i s  Research Center.  
NASA Headquarters. .... 
Western Operations 

O f f i c e . , . , . . . . . . . . . .  

$55,610,000 

1,100,973,000 

1,430,516,000 

389,000 
39,000 

1,200,000 
1,160,000 

24,087,000 

645,000 

$120,509,000 

1,249,371,000 

1,569,135,000 

425,000 
230,000 

700,000 

24,515,000 
--- 

2,500,000 

1967, 

$1,200,680,000 

2 I. 6,4OO,OOO 
1,191,01130,000 

255,2!30,000 

--- 

111,0130,000 

$2,974,2!30,000 
,- 

$163,9 O5,OOO 

1 , 3  20,5130 ,000 

1,461,795,000 

5130,000 
250,000 

2,500,000 
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BASIS OF FUND-REQUIREMENTS : 

Spacecraf t  

1965 1966 1967 

Command and s e r v i c e  
modules... . . . . .  ......... $577,834,000 $615,000,000 $586,900,000 

Lunar excursicln module.. .. 242,600,000 310,800,000 388,3100,000 
Guidance and navigat ion. .  . 81,038,000 115,000,000 90,000,000 
I n t e g r a t i o n ,  r e l i a b i l i t y ,  

and cbeck.out.. ........... 24,763,000 34,400,000 38,9 00,000 ................... 96,500,000 Support 83,663,000 95,400,000 

T o t a l . . . . . . . . . . . . . . . . . . .  $1,009,898,000 $1,170,600,000 

The Apollc spacec ra f t  i s  composed of t h r e e  b a s i c  u n i t s :  t h e  command module, 
which houses t h e  t h r e e  a s t r o n a u t s  and the  necessary c o n t r o l  systems f o r  i n -  
f l i g h t  maneuvers, l i f e  support. , and guidance and nav iga t ion ;  t h e  s e r v i c e  
module, which. con ta ins  a d d i t i o n a l  u t i l i t i e s  and l i f e  support  supp l i e s ,  as 
w e l l  as t h e  primary propuls ion system f o r  a l t e r i n g  the  s p a c e c r a f t  cou r se ;  
and the  two-s:I:a&;e l una r  excursion module, which i s  designed t o  c a r r y  two 
of t he  t h r e e  Apollo a s t r o n a u t s  down t o  t h e  moon's s u r f a c e  and back t o  the  
command and s e r v i c e  modules i n  lunar  o r b i t .  

The spacec:raft modules a r e  c u r r e n t l y  undergoing ex tens ive  development and 
q u a l i f i c a t i o n  t e s t i n g  on t h e  ground i n  p repa ra t ion  f o r  Sa tu rn  I B  and Sa tu rn  
V f l i g h t s .  Unmanned f l i g h t s  on t h e  Saturn I B  w i l l  begin i n  ca l enda r  year 
1966 and w i l l .  be followed by manned missions i n  e a r t h  o r b i t  during ca l enda r  
year 1967. IJmxmned f l i g h t s  on t h e  Saturn V launch v e h i c l e  w i l l  also begin 
during ca l end ;x  year 1967 and manned f l i g h t s  are planned f o r  ca l enda r  year  
1968, leading t o  a lunar  landing mission be fo re  t h e  end of t he  decade. 

Command and Service Modules (CSM) 

In  Decembtzc L961, t he  Space and Information Systems Divis ion of t hc  North 
American Aviat ion Corporation was s e l e c t e d  as prime c o n t r a c t o r  t o  design,  
develop, and Eabricate t h e  cornmand and s e r v i c e  modules of t h e  Apollo :,pace- 
c ra f t .  North American was a l s o  assigned r e s p o n s i b i l i t y  f o r  design and 
f a b r i c a t i o n  o f  t h e  spacec ra f t  launch-vehicle a d a p t e r ;  i n t e g r a t i o n  of t e s t ,  
s c i e n t i f i c ,  ;uid o t h e r  governmtmt-furnished equipment i n t o  t h e  spacec ra f t  ; 
assembly and t e s t  of t h e  s p a c e c r a f t ;  and support  of s p a c e c r a f t  p repa ra t ion  
f o r  f l i g h t .  In a d d i t i o n  t o  the  work of North American as t h e  CSM prime 
c o n t r a c t o r ,  Eunding f o r  t h i s  a c t i v i t y  inc ludes  t h e  e f f o r t  re la ted t o  !.he 
development, procurement, i n t e g r a t i o n  and i n s t a l l a t i o n  of f l i g h t  experiments 
and experimental  hardware i n t o  the  CSM. 
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BASIS OF FUND REQUIKEMENTS: 

Spacecraf t  

1967 --- 1965 1966 

Command and s e r v i c e  
modules . . . . . . . . . . . . . . .  .. 

Lunar excurs,icIn module.. .. 
Guidance anc: navigat ion. .  . 
I n t e g r a t i o n ,  r e l i a b i l i t y ,  

and checkout . . . . . . . . . . . .  
Support. .................. 

T o t a l . . . . . . . . . . . . . . . . . . .  

$577,834,000 $615,000,000 $!i86,9130,000 
242,600,000 310,800,000 388,3130,000 
81,038,000 115,000,000 90,0~30,000 , 

24,763,000 34,400,000 38,9 130,000 
83,663,000 95,400,000 __ 96,5130,000 

$1,009,898,000 $1,170,600,000 $1,~!00,6~00,000 

The Apollo spacec ra f t  i s  composed of t h r e e  b a s i c  u n i t s :  t he  command module, 
which houses the t h r e e  a s t r o n a u t s  and t h e  necessary c o n t r o l  systems f o r  i n -  
f l i g h t  maneuvers, l i f e  support ,  and guidance and nav iga t ion ;  t h e  s e r v i c e  
module, which con ta ins  a d d i t i o n a l  u t i l i t i e s  and l i f e  support  supp l i e s ,  as 
w e l l  as t h e  p r i a a r y  propuls ion system f o r  a l t e r i n g  the  s p a c e c r a f t  cou r se ;  
and t h e  two-stage luna r  excursion module, which i s  designed t o  c a r r y  tiso 
of t he  t h r e e  Apollo a s t r o n a u t s  down t o  t h e  moon's su r f ace  and back t o  the 
command and s e r v i c e  modules i n  lunar  o r b i t .  

The spacec ra f t  modules a r e  c u r r e n t l y  undergoing ex tens ive  development and 
q u a l i f i c a t i o n  t e s t i n g  on t h e  ground i n  p repa ra t ion  f o r  Sa tu rn  I B  and Soturn 
V f l i g h t s .  Unmanned f l i g h t s  on t h e  Saturn I B  w i l l  begin i n  ca l enda r  ylzar 
1966 and w i l l  be followed by manned missions i n  e a r t h  o r b i t  during callzndar 
year 1967. Unmanned f l i g h t s  on t h e  Saturn V launch v e h i c l e . w i l 1  also lbegin 
during calendar  year 1967 and manned f l i g h t s  are planned f o r  calendar  year 
1968, leading t o  a luna r  landing mission be fo re  t h e  end of t he  decade. 

Command and Service Modules (CSM) 

In  December 1961, t he  Space and Information Systems Divis ion of t h e  North 
American Aviat ion Corporation was s e l e c t e d  as prime c o n t r a c t o r  t o  design,  
develop, and f a b r i c a t e  t h e  command and s e r v i c e  modules of t h e  Apol.10 si?ace- 
c r a f t .  North American was a l s o  assigned r e s p o n s i b i l i t y  f o r  design and 
f a b r i c a t i o n  of t h e  spacec ra f t  launch-vehicle adap te r ;  i n t e g r a t i o n  of t ss t ,  
s c i e n t i f i c ,  and o t h e r  government-furnished equipment i n t o  t h e  spacecraEt;  
assembly and t e s t  of t h e  s p a c e c r a f t ;  and support  of s p a c e c r a f t  p repa ra r ion  
f o r  f l i g h t .  I n  a d d i t i o n  t o  the  work of North American as t h e  CSM prim12 
c o n t r a c t o r ,  funding f o r  t h i s  a c t i v i t y  inc ludes  t h e  e f f o r t  r e l a t e d  t o  tile 
development, procurement, i n t e g r a t i o n  and i n s t a l l a t i o n  of f l i g h t  experiments 
and experimental  hardware i n t o  the CSM. 

RD :2-3 



I n  EY 1965,, d e f i n i t i o n  of t h e  d e t a i l e d  design requirements f o r  the Block 
I and Block I][ C8M w a s  completed. The Block I conf igu ra t ion  is  used i n  the  
ground test  program and i n i t i a l  unmanned and manned f l i g h t s  i n  e a r t h  o r b i t ,  
The Block I1 conf igu ra t ion  i s  similar i n  most r e s p e c t s ,  bu t  has  upgraded 
subsystems t o  ?provide a c a p a b i l i t y  f o r  l una r  missions.  

Delivery of ground test b o i l e r p l a t e  CSM w a s  completed i n  FY 1965. 
b o i l e r p l a t e s  are used i n  a comprehensive ground test  program, including 
s t r u c t u r a l ,  dynamic, water and land impact, f l o t a t i o n ,  a c o u s t i c ,  launch 
escape, and i n t e g r a t e d  system and subsystem t e s t i n g .  Three b o i l e r p l a t e  
CSM were used on micrometeoroid experiments flown on Saturn I launch ve- 
h i c l e s .  

These 

In  FY 1966, a heavy ground test  program i s  being conducted, u s ing  C!;M 
components and subsystems, b o i l e r p l a t e  CSM, and f i v e  production-type C!iM 
which are being de l ive red  during t h e  year.  
c o n t r a c t o r s '  p l a n t s ,  t he  Manned Spacecraf t  Center (MSC), t he  White Sands 
T e s t  F a c i l i t y  (WSTF), and a t  o t h e r  Government i n s t a l l a t i o n s .  

Tes t ing  i s  conducted a t  t h e  

The f i r s t  Block I f l i g h t  CSM has  been de l ive red  t o  the  John F. Kennedy 
Space Center (KSC) f o r  an unmanned f l i g h t  test  on a Saturn I B  i n  ca l enda r  
year 1966. Five a d d i t i o n a l  Block I f l i g h t  CSM are i n  va r ious  phases oE 
assembly, systems i n s t a l l a t i o n s ,  and checkout i n  p repa ra t ion  f o r  shipment 
t o  KSC. These C:SM w i l l  be used f o r  unmanned and manned f l i g h t s  on Saturn 
I B  and V 1aun.c.h v e h i c l e s  during 1966 and 1967. 

Manufacture of Block I1 CSM began i n  1965 and Block I1 development tes ts  
are underway. Ellock I1 CSM w i l l  be a v a i l a b l e  i n  FY 1966 f o r  an i n t e n s i v e  
ground tes t  program, inc lud ing  s t r u c t u r a l ,  environmental ,  and i n t e g r a t e d  
systems t e s t s ,  
a t  MSC, IXlri.ng the  second h a l f  of FY 1967, t h e  f i r s t  Block I1 flight-CSM 
w i l l  be de l ive red  t o  KSC f o r  checkout i n  p repa ra t ion  f o r  f l i g h t .  Ten 
a d d i t i o n a l  Bl.ock I 1  flight-CSMs w i l l  be i n  t h e  process  of assembly, systems 
i n s t a l l a t i o n , ,  arid checkout. These Block I1 flight-CSMs w i l l  be used i n  
e a r t h - o r b i t  rendezvous missions on Saturn I B  and f o r  l una r  mission siniulation 
and luna r  missions on Saturn V. 

A Block I1 CSM will undergo manned thermal-vacuum tes ts  

Lunar Excursion Module (LEM) 

The Lunar Excursion Module s tudy and design e f f o r t  w a s  i n i t i a t e d  by 
Grumman Aircicsf t Engineering Corporation (GAEC) i n  mia-FY 1963. A s  with 
t h e  CSM, fundin,$ i s  included f o r  t he  e f f o r t  r e l a t e d  t o  t h e  experiments and 
r e l a t e d  hardware t h a t  w i l l  be c a r r i e d  i n  the  luna r  excursion module. During 
FY 1964, prel iminary designs were e s t a b l i s h e d ;  mock-up reviews were hcfld; 
and subsystem development w a s  s t a r t e d .  Descent engine f i r i n g s  began. By 
the  end of tine f i s c a l  yea r ,  fou r  heavyweight  propuls ion r i g s  had beer1 
de l ive red  f o r  use i n  t h e  LEM test  program. 
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LEM design was e s t a b l i s h e d  and frozen following d e t a i l e d  design, r e v i e w ,  
and examination of a mock-up v e r s i o n  a t  t h e  Grumman p l a n t .  Major subsystem 
development, f a b r i c a t i o n ,  and t e s t i n g  are now underway. Ascent and descent 
propuls ion system tests are i n  progress  a t  White Sands Test F a c i l i t y  (',JSTF) 
and Arnold Engineering Development Center ( A E X ) .  A LEM test a r t i c l e  (LTA) 
has  been de l ike red  t o  Marshall Space F l i g h t  Center (MSFC) f o r  v ib ra t io i i  
t e s t i n g  with t o t h  t h e  Saturn I B  and the  Saturn V. A second LTA w a s  seiit 
t o  North American Aviat ion f o r  s t r u c t u r a l  tests with the  LEM/S-IVB stage 
adapter .  Addit ional  LTA, propuls ion r i g s ,  and tes t  modules a r e  i n  manu- 
f a c t u r e  and cteckout  t o  meet ground tes t  requirements. Assembly of t h e  
f i r s t  LEM f l i g h t  a r t i c l e  has  begun. 

I n  FY 1967, the major p o r t i o n  of  the ground development and q u a l i f i c a t i o n  
tes t  program w i l l  be completed. LTA w i l l  be subjected t o  s t r u c t u r a l ,  thermal- 
vacuum, and propuls ion t e s t i n g .  Ground q u a l i f i c a t i o n  t e s t i n g  of key systems, 
including e l e c . t r i c  power, r e a c t i o n  c o n t r o l ,  communications, propuls ion,  
landing gea r ,  arid environmental c o n t r o l ,  w i l l  be concluded. IXlring FY 1967, 
the f i r s t  f l i g h t .  LEM w i l l  be completed, de l ive red  t o  KSC, and t e s t e d  on a 
Saturn I B  launch veh ic l e .  Ten a d d i t i o n a l  f l i g h t  LEM w i l l  be i n  manufalcturing 
and checkout. Eiy t h e  end of  t he  f i s c a l  yea r ,  two of t hese  LEM w i l l  be de- 
l i v e r e d  t o  KSC: i n  p repa ra t ion  f o r  f l i g h t .  

Guidanc:e and Navigation (G&N) 

The Guidanc:e and Navigation (G&N) System f o r  t h e  Apollo command and 
s e r v i c e  modules and the  luna r  excursion module was designed by the Mas- 
s a c h u s e t t s  I n s t i t u t e  of Technology and i s  being b u i l t  by the  A.E.  Elec- 
t r o n i c s  Division of  General Motors and i t s  subcon t rac to r s ,  Raytheon and 
Kollsman Insti'ument. Block I G&N systems w i l l  be used f o r  ground t e s t i n g  
and e a r t h - o r b i t a l  f l i g h t s .  Ground q u a l i f i c a t i o n  t e s t i n g  and d e l i v e r y  of 
f l i g h t  u n i t s  wi1.1 be completed during FY 1966. F l i g h t  q u a l i f i c a t i o n  of 
t he  system and i t s  use i n  manned Apollo Saturn I B  f l i g h t s  w i l l  occur during 
FY 1967. 

Design and development of a l i g h t e r  Block I1 G&N system, which w i l l  be 
used on both the  command module and t h e  luna r  excursion module f o r  l una r  
f l i g h t s ,  will.  be completed during FY 1966. I n  a d d i t i o n ,  engineer ing models 
w i l l  undergo extensive ground t e s t i n g .  Three Block 11 G&N u n i t s  w i l l  be 
de l ive red  for CSM environmental and q u a l i f i c a t i o n  t e s t i n g .  G&N systems 
f o r  i n i t i a l  Apo1.10 Sa tu rn  I B  f l i g h t s  w i l l  a l s o  be de l ive red  during FY 1966. 

Eight Block :[I command module and s i x  LEM G&N systems are scheduled f o r  
d e l i v e r y  i n  I'Y 1.967. The i n t e n s i v e  ground tes t  program, leading t o  complete 
system q u a l i f i c a t i o n  and demonstration of r e l i a b i l i t y ,  w i l l  be underway 
throughout t h e  f i s c a l  year .  
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LEM design w a s  e s t a b l i s h e d  and frozen following d e t a i l e d  design,  review, 
and examination of a mock-up ve r s ion  a t  t h e  Grumman p l a n t .  Major subsystem 
development, f a b r i c a t i o n ,  and t e s t i n g  are now underway. Ascent and descent 
propuls ion systmt tests are i n  progress  a t  White Sands T e s t  F a c i l i t y  (WSTF) 
and Arnold Engineering Development Center (AEDC). A LEM tes t  a r t i c l e  (LTA) 
has been dleliver'ed t o  Marshall Space F l i g h t  Center (MSFC) f o r  v i b r a t i o n  
t e s t i n g  with t,ot:h t h e  Sa tu rn  I B  and the  Saturn V.  A second LTA w a s  s e n t  
t o  North A.merj.can Aviat ion f o r  s t r u c t u r a l  tes ts  with the LEM/S-IVH stage 
adapter .  Adclj.ti.ona1 LTA, propuls ion r i g s ,  and tes t  modules are i n  manu- 
f a c t u r e  and checkout t o  m e e t  ground test requirements.  Assembly o f  t h e  
f i r s t  LEM f l igh t .  ar t ic le  has  begun. 

I n  FY 1967, t.he major p o r t i o n  of the ground development and q u a l i f i c a t i o n  
tes t  program w i l l  be completed. LTA w i l l  be sub jec t ed  t o  s t r u c t u r a l ,  thermal- 
vacuum, and propuls ion t e s t i n g .  Ground q u a l i f i c a t i o n  t e s t i n g  of key s y s t e m s ,  
including e l e c t r i c  power, r e a c t i o n  c o n t r o l ,  communications, propuls ion,  
landing gea r ,  arid environmental c o n t r o l ,  w i l l  be concluded. During FY 1967, 
t he  f i r s t  f l i g h t  LEM w i l l  be completed, de l ive red  t o  KSC, and t e s t e d  on a 
Sa tu rn  I B  laurtch veh ic l e .  Ten a d d i t i o n a l  f l i g h t  LEM w i l l  be i n  manufazturing 
and checkout. E;y t h e  end of  t he  f i s c a l  yea r ,  two of  t hese  LEM w i l l  be de- 
l i v e r e d  t o  KSC: i.n p repa ra t ion  f o r  f l i g h t .  

Guidance and Navigation (G&N) 

The Guidance and Navigation (G&N) System f o r  t h e  Apollo command and 
s e r v i c e  module's and the  luna r  excursion module w a s  designed by the Mas- 
s a c h u s e t t s  I n s s t i t U t e  of Technology and i s  being b u i l t  by the  A.E. Elec- 
t r o n i c s  Divisiocr of  General Motors and i t s  subcon t rac to r s ,  Raytheon and 
Kollsman Instrument.  Block I G&N systems w i l l  be used f o r  ground t e s t i n g  
and e a r t h - o r b i t a l  f l i g h t s .  Ground q u a l i f i c a t i o n  t e s t i n g  and d e l i v e r y  3f 
f l i g h t  u n i t s  w i l l  be completed during FY 1966. F l i g h t  q u a l i f i c a t i o n  oE 
t he  system anc'  i t s  use i n  manned Apollo Saturn I B  f l i g h t s  w i l l  occur diiring 
FY 1967. 

Design and development of a l i g h t e r  Block I1 G&N system, which w i l l  be 
used on both the command module and t h e  luna r  excursion module f o r  l una r  
f l i g h t s ,  w i l l  be completed during FY 1966. In  a d d i t i o n ,  engineer ing models 
w i l l  undergo ex tens ive  ground t e s t i n g .  Three Block I1 G&N u n i t s  w i l l  >e 
de l ive red  f o r  CSM environmental and q u a l i f i c a t i o n  t e s t i n g .  G&N system; 
f o r  i n i t i a l  A ~ o l 1 0  Saturn I B  f l i g h t s  w i l l  a l s o  be de l ive red  during FY 1966. 

Eight Block I1 command module and s i x  LEM G&N systems are scheduled f o r  
d e l i v e r y  i n  FY 1967. The i n t e n s i v e  ground tes t  program, leading to complete 
system q u a l i f i c a t i o n  and demonstration of r e l i a b i l i t y ,  w i l l  be underway 
throughout the f i s ca l  year .  
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Integration, Reliability, and Checkout 

The Automatic Checkout Equipment (ACE) for the Apollo spacecraft i); being 
designed, developed, fabricated, installed, and operated by the General 
Electric Company. 
been negotiated with the Control Data Corporation and Radiation, Inc. 

In support of the GE effort, equipment contracts have 

The basic design of ACE ground stations was completed in FY 1964. Five 
stations became operational during FY 1965; three at North American Aviation; 
one at the Manned Spacecraft Center (MSC); and one at the Kennedy Space 
Center (KSC). During FY 1966, three additional stations became operational: 
two at Grumman and one at KSC. Two more stations will be installed and 
checked out by the end of this fiscal year. FY 1967 funding provides for 
completion of two more ACE stations, making a total of twelve; operation 
of all the stations; and related engineering changes and spare parts 1-0 
maintain the operational equipment. 

In additiDn to ACE hardware and related support, funding is provided for 
engineering support to MSC. This support includes spacecraft specifii:ation 
maintenance and review; systems performance analysis; test planning and 
analysis; reliability and quality assurance; trend analysis of failuri? 
reports; critical parameter studies and technical problem analysis; mission 
planning and analysis; post-flight data processing and analysis documentation;, 
simulation and training; and interface control. As the program progrl?sses, 
emphasis will shift to support of hardware verification, mission accoinplishmeirlt, 
and analysis of flight results. FY 1967 funding continues this efforlr at a 
level consistent with the increas'ed rate of hardware deliveries and ficequency 
of Apollo missions. 

Support 

Apollo spacecraft support funds cover the requirements for test operations 
and support, including Little Joe I1 launch vehicles, logistic supporl:, in- 
strumentation, and scientific equipment. 

Funds are required to conduct spacecraft development tests at the 14anned 
Spacecraft Center (MSC), the White Sands Test Facility (WSTF), and otlier 
government test laboratories, such as the Arnold Engineering Development 
Center (AEDC). Testing at MSC facilities includes manned and unmanne'j thermal.- 
vacuum testing in the large environmental chamber, component qualific,xtion 
and reliability testing, and electronic systems compatibility tests. The 
FY 1967 effort will focus on Block I1 CSM and LEM qualification testiiig. 

Spacecraft launch escape system tests, using Little Joe I1 vehicle(;, were 
conducted at WSTF during FY 1965 and 1966, and propulsion systems teslzing 
is in progress. LEM ascent and descent testing will be emphasized at WSTF 
during FY 1966 and 1967. 
system will also be tested under simulated space-environment conditions in 
test cells at AEDC. 

The LEM propulsion system and reaction conticol 
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Spacecraf t  support  funding a l s o  provides f o r  development and procure- 
ment of spacesu i t s  and r e l a t e d  l i f e  support  equipment, such as surviv(31 
equipment, personal  hygiene systems, and bioinstrumentat ion.  Major eEfo r t  
i n  FY 1966 and 1967 re la tes  t o  development, manufacture, and test  of (3 space- 
s u i t  and po r t ab le  l i f e  support  system f o r  use on t h e  luna r  su r face .  

Log i s t i c  support  funding f o r  FY 1967 covers  t r a n s p o r t a t i o n  of s p a c e c r a f t  
between i n s t a l l a t i o n s ,  reimbursement t o  the  Department o f  Defense f o r  i n -  
spec t ion  s e r v i c e s ,  and procurement of spacec ra f t  f u e l s  and p r o p e l l a n t s  used 
a t  MSC, WSTF, KSC,  AEDC, and c o n t r a c t o r  sites. 

Instrumentat ion and s c i e n t i f i c  equipment funding f o r  FY 1967 provides  
f o r  development and procurement of s p e c i a l i z e d  f l i g h t  r e sea rch  and t e s t  
instrumentat ion f o r  spacec ra f t  development f l i g h t  t e s t i n g .  Typical  i n -  
s t rumentat ion equipment includes s i g n a l  c o n d i t i o n e r s ,  s enso r s ,  t r ansduce r s ,  
telemeters, t ramsmit ters ,  t r a n s m i t t i n g  antennas,  and ground support  equip- 
ment. Scient i f i c  equipment includes s p e c i a l  cameras, magnetometers, 
seismographs, and radiation-measuring devices.  

Saturn I B  

1965 19 66 -196.7 
1st s t age  (:S-.IB). . . . . . . , . , . . . . .  $74,432,000 $63,450,000 $56,200,000 
2nd s t age  (:s-.IVB) .............. 58,936,000 61,340,000 52,600,000 
Vehicle i r i s  trument u n i t .  . . . . . , . 35,841,000 40,780,000 36,050,000 
Ground support  equipment. . , . . , . 40,999,000 24,170,000 7,430,000 
H - 1  engine procurement,. . . , . . . . 11,900,000 9,200,000 4,000,000 
5-2 engine procurement., . . . . . . . 11,980,000 14,000,000 7,700,000 
Vehicl e swpor t . .  . . . . . , . . . . I . . . . 28.602.000 61,245,000 52,,420,000 

$262,690,000 $274,185,000 - $21 6,400,000 To ta l .  . , .# . I . . . . . . , . . . . . . . . . . . -. 

The two-stage Saturn I B  i s  e s s e n t i a l l y  an up ra t ed  v e r s i o n  of t he  h i g h l y  
success fu l  Si2turn I, which completed i t s  f l i g h t  series i n  Ju ly  1965. The 
Sa tu rn  IB pi:ov:ides the  c a p a b i l i t y  f o r  e a r t h  o r b i t a l  f l i g h t s  of  Apollcr~ space- 
c r a f t ,  and a:Lso, i n  the unmanned f l i g h t s ,  s e rves  as a tes t  bed f o r  Saturn V 
components, :including the  S-:CVB s t a g e  which w i l l  be the  3 rd  s t a g e  o f  Sa tu rn  
V.  The 1st :;tiage ( S - I B ) ,  a modified ve r s ion  of t h e  1st s t a g e  of t h e  Sa tu rn  
I ,  i s  being developed by t h e  Chrysler  Corporation. It i s  powered by a n  
uprated set  of e i g h t  H - 1  engines ,  produced by t h e  Rocketdyne Divis ion of 
North American Aviation, and i s  capable of developing approximately I.. , 6  
m i l l i o n  pouiicds of t h r u s t .  
2nd s t a g e  ( S - I V B ) .  This s t a g e  i s  s imilar  i n  b a s i c  design t o  t h e  2nd s t a g e  
of t he  Saturn I ,  but  has  increased p rope l l an t  capac i ty .  I n  a d d i t i o n , ,  a 
s i n g l e  5 - 2  engine,  capable o f  approximately 200,000 pounds of  t h r u s t  :, 

The Douglas A i r c r a f t  Company i s  developing t h e  
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Spacecraft  support  funding a l s o  provides f o r  development and procure- 
ment of spacesu.i ts  and r e l a t e d  l i f e  support  equipment, such as s u r v i v a l  
equipment, pcrsonal  hygiene systems, and bioinstrumentat ion.  Major e f f o r t  
i n  FY 1966 arid 1967 re la tes  t o  development, manufacture, and t e s t  of a space 
s u i t  and po r t ak le  l i f e  support  system f o r  use on t h e  l u n a r  su r face .  

Log i s t i c  support  funding f o r  FY 1967 covers  t r a n s p o r t a t i o n  of s p a c e c r a f t  
between i n s t a l l a t i o n s ,  reimbursement t o  t h e  Department of  Defense f o r  i n -  
spec t ion  s e r t r i c e s ,  and procurement of spacec ra f t  f u e l s  and p r o p e l l a n t s  used 
a t  MSC, WSTF, KSC, AEDC, and c o n t r a c t o r  sites. 

Instrument at ion  and s c i e n t i f i c  equipment funding f o r  FY 1967 provides  
f o r  developp.ent and procurement of s p e c i a l i z e d  f l i g h t  r e sea rch  and t e s t  
instrumentat ion f o r  spacec ra f t  development f l i g h t  t e s t i n g .  Typical  i n -  
s t rumentat ion equipment includes s i g n a l  c o n d i t i o n e r s ,  s enso r s ,  t r ansduce r s ,  
telemeters, t ra .nsmit ters ,  t r a n s m i t t i n g  antennas,  and ground support  equip- 
ment. S c i e n t i f i c  equipment includes s p e c i a l  cameras, magnetometers, 
seismographs, a.nd radiation-measuring devices.  

Saturn I B  

1st s t a g e  (S-IB) ............... $74,432,000 $63,450,000 $56,200,000 
2nd s t age  (S-IVB), ............. 58,936,000 61,340,000 52,600,000 
Vehicle inEtrument u n i t . . . . . . , .  35,841,000 40,780,000 36,lD50,000 
Ground support  equipment. ...... 40,999,000 24,170,000 7 , $30,000 
H-1 engine p rocuremen t , . . , . , , , ,  11,900,000 9,200,000 4 ,  ~300,000 
5-2 engine procurement. , . . . . . , .  11,980,000 14,000,000 7,700,000 
Vehicle SuF'Part.. .............. 28,602.000 61,245,000 52 .$20,000 

Tota l .  ....................... .j262,690,000 $274,185,000 :j 2 1 6, $00,000 -- 
The two-stage Saturn I B  i s  e s s e n t i a l l y  an up ra t ed  v e r s i o n  of t he  h igh ly  

success fu l  Ss tu rn  I, which completed i t s  f l i g h t  series i n  J u l y  1965. The 
Saturn I B  prclvides the c a p a b i l i t y  f o r  e a r t h  o r b i t a l  f l i g h t s  o f  Apol lo  space- 
c r a f t ,  and a l s o  , i n  the unmanned f l i g h t s ,  s e rves  as a t e s t  bed f o r  Saturn V 
components, including the  S - I V B  s t a g e  which w i l l  be t h e  3 rd  s t a g e  of Saturn 
V. The 1st Etage (S-IB), a modified ve r s ion  of  t h e  1st s t a g e  of  t h e  Saturn 
I, i s  being developed by t h e  Chrysler  Corporation. It i s  powered by an 
uprated s e t  c f  e i g h t  H - 1  engines,  produced by t h e  Rocketdyne Division of 
North Americ2.n Aviat ion,  and i s  capable of developing approximately 1 .6  
m i l l i o n  pounds of t h r u s t .  The Douglas A i r c r a f t  Company i s  developing the  
2nd s t a g e  (S - IVB) .  This s t a g e  i s  s imilar  i n  b a s i c  design t o  t h e  2nd s t age  
of t he  Saturr.  3 ,  but has increased p rope l l an t  capac i ty .  In  a d d i t i o n ,  a 
s i n g l e  5-2 er.gine, capable of approximately 200,000 pounds of thirust ,  
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r e p l a c e s  t h e  s i K  RL-10 engines  capable of about 90,000 pounds of t h r u s t .  
The 5-2 i s  produced by Rocketdyne. 
t h e  f i r s t  f i v e  f l i g h t  v e h i c l e s  w i l l  be about 35,000 pounds i n  low-earth 
o r b i t .  The s i x t h  f l i g h t  v e h i c l e  w i l l  have a payload c a p a b i l i t y  of  approxi- 
mately 36,OOiO pounds and t h e  remaining f l i g h t  v e h i c l e s  w i l l  have a payload 
c a p a b i l i t y  of about 38,000 pounds. 

The Sa tu rn  I B  payload c a p a b i l i t y  through 

The f i r s t  Saturn I B  launch i s  planned f o r  ca l enda r  year  1966. I n  c:alendar 
year  1967, fou r  a d d i t i o n a l  f l i g h t s  are planned which include long-duriition 
manned missions.  

1st Stage (S-IB) 

Development of t h i s  s t age  w a s  i n i t i a t e d  i n  FY 1963. Fabr i ca t ion ,  #assembly 
and checkout of t he  f l i g h t  s t a g e s  i s  performed by the  Chrysler  Corporation 
a t  the  Michoud Assembly F a c i l i t y ,  Louisiana. Ground t e s t i n g  i s  conducted a t  
the Marshall Space F l i g h t  Center.  During FY 1964 and 1965, assembly of t he  
f i r s t  s i x  f l i g h t  s t a g e s  w a s  i n  process and s ta t ic  f i r i n g  of  the f i r s t  f l i g h t  
s t a g e  w a s  s u c c e s s f u l l y  conducted. P a r t s  q u a l i f i c a t i o n  t e s t i n g  i s  scheduled 
f o r  completicn during FY 1966. 

F l i g h t s  of t he  s t a g e ,  planned f o r  calendar  year 1966, w i l l  v e r i f y  the 
systems design.  The f i r s t  f l i g h t  s t a g e  w a s  de l ive red  t o  t h e  Kennedy Space 
Center (KSC) ea.rly i n  FY 1966. A second f l i g h t  s t a g e  has completed s t a t i c  
test .  Two w r e  f l i g h t  s t a g e s  are  scheduled t o  a r r i v e  a t  KSC by the  end of 
FY 1966, following completion of  checkout and s t a t i c  t es t .  Stages f i v e  
through eleven are  i n  va r ious  phases of manufacture, checkout,  and s t a t i c  
tes t .  I n  ad.clit.ion, long-lead hardware f o r  t h e  t w e l f t h  s t a g e  i s  being pro- 
cured during, FJ! 1966. 

FY 1967 funding provides  f o r  completion and d e l i v e r y  t o  KSC of the f i f t h  
through e i g h t h  f l i g h t  s t a g e s  and completion of manufacturing, checkout and 
s t a t i c  tes t  on the n i n t h  and t e n t h .  By t h e  end of t h e  f i s c a l  yea r ,  t he  
eleventh s t a g e  w i l l  be undergoing s t a t i c  t e s t  and the  t w e l f t h  s t age  will be 
i n  checkout .I 

2nd Stage (S-IVB) 

Basic development e f f o r t s  f o r  t h i s  s t a g e  are funded i n  t h e  Saturn V 
p r o j e c t .  P1:ociirement and t h e  engineer ing design e f f o r t  and modif icat ions 
r equ i r ed  t o  adapt t he  s t a g e  f o r  use i n  the Saturn I B  p r o j e c t  are funcled 
i n  t h i s  porliion of t h e  budget. Design of t h e  s t a g e  began i n  FY 1963. 
During FY 1964 and 1965, f a b r i c a t i o n  of b a t t l e s h i p ,  dynamic, s t r u c t u r a l ,  
and faci1it.y checkout ground test a r t i c l e s  w a s  completed. Ground te : , t ing 
w i l l  be e s s e n t i a l l y  completed during FY 1966. 
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Two flight:  s t a g e s  completed s t a t i c  test a t  the  Sacramento Operations Test 
F a c i l i t y  and weire shipped t o  the  Kennedy Space Center.  
f i s c a l  y e a r ,  the t h i r d  and f o u r t h  f l i g h t  s t a g e s  w i l l  be a t  KSC i n  p repa ra t ion  
f o r  launch. The f i f t h  and s i x t h  s t a g e s  w i l l  be through t h e  assembly process .  
The f i f t h  flf ight s t a g e  w i l l  e n t e r  s ta t ic  test and the  s i x t h  w i l l  have com- 
p l e t e d  i n - f a c t o r y  checkout p r i o r  t o  s t a t i c  test. Five a d d i t i o n a l  stat:es w i l l  
be i n  v a r i o u s  phases of f a b r i c a t i o n ,  assembly, and i n - f a c t o r y  checkoui.. 

By t h e  end of the  

FY 1967 funding f o r  t h e  S-IVB w l l l  support  continued product ion,  t es t ,  
and d e l i v e r y  of f l i g h t  s t a g e s ,  as w e l l  as pre-launch checkout a t  KSC. The 
t h i r d  and f o u r t h  s t a g e s ,  de l ive red  t o  KSC i n  FY 1966, w i l l  be r ead ied  f o r  
f l i g h t .  The f i f t h  and s i x t h  f l i g h t  s t a g e s  w i l l  complete s ta t ic  test  (and 
w i l l  be shipFed t o  KSC f o r  checkout and launch. The seventh and eighlth 
f l i g h t  s t ages  w i l l  be through manufacturing, checkout, and s ta t ic  t e s t  i n  
p repa ra t ion  for d e l i v e r y  t o  KSC by t h e  end of FY 1967. The remaining f l i g h t  
s t ages  w i l l  be i n  va r ious  phases of f a b r i c a t i o n ,  assembly, i n - f ac to ry  oheck- 
o u t ,  and s t a t i c  test  during FY 1967, 

Vehicle Instrument Unit  

Primary guidance, c o n t r o l ,  measuring, and t e l eme t ry  systems a r e  contained 
i n  the  instrument u n i t  ( I U ) ,  which i s  being assembled and t e s t e d  by I n t e r -  
n a t i o n a l  Business Machines Corporation (IBM) i n  H u n t s v i l l e ,  Alabama. The 
components sirid conf igu ra t ion  of t h e  I U  f o r  t h e  Sa tu rn  I B  are e s s e n t i a l l y  
the  same as t:hose for t he  Sa tu rn  V. The I U  design,  e s t a b l i s h e d  during 
FY 1965, w i l l .  he v e r i f i e d  during FY 1966 by ex tens ive  s t r u c t u r a l ,  dynamic 
and v i b r a t i o n  t e s t i n g .  Component q u a l i f i c a t i o n  i s  a l s o  scheduled f o r  
completion during FY 1966. In a d d i t i o n ,  IU Guidance and Control Laborator ies  
w i l l  be e s t a b l i s h e d  f o r  f i e l d  support  a t  t h e  Kennedy Space Center ,  Four 
Saturn I B  fI.:ight u n i t s  w i l l  complete manufacture and checkout. 

The f i f t h  f l i g h t  u n i t  w i l l  be near ing completion of f i n a l  assembly and 
the  s i x t h  wF:l1 be i n  s t r u c t u r a l  assembly by t h e  end of FY 1966. 

FY 1967 Jiunding provides  f o r  completion of  f i n a l  assembly, checkouit, and 
shipment of 1:he f i f t h  u n i t ;  assembly, checkout and shipment of t he  s i x t h ,  
seventh and e i g h t h  u n i t s  ; component f a b r i c a t i o n  and assembly of t he  n in th  
u n i t ;  i n i t i a . t i o n  of assembly of t h e  t e n t h  u n i t ;  and hardware procurement f o r  
the las t  two u n i t s .  

Ground Support Equipment 

The autornatic checkout equipment and procedures f o r  t he  Saturn I B  w i l l  
s e rve  as a i x s t  system f o r  t h e  Saturn V. Development of a checkout and 
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flight hardware simulator (breadboard) was started in FY 1963 and was followed 
in FY 1964 by initial procurement of hardware. During FY 1965, engineering 
development w a s  (continued and components testing for automatic checkout. and 
associated ground support equipment was underway. Mechanical support equip- 
ment (MSE) anld electrical support equipment (ESE) for Launch Complex 34. and 
Launch Complex 37B are being delivered in FY 1966 in preparation for Stiturn 
IB launches. 

FY 1967 funding covers engineering improvements and updating of MSE and 
ESE. 
on ESE and the Chrysler Corporation Space Division on MSE. 

Engineering effort will be provided by the General Electric Compiiny 

H-1 Engine Procurement 

By the end of FY 1966 a total of 92 engines will have been delivered, 

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

5-2 Engine Procurement 

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

Delivery a f  six engines is required during FY 1967. Estimates for d l  
fiscal years include spares, support hardware and services, and propellants 
for acceptance testing. 

Vehicle Support 

Vehicle support includes funds for studies, services, and equipment common 
to more than one stage, M 1967 funding provides for engineering services; 
reliability t e s t s ;  fabrication services; transportation; propellants; ex- 
pendable supp:lies and equipment; and launch pad refurbishment. This funding 
also covers c:ontract administration, audit, quality assurance, and inspection 
services perforrned by other Government agencies. 

Saturn V 

19 65 1966 19 67 

1st stage (S-'[C). . . . . . . . . . . ,, $243,137,000 $227,500,000 $215,6~00,000 
2nd stage (S-[I) .... ....... , 190,192,000 255,800,000 257,700,000 
3rd stage {(S-tVB) .......... , 130,300,000 162,800,000 160,4 00,000 

KD 2-10 



f l i g h t  hardware simulator (breadboard) w a s  s t a r t e d  i n  FY 1963 and w a s  followed 
i n  FY 1964 by i n i t i a l  procurement of hardware. During FY 1965, engineer ing 
development w a s  continued and components t e s t i n g  f o r  automatic checkout. and 
a s s o c i a t e d  ground support  equipment w a s  underway. Mechanical support  €:quip- 
ment (MSE) and e lectr ical  support  equipment (ESE) f o r  Launch Complex 311. and 
Launch Complex 3 7 B  are being de l ive red  i n  FY 1966 i n  p repa ra t ion  f o r  Sa tu rn  
I B  launches. 

FY 1967 funding covers  engineer ing improvements and updating of MSE and 
ESE. 
on ESE and t h e  Chrysler  Corporation Space Divis ion on WE. 

Engineering e f f o r t  w i l l  be provided by the  General Electr ic  Company 

H-1 Engine Procurement 

By t h e  lend of FY 1966 a t o t a l  of  92 engines  w i l l  have been del ivered.  

FY 1967 funds cover d e l i v e r y  of 22 engines  i n  FY 1967. Estimat.es f o r  
a l l  f i s ca l  yea r s  include the f l i g h t  hardware as w e l l  as spa res ,  suppori: 
hardware and s e r v i c e s ,  and p r o p e l l a n t s  f o r  acceptance t e s t i n g .  

5-2 Engine Procurement 

Fourteen engines w i l l  have been de l ive red  by the  end of FY 1966 and work 
w i l l  be s t a r t e d  on engines t o  be de l ive red  i n  FY 1967. 

Delivery of s i x  engines i s  r equ i r ed  during FY 1967. Estimates f o r  ii11 
f i s c a l  yea r s  include spa res ,  support  hardware and services, and prope1:I.ants 
f o r  acceptance t e s t i n g .  

Vehicle Support 

Vehicle support  includes funds f o r  s t u d i e s ,  services, and equipment common 
t o  more than one s t age .  FY 1967 funding provides f o r  engineer ing s e r v i c e s ;  
r e l i a b i l i t y  t e s t s ;  f a b r i c a t i o n  s e r v i c e s ;  t r a n s p o r t a t i o n ;  p r o p e l l a n t s ;  ex- 
pendable s u p p l i e s  and equipment; and launch pad refurbishment.  This  f ind ing  
a l s o  covers  c c n t r a c t  admin i s t r a t ion ,  a u d i t ,  q u a l i t y  assurance,  and in spec t ion  
services perfcrrried by o t h e r  Government agencies .  

Saturn V 

19157 --- 19 65 1966 

1st s t a g e  ( S - I C )  . . . . , . , . . . . . $243,137,000 $227,500,000 $~!15,600,000 
2nd s t a g e  ( S - 1 1 )  ............ 190,192,000 255,800,000 ;!57,7OO,OOO 
3rd s t a g e  (S-IVB) .....,..... 130,300,000 162,800,000 1.60,4O0,000 
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1965 1966 19 0 7 

Vehicle i n s t  ruinent u n i t .  ... $74,900,000 $72,500,000 $73,680,000 
Ground support  equipment.. . 63,254,000 104,500,000 73  ,800 ,000 
F-1 engine procurement.. ... 68,100,000 67,400,000 85 ,800 ,000 
5-2 engine :procurement.. ... 57,965,000 74,700,000 7 5 ,200 ,000 
Vehicle support . . . . . . . . . . . .  137.076,OOO 212.120,ooo 248,900,000 

Total . ,  ................... $9 64,924,000 $1 , 177,320,000 j 1,191 ,oqo ,000 

The Saturn V i s  composed of t h r e e  s t a g e s  and an instrument u n i t .  T l t i s  
launch v e h i c l e  i s  capable of p l ac ing  a payload of approximately 280,000 
pounds i n t o  l ~ w  e a r t h  o r b i t  and approximately 95,000 pounds i n t o  a t r a n s l u n a r  
t r a j e c t o r y .  
1st s t age  (S-IC); North American Aviat ion,  Lnc./Space and Information :iystems 
Division, t he  2nd s t age  (S-11); and t h e  Douglas A i r c r a f t  Company/Missile and 
Space Divis ion,  t he  3rd s t a g e  (S-IVB). I n t e r n a t i o n a l  Business Machine:;/ 
Federal  Systerrs Division i s  producing the  Saturn V instrument u n i t  and North 
American Aviat ion,  Inc./Rocketdyne Divis ion is  manufacturing the  F-1 eitgine, 
used i n  the 1st s t a g e ,  and the  5-2 engine,  used i n  both t h e  2nd and 3 rd  s t a g e s ,  

'The Boeing Company/Aerospace Group Division i s  f ab r i ca t in i ;  t h e  

FY 1966 r e p r e s e n t s  a per iod of i n t e n s i v e  development ground t e s t i n g  of 
Saturn V hardware. A s  an example, t he  S-IC al l -systems s t a g e  has  succl:ssfully 
passed a number of s t a t i c  test f i r i n g s  a t  the  Marshall Space F l i g h t  Center 
(MSFC). In August 1965, t he  al l -systems ground test  s t age  w a s  f i r e d  f ' x  
f u l l - d u r a t i o n  ( 2 4  minutes) a t  the  t h r u s t  l e v e l  of 7.5 m i l l i o n  pounds. Heavy 
emphasis i s  alscl being placed on t h e  a c t i v a t i o n  of Saturn V f a c i l i t i e s ,  i n -  
c luding t h e  S-IC and s-I1 acceptance t e s t  s t ands  a t  t h e  Miss i s s ipp i  Tes t  
F a c i l i t y  and Latmch Complex 39 a t  the  Kennedy Space Center (KSC). 

The FY 196;' funding requirements f o r  t h e  Saturn V support  a c r i t i c a l  
pe r iod  of continued ground t e s t i n g ,  both development and q u a l i f i c a t i o n ,  and 
the  f i r s t  Sat.urrt V launches from Launch Complex 3 9 ,  KSC. The i n i t i a l  un- 
manned m i s s i c l r i s  are designed t o  q u a l i f y  t h e  veh ic l e  systems under a c t u a l  
f l i g h t  condit.j.orts. 

Dynamic. te:;ting of t he  e n t i r e  Apollo/Saturn V space v e h i c l e ,  including 
the  t h r e e  StZtge:;, t he  instrument u n i t ,  and the  s p a c e c r a f t ,  w i l l  be c a r r i e d  
out  a t  MSFC. S t a t i c  t e s t i n g  of 1st and 2nd s t a g e s  all be conducted a t  
t he  Miss i s s ipp i  Te.st F a c i l i t y  and 3 rd  s t a g e  t e s t i n g  w i l l  be conducted a t  
t h e  Sacramento Test Operations s i t e  i n  p repa ra t ion  f o r  shipment t o  KSC. 

1st Stage (S-IC) 

The Marsha'L1 Space F l i g h t  Center ,  with Boeing's a s s i s t a n c e ,  w i l l  cclmplete 
manufacture o E  t he  s t r u c t u r a l  tes t  components, t h e  f i r s t  ground t e s t  sltage 
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and t h e  f i r s t  two f l i g h t  s t a g e s  a t  H u n t s v i l l e ,  Alabama. Boeing w i l l  manu- 
f a c t u r e  t w o  ground tes t  s t a g e s  and 13 f l i g h t  s t a g e s  a t  t h e  Michoud Assembly 
F a c i l i t y ,  Louisiana.  

During FY 1966, ground t e s t i n g  w i l l  continue.  The two ground test  s t ages  
t o  be used f o r  dynamic tes ts  and f a c i l i t i e s  checkout have been comp1etl.d by 
Boeing. Assembly, checkout and acceptance t e s t i n g  of t h e  f i r s t  two f l i g h t  
s t a g e s  a t  Marshall Space F l i g h t  Center w i l l  be completed, By the  end of 
t h e  f i s c a l  year ,  a t h i r d  f l i g h t  s t a g e  w i l l  be i n  checkout a t  Michoud and 
t h e  fou r th  th.rough seventh s t a g e s  w i l l  be i n  assembly. 

I n  FY 1967':, funding w i l l  provide f o r  t h e  following ac t iv i t i e s :  pre- 
p a r a t i o n  f o r  launch of f l i g h t  s t a g e s  a t  t h e  Kennedy Space Center ;  completion 
of t he  s t ruc t :u ra l ,  dynamic and Launch Complex 39 checkout ground tes t  programs; 
completion of assembly, checkaut,  and acceptance tests a t  MSFC and shipment 
t o  Kennedy of t h e  t h i r d  f l i g h t  s t a g e ;  completion of  assembly, checkout and 
acceptance tc!st:ing 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  of  t h e  f o u r t h  f l i g , h t  
s t a g e s ;  va r ious  phases of manufacturing, checkout and test  on the  f i f t h  
through t e n t h  f l i g h t  s t a g e s  arid hardware procurement f o r  t he  e l even th  through 
fou r t een th  fl. ight  s t ages .  

2nd Stage (S-11) 

I n  FY 196!j, the b a t t l e s h i p  s t a g e  w a s  completed and tests were start .ed.  
Common bulkhead tests were i n i t i a t e d  and f a b r i c a t i o n  and assembly of t he  a l l -  
systems and f a c i l i t i e s  checkout ground tes t  s t a g e ,  as w e l l  as the f i r s t  t h r e e  
f l i g h t  s t a g e s ,  were i n  progress.  Q u a l i f i c a t i o n  and r e l i a b i l i t y  tests f o r  
s t a g e  components were a l s o  begun during t h i s  period. 

FY 1966 a c t i v i t y  i s  marked by an i n t e n s i v e  ground test e f f o r t .  
and common bulkhead tests were conducted during the  f i r s t  h a l f  of FY 1,966. 
In  a d d i t i o n ,  t h e  al l -systems s t age  w a s  shipped t o  the M i s s i s s i p p i  Tes t  
F a c i l i t y  i n  p repa ra t ion  f o r  f a c i l i t y  and propuls ion tests. A s  a r e s u t t  of 
t he  s t r u c t u r a l  f a i l u r e  o f  t he  S-I1 dynamics test  s t a g e ,  t he  a l l - s y s t e m  s t age  
w i l l  subsequently be shipped t o  the  Marshall  Space F l i g h t  Center f o r  idynamic 
t e s t i n g .  The f a c i l i t y  checkout s t a g e  i s  scheduled f o r  d e l i v e r y  t o  KSC f o r  
a c t i v a t i o n  o f  L,aunch Complex 39. Fabr i ca t ion  and assembly of t h e  f i r s t  
S-I1 f l i g h t  s t a g e  w i l l  be accomplished. The second through seventh f l i g h t  
s t a g e s  w i l l  tle i n  manufacture and checkout, and hardware procurement f o r  t he  
e i g h t h  and n i n t h  s t a g e s  w i l l  be i n i t i a t e d .  

S t r u c t u r a l  

FY 1967 funcling provides  f o r  r igo rous  q u a l i f i c a t i o n  t e s t i n g  of t h e  S-11; 
de l ive ry  of  the: f i r s t  t h r e e  f l i g h t  s t a g e s  t o  KSC; p repa ra t ion  f o r  launch 
of  two o f  t h e  s t a g e s  a t  KSC; completion of  acceptance t e s t i n g  on t h e  fou r th  
f l i g h t  stage j, c.ontinuation of  f a b r i c a t i o n ,  assembly, and checkout of the 
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and t h e  f i r s t  two f l i g h t  s t a g e s  a t  Hun t sv i l l e ,  Alabama. Boeing w i l l  m,snu- 
f a c t u r e  t w o  ground t e s t  s t a g e s  and 13 f l i g h t  s t a g e s  a t  t h e  Michoud AsslEmbly 
F a c i l  i t y  , Lou i. s i.ana . 

During FY 1.966, ground t e s t i n g  w i l l  continue.  The two ground tes t  s t ages  
t o  be used far. dynamic tes ts  and f a c i l i t i e s  checkout have been completed by 
Boeing. AssenibI.y, checkout and acceptance t e s t i n g  of  t h e  f i r s t  two f l i g h t  
s t a g e s  a t  Marshall Space F l i g h t  Center w i l l  be completed. By the  end of 
t he  f i s c a l  year ,  a t h i r d  f l i g h t  s t a g e  w i l l  be i n  checkout a t  Michoud and 
the  fourth1 through seventh s t a g e s  w i l l  be i n  assembly. 

In  FY 1967', funding w i l l  provide f o r  t he  following a c t i v i t i e s :  pre- 
p a r a t i o n  for  ;.atinch of  f l i g h t  s t a g e s  a t  t h e  Kennedy Space Center ;  completion 
of t he  str'uct.ura1, dynamic and Launch Complex 39 checkout ground test programs; 
completion of: assembly, checkout, and acceptance tes ts  a t  MSFC and shipment 
t o  Kennedy of t he  t h i r d  f l i g h t  s t a g e ;  completion of  assembly, checkout and 
acceptance t e s t i n g  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  of t he  f o u r t h  f l i g h t  
stages; vsirious phases of manufacturing, checkout and tes t  on t h e  f i f t h  
through t e n t h  f l i g h t  s t a g e s  arid hardware procurement f o r  t h e  e l even th  through 
fou r t een th  fl. ight s t a g e s .  

2nd Stage (S-11) 

I n  FY lL965, ,the b a t t l e s h i p  s t a g e  w a s  completed and tes ts  w e r e  s t a r t e d .  
Common bulkhesd tests were i n i t i a t e d  and f a b r i c a t i o n  and assembly of the a l l -  
systems and Eaci l i t ies  checkout ground test  s t a g e ,  as w e l l  as the  f i r : , t  t h r e e  
f l i g h t  stage:;, were i n  progress.  Q u a l i f i c a t i o n  and r e l i a b i l i t y  tes ts  f o r  
s t a g e  components were a l s o  begun during t h i s  per iod.  

FY 1966 a c t i v i t y  i s  marked by an i n t e n s i v e  ground t e s t  e f f o r t .  S t i -uc tu ra l  
and common bulkhead tests were conducted during the  f i r s t  h a l f  of FY 1.966. 
In  a d d i t i o n ,  t he  al l -systems s t a g e  w a s  shipped t o  the  Miss i s s ipp i  Tesl: 
F a c i l i t y  i n  preparat ion f o r  f a c i l i t y  and propuls ion tests. As a r e s u l t  of 
the s t r u c t u r a l  f a i l u r e  of t he  S-11 dynamics test s t a g e ,  t h e  al l -systems s t a g e  
w i l l  subsequently be shipped t o  t h e  Marshall  Space F l i g h t  Center f o r  dynamic 
t e s t i n g .  The f a c i l i t y  checkout s t a g e  i s  scheduled f o r  d e l i v e r y  t.o KS(: f o r  
a c t i v a t i o n  of Launch Complex 39.  
S-I1 f l i g h t  s t age  w i l l  be accomplished. The second through seventh f l i g h t  
s t a g e s  w i l l  b e  i n  manufacture and checkout, and hardware procurenlent for t he  
e i g h t h  and n i n t h  s t a g e s  w i l l  be i n i t i a t e d .  

F a b r i c a t i o n  and assembly of t h e  f i r s t  

FY 1967 funding provides f o r  r igo rous  q u a l i f i c a t i o n  t e s t i n g  of t h e  S-11; 
d e l i v e r y  of t he  f i r s t  t h r e e  f l i g h t  s t a g e s  t o  KSC; p repa ra t ion  f o r  launch 
of  two of t he  s t a g e s  a t  KSC; completion of acceptance t e s t i n g  on t h e  Eourth 
f l i g h t  s t a g e ;  con t inua t ion  of  f a b r i c a t i o n ,  assembly, and checkout of the 
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f i f t h  through seventh s t a g e s ;  i n i t i a t i o n  of f a b r i c a t i o n  on t h e  e i g h t h  through 
t w e l f t h  stage.;; and i n i t i a l  hardware procurement f o r  t h e  remaining t h r e e  
s t ages .  

3rd Stage (S-IVB) 

The 3rd s t a g s  of t h e  Saturn V i s  the  S-IVB s t a g e ,  which i s  a l s o  uscd on 
the  Saturn 113. The s t a g e  used f o r  t he  Saturn V v e h i c l e  has  the  c a p a b i l i t y  
of engine r e s t a r t  t o  achieve luna r  escape v e l o c i t y .  Although used on t h e  
Saturn I B ,  biam3ic: development of t h i s  s t a g e  i s  funded i n  t h e  Saturn V pro- 
j ec t .  By t h e  beginning of FY 1965, q u a l i f i c a t i o n  t e s t i n g  was i n  progress;  
assembly of t he  b a t t l e s h i p  and s t r u c t u r a l  t e s t  s t a g e s  had been completed; 
and the  s t r u c ~ ~ u r a l  test  progrim had been i n i t i a t e d .  S t r u c t u r a l  assemtily 
of t he  al l -systems,  dynamics, and f a c i l i t i e s  checkout s t a g e s  w a s  a l s o  under 
way. 

In  e a r l y  I V  :L965, t h e  dec i s ion  was made t o  modify the  ground tes t  Firogram 
by d e l e t i n g  t h e  al l -systems s t a g e  requirement and us ing  the  hardware 21s a 
f a c i l i t y  checltout s t age .  F a c i l i t y  checkout s t a g e  hardware w a s  used t o  meet 
o t h e r  requirements,  such as t h e  MSFC s t a g e  s imulator .  Ground tes t  s t s g e s  
were completed :in t i m e  t o  support  t he  Saturn I B  requirements,  The b a t t l e s h i p  
h o t - f i r i n g  test program a t  t h e  Sacramento Test F a c i l i t y  w a s  a l s o  i n i t i a t e d ,  
and f a b r i c a t i o n  of t he  f i r s t  two Saturn V f l i g h t  s t a g e s  a t  Huntington Beach, 
C a l i f o r n i a ,  l r i 3S  s t a r t e d .  

During FY 1966, t he  b a t t l e s h i p  t e s t i n g  w a s  completed. Sa tu rn  V dynamic 
t e s t i n g  a t  t h e  I4arshal1 Space F l i g h t  Center with t h e  f a c i l i t y  checkout s t a g e  
i s  i n  progress.  
s t a g e s  a t  Hun1:ington Beach, C a l i f o r n i a ,  and acceptance t e s t i n g  of t h e  f i r s t  
f l i g h t  s t age  i l t  Sacramento w i l l  be completed during FY 1966. 
and assembly of t h e  four  a d d i t i o n a l  f l i g h t  s t a g e s  w i l l  a l s o  be underwsiy 
during t h i s  per iod .  

Post-manufacturing checkout of t h e  f i r s t  two Sa tu rn  F’ f l i g h t  

F a b r i c a t i o n  

FY 1967 fund:ing provides  f o r  completion of t he  ground test  program; 
de l ive ry  of t he  f i r s t  t h r e e  f l i g h t  s t a g e s  t o  KSC; completion of f a b r i c a t i o n  
and assembly of t h e  t h i r d ,  f o u r t h ,  f i f t h  and s i x t h  f l i g h t  s t a g e s ;  comEiletion 
of post-manufacturing checkout of t h e  t h i r d ,  f o u r t h  and f i f t h  f l i g h t  sitages 
and acceptance t e s t i n g  of t he  t h i r d  and f o u r t h  f l i g h t  s t a g e s ;  i n i t i a t i o n  
of  f a b r i c a t i o n  imd assembly on t he  seventh through e l even th  s t a g e s ;  and 
hardware procurement f o r  t he  remaining four  s t ages .  

Vehicle Instrument Unit 

The Sa tu rn  V instrument u n i t  i s  e s s e n t i a l l y  the  same as t h e  Saturn I B .  
The u n i t s  are assembled and given f i n a l  checkout a t  t h e  Hun t sv i l l e ,  Alabama 
f a c i l i t y  of  :[ntt:rnational Business Machines Corporation. 
s t r u c t u r a l ,  d p M i C ,  environmental and v i b r a t i o n ,  i s  being conducted during 
FY 1966. 

Extensive t e s t i n g ;  
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During FY :L967, Saturn V instrument u n i t  manufacturing ( f a b r i c a t i o n ,  
assembly, and checkout) ope ra t ions  w i l l  be i n  f u l l  swing. Four u n i t s  w i l l  
be de l ive red  i t 3  ;KSC. I n  a d d i t i o n  t h r e e  more u n i t s  w i l l  be i n  Process of 
manufacture. 

Ground Support Equipment 

The General Electric Company i s  under c o n t r a c t  f o r  design, f a b r i c a t i o n ,  
checkout, and l o g i s t i c  support  of t h e  Saturn V electrical  support  equipment 
(ESE). 
system which provides a master r eco rd  f o r  a l l  v e h i c l e  ground support  equip- 
ment. Boeing i s  a l s o  r e spons ib l e  f o r  t h e  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  mechanical support  equipment. The Radio Corporation of America i s  
providing the computer systems and Sanders Associates  t h e  d i sp lay  systems 
f o r  use a t  Launch Complex 39. 

The Boeing Company i s  c o n t r a c t o r  €or a Saturn V equipment management 

F i s c a l  yea r s  1964 and 1965 funds were used f o r  design and i n i t i a t i o i i  
of long lead-time procurement of mechanical and electrical  checkout equip- 
ment f o r  use a t  Launch Complex 39. I n  a d d i t i o n ,  i n s t a l l a t i o n  and test:i.ng 
of an e l e c t r i c a l  checkout equipment and f l i g h t  hardware s imulator  (breiid- 
board) a t  Marshall  Space F l i g h t  Center was  i n  progress.  Funds were a l s o  
used t o  develop and procure s p e c i a l  t e s t  equipment and components, such as 
hardware f o r  t h e  umbilical/swing a r m  t e s t  f a c i l i t y .  

During FY 1966, t h e  Saturn V breadboard a t  MSFC i s  being completed 
( i n s t a l l a t i o n  and checkout of t he  equipment) and i s  being used t o  t es t  and 
develop ope ra t ing  procedures f o r  t h e  electrical  ground support  equipmeiiit . 
By the  end of t h e  f i s c a l  year  d e l i v e r y ,  i n s t a l l a t i o n  and checkout of t h e  
Saturn V GSE for use on the  f i r s t  launch umbil ical  tower, t he  f i r s t  hi,):h-bay 
and t h e  low-bay of t he  v e h i c l e  assembly b u i l d i n g ,  t h e  f i r s t  f i r i n g  rooin 
of t he  launch c o n t r o l  c e n t e r ,  t he  f i r s t  launch pad and t h e  necessary support  
areas w i l l  be nea r ly  complete i n  p repa ra t ion  f o r  t h e  f i r s t  Saturn V launch. 
Delivery and i n s t a l l a t i o n  of Apollo Sa tu rn  V - p e c u l i a r  equipment f o r  lthe 
second launch umbil ical  tower, high-bay areas, f i r i n g  room and launch Ipad 
w i l l  be w e l l  alctng. FY 1966 funds w i l l  a l s o  be used f o r  l o g i s t i c  support  
of c e r t a i n  grclund equipment. 

FY 1967 funding provides  f o r  completion of i n s t a l l a t i o n  and checkout 
of equipment in t hese  areas and f o r  d e l i v e r y  and start  of i n s t a l l a t i o n  of 
equipment i n  a t h i r d  launch umbi l i ca l  tower, high-bay and f i r i n g  room. I n  
a d d i t i o n ,  FY 1.967 funding w i l l  cover engineer ing improvements, updating 
and necessary changes and improvements t o  t h e  mechanical and e l e c t r i c a l  
support  equipment, and con t inua t ion  of l o g i s t i c  support .  

F-1 Engine Procurement 

By the  end of FY 1966 a t o t a l  o f  38 engines  w i l l  have been del ivered.  
FY 1966 fundi.ng a l s o  covers  hardware procurement f o r  d e l i v e r i e s  i n  FY 1967, 



During l?Y :L'367, Saturn V instrument u n i t  manufacturing ( f a b r i c a t i o n ,  
assembly, and checkout) ope ra t ions  w i l l  be i n  f u l l  swing. Four u n i t s  w i l l  
be de l ive red  ' t o  KSC. I n  a d d i t i o n  t h r e e  more u n i t s  w i l l  be i n  Process Of  

manufacture. 

Ground Support Equipment 

The General Electr ic  Company i s  under c o n t r a c t  f o r  design, f a b r i c a t i o n ,  
checkout, and l o g i s t i c  support  o f  t h e  Saturn V e lectr ical  support equipment 
(ESE). 
system which ,provides a master r eco rd  for  a l l  v e h i c l e  ground support  equip- 
ment. Boeing i s  a l s o  r e spons ib l e  f o r  t h e  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  mechanical support  equipment. The Radio Corporation of America i s  
providing the computer systems and Sanders Associates  t h e  d i s p l a y  systc!ms 
f o r  use a t  Launch Complex 39. 

The Boeing Company i s  c o n t r a c t o r  f o r  a Saturn V equipment manag;ement 

F i s c a l  .years 1964 and 1965 funds were used f o r  design and i n i t i a t i o n  
of Long lead-time procurement of  mechanical and electrical  checkout eqirip- 
ment f o r  u se  a t  Launch Complex 39. I n  a d d i t i o n ,  i n s t a l l a t i o n  and tes t i .ng 
of  an e lec t r ica l  checkout equipment and f l i g h t  hardware s imulator  (bread- 
board) a t  IYarshall Space F l i g h t  Center w a s  i n  progress.  Funds were a l s o  
used t o  develop and procure s p e c i a l  test  equipment and components, such as 
hardware flor t he  umbil ical /  swing a r m  tes t  f a c i l i t y .  

During 'FY 1966, t he  Saturn V breadboard a t  MSFC i s  being completed 
( i n s t a l l a t i o n  and checkout of t he  equipment) and is  being used t o  t es t  and 
develop ope ra t ing  procedures f o r  t h e  e lectr ical  ground support  equipme~lt. 
By the  end o f  t he  f i s c a l  year  d e l i v e r y ,  i n s t a l l a t i o n  and checkout of t he  
Saturn V GSE f o r  use on the  f i r s t  launch umbil ical  tower, t he  f i r s < t  hil:h-bay 
and t h e  low-bay of t h e  v e h i c l e  assembly b u i l d i n g ,  t he  f i r s t  f i r i ng ,  roori 
of  t he  launch c o n t r o l  c e n t e r ,  the f i r s t  launch pad and t h e  necessary support  
areas w i l l  be n e a r l y  complete i n  p repa ra t ion  f o r  t h e  f i r s t  Saturn V launch. 
Delivery and i n s t a l l a t i o n  of Apollo Sa tu rn  V - p e c u l i a r  equipment f o r  i:he 
second Launch umbil ical  tower, high-bay areas, f i r i n g  room and launch pad 
w i l l  be well along. FY 1966 funds w i l l  a l s o  be used f o r  l o g i s t i c  support  
of  c e r t a i n  ground equipment. 

FY 1967 funding provides f o r  completion of i n s t a l l a t i o n  and checkout 
of equipment i n  these  areas and f o r  d e l i v e r y  and s tar t  of i n s t a l l a t i o n  of 
equipment i n  a t h i r d  launch umbi l i ca l  tower, high-bay and f i r i n g  room. I n  
a d d i t i o n ,  FY 1967 funding w i l l  cover engineer ing improvements, updating 
and necessary changes and improvements to t h e  mechanical and e l ec t . r i ca  1 
support  equiprrent, and con t inua t ion  of  l o g i s t i c  support .  

F-1 Engine Procurement 

By the  end of FY 1966 a t o t a l  o f  38 engines  w i l l  have been delivere'd. 
FY 1966 funding a l s o  covers  hardware procurement f o r  d e l i v e r i e s  i n  FY L967. 
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FY 1967 esitim<ates provide f o r  d e l i v e r y  of 24 engines  and procurement. of 
a d d i t i o n a l  long-lead hardware. These funds a l s o  cover procurement of s p a r e s ,  
support  hardware, s e r v i c e s ,  and p r o p e l l a n t s  f o r  acceptance t e s t i n g  of  t h e  
engines scheduled f o r  de l ive ry .  

5-2 Engine Procurement 

By the  end of FY 1966 a t o t a l  of 56 engines w i l l  have been de l ive red .  
FY 1966 funding also covers  hardware procurement f o r  d e l i v e r i e s  i n  FY :1.967. 
Funding i n  FY 1967 w i l l  provide d e l i v e r y  of 37  5-2 engines and the procure- 
ment of long-lead hardware. Funds i n  a l l  f i s c a l  yea r s  cover spa res ,  support  
hardware, support  services, and p r o p e l l a n t s  f o r  engine acceptance t e s t i n g .  

Vehicle Support 

Vehicle support  funds are r equ i r ed  t o  provide s e r v i c e s  and equipmenl: 
t h a t  are common t o  more than one s t a g e  of t h e  veh ic l e .  F i s c a l  yea r s  1065 
and 1966 funding included in s t rumen ta t ion ,  recording and d a t a  r educ t ion  
equipment f o r  t h e  Saturn V dynamic tes t  s t and  a t  Marshall  Space F l i g h t  
Center ;  t r a n q o r t a t i o n  c o s t s  which include use  of marine v e s s e l s  and 
a i r c r a f t  f o r  niokement of s t a g e s ,  engines  and components; a c t i v a t i o n  and 
ope ra t ion  of the Miss i s s ipp i  T e s t  F a c i l i t y ;  ope ra t ion  of  t h e  S l i d e l l  
F a c i l i t y ;  range s a f e t y  and t r a c k i n g  devices;  p r o p e l l a n t s ;  systems i n t e g r a t i o n ;  
and computaticin s e r v i c e s ,  engineer ing services, q u a l i t y  control  and inspec- 
t i o n ,  contract .  admin i s t r a t ion ,  a u d i t  and property admin i s t r a t ion  s e r v i c e s  by 
o t h e r  government agencies.  In FY 1966 and 1967 i n i t i a t i o n  of S-I1 t e s t i n g  
a t  the Miss i s s ipp i  Test F a c i l i t y  (MTF) w i l l  r e q u i r e  increased p l an t  and 
t echn ica l  support  a c t i v i t i e s  a t  t h a t  l o c a t i o n .  Funding a l s o  inc ludes  pro- 
p e l l a n t s  used i n  t e s t i n g  the  s t ages .  

During FY 1.967, acceptance t e s t i n g  of S-I1 s t a g e s  w i l l  continue a t  MTF 
and S-IC test.:Lng; w i l l  begin. This  a c t i v i t y  w i l l  i nc rease  p l a n t  and support  
and propellant: requirements.  

In a d d i t i o n ,  dynamic t e s t i n g  a t  MSFC w i l l  be i n  progress  during FY 1967. 
Systems i n t e g r a t i o n  w i l l  continue a t  e s s e n t i a l l y  the  FY 1966 l e v e l  t o  in su re  
proper in t e r f iwx  con t ro l  of a l l  s t a g e s ,  systems, and s t r u c t u r e s .  R e l i a b i l i t y  
and f l i g h t  eva lua t ion  programs w i l l  a l s o  be funded during FY 1967, 

Engine Development 

1965 

H-1 engine. , . ,  .............. $6,550,000 
a - 1 0  engine. ............... 14,470,000 
F-1 engine .................. 62,396,000 
J-2  eng ine . . . .  .............. 49,102,000 
P r o p e l l a n t s  and r e l a t e d  

engine support . .  .......... 33,782 ,000 

T o t a l . . . ,  ............... $166,300,000 

1966 

$6,450,000 

41,290,000 
41,750,000 

1,900,000 

42,705,000 

$134,095,000 

19 67 

$5,5CIO,OOO 

41,000,000 
--- 

37,900,000 

26 ,600 ,000 

$111 ,o!,o,ooo .- 
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Funds i n  t .h i s  p r o j e c t  provide f o r  t h e  development of engines  t o  be used 
f o r  Saturn 1sninc:h veh ic l e s .  Procurement of  the f l i g h t  engines  i s  funded 
under the  appropr i a t e  launch v e h i c l e  p r o j e c t .  

H-1 Engine 

The H - 1  erigine, which i s  being developed by t h e  Rocketdyne Division1 of 
North American Aviat ion,  Inc . ,  i s  used i n  c l u s t e r s  of e i g h t  p e r  s t a g e  t o  
propel t h e  f i i r s t  s t a g e  of t h e  Saturn IB veh ic l e .  This  engine uses  l i q u i d  
oxygen and " 5 - 1  (kerosene) as  p r o p e l l a n t s .  

Developmerirr of t h e  H-1  engine w a s  i n i t i a t e d  by t h e  Department of Defense 
i n  September 1958 as a 165,000 pound t h r u s t  improved v e r s i o n  of the  Thor- 
J u p i t e r  engine. The r e s p o n s i b i l i t y  f o r  development of t h e  engine w a s  t r a n s -  
f e r r e d  t o  NA!L4 i n  1960. The X65,OOO pound t h r u s t  engine was used s u c c e s s f u l l y  
i n  the  f i r s t  four Saturn I launches and a 188,000 pound t h r u s t  ve r s ion  of  t he  
engine was  used on t h e  remaining s i x  launches of t h e  Saturn I. A 200:,000 
pound t h r u s t  version has  been developed and w i l l  be used on t h e  f i r s t  f i v e  
Saturn I B s .  
Saturn I B s .  

,4 205,000 pound t h r u s t  ve r s ion  w i l l  be used on subsequent 

I n  FY 1966, the development program c o n s i s t s  of t e s t i n g ,  f l i g h t  evaluation:,  
and production and launch support .  This e f f o r t  i nc ludes  engineer ing c a p a b i l i t y  
f o r  design and development; ground tes t  c a p a b i l i t y  and r e t r i e v a l ,  eval.uation, 
and report in ,$  of Saturn I B  f l i g h t  data .  E f f o r t s  are a l s o  being devoted t o  
c a l i b r a t i n g  and determining the  r e l i a b i l i t y  of t h e  H-1 engine a t  t he  :!05,000 
pound t h r u s t  l e v e l  f o r  t h e  s i x t h  and subsequent Saturn I B  f l i g h t s .  

The FY 1967 funding w i l l  pr0vid.e f o r  f i e l d  support ,  including t h e  :static 
tes ts  r equ i r ed  f o r  quick-response t o  problems. T h i s  e f f o r t  i nc ludes  (:om- 
ponent and engine system t e s t i n g  t o  supplement problem a n a l y s i s  for  the 
engine and ground support  equipment. The f l i gh t -wor th iness  of t he  engine 
f o r  manned missions w i l l  a l s o  be v e r i f i e d  p e r i o d i c a l l y .  In a d d i t i o n ,  t he  
FY 1967 funding provides f o r  maintaining the  test  engines  i n  a configi i ra t ion 
appropr i a t e  f o r  s o l u t i o n  of problems t h a t  are encountered. Updating ,and 
improvement o f  procedures and eva lua t ion  of s ta t ic  tes t  and f l i g h t  da t a  
w i l l  a l s o  be accomplished. 

F-1 Engine 

The F-1 engine i s  being developed by t h e  Rocketdyne Division of North 
American Aviat ion a t  Canoga Park,  C a l i f o r n i a .  The F-1 w i l l  be used i n  a 
c l u s t e r  o f  f i v e  engines i n  the 1st s t a g e  of the Saturn V. Each enginle i s  
capable of producing 1,500,000 pounds of t h r u s t ,  us ing l i q u i d  oxygen (LOX) 
and kerosene (FLP-1) as p rope l l an t s .  
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Development o f  the F-1 engine began i n  January 1959 when a c o n t r a c t  was 
awarded t o  Roclostdyne f o r  development, through prel iminary f l i g h t  r a t i n g  
tests (PFRT) oE a LOX/RP-1 rocket  engine. Test f i r i n g  of the  F-1 engine 
w a s  accomplished i n  June 1961. Since t h a t  t i m e ,  F-1 engines have achieved 
r a t e d  t h r u s t  and durat ion (150 seconds) runs w e l l  over  400 t i m e s .  The f i n a l  
release of t he  design of t he  f l i g h t  r a t i n g  t e s t  engine w a s  made i n  the  f i r s t  
q u a r t e r  of FY L364, and t e s t i n g  w a s  completed i n  t h e  second q u a r t e r  of EY 
1965. A comprehensive q u a l i f i c a t i o n  tes t  series w a s  begun to  q u a l i f y  t h e  
engine f o r  manned f l i g h t  and i s  scheduled t o  be completed i n  the second 
q u a r t e r  of FY 1367. 

During FY 1'366 and FY 1967, about700 sepa ra t e  engine system ground t.ests 
w i l l  be performed. These tests are p a r t  of  t he  approximately 1,600 planned 
engine system t e s t s  t h a t  w i l l  be performed as p a r t  of t he  development 
e f f o r t  t o  reach rlequired ma tu r i ty  before  q u a l i f i c a t i o n  of t h e  engine f o r  
manned f l i g h t .  Major e f f o r t s  f o r  FY 1967 include:  component qua l i f i ca t . i on ;  
demonstration of recovery from induced combustion i n s t a b i l i t y ;  high s p e c i f i c -  
impulse performance and q u a l i f i c a t i o n  tests ope ra t ion  and engineer ing support  
f o r  s ta t ic  and f l i g h t  t e s t i n g ;  and design and ope ra t iona l  s i m p l i f i c a t i o n  t o  
improve engine-system f l e x i b i l i t y .  To maintain t h i s  ex tens ive  t e s t i n g  e f f o r t  
i n  FY 1967, f i v e  new engines w i l l  be b u i l t ;  e i g h t  r e b u i l t ;  and t h e  equ iva len t  
of 2-1/2 engines i n  t es t  components produced. 

5-2 Engine 

The 5-2 engine is  being developed by the  Rocketdyne Division of  North 
American Aviat ion a t  Canoga Park,  C a l i f o r n i a ,  f o r  u se  i n  upper s t a g e s  of t h e  
Saturn I B  and Saturn V v e h i c l e s ,  Th i s  engine,  u s ing  l i q u i d  hydrogen and 
l i q u i d  oxygen a s  p r o p e l l a n t s ,  i s  designed t o  develop 200,000 t o  205,000 
pounds of t h r u s t .  In the  Saturn I B  v e h i c l e ,  one 5-2 engine w i l l  be used 
i n  the 2nd stage (S-IVB) .  I n  t he  Saturn V ,  a c l u s t e r  of f ive 5-2 engines 
w i l l  be used i n  t he  2nd s t a g e  (S-11) and one 5-2 engine w i l l  be used i n  
the  3rd s t a g e  (S-IVB). 

Development of t he  5-2 engine began i n  September 1960 with t h e  award 
of  the  development c o n t r a c t  t o  Rocketdyne. I n  October 1962, t h e  engine 
achieved i t s  f i r s t  f u l l  t h r u s t  (250 second durat ion)  run. The f i r s t  500- 
second durat ion run, necessary t o  m e e t  t h e  requirements of t h e  Saturn 115 
and V ,  w a s  s u c c e s s f u l l y  conducted i n  November 1963. Other accomplishme~its 
during FY 1964 included demonstration of gimbal c a p a b i l i t y ,  nominal per,,- 
formance, p rope l l an t  u t i l i z a t i o n  system, and the  f i r s t  PFRT-type engine 
tes t .  

During FY 1965, 465 ground tes ts  were performed f o r  a cumulative dur ,%tion 
of 44,152 seconds. During t h e  same pe r iod ,  nine new engines  were b u i l t  
and 31 engines were r e b u i l t  o r  overhauled. Accomplishments included COIR- 

p l e t i o n  of PFRT , demonstration of engine-vehicle i n t e r f a c e ,  demonstration 
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Development of the F-1 engine began i n  January 1959 when a c o n t r a c t  tlas 
awarded t o  Ibclcetdyne f o r  development, through prel iminary f l i g h t  ra t ing ,  
tests (PFRT) of a LOX/RP-l rocke t  engine. T e s t  f i r i n g  of t h e  F-1 engine 
w a s  accomplished i n  June 1961. Since t h a t  t i m e ,  F-1 engines  have achieved 
r a t e d  thrust: and du ra t ion  (150 seconds) runs w e l l  over  400 t i m e s .  The f i n a l  
r e l e a s e  of t he  design of t he  f l i g h t  r a t i n g  test  engine w a s  made i n  the  first 
q u a r t e r  of FY :1!364, and t e s t i n g  w a s  completed i n  t h e  second q u a r t e r  of FY 
1965. A comprc:lie~isive q u a l i f i c a t i o n  test  series w a s  begun t o  q u a l i f y  t h e  
engine f o r  manned f l i g h t  and i s  scheduled t o  be completed i n  the second 
q u a r t e r  of FY 11O6:7. 

During FJ! 1966 and FY 1967, about 700 sepa ra t e  engine system ground tes ts  
w i l l  be performed. These tests are p a r t  of t he  approximately 1,600 planned 
engine system 1:esi:s t h a t  w i l l  be performed as p a r t  of t he  development 
e f f o r t  t o  reach r equ i r ed  ma tu r i ty  before  q u a l i f i c a t i o n  of t he  engine fo r  
manned f l i g h t .  Major e f f o r t s  f o r  FY 1967 include:  component q u a l i f i c a t i o n ;  
demonstration o E icecovery from induced combustion i n s t a b i l i t y ;  high s p e c i f i c -  
impulse perforrnimce and q u a l i f i c a t i o n  tests ope ra t ion  and engineer ing support  
f o r  s ta t ic  and Elight t e s t i n g ;  and design and ope ra t iona l  s i m p l i f i c a t i o n  t o  
improve engrine-:system f l e x i b i l i t y .  To maintain t h i s  ex tens ive  t e s t i n g  e f f o r t  
i n  FY 1967, f i v e  new engines  w i l l  be b u i l t ;  e i g h t  r e b u i l t ;  and t h e  equivalent  
of 2-1/2 engine:; :in t es t  components produced. 

5-2 Engine 

The 5-2 e!ngFiie i s  being developed by t h e  Rocketdyne Division of North 
American Aviat ion a t  Canoga Park, C a l i f o r n i a ,  f o r  use i n  upper s t a g e s  of t h e  
Saturn I B  arid Saturn V veh ic l e s .  Th i s  engine,  using l i q u i d  hydrogen and 
l i q u i d  oxygen a:; p r o p e l l a n t s ,  i s  designed t o  develop 200,000 t o  205,000 
pounds of thrusi:. I n  the  Saturn I B  v e h i c l e ,  one 5-2 engine w i l l  be usecl 
i n  the 2nd s t a g e  (S-IVB). I n  the Sa tu rn  V,  a c l u s t e r  of f i v e  5-2 engines  
w i l l  be used i n  t h e  2nd s t a g e  (S-11) and one 5-2 engine w i l l  be used i n  
the  3rd s t a g e  (!;-:WB). 

Development of t h e  5-2 engine began i n  September 1960 with t h e  award 
I n  October 1962, t h e  engine of t he  devel.oprcmt c o n t r a c t  t o  Rocketdyne. 

achieved i ts  fI.rst f u l l  t h r u s t  (250 second durat ion)  run. The f i r s t  500- 
second durat:ion run, necessary t o  m e e t  t he  requirements of t h e  Saturn I B  
and V ,  w a s  :;ucces:;fully conducted i n  November 1963. Other accomplishments 
during FY 1964 included demonstration of gimbal c a p a b i l i t y ,  nominal per-  
formance, propc: Llant u t i l i z a t i o n  system, and the  f i r s t  PFRT-type engine 
tes t .  

During FJ! 15165, 465 ground tests were performed f o r  a cumulative du ra t ion  
of 44,152 seconds. During t h e  same period,  nine new engines were b u i l t  
and 31 engines were r e b u i l t  o r  overhauled. Accomplishments included coni- 
p l e t i o n  of I’FRT, demonstration of engine-vehicle i n t e r f a c e ,  demonstraticn 
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of r e l i a b i l i t y ,  and demonstration of maximum mixture  r a t i o  c a p a b i l i t y .  I n  
FY 1966, 790 ground t e s t s  f o r  an approximate du ra t ion  of 80,000 seconds 
a r e  planned. Ten new engines  w i l l  be b u i l t  and 33 r e b u i l t  o r  overhauled. 
The f l i g h t  r a t i n g  t e s t s  were completed e a r l y  i n  t h e  f i s c a l  year .  Tes t ing  
f o r  q u a l i f i c a t i o n  of t he  200,000 pound t h r u s t  engine w i l l  be completed 
i n  the  second qua r t e r  of t he  f i s c a l  year .  The engine w i l l  make i t s  i n i t i a l  
f l i g h t  on a Saturn I B  i n  FY 1966. 

In  FY 1967, 700 ground tests f o r  an approximate run-time of 70,000 seconds 
w i l l  be performed. 
hauled. Q u a l i f i c a t i o n  of a 205,000 pound t h r u s t  engine w i l l  be completed 
i n  mid- f i sca l  year. 

Eight new engines  w i l l  be b u i l t  and 25 r e b u i l t  o r  over 

P rope l l an t s  and Related Engine Support 

P rope l l an t s  and a n c i l l a r y  chemicals r equ i r ed  f o r  t h e  c o n t r a c t o r  te/;t 
e f f o r t s  a r e  procured and provided as government-furnished material. The 
primary products  used a r e  l i q u i d  oxygen, l i q u i d  hydrogen, kerosene,  l i q u i d  
n i t rogen ,  and gaseous helium. NASA procures  p r o p e l l a n t s  from both p r i v a t e  
producers and from the  A i r  Force under a NASA/DOD support  agreement. 

The FY 1967 engine development tests will require approximately 180,000 
tons  of l i q u i d  oxygen, 7,000 tons  of l i q u i d  hydrogen, 14 m i l l i o n  g a l l o n s  
of kerosene, 37,000 tons  of l i q u i d  n i t rogen ,  and 44 m i l l i o n  cubic  feel: of 
helium. Funds i n  FY 1967 w i l l  a l s o  provide f o r  s e r v i c e s  and equipmenl: 
a s soc ia t ed  with con t r ac to r  e f f o r t ;  and c o n t r a c t  adn i in i s t r a t ion ,  a u d i t ,  
p roper ty  admin i s t r a t ion ,  and q u a l i t y  and in spec t ion  s e r v i c e s  provided by 
government agencies .  

Mission Support 

1965 

Operat ions. . . . . . . . . . . .  ...... $96,717,000 
Systems engineer ing ......... 19,925,000 
Supporting development ...... 53,900,000 
Apollo app l i ca t ions .  ........ --- 

Total . . . . . . . . . . . . . . . . . . . . .  $170,542,000 

1966 

$104,180,000 
26,000,000 
32,205,000 
48,000,000 

$210,385,000 

1';) 67 

$154,41)5,000 

32 ,8i:)5,000 
26,000,000 

41,9!)0,000 

Mission support  provides  f o r  t he  o v e r - a l l  launch, f l i g h t ,  crew, an.d 
recovery ope ra t ions ;  program-wide systems engineer ing;  suppor t ing  develop- 
ment necessary f o r  t he  success fu l  accomplishment of manned space f l i g h t s ;  
and p r o j e c t  d e f i n i t i o n  experiment development, and maintenance of harldware 
product ion c a p a b i l i t y  f o r  Apollo a p p l i c a t i o n s .  
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Operat ions 

Operation:; include the  a c t i v a t i o n  and ope ra t ion  of p r e - f l i g h t  and launch- 
ing  f a c i l i t i e s : ,  mission c o n t r o l ,  f l i g h t  c r e w  t r a i n i n g  and a c t u a l  f l i g h t  
ope ra t ions ,  inc luding  recovery.  A s  t h e  frequency of Apollo f l i g h t s  i nc reases ,  
more e f f o r t ,  materials, and supp l i e s  a r e  r equ i r ed  t o  support  t h e  ope ra t iona l  
phase of t he  program. 

FY 1966 funds a r e  providing f o r  t he  fol lowing a c t i v i t i e s :  a c t i v a t i o n  of 
t he  launch ope ra t ions  and ins t rumenta t ion  f a c i l i t i e s ,  and p r e - f l i g h t  a c t i v -  
i t i e s  r equ i r ed  a t  the  John F. Kennedy Space Center (KSC) i n  support  of t he  
i n i t i a l  Apol.:lo Saturn I B  miss ions ;  support  of KSC c o n t r a c t o r  s e r v i c e s ,  i n -  
c luding  majoi: ].terns of equipment f o r  t hese  c o n t r a c t o r s ,  and reimbursement 
t o  the  A i r  Force ;  t he  mission c o n t r o l  e f f o r t s  f o r  Apollo Sa turn  I B  miss ions ;  
continued support  of a s t ronau t  t r a i n i n g  and f l i g h t  crew requirements;  
ope ra t ion  and updat ing of mission s imula tors  and t r a i n e r s ;  mission planning 
and analysis; ; (:ontractor support  i n  t he  development of rea l - t ime comFluter 
programs f o r  f l i g h t  missions and f l i g h t  monitor ing;  test  eva lua t ion  and 
procurement of r e t r i e v a l  and l o c a t i o n  equipment; remote-s i te  operat ic ins;  
and reimbursement t o  the  Department of Defense f o r  recovery support  fo rces .  

The FY 1967 funding provides  f o r  t he  increased  ope ra t iona l  s e r v i c e s  re- 
qui red  t o  support  Apollo Sa turn  I B  manned f l i g h t s  and t h e  i n i t i a l  Sa turn  
V missions.  The requirements a l s o  cover the  improvements necessary f o r ,  
as wel l  as the  increased  c o s t  of ope ra t ing  the  Mission Control  Center a t  
Houston, which w i l l  be support ing Apollo Sa turn  I B  and Sa tu rn  V f l igh l t s .  
The funding i i lso provides  f o r  t he  procurement and ope ra t ion  of t h r e e  luna r  
landing t r a i n i n g  veh ic l e s  f o r  use by t h e  a s t ronau t s .  

Systems Engineering 

Systems engineer ing provides  f o r  i n t e g r a t e d  t e c h n i c a l  suppor t ,  review, 
and a n a l y s i s  of manned space f l i g h t  missions.  These s e r v i c e s  inc lude  
the  developnient: of func t iona l  and pecformance s tandards  f o r  t he  program, 
c o n s i s t e n t  with mission o b j e c t i v e s ;  mission planning;  test o b j e c t i v e s  and 
i n t e g r a t i o n ; ,  program and systems s p e c i f i c a t i o n s ;  t r a j e c t o r y  a n a l y s i s ;  
checkout effr2ct:iveness; and t echn ica l  documentation. Bellcomm and General 
E l e c t r i c  are the  p r i n c i p a l  systems engineer ing  c o n t r a c t o r s .  

IXlring FI! 1967, g r e a t e r  emphasis w i l l  be placed on a quick-response 
c a p a b i l i t y  f o r  v a l i d a t i o n  and a n a l y s i s  of f l i g h t  d a t a  on a time s c a l e  
compatible with t h e  increased  frequency of Apollo miss ions ,  The FY 1967 
funding a l s o  covers  c o n t r a c t  admin i s t r a t ion  and r e l a t e d  s e r v i c e s  of t h e  
Department o:E Defense, as wel l  as non-recurr ing maintenance and r e h a b i l -  
i t a t i o n  of government-owned i n d u s t r i a l  p l a n t s .  
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Supporting Development 

Supporting development involves  ind iv idua l  1 y s e l e c t e d  engineer ing e f f o r t s  
which support  !:he Apollo Program and have p o t e n t i a l  use i n  advanced manned 
missions,  1nd:ividual t a s k s  are i n i t i a t e d  i n  support  of t he  on-going pro- 
j ec t s  and provide fo r  the  development of backup o r  improved hardware or 
manufacturing, test, and eva lua t ion  techniques when a p o t e n t i a l  problerr i s  
i d e n t i f i e d ,  The o b j e c t i v e  i s  improved performance, improved confidence,  
and reduced cos t , ,  I n  a d d i t i o n  t o  providing backups which could be sub- 
s t i t u t e d  f o r  t:heir mainstream coun te rpa r t s ,  support ing development also 
provides f o r  t:he development of long-lead systems f o r  p o t e n t i a l  use i n  t h e  
fu tu re .  The c:tiaracter of t he  work varies with each t a s k ,  depending on the  
state of deve1.oprent of  t he  hardware o r  technique, and i s  s t rong ly  in -  
f luenced by thc  na tu re  of t h e  mainstream d i f f i c u l t y .  
p o t e n t i a l  prob:!ern may be b e s t  overcome by developing new hardware lor tech-  
n iques ;  and i n  o t h e r  cases by modif icat ion of t h e  mainstream approaches 
through b e t t e r  d e f i n i t i o n  of s p e c i f i c a t i o n s .  

I n  some cases, t h e  

Each t a s k  i s  planned so t h a t  t he  backup can be a v a i l a b l e  f o r  i nco rpora t ion  
i n t o  t h e  mainstream p r o j e c t s  on a schedule compatible with development and 
operational.  mil.estones. Work i n i t i a t e d  during previous yea r s  i s  r e s u l t i n g  
i n  d e l i v e r y  of developed hardware during FY 1966. 
damping device has been f a b r i c a t e d  t o  c o n t r o l  combustion i n s t a b i l i t y ;  a 
TV camera has  been q u a l i f i e d  f o r  use on t h e  luna r  su r face ;  and design i n -  
formation i s  cnrailable f o r  any p o t e n t i a l  d e s i r e d  inc rease  i n  spacec ra f t  
sh i e ld ing .  h i r i n g  the  las t  few months, development w a s  s t a r t e d  on a b a s i c  
sma l l - th rus t  exigine t h a t  can be used, with minor v a r i a t i o n s ,  on the Apollo 
spacec ra f t  and t h e  upper s t a g e  of both t h e  Saturn I B  and Saturn V. This  
v e r s a t i l i t y  w i l . 1  permit an optimum production ra te  f o r  t h e  b a s i c  engine,  
which w i l l  lower u n i t  c o s t s  and inc rease  r e l i a b i l i t y .  During E'Y 1967, 
work i n  support: of Apollo w i l l  be l a r g e l y  concerned wi th  backup hardware, 
including the  m a l l - t h r u s t  engine,  with t h e  performance p o t e n t i a l  €or  
d e s i r e d  Apclllci mission o b j e c t i v e s .  
be used t o  contplete t h e  development of Apollo-type hardware which can r e -  
p l ace  mainstream coun te rpa r t s  with minimum d i s rup t ion .  For example, coa t ing  
material f o r  both h e a t  p r o t e c t i o n  and temperature c o n t r o l  w i l l  be q u a l i f i e d ;  
antenna perforrlance w i l l  be demonstrated i n  p repa ra t ion  f o r  production hard- 
ware; and a s t ronau t  equipment, such as a po r t ab le  t ape  r eco rde r ,  w i l l  be 
q u a l i f i e d  f o r  USE! on the  luna r  su r face .  

For example, a inechanical 

The major p o r t i o n  of t he  funds w i l l  

Apollo Applicat ions 

I n  FY 1967, no new manned programs are planned f o r  i n i t i a t i o n .  However, 
planning is ,  d i r e c t e d  toward maximum u t i l i z a t i o n  of t h e  inhe ren t  c a p a b i l i t i e s  
of t he  c u r r e n t  Ap0110 Saturn space v e h i c l e s ,  f a c i l i t i e s ,  and goverment -  
i n d u s t r i a l  testnis, 

The FY 1966 a p p l i c a t i o n s  e f f o r t  i s  devoted t o  continued p r o j e c t  d e f i n i t i o n .  
This e f f o r t  pmvi.des t h e  d e t a i l e d  planning op t ions  necessary f o r  conducting 
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a p p l i c a t i o n s  missions beginning as e a r l y  as mid-1968, i f  e a r l y  success i n  
t h e  Apollo prcigram makes t h i s  possible .  FY 1966 funding i s  providing f o r  
d e f i n i t i o n  of payloads, space veh ic l e  mod i f i ca t ions ,  d e t a i l e d  mission and 
support  p l ans ,  and payload i n t e g r a t i o n .  

Apollo a p p l i c a t i o n s  missions are being planned t o  permit extended liinar 
e x p l o r a t i o n  and long-duration e a r t h  o r b i t a l  operations--both low-al t i tude 
and synchronous. Early a p p l i c a t i o n s  missions would u t i l i z e  the  b a s i c  
Apollo Saturn space veh ic l e  conf igu ra t ion ,  while later missions would in- 
corporate  the  subsystem modif icat ions e s s e n t i a l  t o  r e f i n e d  mission r equ i r e -  
ments. The planning f o r  e x p l o i t a t i o n  of  t h i s  c a p a b i l i t y  i s  based on the 
p r i n c i p l e  of holding open as many op t ions  as f e a s i b l e  u n t i l  t h e  Nation i s  
i n  a p o s i t i o n  t o  s e l e c t  t he  next major space e f f o r t .  

To hold t h e s e  planning op t ions  open, FY 1967 funding maintains  t h e  con- 
t i n u i t y  of t h e  production c a p a b i l i t y  of t he  b a s i c  Apollo spacec ra f t  and 
Sa tu rn  launch v e h i c l e s  and cont inues p r o j e c t  d e f i n i t i o n  and payload de,- 
velopment. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF N g m D  SPACE FLIGHT ADVANCED MISSIONS PROGRAM 

PROGRAM OBJZFIVES AND JUSTIFICATION : 

The ob jec t ive  of the  Advanced Missions program is t o  examine advanced 
manned space Elight mission concepts.  Included are: l o g i c a l  ex tens ions  of 
the  na t iona l  space c a p a b i l i t y  through a n a l y s i s  of present  hardware sys tems 
f o r  growth p o t e n t i a l ;  development of requirements f o r  f u t u r e  s y s t e m s ;  pro- 
v i s i o n  of guildance f o r  research  and technology a c t i v i t i e s ;  p rovis ion  of 
t echn ica l  information and c o s t  da t a  upon which f u t u r e  program decis, .  lions can 
be based; and i n i t i a t i o n  of t he  d e f i n i t i o n ,  p re l iminary  des ign  and spec i -  
f i c a t i o n  oE probable fu tu re  missions.  

SUMMARY OF &SOURCES REQUIREMENTS : 

1965 1966 - 1967 ._ 

Advanced missions s t u d i e s . . . . . . .  $26,000,000 $10,000,000 3;s ,000 .OOQ 

$26,000,000 $10,000,000 !#,OOO.OOQ - -. Tota l . . . . . . . . . . . . . . . . . . . . . . . . .  

D i s t r ibu t ion  of Propram Amount by I n s t a l l a t i o n :  

John F. Kennedy Space Center ,  
NASA........................ $500,000 $600,000 $600,000 

Manned Spacecraf t  Center. . . . . .  9,625,000 3,600,000 :2 ,600 ,001[) 
Marshall  Space F l i g h t  Center. .  5,473,000 5,500,000 !+, 500,000 
Langley R.esearch Center . . . . . . .  
NASA Headquarters ............. 8,930,000 300,000 300,000 
Western Operations Off ice . .  ... 272,000 

1,200,000 --- - - .. 
--- - - .I 

BASIS OF FUND REQUIREMFXTS: 

Advanceo Missions. S tud ie s  

1967 __ 1965 1966 -I 

Advanced s tud ie s . . . . .  ............ $26,000,000 $10,000,000 $8,000,000 

Advanced s t u d i e s  provide the  b a s i s  f o r  t h e  planning and s e l e c t i o n  of f u t u r e  
manned space flight missions.  
e a r t h  o r b i t a l . ,  l una r ,  and p lane tary  missions.  FY 1965 s t u d i e s  concentrated 

Spec i f i c  a r e a s  of i n v e s t i g a t i o n  include manned 
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on the  USE::; of Apollo-developed hardware i n  extending manned exp lo ra t ion  of 
the  moon arid nea r -ea r th  environment and l e d  t o  the  pre-development e f f o r t  
now undertray f o r  Apollo app l i ca t ions .  During FY 1965, no funds were a l l o c a t e d  
f o r  p l ane ta ry  s t u d i e s  and only  a modest number of s t u d i e s  beyond A~10llo 
a p p l i c a t i o n s  were implemented i n  the  e a r t h  o r b i t a l ,  l u n a r ,  and suppor t ing  
veh ic l e  systems a reas .  

During IPY 1966, advanced s t u d i e s  are cont inuing  t o  s t r e s s  p o t e n t i a l  acti.v- 
i t i e s  i n  t:he e a r t h  o r b i t a l  and luna r  exp lo ra t ion  a r e a s  and inc lude  Dlanning 
s t u d i e s  i n  the  planetary/interplanetary category.  
o rb i ta l .  mission s t u d i e s  have confirmed the  f e a s i b i l i t y  of e a r t h  o r t l i t i ng  space 
s t a t i o n s .  A l t e rna te  conf igu ra t ions ,  which make maximum use  of c u r r e n t ,  as 
we l l  as b a s i c a l l y  new, spacec ra f t  con f igu ra t ions ,  have been examined. Addi.- 
t i o n a l  s t u d i e s  of candidate  s c i e n t i f i c  and technologica l  experiment s f o r  t h e  
space :;tal: ioiis are a l s o  being conducted. 

Completed mannecl e a r t h  

The FY 1967 e f f o r t  w i l l  be d i r e c t e d  toward pre l iminary  systems d e f i n i t i o n  
of t he  moix promising space s t a t i o n  concepts.  Conf igura t ions  under review 
include a Long-term s t a t i o n  not  r e q u i r i n g  resupply ,  us ing  the  presc n t  family 
of subsys1:cm; and launched wi th  a Sa turn  V ,  and an optimized space s t a t i o n  
capable  o:E support ing p l ane ta ry  f l i g h t .  Prel iminary systems de f in j  t i o n  wi l .1  
a l s o  be conducted on a f e r r y / l o g i s t i c  system f o r  use wi th  these  concepts .  
P a r t i c u l a r  a t t e n t i o n  w i l l  be given t o  the  d e s c r i p t i o n  and d e f i n i t i o n  of 
experiment modules which can be used i n  conjunct ion  wi th  t h e  va r ious  space 
s t a t i o n  concepts  and which can be opera ted  by the  crew of t h e  space s t a t i o n .  
I n  a d d i t i o n ,  e f f o r t s  w i l l  cont inue on the  s e l e c t i o n  and d e s c r i p t i o n  of 
candida te  experiments f o r  advanced missions , and the  c o n s t r a i n t s  of t hese  
experirnents on t h e  space s t a t i o n  and the  l o g i s t i c  system w i l l  be a:;sessed. 
The u l t i m a t e  growth c a p a b i l i t y  of such a space s t a t i o n  i n t o  a p l ane ta ry  
mission module w i l l  be considered and a new and l a r g e r  spacec ra f t  w i th  
inhe ren t ly  g r e a t e r  experimental  man-hour c a p a b i l i t i e s  w i l l  be studxed. 

Manned lunar  mission s t u d i e s  are d i r e c t e d  toward i d e n t i f y i n g  anti def inirig 
the  most e f f ~ e c t i v e  exp lo ra t ion  systems. 
Apollo- type ,and d i r e c t  f l i g h t  systems, a l t e r n a t e  s h e l t e r  and mobil:i.ty concepts  , 
and de:Ein:ition of o r b i t a l  and su r face  experiments.  

Included a r e  s t u d i e s  of bo th  improved 

The FY 1967 e f f o r t  w i l l  emphasize t h e  d e f i n i t i o n  of an extended luna r  
exp lo ra t ion  plan and the  accompanying conceptual  designs.  The r e s u l t s  of 
comparative eva lua t ions  of  s h e l t e r  and mob i l i t y  concepts ,  as wel l  its var ious  
modes of payload de l ive ry  t o  the  lunar  su r face ,  w i l l  be combined w:i.th t h e  
recommendati~ons of t he  s c i e n t i f i c  community t o  formulate  a comprehmsive 
luna r  exp lo ra t ion  e f f o r t .  This  work w i l l  provide t h e  b a s i s  for dec i s ions  
concerning t'he i n i t i a t i o n  of program d e f i n i t i o n  f o r  an  advanced luna r  ex- 
p l o r a t i o n  system. 

Manned p lane tary  mission s t u d i e s  have e s t a b l i s h e d  t h e  feasibil i i! :y of a 
number of mission modes and system concepts  f o r  Mars and Venus f1yl)ys and 
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Mars landing missions.  Although t h e  f lyby  missions may be considered wi th in  
the  reach of Apollo-based technology, it appears t h a t  e f f e c t i v e  accomplishment 
of the Mars landing mission w i l l  r e q u i r e  improved levels of technology. The 
complexity of t h e  missions and t h e  ex tens ive  r e sources  r equ i r ed  f o r  such 
undertakings r e q u i r e  d e t a i l e d  a n a l y s i s  of t h e  v a r i o u s  op t ions  before  i t  pro- 
gram is i n i t i a t e d .  

FY 1967 p lane ta ry  mission s t u d i e s  w i l l  provide more d e t a i l e d  a n a l y s i s  of 
system f e a s i b i l i t y ,  system concepts,  and t echno log ic r l  requirements.  Major 
emphasis w i l l  be placed on manned p l a n e t a r y  spacec ra f t  concepts t h a t  can be 
app l i ed  t o  t h e  broadest  range of  missions and launch da te s .  The s t u d i e s  
recognize the requirement f o r  unmanned programs t o  provide the s c i e n t  ific 
and engineering d a t a  e s s e n t i a l  for the  design of f u t u r e  manned systems. 
S tud ie s  of o b j e c t i v e s ,  schedules ,  and c o s t s  w i l l  be necessary so t h a t  t h e  
most promising system concepts can be i d e n t i f i e d  f o r  d e t a i l e d  engineer ing 
design. 

Launch v e h i c l e  s t u d i e s  t o  support  e a r t h  o r b i t a l ,  l u n a r ,  and p l ane ta ry  
manned missicins w i l l  a l s o  be conducted during FY 1967. These s t u d i e s  w i l l  
stress prepa.rat.ion f o r  systems d e f i n i t i o n  of  improved Saturn v e h i c l e s ,  as 
well as reusab1.e t r a n s p o r t  concepts,  The r e l a t e d  requirements f o r  oper- 
a t i o n a l  and support  f a c i l i t i e s  w i l l  a l s o  be s tud ied .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

The ob jec t ive  of t he  Physics  and Astronomy program i s  t o  inc rease  our  
knowledge of t h e  space environment of t h e  e a r t h ,  t he  sun and i t s  re l i l t i on -  
s h i p  t o  t h e , e a r t h  and t h e  i n t e r p l a n e t a r y  medium, and the  fundamental phys ica l  
na tu re  of t'he universe.  I n  o rde r  t o  achieve t h i s  o b j e c t i v e ,  researcli  pro-  
grams have been undertaken t o  i n t e n s i v e l y  s tudy  the  upper atmosphere,, t h e  
ionosphere,  t he  e a r t h ' s  magnetosphere, t he  region beyond the  boundar:i.es of 
t he  magnetosph'ere, s o l a r  r a d i a t i o n  and the  s o l a r  wind and t h e i r  i n t e r a c t i o n s  
with these  regions, cosmic r ays  from beyond t h e  s o l a r  system, radiat:i.on from 
s t a r s  and o t h e r  c e l e s t i a l  bodies i n  a r e a s  of t h e  spectrum which cannot be 
observed from the e a r t h ' s  sur face ,  and the  geodet ic  f i g u r e  of t h e  ea;i:th. 

While t h e  o b j e c t i v e  of t h e  program has  been d iv ided  i n t o  t h r e e  majior 
a r eas ,  they a re  by no means independent of each o the r .  Knowledge gained i n  
one a rea  contrLbutes t o  t h e  understanding of t he  o t h e r s ,  Many studicts con- 
t r i b u t e  d i r e c t l y  to  knowledge i n  a l l  t h r e e  a r e a s o  The p r a c t i c a l  a p p l i c a t i o n s  
of t he  know:ledge gained i n  t h i s  program can be c l e a r l y  demonstrated j n  terms 
of support  :Em o t h e r  n a t i o n a l  programs such a s  meteorology, communications, 
manned space f Light, and cartography. However, t he  program i s  pr imal- i ly  
intended t o  be a bas i c  r e sea rch  program dedica ted  t o  t h e  expansion of human 
knowledge. As such, i t  i s  i n t e g r a t e d  wi th  the  programs of educa t iona l  and 
s c i e n t i f i c  research  i n s t i t u t i o n s  throughout t he  United S t a t e s  and i n  many 
fo re ign  coun t r i e s .  S u b s t a n t i a l  e f f o r t s  a r e  made t o  i n s u r e  t h a t  t he  r e s u l t s  
of t he  research  a r e  made gene ra l ly  a v a i l a b l e  on a b a s i s  t h a t  w i l l  mak.e the  
knowledge m o s t  u se fu l  t o  f a c i l i t a t e  f u t u r e  advancements i n  technology, 
s c i e n t i f i c  ixsearch ,  and educa t iono  

m R Y  OF IUmIURCES REQUIREMENT S:  

1965 1966 -,1967. 
Supporting research  and 

techno1cq;yl'Advanced s t u d i e s .  . 521,057,000 $23,800,000 $22,900,000 
Sola r  obsei:vatories.. .......... 16,597,000 24,500,000 11,900,000 
Astronomicxl obse rva to r i e s .  . . . .  32,644,000 24,600,000 29 ,200,000 
Geophysical. obse rva to r i e s . .  .... 30,352,000 28,600,000 23 , 400,000 
Explorers  ...................... 21,565,000 21,400,000 23,000,000 
Sounding rocke t s  ............... 16,867,000 18,500,000 19,000,000 

................ 2.100.000 - 2,. 000 .ooo. Data a n a l y s i s . .  --- 
Tota l  ........................ $139. 08 2.000 $143.500 .OOO Q&,400 .OOO. -. 
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u s t r i b u  ti0s-d Prorrram Amount bv I n s t a l l a t i o q :  

1965 
Marshall Space F l ight  Center..  $755,000 
Goddard Space Fl ight  Center. . .  110,244,000 
J e t  Propulsion Laboratory ..... 334,000 
Wallops S ta t ion . .  ............. 1,090,000 
Ames  Research Center. ......... 1,557,000 
F1 ight  10,000 
Langley Research Center..  ..... 2,226,000 
NASA Headquarters ............. 22,866,000 

Re march Center. ....... 

1966 

$62,000 
108,498,000 

452,000 
2,550,000 
2,586,000 

5,000 
2,272,000 

27,075,000 

%&mort inn Re sear  ch and TechdonvlA d vance d S t u d i e c  

P a r t i c l e s  and f i e l d s  ............ 
Ionospheres and radio physics. .. 
I n t e  rp 1 ane t a:r y dust  and 

cometary physics. .  ............ 
Solar  physics ................... 
Astronomy and geodesy.. ......... 
Spacecraft tcxhnology ........... 
Interdisciplkaary space science. 
Advanced s tudies .  ............... 
Manned space sc,Lence.. . . . . . . . . . . .  

1965 
$6,714,000 

988,000 

833,000 
2,382,000 
2,926,000 

300,000 
2,179,000 

450,000 
4.285.000 

Total  ......................... $21 057.000 

1967 

$2.'i,OOO 
100,96:ll, 000 

50O,OOO 
3,4OO,OOO 
2,56:), 000 

l! i ,OOO 

22,830,000 
1,100,000 

1966 217 
$6,900,000 $6,900,000 
1,300,000 1,30O,OOO 

1 , 200,000 1,200,000 
2,800,000 2,80O,OOO 
3,300,000 3,30O,OOO 

350,000 350,000 
2,850,000 2,850,000 

3 .. 900.000 3.200.000 
1,200,000 1,000,000 

$23.800.000 &22,900 .OOO 

The object ives  of the Supporting Research and Technology program a r e  t o  
provide a sound theore t ica l  base f o r  the f l i g h t  programs; t o  i n i t i a t e  devel-  
opment of instirnmcmtation f o r  fu ture  experiments; t o  provide laboratory data 
as a bas is  f o r  evaluation of f l i g h t  data;  t o  conduct ground based ballocin 
and a i r c r a f t  olxseirvations f o r  cor re la t ion  with f l i g h t  program r e s u l t s ;  m d  
t o  provide scicmtif ic  experiments and s c i e n t i f i c  support f o r  the manned space 
f l i g h t  program,, 

P a r t i c l e s  and Fields  

Work i n  t h i s  area concerns the development of new instruments f o r  measuring 
the d i rec t ion ,  magnitude and t i m e  var ia t ions  of magnetic f i e l d s  and f o r  meas- 
uring the energy, d i r e c t i o n  and mass of charged p a r t i c l e s .  It a l s o  cons is t s  
of theore t ica l  iresearch and ground and balloon-borne observations which w i l l  
a id  i n  the i n t e r p r e t a t i o n  of space measurements. 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

The o b j e c t i v e  of t h e  Physics  and Astronomy program i s  t o  inc rease  our  
knowledge of t he  space environment of t h e  e a r t h ,  t h e  sun and its r e l , % t i o n -  
s h i p  t o  the  e a r t h  and t h e  i n t e r p l a n e t a r y  medium, and the  fundamental physical. 
na tu re  of t he  universe .  I n  o rde r  t o  achieve t h i s  o b j e c t i v e ,  researc ' i  pro-  
grams have been undertaken t o  i n t e n s i v e l y  s tudy  the  upper atmosphere, t he  
ionosphere,  t h e  e a r t h ' s  magnetosphere, t he  region beyond t h e  boundaries of 
t he  magnetosphere, s o l a r  r a d i a t i o n  and t h e  s o l a r  wind and t h e i r  i n t e r a c t i o n s  
wi th  these  regions,  cosmic r ays  from beyond t h e  s o l a r  system, r a d i a t i o n  from 
s t a r s  and o t h e r  c e l e s t i a l  bodies i n  a r e a s  of t h e  spectrum which cannot be 
observed frcim the  e a r t h ' s  su r f ace ,  and the  geodet ic  f i g u r e  of t h e  e a r t h .  

While t h e  o b j e c t i v e  of t he  program has  been d iv ided  i n t o  t h r e e  major 
a reas ,  they a r e  by no means independent of each o ther .  Knowledge gained i n  
one area c o n t r i b u t e s  t o  t h e  understanding of t he  o thers .  Many s t u d i e s  con- 
t r i b u t e  d i r e c t l y  t o  knowledge i n  a l l  t h r e e  areas. The p r a c t i c a l  a p p l i c a t i o n s  
of t h e  know1,eclge gained i n  t h i s  program can be c l e a r l y  demonstrated i n  terms 
of support  lior o t h e r  n a t i o n a l  programs such as meteorology, conanunications, 
manned space f l i g h t ,  and cartography. However, t he  program i s  p r imar i ly  
intended t o  be a bas i c  r e sea rch  program dedica ted  t o  t h e  expansion of  human 
knowledge. A s  such, i t  i s  i n t e g r a t e d  wi th  the  programs of educa t iona l  and 
s c i e n t i f i c  research  i n s t i t u t i o n s  throughout t h e  United S t a t e s  and i n  many 
fo re ign  C O C L I L ~ I : ~ ~ ~ .  S u b s t a n t i a l  e f f o r t s  a r e  made t o  i n s u r e  t h a t  t h e  r e s u l t s  
of t h e  research  a r e  made gene ra l ly  a v a i l a b l e  on a b a s i s  t h a t  w i l l  make the  
knowledge nx)sI: u s e f u l  t o  f a c i l i t a t e  f u t u r e  advancements i n  technology, 
s c i e n t i f i c  ;research, and educa t iono  

m R Y  OF ]%SOURCES REQUIREMEN TS : 

1965 1966 - 1967 -- 
Supporting research  and 

technollog:y/Advanced s t u d i e s .  . $21,057,000 $23,800,000 $ 2  2,900,OClO 
So la r  ob:;ervatories. . . . . . . . . . . .  16,597,000 24,500,000 I 1 , 900,000 
Astronom:ical o b s e r v a t o r i e s ,  . . . .  32,644,000 24,600,000 29 , 200, OClO 

Explorers  ...................... 21,565,000 21,400,000 :13,000 , 000 

................ 2.100.000 - 2.000. OOQ Data inna:Lysis.. --- 

Geophysical obse rva to r i e s .  ..... 30,352,000 28,600,000 213 , 400 , 000 

Sounding rockets  ............... 16,867,000 18,500,000 1.9,OOO , 000 

. . . . . . .  . . . . . . .  .... 39.082.000 $143.500.000 
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Dis t r ibu t ion  of Prpg ram Am- t bv I n s t a l l a t  ion : 

Marshall Space F l ight  Center..  $755,000 
Goddard Space F l ight  Center. .. 110,244,000 
Jet Propulsion Laboratory ..... 334,000 

Ames Research Center. ......... 1 , 557,000 

Langley Research Center..  . . . . . 2,226,000 
NASA Headquarters ............. 22,866,000 

Wallops S ta t ion  ............... 1,090,000 

Fl ight  Research Center. ....... 10,000 

1966 

$62,000 
108,498,000 

452,000 
2,550,000 
2,586,000 

5,000 
2,272,000 

27,075,000 

P a r t i c l e s  and f i e l d s . .  . . . . . . . . . . 
Ionospheres and: radio physics.  . . 
In te rp lane tary  dust  and 

cometary physics. . . . . . . . . . . . . . 
Solar  physics ................... 
Astronomy a n d  E;eodesy.. . . . . . . . . . 
Spacecraft technology . , . . . . . . . . . 
1nterdisc.iplj.nary space science.  
Advanced s tudies .  . . . . . . . . . . . . . . . 
Manned space science. .  . . . . . . . . . . * 

1965 
$6,714,000 

988,000 

833,000 
2,382,000 
2,926,000 

300,000 
2,179,000 

450,000 
4.285.000 

Total  . . . . .  ,.,,................. $J1.057.000 

1966 

$6,900,000 
1,300,000 

1,200,000 
2,800,000 
3,300,000 

350,000 
2,850,000 

3.900 .OOO 
1,200,000 

a. 800.000 

$2 '5,000 
100,96 1,000 

5011,000 
3,400,000 
2,56 3,000 

15,000 

22,8315,000 
1,10'3,000 

. 1967L  

:j6,900,000 
1,300,000 

1,200,000 
2,800,000 
3,300,000 

350,000 
2,850,000 

- 3.200.000 

$2 2.9 0 0 000 

1,000,000 

The object ives  of the Supporting Research and Technology program a r e  t o  
provide a sound t heo re t i ca l  base f o r  the  f l i g h t  programs; t o  i n i t i a t e  devel - 
opment of instrumentation f o r  fu ture  experiments ; t o  provide l abora to r j  da ta  
as a bas is  f o r  evaluat ion of f l i g h t  data;  t o  conduct ground based ballclon 
and a i r c r a f t  olxervat ions f o r  co r re l a t ion  with f l i g h t  program r e s u l t s  ; and 
t o  provide s c i e n t i f i c  experiments and s c i e n t i f i c  support for the  manned space 
f l i g h t  program, 

P a r t i c l e s  and Fie lds  

Work i n  t h i s  area concerns the  development of new instruments f o r  measuring 
the  direct ion, ,  magnitude and t i m e  va r i a t ions  of magnetic f i e l d s  and foi. meas- 
uring the enei:gy, d i r ec t ion  and mass of charged pa r t i c l e s .  It a l s o  cons i s t s  
of t heo re t i ca l  research and ground and balloon-borne observations whicll w i l l  
a id  i n  the  inlserpretation of space measurements. 
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leadtimes to meet a variety of scientific mission objectives, as well as for 
specialized ewlorers to conduct experiments requiring unique spacecraft 
designs. Als'o included are studies aimed at defining the role of man in 
astronomical observations from space and in defining systems concepts for 
carrying out thlese observations. 

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

Studies of scientific payloads for these small probes 

Manned Space Science 

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

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

Solar Observator ie s 

1965 1966 -1967 
Orbiting Solar Observatory (OSO) : 
Spacecraft ...................... $4,814,000 $6,013,000 $6,J300,000 

..................... 3.687,OOO J.:LOO,OOO Experiments 43 83.000 

Subtotal OS0 .................. $9,197,000 $9,700,000 $11,900,000 
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Ionospheres and Radio Physics  

Ionospheres and r a d i o  physics  involves  ground-based observa t ions ,  t h e o r e t -  
i c a l  s t u d i e s  and instrument  development r e l a t i n g  t o  t h e  ion ized  reg ions  of 
t h e  atmospheres of t he  e a r t h  and o t h e r  p l a n e t s  and of i n t e r p l a n e t a r y  sp3ce. 

I n t  e r p  1 ane t a r  y Dus t  and Comet a r y  Physics  

I n t e r p l a n e t a r y  dus t  and cometary physics  involves  t h e  s tudy  of L axtra-  
t e r r e s t r i a l  p a r t i c u l a t e  m a t t e r ;  i t s  behavior,  s t r u c t u r e ,  composition, and 
o r i g i n s ;  and i t s  s i g n i f i c a n c e  i n  providing information on t h e  physfical 
p r o p e r t i e s  of the s o l a r  system and t h e  galaxy. 

S o l a r  Physics  

So la r  physics  involves  ground, a i r c r a f t ,  and balloon-borne obse rva t ions ;  
t h e o r e t i c a l  s t .ud ies  ; and ins t rumenta t ion  development r e l a t e d  t o  o r b i t a l  
observa t ions  of t he  sun. 

Astronomy and Geodesy 

Astronomica:l research  and technology e f f o r t s  inc lude  t h e o r e t i c a l  s t u d i e s  
of s t e l l a r  ast::cophysics ; l abo ra to ry  spectroscopy;  research  on o p t i c a l  nlate - 
r ia l s  ; advanced development of ins t ruments  ; and ground -based ba l loon  arid 
a i r c r a f t  obsei:vations. Work i s  a l s o  being done leading  t o  t h e  development 
of extreme]-y p r e c i s e  gyroscopes which could be used i n  a zero G s a t e l l j t e  
f o r  t e s t s  of E i n s t e i n ' s  Theory of R e l a t i v i t y .  
c e l e s t i a l  mechanics and geodesy a r e  a l s o  included.  

Theore t i ca l  s t u d i e s  i n  

Spacecraf t  Technology 

S tud ie s  of n a t e r i a l s  and techniques s u i t a b l e  f o r  f u t u r e  i n t e r p l a n e t a r y  
s p a c e c r a f t ,  which would make c lose  approaches t o  t h e  sun o r  opera te  a t  
g r e a t  distisnces from t h e  e a r t h ,  a r e  being conducted. I n  a d d i t i o n ,  work i s  
being t n i t i a t e d  i n  improved e l e c t r o n i c  and power supply components, f o r  
exp lo re r  s a t e l l i t e s .  

I n t e r d i s c i p l i n a r y  Space Science 

This  a r e a  provides  f o r  support  of t h e  Space Science Board and f o r  r e sea rch  
fe l lowships  administered by t h e  Nat ional  Academy of Science,  which proJ ide  
an opportuni ty  f o r  s e l ec t ed  fe l lows  t o  work wi th  s c i e n t i s t s  a t  t he  Goddard 
Space F l i g h t  Center i n  t h e o r e t i c a l  and l abora to ry  research .  

Advanced S tud ie s  

S tud ie s  t o  e s t a b l i s h  the  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  Df 
f u t u r e  e a r t h  o r b i t a l  and i n t e r p l a n e t a r y  missions a r e  funded i n  t h i s  a rea .  
Ear th  o r b i t a l  mi.ssion s t u d i e s  inc lude  f e a s i b i l i t y  s t u d i e s  of s m a l l  modular 
s c i e n t i f i c  sat .e l l i tes  which could be assembled wi th  comparatively sho r t  
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1965 1966 1- 
Advanced Orbi t ing  So la r  

Observatory (AOSO) : 
Spacecraf t  --- ...................... $5,831,000 $10,497,000 
Experiments ..................... 1,569,000 3,324,000 

979. Ground crperat i ons .  000 -, 

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

--- Subto ta l  AOSO ................. $7,400,000 $14,800,000 

Tota l  OS0 and AOSO ............ $16,597,000 $24,500,000 $11,900,000 

Delta (Launch Vehicle 
Procurerwnl: Program) ............ ($761 000) m. 000.000) ~ . 7 0 0 . 0 0 0 )  

Tota l  (FiicI!uding Launch 
Vehic 1.e s ;I ($17,358,000) ($25,500,000) j$13,600,000) 

The ob jec t ive  of t h e  So la r  Observatory program i s  t o  promote advancement 
i n  the  s tudy of s o l a r  physics  through t h e  use of cu r ren t  space techniques.  
These techniques permit expansion of s c i e n t i f i c  s o l a r  research  by e l imina t ing  
the  atmospheric: d i s t o r t i o n s  which are normally preva len t  with ground-based 
observa t ions ,  Accordingly, freedom from atmospherical ly  s c a t t e r e d  l i g h t  i s  
obtained and many more decades of t h e  electromagnet ic  spectrum can be 
observed. 
v e s t i g a t i o n  cif t he  sun, t h e  rap id  changes, as w e l l  as t h e  long-term changes 
i n  s o l a r  r a d i a t i o n  during a s o l a r  cyc le  and t o  probe i n t o  t h e  underlying 
causes  of these changes by analyzing reg ions  of a c t i v i t y .  
So la r  obse rva to r i e s  operated dur ing  t h e  per iod of minimum s o l a r  a c t i v i t y  
with the  f l i g h t  of OS0 I and OS0 I1 i n  1962 and 1965 r e spec t ive ly .  
uous program e f f o r t  w i l l  be pursued wi th  OS0 i n t o  t h e  per iod of maximiim 
s o l a r  a c t i v i t y  i n  1968-69. 

'IPle s o l a r  obse rva to r i e s  are designed t o  provide a thorough i n -  

The Orbi t i~ng  

Contin- 

Orbi t ing  So la r  Observator ies  are s t a b i l i z e d  platforms capable of po in t ing  
s c i e n t i f i c  ins t rumenta t ion  t o  an accuracy of g r e a t e r  than  1 a r c  minute a t  
the  cen te r  of t he  s o l a r  d i s c  i n  order  t o  s tudy the  s o l a r  u l t r a v i o l e t  Ilight, 
gamma rays  and X-rays, which are absorbed i n  t h e  e a r t h ' s  atmosphere. 
So la r  Observator ies  are scheduled t o  be launched between 1965 and 196!) a t  
approximately n ine  month i n t e r v a l s .  This w i l l  g ive  reasonable  assurance of 
continuous coverage of s o l a r  phenomena as the  sun reaches t h e  per iod of 
maximum a c t i v i t y e  

Orbi t ing  

The f i r s t  soLar observatory,  OSO-I, w a s  launched on March 7, 1962, and 
provided over 2,000 hours of observat ion of t h e  s o l a r  spectrum i n  t h e  u l t r a -  
v i o l e t  and X -rag regions.  Orbi t ing  So la r  Observatory-I1 w a s  success fu l ly  
launched on I?ebruary 3, 1965. A l l  spacecraf t  systems operated a t  o r  above 
t h e i r  design igoials and t h e  spacec ra f t  w a s  commanded "off" a f t e r  more than  
nine months o E  i i ear -per fec t  operat ion.  All but one of n ine  experiments pro-  
vided d a t a  during t h e  more than  4100 o r b i t s  t h e  spacec ra f t  covered during i t s  
use fu l  l i f e t ime , ,  These d a t a  are c u r r e n t l y  being analyzed and pub l i ca t ion  of 
s c i e n t i f i c  rci:mltts i s  expected shor t ly .  
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Orbi t ing  So la r  Observatory%, the  t h i r d  s o l a r  observatory,  w a s  launched 
August 25, 196.5. Unfortunately,  a malfunction i n  t h e  t h i r d  s t age  of t h e  
Delta launch veh ic l e  prevented t h e  boos te r  from plac ing  t h e  spacecraf t  i n t o  
o r b i t .  Using ~ p i ~ r e  experiments from t h e  OSO-C, a r e - f l i g h t  of t h e  misdiion 
i s  now schedul.ed f o r  t h e  middle of 1966. Experiment s e l e c t i o n  through t h e  
seventh OS0 mi-ssion has  been completed. Se lec t ion  of proposed experiments 
f o r  t he  las t  O!iO i n  t he  cu r ren t  series (OSO-H) w i l l  t ake  p lace  s h o r t l y  a f t e r  
J u l y  1, 1966. 

Management r e s p o n s i b i l i t y  f o r  t h e  OS0 p r o j e c t  has  been assigned t o  t h e  
Goddard Space 1Pli.ght Center. The spacec ra f t  a r e  being procured through 
c o n t r a c t s  with the  Bal l  Brothers  Research Corporation. 

F i s c a l  year  1965 funds provided f o r  completion, launch, d a t a  a c q u i s i t i o n  
and a n a l y s i s  of OSO-I1 which w a s  launched February 3, 1965, and fox com.ple- 
t i o n  and launch of t h e  t h i r d  observatory i n  August 1965. 

I n  addition., E'Y 1965 funds were u t i l i z e d  f o r  i n i t i a t i o n  of experiment 
development f CII- a f o l  low-on obse mat ory . 

F i s c a l  year  1966 funds provide f o r  cont inuing work on t h e  f i f t h  observa- 
t o ry ,  f o r  completion of t he  hardware and launch of t h e  fou r th  observatory,  
and f o r  i n i t i a t i o n  of work on t h e  th ree  follow-on spacec ra f t  and experiinental  
packages. F i sca l  year  1967 funds w i l l  provide f o r  completion of d a t a  ainalysis 
on OSO-I1 and the  fou r th  observa tory ,  launch and i n i t i a l  da t a  a n a l y s i s  m t h e  
f i f t h  observatory,  and f o r  cont inuing hardware e f f o r t  on the  follow-on 
oso's, 

F i s c a l  year 1964 and p r i o r  funding f o r  t he  OS0 p r o j e c t ,  inc luding  launch 
veh ic l e s ,  was $40,715,000, 
complete t h i s  e igh t  f l i g h t  program, inc luding  launch veh ic l e s ,  i s  est imated 
a t  $24,800,000. 

F i s c a l  year  1968 and la ter  funding requi red  t o  

&trono&cal Ob s e r v a t o r i e s  

19651966 
Spacecraf t  a n d  support  ......... $23,170,000 $17,205,000 
Experiments .................... 9.474, 000 7 -395 -000 

Tota l  Spacecraf t  and Support .  $32,644,000 $24,600,000 

Atlas-Agena (Launch Vehicle 
Procurement Program) ......... (9,072,000) a6.703.000) 

Vehicles) .................... ($41,716,000) 1($41.303,000) 
To ta l  (inc:L,jd ing Launch 

$23,100,000 
6.1(;)0.000 

$29,200,000 

(9.o::g. 000) 

The Orbi t ing  Astronomical Observatory (OAO) i s  designed t o  provide a 
p r e c i s e l y  stab:i:li:ted observatory above t h e  atmosphere so t h a t  fundamental 
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information about t h e  universe  can be obtained through astronomical  observa- 
t i o n s  particul.ai:ly i n  those ex tens ive  reg ions  of t he  electromagnet ic  spectrum 
which do not  pene t r a t e  t h e  e a r t h ' s  atmosphere; and through high r e s o l u t i o n  
observat ions 1.n t h e  v i s i b l e  and s h o r t e r  wave length  reg ions  of t h e  e l e c t r o -  
magnetic speckrum which are d i s tu rbed  when they pass  through t h e  e a r t h ' s  
r e f r a c t i n g  and s c a t t e r i n g  atmosphere. The OAO program i s  developing a 
standardized spacec ra f t  t h a t  can be p r e c i s e l y  s t a b i l i z e d  t o  0.1 a r c  second 
f o r  long obseirvational t imes,  and can c a r r y  a wide v a r i e t y  of t e l e s c o p i c  
instruments  weighing up t o  1,000 poundso The f i r s t  f i v e  observator ies '  w i l l  
c a r r y  instrurmmts of increas ing  c a p a b i l i t y ,  s t a r t i n g  with explora tory  sky 
mapping surveys and low r e s o l u t i o n  instruments  and progressing t o  lar@,er 
ape r tu re s ,  high r e so lu t ion ,  and c a p a b i l i t y  of viewing f a i n t  c e l e s t i a l  ob jec t s .  

The f i r s t  CIAO (OAO-Al), t o  be launched i n  e a r l y  1966, w i l l  c a r r y  u l t r a -  
v i o l e t  photometers and spectrometers  developed by the  Un ive r s i ty  of W i  sconsin 
f o r  s t u d i e s  o E  istars and nebulae. 
astronomical instruments designed f o r  sky surveys i n  t h e  X-ray and g a m a  ray  
s p e c t r a l  regilwo. These have been developed by Lockheed Research Labclratories,  
t h e  Goddard !;pace F l igh t  Center and the  Massachusetts I n s t i t u t e  of Technology. 

I n  add i t ion ,  t h e r e  i s  a package of t h ree  

The second 0190 (OAO-B), scheduled f o r  f l i g h t  i n  e a r l y  1967, w i l l  c a r r y  a 
36 inch ape r tu re  te lescope  designed t o  ob ta in  spectrophotometr ic  d a t a  on 
stars, nebulae ,and ga lax ie s  i n  the  u l t r a v i o l e t  region of t h e  spectrum with a 
c a p a b i l i t y  of  r e s o l u t i o n  up t o  2 angstroms. 

The t h i r d  OAlO (OAO-A2), t o  be launched i n  1967, w i l l  c o n s i s t  of t h e  re- 
furbished prototype spacec ra f t  car ry ing  Smithsonian Astrophysical  Obscrvatory 
and Univers i ty  cof Wisconsin experiments. The Smithsonian experiment c o n s i s t s  
of fou r  te lescopes  wi th  t e l e v i s i o n  imaging photometers t o  map the  sky i n  t h e  
u l t r a v i o l e t .  The Wisconsin experiment w i l l  dup l i ca t e  t h e  s c i e n t i f i c  i n s t r u -  
ments developed f o r  OAO-Al, but w i l l  be programed t o  view o t h e r  sky regions.  

The fourt 'h O.AO (OAO-C), t o  be launched i n  1968, w i l l  c o n s i s t  of a 32 inch 
ape r tu re  r e f l e c t i n g  te lescope  combined with a g r a t i n g  spectrograph t o  study 
t h e  composition and phys ica l  condi t ion  of i n t e r s t e l l a r  material and t o  o b t a i n  
high d i spe r s ion  u l t r a v i o l e t  s p e c t r a  of s t a r s  wi th  r e s o l u t i o n s  up t o  0 1 , 1  
angstrom. This  observatory w i l l  a l s o  c a r r y  te lescopes  developed by the  
Univers i ty  College,  London, England, wi th  t h e  Univers i ty  of L e i c e s t e r  t o  
s tudy the  X-ray emission of s t a r s  and nebulae. 
f i r s t  focusing co l l ima to r s  t o  be used f o r  s tudying g a l a c t i c  X-rays. 

These w i l l  probably be t h e  

The OAO-D observatory i s  planned f o r  launch i n  la te  ca lendar  year  '1969. 
This  observatory w i l l  be u t i l i z e d  p r imar i ly  f o r  observing very f a i n t  ce1estia:l.  
o b j e c t s  by guest  observers .  The l i f e t i m e  of t h i s  observatory w i l l  t hus  be 
u t i l i z e d  i n  a v a r i e t y  of short- term viewing programs, j u s t  as ground observ-  
a t o r i e s  a r e  now used. 

Management r e s p o n s i b i l i t y  f o r  t h e  OAO p r o j e c t  has  been assigned t o  the  
Goddard Space F l igh t  Center.  The spacec ra f t  are being developed under prime 
c o n t r a c t s  with t h e  Gruman A i r c r a f t  Engineering Corporation. 
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Development of t h e  OAO w a s  i n i t i a t e d  i n  1960. This  development requi red  
major advances i n  t h e  s t a t e - o f - t h e - a r t ,  e s p e c i a l l y  i n  spacec ra f t  s t a b i l i z a t i o n  
and con t ro l ,  arid command and d a t a  handl ing,  A f t e r  g r e a t  e f f o r t ,  major com- 
ponent development problems were solved and t h e  pro to type  OAO was ready f o r  
q u a l i f i c a t i o n  i n  FY 1965. 
FY 1965 and trere performed wi th  outs tanding  success.  
provided f o r  t h e  assembly and i n t e g r a t i o n  of t h e  OAO-A1 f l i g h t  observatory,  
and f o r  manufacture of t h e  components f o r  OAO-B. The c o n t r a c t s  for r e f u r -  
bishment of t h e  pro to type  spacec ra f t  (OAO-A2) and f o r  t h e  OAO-C, a new 
spacec ra f t ,  irere awarded i n  l a te  FY 1965. F i s c a l  year  1965 funds provided 
f o r  con t inua t ion  of work on a l l  experiments through OAO-C, and included the  
i n i t i a t i o n  of t h e  r epea t  Wisconsin experiment f o r  OAO-A2. 

These ex tens ive  systems t e s t s  took p l ace  throughout 
Also,  FY 1965 funds 

I n  FY 1966 t h e  func t iona l  and environmental f l i g h t  acceptance tests of 
t h e  OAO-A1 chserva tory  were success fu l ly  completed 
w i l l  provide f o r  f i n a l  p repara t ions ,  launch, and i n i t i a l  f l i g h t  ope ra t ions  
and data anctl.ysis of OAO-Al. F i s c a l  year  1966 funds w i l l  a l s o  provide f o r  
assembly ancl i n i t i a l  f l i g h t  acceptance tests of t h e  spacec ra f t  and f l i g h t  
experiments foi: OAO-B. The prototype t e l e scope  f o r  OAO-B has  been success-  
f u l l y  qua1ifi:iecl i n  FY 1966. 
of t h e  OAO-A:? spacec ra f t  and f o r  t h e  manufacture of components f o r  OAO-C 
spacec ra f t ,  ilS w e l l  as continued support  f o r  manufacture of experimen,ts f o r  
t hese  missions,, 

F i s c a l  year  1966 funds 

Also, FY 1966 funds provide f o r  refurbishment 

F i s c a l  yb!isr 1967 funds w i l l  provide f o r  continued d a t a  a n a l y s i s  of OAO-Al, 
and w i l l  provide f o r  completion of f l i g h t  acceptance tests, launch support ,  
ope ra t ions  and i n i t i a l  d a t a  a n a l y s i s  f o r  t h e  OAO-B mission. The re fwrbish-  
ment and f l i g h t  acceptance t e s t  of OAO-A2 observa tory  w i l l  be performed, and 
the  manufacture and assembly of t he  f l i g h t  spacec ra f t  and f l i g h t  experiment 
f o r  OAO-C w i l l  be completed, 
i n i t i a t i o n  oE t h e  OAO-D observatory,  defer red  from FY 1966. 
funding leveL r e p r e s e n t s  a bui ldup toward t h e  l e v e l  requi red  t o  suppcilrt a 
schedule of one OAO f l i g h t  p e r  year. 

F i s c a l  year  1967 funds w i l l  a l s o  provide f o r  
The FY 1967 

F i s c a l  year  1964 and p r i o r  year  funding, inc luding  launch vehicles ' ,  was 
$129,040,000, 
missions i s  estimated t o  be $66,300,000 inc luding  launch veh ic l e s .  

F i s c a l  year  1968 and la te r  funding requi red  t o  complete f i v e  

servato 

Spacecraf t  ..................... $19,961,000 $16,971,000 $14,,531,000 
Experiments .................... 10.3%. 000 29.000 8.869.000 

To ta l  Spscecraf t  and Support .  $30,352,000 $28,600,000 $23,400,000 

Thor -Agena (Launch Vehicle 
Procuremant Program) ......... (2,164,000) (3,795,000) (3:, 595,OOO)l 



1966 1907 1965 

A t l a s  -Agena (Liaunch Vehicle 
Procurement I'rogram). . . . . . . a . 1 3 4 .  000 ) f6 271. 000) Wlc .Oo0)  

Tota l  (inc:tuding Launch 
Vehic les ) .  . . , , . . . . . . . . . . . . .* ($34,650,000) ($38 , 666,000) ($30,14y',oOo) 

The Orb i t ing  Geophysical Observatory program has as a prime o b j e c t i v e  the  
accomplishment: of a series of s c i e n t i f i c  measurements required t o  c o r r c l a t e  
t he  geophysical. phenomena occurr ing i n  the  nea r -ea r th  environment with t h e  
e f f l u e n t  a c t i v i t y  of t he  sun and i n t e r p l a n e t a r y  spaceo There i s  inc res sed  
evidence t h a t  1:hj-s environment has  a f i n e ,  h igh ly -va r i ab le  s t r u c t u r e  of 
e1ectromagneti.c: f i e l d s  and p a r t i c l e s  which i s  s t r o n g l y  dependent on even t s  
o r  processes  occurr ing a t  d i f f e r e n t  loca t ions .  C o r r e l a t i v e  measurements 
aboard the  S ~ E !  sa te l l i t e  obtained over a v a r i e t y  of s p a t i a l  l o c a t i o n s  are 
required i f  we are t o  understand t h i s  environmento Successful  accomplishment 
of t he  OGO prclgram w i l l  undoubtedly c o n t r i b u t e  s u b s t a n t i a l l y  t o  t h i s  under- 
s tanding and t c i  eva lua t ion  of t he  hazards  of manned space t r a v e l ,  There 
remains, always, t h e  p o s s i b i l i t y  of t he  d iscovery  of new phys ica l  phenomena 
having p o t e n t i a l  a p p l i c a t i o n  t o  the  advancing of earth-bound technology. 

Support of these  s c i e n t i f i c  o b j e c t i v e s  r e q u i r e s  the  development of space - 
c r a f t  c a p a b i l i t i e s  t o  accommodate the  many d i v e r s i f i e d  instruments  used f o r  
the c o r r e l a t i v e  s tud ie s ,  I n  essence,  t h i s  requirement e s t a b l i s h e s  the  need 
f o r  an o r b i t a l  laboratory- type environment where viewing d i r e c t i o n s ,  e l e c t r i c  
power, thermal c o n t r o l ,  and d a t a  handling systems a r e  shared by many expe r i -  
menters i n  i n v e s t i g a t i n g  r e l a t e d  problems. 

To achieve the  planned s c i e n t i f i c  o b j e c t i v e s ,  OGO missions are schedided 
a l t e r n a t e l y  for low a l t i t u d e ,  nea r ly -po la r  o r b i t s ,  and h i g h l y - e l l i p t i c a l ,  
low i n c l i n a t i o n  o r b i t s  a t  approximately nine month i n t e r v a l s .  

The OGO-I mission, launched i n  1964, i d e n t i f i e d  des ign  problems with 
appendage deployment which were co r rec t ed  on t h e  OGO-I1 mission launched i n  
1965. 
anomalous behavior of t he  e a r t h  hor izon  sensors  t o  cold clouds which war; 
discovered on t h e  OGO-11 f l i g h t .  Correct ions f o r  t h e  020-11 problem a r e  
being incorporateld on OGO-B which w i l l  be the  t h i r d  OGO mission. I n  addi-  
t i o n  t o  v e r i f y i n g  t h e  func t iona l  and ope ra t iona l  aspec ts  of the  OGO spacecraf t  
design, t he  OGO-I and I1 missions have provided s i g n i f i c a n t  s c i e n t i f i c  data.  
Twenty-five p r e s e n t a t i o n s  of OGO-I r e s u l t s  have a l r eady  been given by the  
experimenters at var ious  s c i e n t i f i c  symposia and t h e  number of papers pire- 
sented, o r  cur:rlzntly planned for e i t h e r  p r e s e n t a t i o n  o r  pub l i ca t ion ,  i s  over 
f o r t y  - f ive  

However, the  na tu re  of t he  OGO-I problem prevented d e t e c t i o n  of m 

The next mission w i l l  be OGO-B which i s  i n  the  f i n a l  phase of environ-  
mental t e s t ing , ,  Orb i t ing  Geophysical Observatory-B c a r r i e s  e s s e n t i a l l y  the  
same complement of experiments as OGO-I and w i l l  be placed i n  a s imilar  
h i g h l y - e l l i p t i c a l  o r b i t  during t h e  second q u a r t e r  of 1966. 
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The f o u r t h  (OGO-D) and f i f t h  (OGO-E) missions are both scheduled f o r  
launch i n  1907. The OGO-D i s  i n  t h e  f i n a l  s t a g e s  of i n t e g r a t i o n  and w i l l  
cont inue the! low e a r t h  s t u d i e s  s t a r t e d  by OGO-11. Fabr i ca t ion  of spacec ra f t  
assemblies strid experiments f o r  t h e  OGO-E mission i s  underway. 

Procurement has  been i n i t i a t e d  f o r  r e fu rb i sh ing  of t h e  prototype ,.,pace- 
c r a f t  f o r  t h e  OGO-F mission, to be launched i n  1968, f o r  which an experiment 
has  been ev t tha t ed  . 

Management r e s p o n s i b i l i t y  f o r  t h e  OGO p r o j e c t  has  been assigned tct t he  
Goddard Spacx F l i g h t  Center. The spacec ra f t  development and f a b r i c a t i o n  i s  
under con t r ac t  t o  Thompson Ram0 Wooldridge Corporation. 

Funding p:cior t o  FY 1965 provided f o r  des ign  and development of t h e  bas ic  
s p a c e c r a f t ;  f a b r i c a t i o n  and t e s t i n g  of a pro to type ;  and f a b r i c a t i o n ,  i n t e -  
g r a t i o n ,  and test e f f o r t s  on t h r e e  f l i g h t  s p a c e c r a f t ;  development and 
i n i t i a t i o n  o E f a b r i c a t i o n  of experiments f o r  t h e  f i r s t  fou r  miss ionsc  

This  e f f o r t  w a s  continued i n  FY 1965 wi th  t h e  launch of t h e  first OGO 
(OGO-A). The appendage release system redesign w a s  incorporated i n  0GO-C 
and f i n a l  p:ceparations made f o r  launch of t h i s  mission. Fabr i ca t ion  of 
spacec ra f t  .€or t h e  OGO-D and E missions and i n i t i a t i o n  of OGO-E expe15ment 
development was s t a r t e d .  The OGO-I d a t a  a n a l y s i s  w a s  supported.  To 
accomplish 1:'he program wi th in  a v a i l a b l e  manpower resources  a t  t h , e  Gotfdard 
Space F l i g h t  Center,  missions OGO-D and beyond were rescheduled from 
approximately s i x  month i n t e r v a l s  t o  n ine  month i n t e r v a l s .  As at con:;equence, 
s e l e c t i o n  oE experiments f o r  OGO-F w a s  delayed u n t i l  FY 1966. 
t h e  spacec ra f t  con t r ac to r  was assigned t h e  added r e s p o n s i b i l i t y  of e x p e r i -  
ment handl ing and t e s t i n g  f o r  t he  l a te r  missions.  

1.n add i t ion ,  

Fisca ' l  year  1966 funds provided f o r  t h e  launch of W70-C (II);, conlzinuatioiri 
of d a t a  a n a l y s i s  f o r  OGO-I and OGO-11; f i n a l  p repa ra t ions  f o r  t h e  launch of 
OGO-B; cont inua t ion  of work on OGO-D and E ;  and i n i t i a t i o n  of OGO-F expe r i -  
ment development. 

F i s c a l  year  1967 funds a r e  f o r  completion and launch of  OGO-I); coa t inua t ion  
of observatory t e s t i n g  and launch p repa ra t ions  for OGO-E; and r e fu rb i sh ing  
t h e  protlotype spacec ra f t  f o r  OGO-F. They will a l s o  provide f o r  continued 
support  of d a t a  a n a l y s i s  f o r  t h e  f i r s t  fou r  OGO missions;  t h e  completion of 
OGO-E experiment development ; and support  of experiment development fo r  t h e  
OGO-F mission. 

F i s c a l  year 1964 and p r i o r  year funding f o r  OGO w a s  $122,712,,000, i nc lud -  
ing  launch vehic les .  
six missions i S  es t imated t o  be $27,300,000, inc luding  launch vehic les .  

F i s c a l  year  1968 and la te r  funding needed t o  complete 
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w l o r e r s  

1965 

Geophysical and i n t e r p l a n e t a r y  
e x p l o r e r s  .................... S16,570,000 

Astronomy ex,plorers  ............ 1,100,000 
Geodetic e x p l o r e r s  ............. 3.895.000 

Tota l  Explorers  .............. $21,565,000 

Scout (Launch Vehicle 
Procurement Program) ......... (3  , 527 , 000) 

Delta (La.unc:h Vehicle 
Procurement Program) . . . . . . . . .  (10,450,000) 

Thor Agen.a (Launch Vehicle 
Procurement Program). ........ (8.839. 000) 

Tota l  ( including Launch 
Vehi.cle:;). ................... ($44,381,000) 

1966 

$13,120,000 
5,030,000 
3.250 .OOO 

$21,400,000 

(6,300,000) 

(4,817,000) 

(6.746, 000) 

($39,263,0002 

-L967. 

$12,300,000 

1 , 6 0 0  .OOO. 

$23,000,000 

9,100,000 

(3,829,000) 

(11,683,000) 

1-2 ..913.ooo-) 

($41 ,425,OOC9 - - 
The E:xpl.orer s a t e l l i t e s  a r e  the  smallest  of NASA's s c i e n t i f i c  s p a c e c r a f t ,  

being 1aunc:lietl on Scout, Delta and Thor Agena launch veh ic l e s .  
a r e  spec:ifj.c:al!ly designed t o  provide f o r  s p e c i a l i z e d  s c i e n t i f i c  inve s t i g a -  
t i o n s  and E I I C ~  flown i n  o r b i t s  e s p e c i a l l y  s e l e c t e d  f o r  t h e  i n v e s t i g a t i o n s  
involved. !Chc?se Explorer spacecraf t  and t h e i r  experiments , developed by 
va r ious  NASA c e n t e r s ,  indus t ry ,  u n i v e r s i t i e s  and coopera t ing  foreigri  coun- 
tries, a r e  used f o r  i n v e s t i g a t i o n s  of t he  e a r t h ' s  environment , 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 h i p s ,  s o l a r - i n t e r p l a n e t a r y  r e l a t i o n s h i p s ,  astr<mmmical 
observat:iom , and f o r  geodet ic  measurements . 

Explorers  

The s h o r t e r  development t imes a s soc ia t ed  wi th  t h e s e  s m a l l  s p a c e c r a f t  i s  
r e f l e c t e d  :in t he  l a r g e  number of successfu l  miss ions  accomplished (:L1) from 
the  founding of NASA through 1965. 
portion:; o:E our p re sen t  knowledge about the e a r t h ' s  environment, i nc lud ing  
the  i o n o s p h ~ r e  , t he  atmosphere, micrometeoroid environment, the rad:i.at ion 
b e l t s ,  t h e  e a r t h ' s  magnetic f i e l d  and some of t he  p r i n c i p a l  e f f e c t s  of sola-r. 
r a d i a t i o n  o n  the atmosphere. A s  a r e s u l t  of t h e s e  e f f o r t s  and o t h e r  r e l a t e d  
i n v e s t i g a t i o n s ,  t he  p i c t u r e  of the  i n t e r a c t i o n s  between s o l a r  ac t iv . i t y ,  the  
i n t e r p l a n e t a r y  medium, and t h e  immediate environment of t he  e a r t h  i , s  becoming 
c l e a r e r .  

These mis,sions have provided su1)stantia:l 

While Explorer spacecraf t  do not  possess  t h e  s t a b i l i z a t i o n  and c o n t r o l  
f ea tu re ,  o r  t h e  high d a t a  r a t e s ,  required f o r  d e t a i l e d  and comprehensive 
astronomic(a1 i n v e s t i g a t i o n s  of t he  Sun, stars and p l a n e t s ,  t hey  do mov ide  
an e f f e c t i v e  and economical means of making exp lo ra to ry  measurement; i n  the  
rad io ,  X-ray and u l t r a v i o l e t  regions.  The f i r s t  Radio Astronomy Explorer 
i s  under development f o r  launch i n  1967 t o  s tudy p l a n e t a r y  and c e l e s t i a l  
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low frequenc:y r a d i o  sourceso  
i s  being i n i t i a t e d  t o  e x p l o i t  t he  r ecen t  d i scoverp  of s t e l l a r  X-ray sourceso  

Development of a small X-ray Astronmny 1:xplorer 

I n  November 1965, t h e  f i r s t  Geodetic Explorer  w a s  launched marking t h e  
commencement of a coopera t ive  geodet ic  program wi th  p a r t i c i p a t i o n  by i:he De- 
partment of llef~ense , t h e  United States Coast and Geodetic Survey, uni.rersitie:s; 
and o t h e r  research  o rgan iza t ions  i n  the  U.S. and cooperat ing fo re ign  c:oun- 
tr ies.  Explorer  XXIX (Geos A) i s  the  f i r s t  of two s i m i l a r  a c t i v e  s a t i 2 l l i t e s  
i n  t he  program conta in ing  appara tus  f o r  o p t i c a l  and e l e c t r o n i c  geodet ic  
measurement techniques.  A pas s ive  s a t e l l i t e  c o n s i s t i n g  of an ECHO tyoe 
bal loon with beacons, des igna ted  PAGEOS-A, w i l l  be launched i n t o  a hi ;h  
a l t i t u d e  c i r c u l a r  o r b i t  i n  1966 t o  supplement t he  a c t i v e  sa te l1 i t :e  program. 
Comparison s t u d i e s  are planned t o  eva lua te  the  va r ious  techniques  employed 
and t o  provide a check on t h e  accuracy of i nd iv idua l  measurements. T'ie 
program i s  planned t o  continue. 

I n  FY 1965 the  major emphasis i n  the  Explorer  program was on t h e  develop- 
ment of I n t e r p l a n e t a r y  Explorers  and on t h e  j o i n t  Canadian-US S a t e l l i t e  f o r  
Ionospheric  S tudies .  F i s c a l  year  1965 funds a l s o  provided f o r  t h e  i n i t i a t i o n  
of t he  Radio Astronomy Explorer  (RAE) and t h e  OWL Explorers ,  a p a i r  of 
s a t e l l i t e s  designed t o  make simultaneous measurements of high l a t i t u d e  
geophysical phenomena i n  out-of-phase o r b i t s o  Development e f f o r t s  on a c t i v e  
and pass ive  E,ecidetic s a t e l l i t e s ,  i n i t i a t e d  i n  p r i o r  yea r s ,  were a l s o  cont inued,  

I n  FY 1966 increased  emphasis i s  being given t o  Astronomy Explorers  with 
major funding of t h e  RAE and i n i t i a t i o n  of t he  X-ray Astronomy Explorer.  A 
Scout launch veh ic l e  was a l s o  provided f o r  t h e  launch of a So la r  Explorer  
developed. by the  Naval Research Laboratory. Development of Geophysic a1 
and Inter'p1ttriet:ary Explorers  i s  being continued a t  a reduced l e v e l  of e f f o r t ,  
and the  C:eocletj.c S a t e l l i t e  program i s  being continued a t  a l e v e l  e f f c r t .  

The FU 15367 program provides  f o r  f u r t h e r  reduct ion  of t h e  l e v e l  01 e f f o r t  
i n  Geophysi<:ial and I n t e r p l a n e t a r y  Explorers  , providing only  f o r  con t jnua t ion  
of launches of I n t e r p l a n e t a r y  and Energe t ic  P a r t i c l e s  Explorers  and i n t e r  - 
n a t i o n a l  coope:cative programs i n  the  1968-1969 time per iod.  The p r o p a m  i n  
Astronomy Explorers w i l l  provide for  con t inua t ion  of observa t ions  int.0 the  
1968-1969 time per iod  wi th  emphasis on X-ray and r a d i o  observa t ions  of t he  
Sun. Geodetic i n v e s t i g a t i o n s  w i l l  be continued us ing  the  fou r  s a t e l ! . i t e s  i n  
the  current:L.y ,approved program. 

Soundinn Rockets 

1965 

Experiments. .  . . . . . . . . . . . . . . . . . .  $7,403,000 

A t t i t u d e  1: ont rol systems . . . . . . .  1 , 018 , 000 
Rocket development. . . . . . . . . . . . .  594,000 

Engineeriag support .  . . . . . . . . . . .  476,000 
Test  and aevaluat i on .  . . . . . . . . . . .  209 , 000 
Ground ins t rumenta t ion  . . . . . . . . .  3 , 332,000 
Rocket procurement . . . . . . . . . . . . .  3.835.000 

Tota l  uit&uQ . . . . . . . . . . . . . . . . . . . . . . . .  

1966 

$6,700,000 
852,000 

3,543,000 
442,000 
246 , 000 

3,004,000 
3.713.000 

,$JJ3.500.000 

- L967 

$6,70O,OOO 
1,024,000 
3,400 , 000 

440,000 
250,000 

3,233,000 
3.953.ooo 
$&000. - 000 
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Sounding rocke t s  have proven t o  be the  only  e f f e c t i v e  means of making 
sc i en t i f i ca l1 .y  va luable  s t u d i e s  of t h e  upper atmosphere a t  a l t i t u d e s  zibove 
20 mi les  and 1)eI.o~ the  pe r igee  a l t i t u d e s  of e a r t h  sa te l l i t eso  These rocke t s  
a r e  r e l a t  ive1.y s m a l l  and inexpensive veh ic l e s ,  capable  of ca r ry ing  wicle 
v a r i e t i e s  of ins t rumenta 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 ,  astronomy and solar physics ,  The r e l a t i v e l y  low c o s t  
and shor t  l ead  t i m e s  make research  wi th  sounding rocke t s  extremely usc f u l  
f o r  ca r ry ing  out  new experiments and t e s t i n g  new ins t ruments  soon aftcmr the  
i d e a s  a r e  developed by t h e  n a t i o n ' s  s c i e n t i s t s ,  

Sounding ~:oclcets have been used t o  measure atmospheric dens i ty  and t e m -  
p e r a t u r e  ; t o  (3nialyze t h e  va r ious  gases  p re sen t  i n  the  upper atmosphert!, and 
responses  of the atmosphere t o  varying s o l a r  a c t i v i t y P  Chemicals relc!ased 
from sounding rocke t s  f o r  wind and temperature measurements launched lirom 
va r ious  si te:;  a l l  over  t he  world have improved our  knowledge about t h e  
dynamics of t'ie ionospheric  reg ion ,  Recoverable sounding rocket  payloads 
have been used to c o l l e c t  e x t r a t e r r e s t r i a l  dus t  o r i g i n a t i n g  i n  meteor s t reams,  
comets, and i%steroidSa 
about t h i s  dus t  have been probed by f l i g h t s  from Sweden and F t .  Churcl i i l l ,  
Canada; i n t e r p l a n e t a r y  dus t  has  been sampled by rocke t s  r e c e n t l y  over  White 
Sands, New Mexico. 

Noct i lucent  c louds formed by t h e  condensat ion of i c e  

The aurora  and a i rg low have been inves t iga t ed  by rocke t  probes conta in ing  
spec t rophot oine t e r  s , 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  a 

Ionospheric  experiments have been c a r r i e d  out  wi th  sounding rocket  5 and 
have proved (extremely va luable  both 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 1:he 
phys ics  of t'he ionosphere and f o r  c a l i b r a t i n g  ins t rumenta t ion  on s a t e l l i t e s  
a l r eady  i n  o r b i t  by s imultaneously measuring t h e  same region  of t h e  ilmosphere. 
Instruments  have been developed t o  measure e l e c t r o n  concen t r a t ions  ant1 t e m -  
p e r a t u r e ,  e lectromagnet ic  waves, i o n i c  and n e u t r a l  mass spec t r a ,  magnatic 
f i e l d s ,  and E reg ion  cu r ren t s .  F l i g h t s  t o  measure these  parameters  hsve been 
made from many launching s i t e s  wi th  a wide g loba l  d i s t r i b u t i o n .  

Sounding rocke t s  a r e  now being e f f e c t i v e l y  u t i l i z e d  f o r  as t ronomical  
observa t ions  of t he  sun and the  s t a r s  i n  the  X-ray and u l t r a v i o l e t  reg ions  
of t h e  spectrum.made poss ib l e  due t o  t h e  development of improved a t t i t u d e  
con t ro l  systemso 

Management r e s p o n s i b i l i t y  f o r  sounding rocket  support  a c t i v i t i e s  has  been 
assigned t o  the  Goddard Space F l i g h t  Center.  Rocket experiments a r e  managed 
a t  seve ra l  NASA c e n t e r s ,  wi th  NASA Headquarters r e t a i n i n g  r e s p o n s i b i l i t y  f o r  
experiments developed a t  u n i v e r s i t i e s ,  by r e sea rche r s  i n  i n d u s t r y ,  a t  o t h e r  
agencies  and i n  o t h e r  c o u n t r i e s o  

About 125 major sounding rocke t s  of the  Nike Cajun/Apache, Aerobee and 
J a v e l i n  types,  and 12  of the  Arcas type were launched during 1965 from s i t e s  
i n  the  United States,  Canada, B r a z i l ,  I n d i a ,  Surinam, New Zealand, Norway, 
Pakis tan ,  anc from shipboard launchings from a converted Navy a i r c r a f t  
t r a n s p o r t .  This bfobile Launch Expedi t ion,  planned as p a r t  of thlz 1n terna t ion .a l  
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Year of t he  Quiet  Sun, provided a very  success fu l  series of launchings i n t o  
t h e  atmosphere and ionosphere i n  geographical  r eg ions  which could not  be 
reached by land-based rockets ,  A l a r g e  volume of new and u s e f u l  d a t a  about 
t he  "equator ia l  e l e c t r o j e t , "  a system of e l e c t r i c a l  c u r r e n t s  c i r c u l a t i n g  i n  
t h e  ionosphere nea r  t he  geomagnetic equator ,  and on o t h e r  ionospher ic  
phenomena wa.s obtained dur ing  t h i s  expedi t ion .  

Sounding rocket  p r o j e c t s  a r e  planned t o  be continued i n  FY 1966 and 1967 
i n  many a r e e s  where experimentat ion has  begun, i nc lud ing  atmospheric and 
ionospheric  measurements, cosmic dus t  c o l l e c t i o n s ,  chemical r e l e a s e s  i n  t h e  
upper EltmOSFihere ; and X-ray, u l t r a v i o l e t  and i n f r a r e d  obse rva t ions  of celes- 
t i a l  sources  and the  suno Inc reases  i n  t h e  program for FY 1966 and FY 1967 
a r e  l a r g e l y  due t o  t h e  development and increased  use of  improved a t t i t u d e  
c o n t r o l  syst.ems and t o  an increased  use  of t h e  l a r g e r ,  more expensive v e h i c l e s  
t o  c a r r y  s t a b i l i z e d  payloads,  as we l l  as heav ie r  payloads,  wi th  s e v e r a l  i n -  
s t ruments  f o r  a number of simultaneous measurements. 

Data Analvsis  

1965 1966 - L.. 
Operat ic l r t  of t h e  d a t a  c e n t e r  ... --- $300,000 $600,000 

1.800.000 A,, 400. OOC!. .-- Research t a s k s  ................. 
Tota l  .......................... e-. $2.100.000 &g. 000. OOC!. 

A Nat.iona1 Space Science Data Center has  been e s t a b l i s h e d  a t  the  Goddard 
Space Fl.igh1; Center  t o  provide f o r  t he  c o l l e c t i o n ,  ca t a log ing ,  s to rege  and 
d isseminat ion  of reduced d a t a  from space sc i ences  f l i g h t  experiments . Data 
c o l l e c t e d  c ~ : i l I  be made a v a i l a b l e  a t  a c o s t  commensurate wi th  reproduct  ion  
and dist:ribiit:ion c o s t  t o  those i n t e r e s t e d  i n  us ing  t h e  d a t a  f o r  f u r t h e r  
research .  'Co encourage the  f u l l  use of t he  d a t a  obtained on NASA f l i g h t  
programs, support  w i l l  be provided f o r  s c i e n t i f i c  r e sea rch  e f f o r t s  \rhich 
make use of  t he  da t a .  Proposals  for research  are being competitive1.y 
eva lua ted ,  and support  i s  being provided f o r  those  e f f o r t s  which can be 
expected t o  c o n t r i b u t e  t h e  most t o  t h e  t o t a l  advancement of know1edt;e i n  
space sc i ence .  F i s c a l  year  1967 funds w i l l  provide f o r  ope ra t ion  oli t h e  
Data Center  air a l e v e l  cons i s t en t  wi th  t h e  input  of reduced d a t a  ant1 for  
support  of d a t a  a n a l y s i s  e f f o r t s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS LUNAR AND PLANETARY PROGRAIL 

PROGRAM OBJEJiIVES AND JUSTIFICATION: 

The o b j e c t i v e  of t he  Lunar and Planetary program is  t h e  scieri t if i l :  explora-  
t i o n  of our  s o l a r  system u t i l i z i n g  unmanned and manned s p a c e c r a f t  and e a r t h -  
based r e sea rch .  Immediate o b j e c t i v e s  include t h e  e x p l o r a t i o n  of t h e  moon, 
t h e  p l a n e t s  Venus and Mars, and the in t e rven ing  i n t e r p l a n e t a r y  space.  The 
f u l f i l l m e n t  of long range o b j e c t i v e s  w i l l  see t h e  eventual  e x p l o r a t i m  of t h e  
o u t e r  p l a n e t s  and t h e i r  moons, comets, a s t e r o i d s  and c o r r e s p o n d ~ ~ n g  p lane ta ry  
and i n t e r p l a n e t a r y  deep space environment. The u l t i m a t e  achievement of t h e s e  
o b j e c t i v e s  a i l 1  provide d a t a  t o  b e t t e r  e x p l a i n  t h e  o r i g i n ,  h i s t o r y  aiid 
mechanisms c f  development of our s o l a r  system and may provide evidence of t h e  
ex i s t ence  of forms of l i f e  elsewhere i n  t h e  s o l a r  system. 

The lunar program c o n s i s t s  of t h r e e  types of  missions.  The .Eirst of t h e s e ,  
t h e  Ranger Flrclgram, has  now been completed, y i e l d i n g  over  17,000 photographs 
of t h e  lunar su r face .  The photographs have provided a much b e t t e r  understand- 
ing  of  t he  n a t u r e  of t h e  s u r f a c e  of  t h e  moon. However, information such as t h s  
composition and bear ing s t r e n g t h  of t h e  l u n a r  s u r f a c e  i s  dependent upon t h e  
next series of missions t o  t h e  moon. The Surveyor program is  intended t o  
s o f t  land a s e r i e s  of unmanned s p a c e c r a f t  w i th  a complement of  mstriJments 
on t h e  su r face  of  t he  moon f o r  making f i r s t  hand obse rva t ions  arid ob ta in ing  
physical  measurements of t h a t  body. Many of  t h e  d i f f i c u l t  deveiopments 
r equ i r ed  have been completed and i t s  f i r s t  f l i g h t  i s  planned f o r  l a t e r  t h i s  
yea r .  After landing,  each Surveyor s p a c e c r a f t  w i l l  survey t h e  .immediate 
a r e a  t o  detcrniine t h e  s u i t a b i l i t y  of  t h a t  s i t e  f o r  l a t e r  manned missions.  
The Lunar O r b i t e r  program was conceived and i n i t i a t e d  t o  supplement the 
information obtained by Ranger and t o  work i n  a team r e l a t i o n s h i p  w i t h  
Surveyor i n  conducting s c i e n t i f i c  i n v e s t i g a t i o n s ,  and l o c a t i n g  and c e r t i f y i n g  
s u i t a b l e  landing s i t e s  f o r  Apollo. The Lunar O r b i t e r  w i l l  be capable  of 
photographing a l l  regions of t h e  moon and t h e r e f o r e ,  w i l l  be a u s e f u l  t o o l  
i n  cont inuing luna r  explorat ion.  S c i e n t i f i c  instruments  and techniques are 
a l s o  being developed f o r  l una r  s t u d i e s  u t i l i z i n g  man's c a p a b i l i t i e s  and t h e  
payload r e tu r r ,  c a p a b i l i t i e s  o f  t h e  Apollo program. 

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  wi th  t h e  Mariner I1 flyby of Venus, t h e  Mariner I V  photographic 
mission t o  Mars and t h e  most recent  success fu l  launching of t h e  Pioneer  V I  
s p a c e c r a f t  t o  an o r b i t  around the sun. 
y i e lded  a wealth of s c i e n t i f i c  information. 
on t h e  phys ica l  c h a r a c t e r i s t i c s  of t h e  atmosphere of Venus. 
produced t h e  f irst  close up photographs of  t h e  Mars s u r f a c e  and, i n  a d d i t i o n ,  
performed mimy important s c i e n t i f i c  measurements pe rmi t t i ng  a considerably 
b e t t e r  understandi.ng of  t he  na tu re  of t h a t  p l a n e t .  Pioneer V I  and a d d i t i o n a l  

Each of t h e  p l a n e t a r y  missions have 
Mariner I1 provided new d a t a  

Mariner I V  
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Pioneer launches during FY 1966-1968 a r e  planned t o  measure interplanl2tary 
phenomena a t  extended d i s t a n c e s  from e a r t h .  
of  p l ane ta ry  exp lo ra t ion  w i l l  be f ly-by missions t o  Venus and Mars i n  1967 
and 1969 r e s p e c t i v e l y  u t i l i z i n g  t h e  Mariner I V  design.  Development eEfo r t s  
w i l l  a l s o  be continued leading t o  t h e  d e t a i l e d  exp lo ra t ion  of t h e s e  p l a n e t s  

The next s t e p s  i n  t h e  evo lu t ion  

under the  Voyager program now-being planned f o r  a 
during t h e  1973 Mars opportuni ty .  

SUMMARY OF R E g U R C E S  REOUIREMENTS: 

Supporting research and 
technologylhdvanced s t u d i e s . . . ,  

Ranger ........................... 
Surveyor ......................... 
Lunar o r b i t e r . . . . . . . . . . . . . . . . . . . ,  
Mariner . . . . . . . . . . . . . . . . . . . . . . . . . .  
Voyager .......................... 
Pionee r . . . . . . . . . . . .  .............. 

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

1965 

$24 , 140,000 
11,037,000 
81,814,000 
49 , 500 , 000 
17,368,000 

7,168,000 
15 .OOO ,000 

$206,027 .OOO 

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

1965 

Manned Spacecraf t  Cen te r . .  ..... $2,608,000 
Marsh.al1 Space F l i g h t  Center . .  . 435,000 
Goddard Space F l i g h t  Center .  ... 1,267,000 
Jet  Propulsion Laboratory. .  .... 126,580,000 
Arnes Research Center .  .......... 15,734,000 
Langley Research Center . .  ...... 50,050,000 
L e w i s  Research Center . .  ........ 97,000 
NASA Headquarters. ............. 9,256,000 

BASIS OF FUND REQUIREMENTS : 

f i r s t  ope ra t iona l  mission 

1966 

$38 , 600 , 000 

111,637,000 
52,400,000 
18,000,000 
17,000,000 
12,700.000 

1,000,000 

$251,337.000 

1966 

$14,400,000 
375,000 

1,164,000 
156,607,000 

12,763,000 
53,115,000 

12,913,000 
- - .- 

ljullportinp Research and Technology/Advanced S tud ie s  

1965 1966 

Lunar and planetary sc i ence . .  , . . $12,285,000 $12,000,000 
Advanced t ~ ~ c l i n i c a l  development. . 6,151,000 6,800,000 
Advanced :; tudies  ................ 2,059,000 2,500,000 
Manned l u n a r  s c i ence  ............ 3,645,000 17,300,000 

To ta l .  ........................ $24,140,000 $38,600,000 

1967 - 

$40,100,000 

90,400,000 
24,600,000 
26,100,000 

- 6,700,000, 

- - -  

10,000,000 

$197,900,000. - 

1967 . 

$15,200,000 
300 , 000 

136 , 700 , 000 
5,000,000 

- 

1,200,000 

23 ,200,000 
- - -  

14 ,300 , OOCl 

1967 _, .__ 

$12 ,000,000 
C I  , 800 ,000 
2,500,000 
- lt;.800,000 

_$40,100,00c~~ - 
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A c t i v i t i e s  funded under Supporting Research a n d  Technology provide f o r  
e s sen t i a .1  support  of approved f l i g h t  missions as w e l l  as t h e  necessary 
f e a s i b i l i t y  s t .ud ies  and o t h e r  advanced work r equ i r ed  t o  e s t a b l i s h  f u t u r e  
m i s s  i o n s .  

The L8unar and P lane ta ry  Science program provides t h e  means oE developing 
new concept:' and ideas  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  of  t h e  moon and p l ane t s  
t o  t h e  s t a g e  where they can be proposed as f l i g h t  experiments f o r  f u t u r e  
missions.  The a c t i v i t i e s  which a r e  performed provide scient i f ic :  d a t a  f o r  t h e  
design and c:al ibrat ion of f l i g h t  experiments and f o r  t h e  analyses  of the 
r e s u l t s  of experiments a l ready performed. Laboratory,  t h e o r e t i c a l  , and 
obse rva t iona l  research i n  t h i s  area is  being performed a t  NASA c e n t e r s ,  o t h e r  
government f a c i l i t 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  concerns.  

The moon. and p l ane t s  a r e  being observed with o p t i c a l  and r ad io  instruments 
i n  order  t o  o b t a i n  information needed f o r  t h e  design of s p a c e c r a f t  and t h e  
s e l e c t i o n  of '  experiments f o r  l una r  and p l ane ta ry  f l i g h t  missions.  The na tu re  
and bear ing s t r e n g t h  of t h e  luna r  s u r f a c e  and t h e  v a r i a t i o n  of  1Dressure with 
a l t i t u d e  i n  t h e  Martian atmosphere cont inue t o  be t h e  most important problems 
c u r r e n t l y  under i n v e s t i g a t i o n .  Adequate knowledge of t h e  c h a r a c t e r i s t i c s  of 
t h e  luna r  s u r f a c e  is  e s s e n t i a l  f o r  s a f e  manned exp lo ra t ion  and fo r  t h e  
success fu l  performance of  s o f t  landing unmanned s c i e n t i f i c  payloads. The 
c h a r a c t e r i s t i c s  of t h e  Martian atmosphere have become of  increased concern 
during t h e  pa'st year  due t o  t h e  o c c u l t a t i o n  experiment of Mariner 117 which g;a\e 
t h e  su r face  p re s su re ,  a value near  f i v e  m i l l i b a r s .  A s e r i e s  of spectroscopic  
observations completed du r ing  1965 gave va lues  between 10  and 1 5  m i l l i b a r s .  
Both of t h e s e  va lues  a r e  dependent on assumptions which may o r  inay not be 
v a l i d .  It i s  t h e r e f o r e  planned t o  conduct more comprehensive and d e f i n i t i v e  
s t u d i e s  on thi.s problem i n  1967, t h e  next per iod of  c l o s e s t  approach of t h e  
p l ane t  Mars. 

The Advanced Technical Development program involves  t h e  development of 
equipment arid technology needed f o r  f lyby ,  o r b i t i n g ,  and landing missions t o  
Mars and o the r  p l a n e t s .  Successful completion of t h e s e  mission:; r equ i r e s  
equipment which w i l l  be extremely r e l i a b l e  and ab le  t o  su rv ive  both a 
r igorous s t e r i l i z a t i o n  and long exposure i n  a deep space environment. It must 
a l s o  make t h e  g r e a t e s t  poss ib l e  use of t h e  c a p a b i l i t y  of t h e  improved launch 
v e h i c l e s  whicl-. w i l l  be a v a i l a b l e  i n  a few yea r s .  I n  t h e  FY 1966 program 
primary emphasis has  been placed on t h e  a reas  of communications, power manage- 
ment and t h e  s t e r i l i z a t i o n  of s p a c e c r a f t  components t o  prevent contamination 
of Mars, Mariner IV d a t a  on t h e  atmospheric p re s su re  on Mars has confirmed 
t h e  need f a r  t h e  increased a t t e n t i o n  given i n  FY 1966 t o  landing technology 
t o  ensure s a f e  landing on t h e  s u r f a c e  of t h e  p l a n e t .  The FY 1967 funds w i l l  
enable t h e  continued e f f o r t  i n  support  of Mars exp lo ra t ion .  E f f o r t s  w i l l  
continue on communications , power, and s t e r i l i z a t i o n ,  and w i l l  a l s o  place 
emphasis or. high impact technology. With t h e  i d e n t i f i c a t i o n  of technology 
requirements f o r  a J u p i t e r  mission,  der ived i n  the  advanced s t u d i e s  a r e a ,  
plans w i l l  he made t o  develop t h i s  technology i n  FY 1967. 
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Planning for  t h e  f u t u r e  i n  Lunar and P lane ta ry  programs r e q u i r e s  t~1e  
continued stLdy of advanced missions.  
t h e  p l a n e t s  i.s a cont inuing process  as new f l i g h t  techniques and increased 
boos te r  c a p a b i l i t i e s  evolve.  F i s c a l  year  1966 funds were u t i l i z e d  i n  
surveying t h e  p o t e n t i a l  of t r a j e c t o r i e s  which swing-by one planet: e n r m t e  t o  
a d i f f e r e n t  t a r g e t  p l a n e t ,  i n  terms of  t h e  r educ t ion  of t r i p  time t o  the 
t a r g e t  and energy required.  Included i n  t h i s  survey were Mars, Venus, 
Mercury, J u p i t e r ,  Saturn,  and o t h e r  o u t e r  p l ane t s .  I n  FY 1966 s p a c e c r a f t  
conceptual design s t u d i e s  were i n i t i a t e d  t o  meet t h e  most important l una r  and 
p l ane ta ry  s c i e n t i f i c  o b j e c t i v e s .  Highest on t h e  l i s t  a f t e r  Venus and Mars a r e  
f l i g h t s  t o  J u p i t e r .  Some work w a s  also conducted i n  regard t o  missions t o  
comets and a s t e r o i d s .  F i s c a l  yea r  1967 funds w i l l  be used t o  cont inue the  
surveying of pclssible missions and t h e  generat ion of concepts f o r  t h e  exp lo ra -  
t i o n  of t h e  Itoon, Venus, J u p i t e r ,  comets, and a s t e r o i d s .  I n  a d d i t i o n ,  a 
prel iminary ~ ~ t v d y  w i l l  be conducted t o  determine t h e  f e a s i b i l i t y  of a 
p lane ta ry  probe t o  Saturn.  

The ca t a log ing  of p o s s i b l e  missions t o  

The planning of s c i e n t i f i c  i n v e s t i g a t i o n s  and t h e  design and development o:E 
equipment for. manned luna r  missions is  accomplished by t h e  Manned Lunar Science 
program. E a r l y  manned missions t o  t h e  moon w i l l  stress t h e  obse rva t ion  of 
n a t u r a l  phenclmena, c o l l e c t i o n  of r e p r e s e n t a t i v e  samples and emplacement of 
monit0rin.g equi.pment. To achieve t h e s e  goals a luna r  s u r f a c e  experiment 
package capa.ble of conducting geophysical i n v e s t i g a t i o n s  and t h e  environmental 
measurements; geological  surveying systems; equipment and procedures f o r  
sampling lunlar s u r f a c e  material; and earth-based l a b o r a t o r i e s  f0.c t he  a n a l y s i s  
of return.  l una r  su r face  samples a r e  being developed. Applied research on t h e  
luna r  environment i s  c u r r e n t l y  underway i n  o r d e r  t o  meet s p e c i f i c  needs f o r  
information about l una r  phenomena r equ i r ed  t o  design and develop s a f e ,  
r e l i a b l e  man.necl space f l i g h t  systems. Lunar mapping required i n  t h e  planning, 
development, t r a i n i n g  and execution of manned and unmanned missions i s  a l s o  
being undertaken. 

Surveyor 

1965 1966 1967 . 

Spacecraft. ...................... $74,479,000 $105,400,000 $82,800,000 
Experiment.:;. .................... 2,523,000 3,437,000 4,000,000 
Ground opei:at:ions ............... 4,812,000 2,800,000 3,600,000 - 

Total. Spacecraf t  and Support..  $81,814,000 $111,637,000 $90,400,000 

Atlas -Cent PUT (Launch Vehicle 
Procu r emtmt Program) ........ (40,064.000) (50,000,000) (5C , 0 0 0 , 0 0 0 ~  

Total. (Fnc1,uding Launch 
Vehiicl.c?s:~ ................... ($121,878,000) ($161,637,000) ($14Ci ,400 ,OOC$ -- 
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The Surveyor system is  being developed t o  s o f t  land an unmanned s p a c e c r a f t  
on t h e  luna r  s u r f a c e  and make measurements of t h e  n a t u r e  of t h a t  'body. 
successful,  landing w i l l  y i e l d  s i g n i f i c a n t  information on landing technology 
and t h e  s u r f a c e  c h a r a c t e r i s t i c s  which a f f e c t  t h e  landing. A f t e r  landing on 
t h e  surfac:e, each Surveyor s p a c e c r a f t  w i l l  survey t h e  immediate a r e a  as a 
poss ib l e  s . i t e  f o r  l a t e r  manned landings.  

A 

The major ob:jective of Surveyor i s  t o  provide the  information which w i l l  
a s s u r e  t h e  high confidence r equ i r ed  before  manned landings can be attempted. 
Since t h e  Surveyor design concepts a r e  b a s i c a l l y  t h e  same as those  being 
used on Ap0110, t h e  success fu l  landing and ope ra t ion  of a Surveyor i n  t h e  
luna r  environment w i l l  demonstrate t h e  o v e r a l l  f e a s i b i l i t y  of l a t e r  manned 
landings and many Surveyor spacec ra f t  elements which a r e  a l s o  b a s i c  t o  t h e  
Apollo Lunar Excursion Module (LEM) ; e .  g.  , r ada r  a l t i m e t e r  , r a d a r  doppler 
v e l o c i t y  s e n s o r s ,  closed-loop terminal  guidance system, v a r i a b l e  t h r u s t  rocket 
engines ,  leg-cype landing gea r ,  S-band communications, and t r ack ing  t c  
l u n a r  d i s t a n c e s .  Data obtained on s u r f a c e  c h a r a c t e r i s t i c s  such a:; roughness, 
bear ing s t r e n g t h ,  and dust  coverage w i l l  have d i r e c t  a p p l i c a t i o n  in  t h e  
planning f o r  niarined missions.  

The Of f i ce  of Space Science and App l i ca t ions ,  NASA Headquarters,  i s  
r e spons ib l e  f o r  o v e r a l l  management of t h e  Surveyor program. Respons ib i l i t y  
f o r  p r o j e c t  management i s  assigned t o  t h e  Je t  Propulsion Laboratory. The 
Surveyor spacxxraf t system is  being developed by t h e  Hughes A i r c r a f t  Company. 
Major subconti-actors are Thiokol/Elkton f o r  t h e  main r e t r o - r o c k e t ,  Thiokol 
Reaction Motors Divis ion f o r  t he  v e r n i e r  propuls ion system, and Ryan E lec t ron ic s  
f o r  t h e  at t i t .ude  and ve loc i ty - sens ing  r a d a r s .  

E f f o r t  d u n n g  1965 was devoted p r imar i ly  t o  conducting t h e  t e s t s  r equ i r ed  
t o  confirm thle design of  t h e  s p a c e c r a f t  and t o  i d e n t i f y  and c o r r e c t  any 
e x i s t i n g  weak. areas. While s i g n i f i c a n t  progress  was made, including t h e  
f i r s t  successDJiul. descent t es t  us ing  t h e  Surveyor closed-loop landing system 
( r a d a r s ,  v'errti.er engines,  and in t e rconnec t ing  c o n t r o l  c i r c u i t s ) ,  d e l a y s  
were encou~ntsi:eci which made d e s i r a b l e  an o v e r a l l  review of how Surveyor could 
b e s t  meet t he  needs o f  t h e  Apollo program. O f  major concern were t h e  problems 
a s s o c i a t e d  w i t h  developing t h e  2200 pound s p a c e c r a f t  f o r  missions A through D 
while  simul t i ~ ~ e ~ u s l y  up ra t ing  the  des ign  to  2500 pounds f o r  missions I ; ,  F , 
and G. It was concluded t h a t  every e f f o r t  should be taken t o  maximize! t h e  
p r o b a b i l i t y  o E  e a r l y  success  w i t h  t h e  2200 pound s p a c e c r a f t ,  e s p e c i a l l y  s i n c e  
a s i g n i f i c a n t  p o r t i o n  of t he  d a t a  r equ i r ed  by Apollo can be obtained w i t h  the 
l i g h t e r  design.  The a d d i t i o n a l  information a t t a i n a b l e  w i t h  t h e  2500 pound 
Spacecraf t  m a y  be necessary i n  t h e  event  of encountering a l u n a r  s u r f a c e  
which is marginal f o r  manned landings.  It would be obtained a f t e r  tht! suc- 
c e s s f u l  accornpl ishment of t he  p re l imina ry  l i gh twe igh t  missions.  Based on the  
above, t he  program w a s  r e d i r e c t e d  whereby missions E ,  F ,  and G were converted 
from 2500 t o  2200 pound s p a c e c r a f t .  

F i s c a l  year  1.966 funds a r e  being used t o  complete t e s t i n g  and t o  launch 
t h e  first fl ight:  spacec ra f t  (Mission A) .  Assembly and t e s t i n g  of t h e  second 
f l i g h t  spacec:i:alit w i l l  a l s o  be completed. Hardware has  been ordered through 
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mission (2, ,and a r e l i a b i l i t y  improvement program implemented. 
being continue~d a t  a modest l e v e l  on des ign  and development of pacinl; items 
f o r  t h e  2500 pound s p a c e c r a f t ,  now planned f o r  f l i g h t s  H through J .  

E:ffor 1: i s  

Fisca:L year  1967 funds w i l l  be used t o  launch missions B y  C ,  and I ) .  The 
spacec ra f t  . €o r  missions E ,  F ,  and G w i l l  be assembled and placed undt!r t e s t .  
Deta i led  engineer ing and hardware procurement w i l l  be undertaken. f o r  t h r e e  
2500 pound s p a c e c r a f t .  P r i o r  t o  FY 1965, funds i n  t h e  amount of $21~;,433,000~ 
were app:Lied t o  t h e  Surveyor program, inc lud ing  launch v e h i c l e  ~rocui-ement  . 
Funding :€or FY 1968 and t o  completion i s  es t imated  t o  be $157.1 mill:.on. 

Lunar Orb i t e r  

1967 _. - 1965 1966 

Spacecraf t  ....................... $48,756,000 $49,020,000 $20,300,000 
Experiments ...................... --- 140 , 000 11 , 300 , 000 
Ground ope r a t  ions .  ............... 744.000 3,240,000 - ;! .ooo OOC!. 

Tota l  Spacecraf t  and Support . .  . $49,500,000 $52,400,000 $211,600,000 

Atlas -Agema (Launch Vehicle 
Procrirernent Program). .......... (9,102,000) (17,059,000) (~c.567&)~)-)  

Tota l  (:Lac Luding Launch 
Vehic:L 2s)  ....... : ............ ($58,602,000) ($69,459,000) ($2‘) ,167 ,OO(a - -- 

The Lunar Orb i t e r  w i l l  team wi th  landed Surveyors t o  conduct unmartned 
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  moon p r i o r  t o  t h e  Apollo per iod .  
w i l l  photogicapli t h e  luna r  s u r f a c e  i n  both medium and high r e s o l u t i o n ,  High 
r e s o l u t i o n  Orb i t e r  photographs from a s i n g l e  Lunar O r b i t e r  mission w j . 1 1  be 
comparable fi-3 q u a l i t y  t o  t h e  f i n a l  Ranger p i c t u r e s ,  but w i l l  cover a much 
g r e a t e r  a r e a ,  equiva len t  t o  a b e l t  of t e r r a i n  about one mi le  wide exi:ending 
from Washington t o  Los Angeles. 
over lap  t o  provide s t e r e o  coverage,  and i n  combination wi th  t h e  high 
r e s o l u t i o n  pinotographs , which a r e  taken s imultaneously,  w i l l  permit i.opographic 
mapping of i x t e n s i v e  po r t ions  of t h e  moon. 
be obta ined  .from the  Lunar Orb i t e r  f l i g h t s  w i l l  be s i g n i f i c a n t  and u:ieful: 
a n a l y s i s  of o r b i t s  w i l l  g ive  more p r e c i s e  knowledge of t he  lunar  graTritationa1 
f i e l d ,  which i s  r e l a t e d  t o  i t s  mass d i s t r i b u t i o n ,  s u r f a c e  shape,  i n t e r n a l  
s t r u c t u r e  , ilnd poss ib l e  se i smic  a c t i v i t y .  The improved g rav i t a t iona l .  and 
shape d a t a  will b e n e f i t  Apollo guidance c a l c u l a t i o n s .  

“tie O r b i t e r  

The medium r e s o l u t i o n  photographs w : A l  

The s e l e n o d e t i c  da ta  which w i l l  

The Lunar O r b i t e r  i s  an a t t i t u d e  s t a b i l i z e d  s p a c e c r a f t  , r e l y i n g  pr imar i ly  
on s o l a r  pan~els t o  supply power. 
of e x i s t i n g  technology; much was developed under t h e  Ranger, Mar ine r ,  and 
o t h e r  e a r l i e r  NASA and Department of Defense space programs. 
Orb i t e r  rnust: perform more maneuvers than Ranger o r  Mariner.  Followirig launch,  
t h e  s p a c e c r a f t  propuls ion system is requi red  t o  func t ion  t h r e e  o r  foiir t imes---  
one o r  two midcourse maneuvers t o  ensure proper  luna r  i n t e r c e p t ,  a f:l.ring t o  
reduce ve1ocit:y t o  i n j e c t  t h e  spacec ra f t  i n t o  an e l l i p t i c a l  o r b i t  about t he  

I ts  design and  development made mau ; imum use 

The Lunar 
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moon, and CL f i n a l  f i r i n g  t o  lower t h e  p e r i l u n e  of t h e  o r b i t  t o  as lclw as 28 
m i l e s  from t h e  luna r  su r face .  
Sun-Canopus o r i e n t a t i o n  t o  provide c o m u n i c a t i o n s  and s o l a r  power , alnd must 
reorient:  t h e  s p a c e c r a f t  t o  set  t h e  camera a x i s  v e r t i c a l  each time a s t r i p  
t e r r a i n  i s  to be photographed. 

The a t t i t u d e  c o n t r o l  system must mairitain a 

The Roeimg Company i s  t h e  s p a c e c r a f t  systems c o n t r a c t o r  under t h e  
management of t h e  Langley Research Center .  
i s  provi.dirq; t:he power system and much of t h e  communications system and 
Eastman Koclak is developing t h e  photo system. The L e w i s  Research Center i s  
responsi.ble f o r  t h e  launch v e h i c l e  system and t h e  J e t  Propuls ion Laboratory 
w i l l  manage t h e  t r a c k i n g  and d a t a  a c q u i s i t i o n  system. 

The Radio Corporati 'on of America 

The first: f l i g h t  s p a c e c r a f t  and t h e  ground t e s t  s p a c e c r a f t  have been 
assembled arid a r e  being t e s t e d .  The balance of t h i s  f i s c a l  y e a r ' s  funds w i l ' l  
provide f o r  assembly of a l l  f i v e  f l i g h t  s p a c e c r a f t ,  completion 'of prototype 
t e s t i n g  and t h e  launching 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 .  

The fundis requested f o r  FY 1967 w i l l  provide f o r  t h r e e  a d d i t i o n a l  launches,  
support  post:-launch o p e r a t i o n s ,  i n i t i a t e  d a t a  a n a l y s i s  f o r  t h e  f i rs t  fou r  
missions,  and provide f o r  t h e  payment of performance i n c e n t i v e  f ee  t o  the  
systems con.t:ractor. 

Fisca.1 year  1964 and p r i o r  year  funding f o r  Lunar O r b i t e r ,  including launch 
v e h i c l e s ,  w i t s  $30,268,000. About $3,300,000 w i l l  be r equ i r ed  i n  FY 1968 f o r  
mission operat.ions and d a t a  a n a l y s i s .  

Mariner 

1967 __ 1965 1966 - 
Spacecraft  ..................... $10,487,000 $11,260,000 $16,000,000 
Experiments .................... 2 , 274,000 3,400,000 4,000,000 
Ground ope ra t ions  .............. 4,607,000 3,340,000 - 6,100,00!) 

Tota l  Spacecraf t  and Support. $17 , 368 , 000 $18,000 , 000 $26,100 , 000 

Atlas  -Ageria (Launch Vehicle 
Procurenlent Program) ......... (4,583.000) (2.544.000;) (7,267 .OO!l> 

To ta l  ( i nc lud ing  Launch 
Vehicles) .................. ($21,951,000) ($20,544,000) =3,367,009 

The o b j e c t i v e s  of t h e  Mariner program are t o  conduct i n i t i a l  i n v e s t i g a t i o n s  
of t h e  p l ane t s  Venus and Mars, and t o  develop t h e  medium s i z e  (1+00-800 pound) 
f ly-by s p a c e c r a f t  and instruments  r equ i r ed  f o r  such e x p l o r a t i o n .  Accomplish- 
ments t o  d a t e  include t h e  December 14, 1962, Mariner I1 f ly -by  o f  Venus which 
provided the 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 w a s  followed by t h e  Mariner I V  f l i g h t  p a s t  Mars on J u l y  1 4 ,  
1964, t h a t  r e s u l t e d  i n  t h e  f i r s t  close-up view of t he  p l ane t  showing a 

__ ... . -  - 
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c r a t e r e d  s u r f x e  similar t o  t h a t  of t h e  moon. Mariner I V  f u r t h e r  de t cc t ed  
a n e g l i g i b l e  magnetic f i e l d  around Mars and found t h e  atmospheric prez s u r e  
considerably lower than  had been previously bel ieved.  
information gaiiied a t  encounter , t h e  Mariners provided almost a year ' :  
accumulation of d a t a  on t h e  i n t e r p l a n e t a r y  environment including energ,etic 
p a r t i c l e  flu:c, magnetic f i e l d s  and micrometeorite d i s t r i b u t i o n .  

I n  a d d i t i o n  t o  t h e  

Although t h e  Mariner I V  s p a c e c r a f t  i s  p resen t ly  beyond t h e  l i m i t s  of  
te lemetry corrnnuinication, i t s  car r ie r  s i g n a l  is s t i l l  being received fi.om 
over  210 mi1:Lioii m i l e s  d i s t a n c e ,  and i t  i s  s t i l l  bel ieved t o  b e  ope ra t ing  
properly.  Attempts w i l l  be made t o  r e - e s t a b l i s h  two-way communicatioris when 
t h e  s p a c e c r a f t  approaches t h e  e a r t h  i n  1967. I f  t hese  at tempts  a r e  success-  
f u l  , a d d i t i o n a l  va luab le  information on t h e  space environment and its e f f e c t s  
on spacec ra f t  systems w i l l  be obtained.  

With t h e  p3stponement of f i r s t  Voyager f l i g h t s  u n t i l  1973 necessitztted by 
t h e  reduced Eunding l e v e l ,  a d d i t i o n a l  Mariner missions a r e  under development 
t o  o b t a i n  a d d i t i o n a l  p l ane ta ry  d a t a  during in t e rven ing  o p p o r t u n i t i e s .  The 
a d d i t i o n a l  Mariner missions c o n s i s t  of one f l i g h t  t o  t h e  p l ane t  Venus i n  
1967 and two f l i g h t s  t o  Mars i n  1969. The Venus mission w i l l  be condiicted by 
modifying t h e  spa re  spacec ra f t  from the  Mariner I V  p r o j e c t  t o  perform a 
Venus f ly -by  using t h e  Atlas-Agena launch v e h i c l e .  The 1969 Mars missions w i l l  
be p l ane ta ry  f ly-bys using t h e  Atlas-Centaur launch v e h i c l e .  The Mart; 1969 
s p a c e c r a f t  w i l l  be based on the  Mariner I V  design modified t o  c a r r y  :.mproved 
experiments and make t h e  maximum p o s s i b l e  c o n t r i b u t i o n  to t h e  Voyager program,, 

Overal l  m'anagement of t h i s  prografn i s  t h e  r e s p o n s i b i l i t y  of the 0f:i ice of 
Space Scicenc'e and Applicat ions.  P r o j e c t  management r e s p o n s i b i l i t y  has been 
assigned to the J e t  Propulsion Laboratory. The Lewis Research Center i s  
r e spons ib l e  f o r  t he  launch v e h i c l e s .  

F i s c a l  year  1965 funding supported pre-launch, launch, and the m a j c l r  
p o r t i o n  of t h e  i n - f l i g h t  ope ra t ions  f o r  t h e  Mariner 1964 missions.  F s c a l  
yea r  1966 funding covered ope ra t ions  immediately preceeding and throuj:h t h e  
Mars encounter of Mariner I V .  Most of t h e  experiment d a t a  a n a l y s i s  and 
p u b l i c a t i o n  D f  f i n a l  p r o j e c t  r e p o r t s  w i l l  be completed wi th  c u r r e n t  f s c a l  
year  funds. 
and Mariner 1969 Mars missions.  

I n  a d d i t i o n ,  work i s  being i n i t i a t e d  on t h e  Mariner 1967 Venus 

Funding requested f o r  FY 1967 w i l l  provide f o r  a c t i v i t i e s  associati2d with 
t h e  r e t u r n  of Mariner I V  and r e l a t e d  d a t a  a n a l y s i s ;  t h e  modif icat ion of t h e  
spa re  Mariner I V  s p a c e c r a f t  f o r  t h e  Venus mission, i t s  t e s t i n g  arid pri2paratioi:t 
f o r  laundh; completion of systems design and i n i t i a l  f a b r i c a t i o n  of t h e  
prototype and f l i g h t  hardware f o r  t h e  1969 Mars mission. 

Funding f o r  t h e  Mariner program i n  FY 1964 and p r i o r ,  including launch 
v e h i c l e s ,  amounted t o  $173,216,000. 
through the  1969 Mars missions i s  $88,800,000. 

Planned funding f o r  FY 1968 t o  completion 



Voyager 

1367 -- 1965 1966 

Mission desi  e n .  .................. $1,661,000 $2,000,000 1,500,000 

Capsule system.. ................. 789,000 7.000.000 - 8 ,  )OO,OOO 
................ Spacecraf t  system 4,718,000 8,000,000 500,000 

To ta l  .......................... $7,168,000 $17,000,000 - $1OL0OO.OOO -- 

The c a p a b i l i t y  f o r  d e t a i l e d  s tudy of t h e  near  p l a n e t s  i s  being developed 
through t h e  Voya.ger p r o j e c t ,  now planned f o r  flight missions t o  Mars b(2ginning 
i n  1973. The primary o b j e c t i v e  of t h e s e  missions i s  t o  o b t a i n  d e t a i l e l  i n f o r -  
mation on atmcspheric,  s u r f a c e ,  and body c h a r a c t e r i s t i c s ,  with s p e c i a l  emphasis 
on t h e  poss ib l e  ex i s t ence  and n a t u r e  of  l i f e  on t h e  p l ane t .  
o b j e c t i v e  i s  t o  f u r t h e r  our knowledge of t h e  i n t e r p l a n e t a r y  medium between t h e  
p l a n e t s  Earth and Mars by conducting s c i e n t i f i c  and engineer ing measurl?ments 
while i n  t r a n s i t .  

A secondary 

To meet the above o b j e c t i v e ,  a s p a c e c r a f t  i s  r equ i r ed  having t h e  c a p a b i l i t y  
t o  o r b i t  t he  p l ane t  and land a s c i e n t i f i c  payload on t h e  s u r f a c e .  A s  present ly  
conceived, t h i s  s p a c e c r a f t  would c o n s i s t  of t h r e e  modules; t h e  b u s - o r b i t e r  
module, t h e  retro-propulsion-module, and t h e  e n t r y  capsule  module. DeEinition 
s t u d i e s  have ind ica t ed  t h e  d e s i r a b i l i t y  o f  launching two of t h e  Voyager 
s p a c e c r a f t  on a s i n g l e  Saturn V launch v e h i c l e  t o  t ake  advantage of t h i s  
v e h i c l e ' s  weight l i f t i n g  c a p a b i l i t y  and planned r e l i a b i l i t y .  Although t h e  
system i s  being developed t o  explore  t h e  p l ane t  Mars, it w i l l  provide 3 b a s i c  
c a p a b i l i t y  which can be app l i ed  t o  t h e  f u t u r e  exp lo ra t ion  of o t h e r  plainets 
by automated s p a c e c r a f t .  

Overal l  management of t h i s  program is t h e  r e s p o n s i b i l i t y  of t he  Off i ce  of 
Space Science and Applicat ions.  The J e t  Propuls ion Laboratory has bee8i 
ass igned management r e s p o n s i b i l i t y  f o r  Voyager p r o j e c t .  

Based on ccnceptual s t u d i e s  c a r r i e d  out  i n  FY 1964, a p r o j e c t  d e f i n i t i o n  
e f f o r t  w a s  i n i t i a t e d  i n  FY 1965 d i r e c t e d  toward a d e c i s i o n  f o r  initiation 
o f  f l i g h t  hardware development i n  FY 1967. This schedule would have made 
poss ib l e  f i r s t  f l i g h t s  a t  t h e  1971 Mars opportuni ty .  However, f i r s t  f l i g h t s  
have been rescheduled f o r  t he  1973 Mars opportuni ty .  The a d d i t i o n a l  time 
w i l l  be used t o  f u r t h e r  de f ine  t h e  mission,  t h e  s p a c e c r a f t  system s p e c i f i c a -  
t i o n s  and t h e  capsule  system. P a r t i c u l a r  emphasis w i l l  be placed upon t h e  
capsu le .  This a d d i t i o n a l  e f f o r t  should make poss ib l e  a more sophi-s t ics ted 
capsule  landing system f o r  t h e  1973 mission than  had previously been planned 
f o r  1971. 

F i s c a l  year 1965 funds provided f o r  t he  i n i t i a t i o n  of s p a c e c r a f t  system 
d e f i n i t i o n  e f f o r t  which included t h e  s e l e c t i o n  of t h r e e  indus t r i a l -  c o n t r a c t o r  
teams t o  conduct preliminary design s t u d i e s  of t h e  b u s - o r b i t e r  and re t  r o -  
propulsion-modules. 
Propulsion Laboratory supported by t h e  Langley and Ames Research Centers .  

Capsule design s t u d i e s  were conducted in-house by t h e  J e t  
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F i s c a l  yea r  1966 funds a r e  being app l i ed  t o  completion of  t h e  c o n t r a c t o r  
design e f f o r t s  and con t inua t ion  of t h e  in-house design s t u d i e s ,  with 
par t icu1a.r  eniphasis on t h e  capsule  system design problems. 

The funding requested f o r  FY 1967 w i l l  be used t o  cont inue t h e  o v e r a l l  
mission design s t u d i e s ,  t h e  capsule  design s t u d i e s ,  and support ing a c t i v i t i e s  
leading t o  d e t a i l e d  system design and breadboard tests planned t o  be i n i t i a t e d  
i n  FY 1968. 

Pioneer 

1967 , - 1965 1966 

Spacecraft  ..................... $13,189,000 $6,300,000 $4,300,000 
Experiment E; .................... 1,456,000 5 , 200,000 1 , 500,000 
Ground ope ra t . ions .  355,000 1,200,000 __ 900.000, ............. 

Total  Spacecraf t  and Support. $15,000,000 $12,700,000 $6,700,000 

Del ta  (Lau.nch Vehicle 
......... (3,521,000) (5,583,000) (1,001,000:) - .- Procu rerrient: Program) 

Total  (i.nc1.uding Launch 
Vehicles) .................. ($18,521,000) ($18 , 283,000) ($7,701,000') 

___I- - 
The ob1 ject . ives of t he  Pioneer p r o j e c t  a r e  t o  i n v e s t i g a t e  t h e  i n t e r p l a n e t a r y  

environment and t h e  propagation of s o l a r  and g a l a c t i c  phenomena through t h i s  
medium. Con-e l a t ion  with s imilar  measurements performed near  tht2 e a r t h  with 
s a t e l l i t e s  a r e  required t o  a t t a i n  t h e  f u l l  o b j e c t i v e .  Pioneer s p a c e c r a f t  
w i l l  be 1aunc:hc.d during t h e  per iod of i nc reas ing  s o l a r  a c t i v i t y  lover t h e  
next several  yea r s .  

The cu r ren t  series of Pioneers  weigh about 140 pounds and a r e  launched 
with t h e  Thrust:-Augmented Improved Delta. The f i r s t  of t h e s e  Pioneer V I ,  was 
s u c c e s s f u l l y  launched i n  December 1965. Four a d d i t i o n a l  Pioneer s p a c e c r a f t  
a r e  scheduled t o  a l t e r n a t e  between missions towards and away f r o n  the  sun,  
approaching as c l o s e  as 0.8 A.U. and going as f a r  away as 1 . 2  A.U. from t h e  
sun.  (1 A . U .  is equal t o  t h e  mean e a r t h  t o  sun d i s t a n c e ,  92,900,000 n, . i les.)  

The Pioneer experiments a r e  designed t o  measure t h e  s o l a r  wind f l u x ,  mag- 
n e t i c  f i e l d s ; ,  and the  e l e c t r o n  d e n s i t y  i n  space; t h e  energy s p e c t r a ,  f l u x e s ,  
and direc:t ion of a r r i v a l  of s o l a r  and g a l a c t i c  cosmic r ays  w i l l  a l s o  be 
observed. To perform t h e s e  measurements s p e c i a l  c a r e  i s  being taken i n  t h e  
design and cons t ruc t ion  of t h e  Pioneer s p a c e c r a f t  t o  make it magnet ical ly  
c l ean ;  t h e  r e s i d u a l  spacecraLt magnetic f i e l d  i s  l e s s  than one one-hundred- 
thousandt:h oE t h e  e a r t h ' s  f i e l d .  Instrumentat ion t o  measure micrometeorite 
impacts w i l l  a l s o  be included i n  t h i r d ,  f o u r t h  and f i f t h  Pioneers  of t he  
c u r r e n t  s e r i e s  , 

RCl 5-10 



Respons ib i l i t y  f o r  o v e r a l l  management of t h i s  program rests wich t h e  
Of f i ce  o f  Space Science and App l i ca t ions ,  w i t h  t h e  Ames Research Center 
r e spons ib l e  f o r  p r o j e c t  management. The s p a c e c r a f t  are being procured 
through con t r ac t  with Thompson-Ram0 Wooldridge Corporation. 
Propulsion Laboratory i s  r e spons ib l e  f o r  t r a c k i n g  and d a t a  a c q u i s i t i o n  
systems management and t h e  Goddard Space F l i g h t  Center f o r  launch v e h i c l e  
systems manage'ment . 

The .Jet 

F i s c a l  year  1965 funds provided f o r  assembly and t e s t i n g  of  t h e  prototype 
s p a c e c r a f t  , a.rtd t h e  f a b r i c a t i o n ,  assembly and i n i t i a l  tests f o r  t h e  f i r s t  
two f l i g h t  s p a c e c r a f t .  F i s c a l  yea r  1966 funds cover t h e  f i n a l  t e s t i n g ,  
launch and post-launch ope ra t ions  f o r  t h e  f i r s t  f l i g h t  s p a c e c r a f t ,  t h e  f i n a l  
t e s t i n g  and lsturtch p repa ra t ion  f o r  t h e  second s p a c e c r a f t ,  and t h e  assembly 
and i n i t i a l  t e s t i n g  of t h e  subsystems f o r  t h e  t h i r d ,  fou r th  and f i f t h  space- 
c r a f t  . 

Funds request.ed f o r  FY 1967 w i l l  support  t h e  launch and post-launch opera- 
t i o n s  f o r  the second s p a c e c r a f t ,  f i n a l  t e s t i n g  and launch preparacion f o r  t h e  
t h i r d  s p a c e c r a f t ,  and i n t e g r a t i o n  and acceptance tests f o r  t h e  f o u r t h  space- 
c r a f t .  Funding f o r  FY 1964 and p r i o r ,  including launch v e h i c l e s ,  amounted t o  
$23,219,000. I t  i s  nQw est imated t h a t  $9.0 m i l l i o n  i n  FY 1968 w i l l  complete 
funding f o r  t h e  f i r s t  f i v e  missions.  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF SPlUz SCIENCE AND APPLICATIONS SUSTAINING UNIVERSITY PE;OGRAM 

PROGRAM OBJE(;CI’(JES AND JUSTIFICATION : 

The bas i c  obJect ive f o r  t h e  formation and cont inuing development oi’ t he  
Sustaining Universi ty  Program i s  NASA’s d e s i r e  t o  s t r eng then  the  u n i v e r s i t i e s  
while  seelcinlg t h e i r  he lp  i n  accomplishing t h e  Agency’s mission. NASA sup- 
p o r t s  t he  t r a i n i n g  of graduate  s t u d e n t s  i n  space - re l a t ed  d i s c i p l i n e s ,  t h e  
c o n s t r u c t i o n  of u rgen t ly  needed f a c i l i t i e s  a t  u n i v e r s i t i e s  engaged t o  a 
s i g n i f i c a n t  deg;cee i n  space-or iented r e sea rch  o r  r e sea rch  p o t e n t i a l l y  ap- 
p l i c a b l e  to t he  space program, and t h e  conduct of a v a r i e t y  of mu1tidj.s- 
c i p l i n a r y  re:;ea:cch. Attainment of  t h i s  o b j e c t i v e  w i l l  h e l p  r e p l e n i s h  the  
n a t i o n a l  manp13wer supply of h i g h l y  t r a i n e d  people,  make a v a i l a b l e  su i t . ab l e  
l abora to ry  f a c i  Lities i n  which space - re l a t ed  r e sea rch  may be conductecl 
e f f i c i e n t l y ,  ani3 broaden t h e  n a t i o n a l  base of  r e sea rch  upon which teclino- 
l o g i c a l  PI :O~I : I~SS u l t i m a t e l y  depends. 

SUMMARY OF RlG33JRCES REQUIREMENTS : 

1965 1966 

Training..  .................... $25,000,000 $25,000,000 

Research. . . . . . . . . . . . . . . . . . . . . .  11,000.000 13,000,000 
Research fial:i:lities.. ......... 10,000,000 8,000,000 

T o t a l . . . , . . . . . . . . . . . , . . . . . . .  $46,000,000 $46,000,000 

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 :  

--- Je t  Propiil s i o n  Laboratory. .. $3,000 
L e w i s  Remarch Center. .  ..... 11,000 --- 
NASA Headquarters 45,986,000 $46,000,000 

15167 --- 
$22,000,000 

7,000,000 
- 12,000,000 

$41,000,000 --- 

BAS IS OF FUNQJSQU IREMENTS : 

Tra in ing  

15167 --- 1965 1966 

Training ...................... $25,000,000 $25,000,000 $ ~ ~ , o ~ ~ ~ , ~ ~ ~  

The ob:jective of t he  t r a i n i n g  g r a n t s  program i s  t o  inc rease  t h e  supply 
of s c i e n t i s t : ;  and engineers  h igh ly  t r a i n e d  t o  meet t h e  chal lenge of n a t i o n a l  



space goals .  B.y providing o p p o r t u n i t i e s  f o r  p redoc to ra l  graduate r e sca rch  
t r a i n i n g ,  many q u a l i f i e d  s t u d e n t s  are being t r a i n e d  t o  provide s t a f f  l eade r -  
s h i p  f o r  space-related a c t i v i t i e s  i n  t h e  n a t i o n ' s  i n d u s t r i e s ,  governmctnt 
r e sea rch  c e n t e r s ,  and u n i v e r s i t i e s .  The r e s u l t  i s  more e f f e c t i v e  r e sea rch  
i n  i n d u s t r y  and l abora to ry ,  and a r egene ra t ive  t r a i n i n g  process  i n  t h c  
u n i v e r s i t i e s .  The u n i v e r s i t y  phase i s  s u s t a i n e d  by t h e  Summer Facu1t;r 
Fellowships E x  young s t a f f  members G :  unusual w-omise. 

The predoctoral  research t r a i n i n g  i s  designed co y i e l d  1,000 E'h.D.'s 
annual ly  in  science and engineer ing from an annual i npu t  of about 1,300 
candidates .  %est of t hese  graduates  w i l l  devote t h e i r  careers t o  soma! 
aspec t  of  the space program. In  September 1965, some 1,275 s t u d e n t s  
began t h e i r  tenure as NASA sponsored t r a i n e e s .  About 1,335 s t u d e n t s  i r i l l  
begin t h e i r  three-year  t r a i n i n g  i n  September 1966, and it i s  planned 1:o 
star t  another  group of about 1,000 i n  1967. 

Since t h e  incept ion of t h e  program, 104 s t u d e n t s  have r ece ived  the Ph.D. 
degree. The ac<ademic f i e l d s  i n  which t h e  degrees w e r e  earned a r e :  5tj i n  
t h e  phys ica l  sciences ,  31 i n  eng inee r ing ,  12  i n  t h e  l i f e  s c i ences ,  and 5 i n  
o t h e r  s p e c i a l i z e d  areas with emphasis on space - re l a t ed  problems. Sinc:e 
r ece iv ing  t h e i r  degrees,  t he  s t u d e n t s  have made the  fol lowing career c:hoices: 
(a) u n i v e r s i t y  research and/or teaching - 65; (b) pos tdoc to ra l  fe1low:;hips 
o r  Fu lb r igh t  aw*ards - 15; (c) employed i n  government l abora to r i e s ,  - 4 ;  (d) 
employed i n  i n d u s t r i a l  l a b o r a t o r i e s  - 20. 

In a d d i t i o n  t o  the  predoctoral  program, a l i m i t e d  number of specia:l. 
t r a i n i n g  a c t . i v i t i e s  w i l l  be supported.  These act ivi t ies  w i l l  be d i r e c t e d  
toward se:lect groups who w i l l  make unique c o n t r i b u t i o n s  t o  t h e  space t ! f for t .  
The Summer Facul ty  Fellowship Program provides  ah oppor tun i ty  for  about 150 
young co1:lege o r  u n i v e r s i t y  f a c u l t y  members t o  p a r t i c i p a t e  i n  ongoing re- 
search p r o j e c t s  a t  a NASA c e n t e r  and concur ren t ly  engage i n  r e l a t e d  s tminar  
o r  classroom discussions a t  a nearby u n i v e r s i t y .  S i x  NASA c e n t e r s  anti 
twelve u n i v e r s i t i e s  w i l l  p a r t i c i p a t e  i n  t h i s  program i n  1966. 

I n  a d d i t i o n  t o  summer t r a i n i n g  f o r  f a c u l t y ,  NASA w i l l  sponsor a few summer 
programs f o r  (exceptionally t a l e n t e d  undergraduates who are t o  be chosttn on a 
n a t i o n a l  b a s i s  to  p a r t i c i p a t e  i n  an exp lo ra to ry  program i n  space scierice o r  
i n  space technology. I n  FY 1966 t h r e e  programs w i l l  be supported involving 
about 150 undergraduate s tuden t s .  Subject  t o  t h e  a v a i l a b i l i t y  of funds,  
NASA p lans  t o  continue t o  sponsor these  types of s p e c i a l i z e d  t r a i n i n g  pro- 
grams i n  FY N67.  

Research F a c i l i t i e s  

15/67 -- 1965 1966 

Research fi2i:i Lities.. . . . . . . . . . . . $~o,ooO ,000 $8,000,000 $7,000,000 



The o b j e c t i v e  of  t h i s  p o r t i o n  of t h e  program i s  t o  provide needed :l.abora- 
t o r y  space f o r  those u n i v e r s i t i e s  a l r eady  heav i ly  committed t o  the  spilce 
program. 

For t h e  mation t o  r eap  t h e  maximum b e n e f i t  from u n i v e r s i t y  p a r t i c i l ) a t i o n  
i n  the  space program, adequate f a c i l i t i e s  i n  which t o  perform lat loratory re- 
search and t o  develop experimental  packages are needed on campus. 
f a c u l t y  r e sea rche r s  cannot p a r t i c i p a t e  f u l l y  i n  programs which keep t l i e m  
o f f  campus and away from t h e i r  s tuden t s .  However, s u f f i c i e n t  f a c i l i t i e s  
made a v a i l a b l e  on campus allows not  only f o r  f u l l  f a c u l t y  p a r t i c i p a t i o n ,  
bu t  a l s o  provides e x c e l l e n t  o p p o r t u n i t i e s  f o r  s t u d e n t s  t o  work tclgether 
with t h e i r  p ro fes so r s  on important space p r o j e c t s .  E x i s t i n g  academic 
b u i l d i n g s ,  i n  a d d i t i o n  t o  being overcrowded with the  burgeoning s tuden t  
populat ion,  a r e  no t  equipped nor s u i t a b l e  f o r  t h e s e  space program e f f o r t s ,  
hence new campus f a c i l i t i e s  are u r g e n t l y  needed. 

Good 

To da t e  a t o t a l  of seventeen bu i ld ings  spread throughout t h e  riatioil 's 
u n i v e r s i t i e s  have been completed under t h i s  program. These completed f a -  
c i l i t i e s  r ep resen t  one-half m i l l i o n  g ross  square f e e t  of new a r e a  i n  use  
o r  planneld f o r  u n i v e r s i t y  space research.  The f a c i l i t i e s  complet.ed t o  
da t e  t y p i f y  the two gene ra l  types needed by u n i v e r s i t i e s  i n  o rde r  t o  con- 
t r i b u t e  t h e i r  unique inpu t  of  knowledge and t r a i n e d  i n d i v i d u a l s  t o  NAljA's 
programs. Highly s p e c i a l i z e d  f a c i l i t i e s  are provided specif ical1.y fo:: 
c e r t a i n  t:ypes of r e sea rch ,  such as t h a t  involved with propuls ion o r  t he  
p repa ra t ion  (of experiments t o  be c a r r i e d  on satel l i tes .  The rocke t  tczst 
s t and  f a c i l i t i e s  cons t ruc t ed  a t  Purdue Un ive r s i ty  with a NASA f a c i l i t i e s  
g r a n t  are an example of  t h i s  type of real p rope r ty  which i s  no t  riormaLly 
associateld with u n i v e r s i t y  b u i l d i n g s ,  but  which i s  e s s e n t i a l  t o  c.onduc:t 
modern r e sea rch  while t r a i n i n g  f u t u r e  s c i e n t i s t s  and eng inee r s  i n  such a 
fundament,al aerospace f i e l d  as propulsion. The o t h e r  gene ra l  need toward 
which NASA f a c i l i t i e s  are d i r e c t e d  i s  i l l u s t r a t e d  by the space scienci:s 
l a b o r a t o r i e s  b u i l t  by the  Un ive r s i ty  of P i t t sbu rgh .  These f a c i l i t i e s  
provide a t  P i t t sbu rgh ,  f o r  t h e  f i r s t  t i m e ,  a s u i t a b l y  designed arid eqiiipped 
bu i ld ing  i n  ,which i n v e s t i g a t o r s  from many departments i n  t h e  Un ive r s i ly  
can work together  on t h e  complex problems inhe ren t  i n  space ventures .  In  
the  P i t t s b u r g h  bu i ld ing ,  t he  professors  and s t a f f  r e spons ib l e  f o r  pas; ing 
along t o  the community they serve t h e  u s e f u l  technology r e s u l t i n g  froin 
the space program, work alongside the p ro fes so r s  and s t a f f  producing the 
knowledge and i n t e r p r e t i n g  t h e  r e sea rch  r e s u l t s .  This p a r t i c u l a r  pro.ject 
p o i n t s  up a p r i m e  o b j e c t i v e  of  NASA f a c i l i t i e s  g r a n t s ,  t h a t  i s ,  t:o provide 
f a c i l i t i e s  w h i c h  are u r g e n t l y  needed and involve t h e  l a r g e s t  p o s s i b l e  pro- 
duct ive segment of  t he  Un ive r s i ty  i n  the  space program. 

In  responding t o  the  space-or iented r e sea rch  f a c i l i t i e s  needs of t h e  
n a t i o n ' s  u n i v e r s i t i e s ,  NASA has  funded g r a n t s  i n  most of  t h e  major geo- 
g raph ica l  a r e a s  of t h e  country,  and has  cooperated with t h e  o t h e r  agencies  
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i n  t he  f ede ra l  government charged with a s s i s t i n g  u n i v e r s i t i e s  i n  t h e i r  bu i ld -  
ing  program. 
Science Foundation, t he  Nat ional  I n s t i t u t e  of Heal th ,  and the  Off ice  o f  Edu- 
ca t ion .  Each of these  agencies  has i t s  sepa ra t e  r e s p o n s i b i l i t i e s  t o  higher 
educa t ion ,  and when f a c i l i t i e s  p r o j e c t s  have encompassed more than one of 
t hese  r e s p o n s i b i l i t i e s ,  t he  agencies  have ac t ed  i n  concer t  without  d u p l i c a t i o n  
of e f f o r t .  Ltespite these  combined e f f o r t s ,  t he  t o t a l  needs of u n i v e r s i t i e s  
f o r  adequate space i n  which t o  conduct graduate  t r a i n i n g  and r e sea rch  a r e  so 
numerous t h a t  many have remained u n s a t i s f i e d .  

Cooperative p r o j e c t s  have been undertaken wi th  the  Nat ional  

The Fk' 1967 reques t  of $7 m i l l i o n  w i l l  permit a c q u i s i t i o n  of about two 
hundred thousarid (200,000) square f e e t  of new l abora to ry  space. 

R e  search  

1967 .- 1965 1966 

Research . . . . . . . . . . . . . . . , . . . . . . .  $11,000,000 $13,000,000 $12,000,000 

The purpose of r e sea rch  g r a n t s  i s  t o  expand and improve the  c a p a b i l i t i e s  
of t he  n a t i o n ' s  u n i v e r s i t i e s  t o  conduct research  i n  space and ae ronau t i ca l  
sc ience  and technology. 

Research g r a n t s  are awarded to: 

U n i v e r s i t i e s  no t  c u r r e n t l y  p a r t i c i p a t i n g  i n  the  n a t i o n a l  space pro- 
grams. Such g r a n t s  provide r e sea rch  o p p o r t u n i t i e s  which w i l l  encourage 
the  development of new re sea rch  t a l e n t s  and i n t e r e s t s  responsive t o  pro- 
j e c t  o r  d i s c i p l i n e  cha l lenges  l i k e l y  t o  be encountered i n  the  exp lo ra t ion  
of  space and; 

U n i v e r s i t i e s  deeply involved i n  the  space program, t o  augment and f i l l  
gaps i n  e x i s t i n g  work and t o  conso l ida t e  r e l a t e d  r e sea rch  a c t i v i t i e s .  

Although the  s i z e ,  scope, and s p e c i f i c  n a t u r e  of each g ran t  d i f f e r s  
according t o  the  c a p a b i l i t i e s  of each i n s t i t u t i o n ,  t h e r e  i s  a genera l  
p a t t e r n  common t o  a l l  of them. This  p a t t e r n  has  the  fol lowing charac-  
s t e r i s t i c s :  

A t t en t ion  i s  concent ra ted  on an ind iv idua l  or group which se rves  as 
a f o c a l  po in t  f o r  space - re l a t ed  a c t i v i t y  i n  t h e  u n i v e r s i t y .  

The funding and r e sea rch  d e s c r i p t i o n s  are f l e x i b l e  enough t:o peicmit 
s h i f t s  of emphasis w i th in  t h e  program t o  areas of g r e a t e s t  import:ance 
a s  t he  r e sea rch  progresses .  

The choice of s p e c i f i c  method of a t t a c k  rests wi th  the  univers i l -y  
and the  ind iv idua l  i n v e s t i g a t o r s ,  t hus  a f fo rd ing  the  i n s t i t u t i o n  an op- 
p o r t u n i t y  t o  u t i l i z e  i t s  resources  i n  t h e  most e f f i c i e n t  manner and a s su r ing  
t h e  cont inued flow of r e sea rch  ideas .  



For ty  m u l t i d i s c i p l i n a r y  r e sea rch  g r a n t s  now ex i s t  i n  40 u n i v e r s i t i e s ,  
l oca t ed  throughout the country. Each u n i v e r s i t y  has  d i f f e r e n t  assets and 
c a p a b i l i t i e s ,  and our r e l a t i o n s h i p  with each varies accordingly.  Through 
t h e  support  of q u a l i t y  work a t  s e l e c t e d  i n s t i t u t i o n s  n o t  c u r r e n t l y  p a t t i c -  
i p a t i n g  i n  space r e sea rch ,  t h e  number of  u n i v e r s i t i e s  involved i n  spac:e 
r e l a t e d  problems is  permit ted t o  grow. By providing new o p p o r t u n i t i e s  t o  
t h e s e  i n s t i t u t i o n s  t o  work with u s ,  many e x c e l l e n t  r e sea rch  programs liave 
emerged, new t a l e n t s  and s k i l l s  have been developed, and new i d e a s  hare  
been brought t o  our  a t t e n t i o n .  The n e t  r e s u l t  i s  a broadening of our 
n a t i o n a l  base of research p a r t i c i p a t i o n .  

To the  u n i v e r s i t y  a l r eady  heav i ly  involved i n  space - re l a t ed  researl:h, 
t h i s  program provides an oppor tun i ty  t o  make more e f f i c i e n t  u se  of it,; 
assets by augmenting e x i s t i n g  work, f i l l i n g  gaps i n  r e sea rch  programs, and 
conso l ida t ing  r e l a t e d  work. More important ly ,  however, it provides  an 
oppor tun i ty  f o r  the development of  m u l t i d i s c i p l i n a r y  approaches t o  broad 
problems which r equ i r e  a focusing of  t a l e n t s  from s e v e r a l  d i f f e r e n t  d . s c i -  
p l i n e s .  Many of t he  s c i e n t i f i c  and t echno log ica l  problems f ac ing  NASA 
r e q u i r e  am understanding of t h e  behavior o f  l a r g e  and complex systems t h a t  
resist  piece-meal a t t a c k ,  and t h e i r  s o l u t i o n  demands t h e  concerted an41 
cooperat ive ( e f fo r t  t h a t  u n i v e r s i t i e s  can provide by b r ing ing  toge the r  t h e i r  
many s p e c i a l i s t s  from v a r i e d  t e c h n i c a l  and s c i e n t i f i c  d i s c i p l i n e s .  

For  t he  cont inuat ion and growth of t h e s e  s p e c i a l  purpose r e sea rch  
programs i n  XY 1967, approximately 7 1  p r o j e c t s  w i l l  be supported a t  a 
c o s t  of  $12 mi l l i on .  
u a t i o n  of p r o j e c t s  supported i n  FY 1965, and t h e  remainder w i l l  he t o  
u n i v e r s i t i e s  p a r t i c i p a t i n g  i n  t h i s  program f o r  t h e  f i r s t  t i m e .  

S i x t y  f i v e  of  t h e s e  g r a n t s  w i l l  be f o r  t h e  con t in -  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS LAUNCH VEHICLE DEVELOPEENT I?ROGRAM 

PROGRAM OBJEC&VES AND JUSTIFICATION: 

The purpose of the  Launch Vehicle Development Program i s  t o  ensure  a 
t imely anld economical a v a i l a b i l i t y  of launch v e h i c l e  c a p a b i l i t y  to m e l 2 t  un- 
manned mission requirements.  Continuing Advanced S tud ie s  of mission require-  
ments de f ines  needs i n  t e r m s  of improved v e h i c l e  performance. A s  t h e  mission 
requirements exceed p resen t  v e h i c l e  c a p a b i l i t y ,  t hese  performance inc reases  
are t r a n s l a t e d  i n t o  requi red  systems improvements, con f igu ra t ion  chanzes,  i m -  
proved opera t ing  techniques,  new s t a g e s ,  and new launch v e h i c l e s  o r  c1,mbina- 
t i o n s  the reo f .  I f  major development i s  r equ i r ed  t o  m e e t  new mission ieeds ,  
implementation of the  development would be w i t h i n  t h e  Launch Vehicle :)evelop- 
ment Program. 
t h i s  fash ion ,  were completed i n  FY 1963. The Centaur development. pro;ram i s  
expected t o  b e  completed i n  a s imilar  manner i n  FY 1967. 

The Scout and Delta programs, generated and implenientell i n  

SUMMARY OF RESOURCES REQUIREMENTS: 

1965 1966 

Supporting research  and tech- 
nolog:y/Advanced s t u d i e s .  ..... $7 ,100,000 $4,000,000 

Centaur development ............ 89,400,000 51,300,000 

Tota l  ........................ $96,500,000 $55,300,000 

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 ,  N A S A . . . .  ........... $1,321,000 $820,000 

Goddard Space F l i g h t  Center . .  1,557,000 250,000 

Langley Research Center.  . . . . .  735,000 570,000 
L e w i s  Kesearch C e n t e r . . . . . . . .  91,302,000 42,820,000 
NASA Headquarters ............ 1,333,000 640,000 

Marshall  Space F l i g h t  Center.  152,000 10,000,000 

E lec t ron ic s  Research Center . .  100,000 200,000 

BASIS OF FUND REQUIPtEMENTS: 

-- S u w o r t i n g  Research and TechnologylAdvanced S tud ie s  

1965 1966 

Advanced s t u d i e s . .  . . . . . . . . . . . .  $842,000 $500,000 

19 37 

$4,000,000 
29,700,000 

s 3 3  700 000 

$700,000 - - -  
- - -  

2 j 0 , O O O  
600,000 

31,5 50,000 
600,000 

19 37 

$Sl>O,OOO 
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1965 

Support:ing r e sea rch  and 
technology : 
ProFIu1s:ion. . . . . . . . . . . . . . . . .  $2,729,000 
Guidance, con t ro l  and 

ii~iv iga  t :-on. . . . . . . . . . . . . . .  285,000 
1nst:rumtmtation and 

el.ec t:ironics. . . . . . . . . . . . . .  285,000 
Structui:es and mater ia l s . .  . 229,000 
Vehicle engineer ing.  . . . . . . . .  130 ,000 

Total. ...................... $7 , 100,000 

FLOE:.. ...................... 2,600,000 

1966 

$1,245,000 

200,00@ 

20,000 
605 ,'OOO 

1,430,000 
--- 

$4,000,000 

15'67 

$C 00,000 

5 00,000 

$4,ClOO ,000 - 
The purpose of Advanced S tud ie s  i s  t o  de f ine  v e h i c l e  requirements f o r  

f u t u r e  missions and t o  e s t a b l i s h  the  methods by which needed p e r f o r m n c e ,  be- 
yond c u r r e n t  c a p a b i l i t i e s  , can b e s t  be developed. These s t u d i e s  a l sc i  provide 
i n d i c a t i o n s  of those areas of r e sea rch  ancl new technology development which 
may be most f r u i t f u l  i n  terms of f u t u r e  mission b e n e f i t s .  The Supporting 
Research ancl Technology e f f o r t s  are d i r e c t e d  toward developing the  new tech-  
nology and t:echniques shown t:o be needed by t h e  Advanced Studies .  T1-lis facet. 
of t h e  program a l s o  provides  f o r  demonstration of new technology p r i c i r  t o  
f u l l  s c a l e  c1t:velopment e f f o r t s .  

The FI! 1966 and FY 1967 s t u d i e s  and technology e f f o r t s  have been f'ocusing 
on high-energy mission requirements f o r  a s m a l l  ene rge t i c  (kick) stae,e a s  an 
a d d i t i o n  t o  exfisting launch veh ic l e s .  The FY 1967 kick s t age  e f fo r t : ,  w i l l  be 
d i r e c t e d  a t  r n i ~ s i o n  ana lyses ,  i n v e s t i g a t i o n s  of subsystem a l t e r n a t i v c  s and 
v e h i c l e  adap Lions, and program planning.  

S tudies  a r e  being conductetl i n  t he  FY 1966 program on s o l i d  p r o p e l l a n t  
performance p r e d i c t i o n ,  ope ra t iona l  hazards of e l e c t r o s t a t i c  charges  on ve-  
h i c l e s ,  improved d e s t r u c t  systems , f e a s i b i l i t y  of adap ta t ion  of t he  Surveyor 
re t romotor  Cor use as launch v e h i c l e  s t age  propuls ion ,  s t rapped  down ine r t i a l .  
guidance an0 riidio guidance f e a s i b i l i t y ,  f l u o r i n e  hazards and comparj s o n  
s t u d i e s  of high and l o w  t h r u s t  f o r  high v e l o c i t y  missions.  Work w i l l  con- 
t i n u e  i n  FY L347 on s o l i d  p rope l l an t  p r e d i c t i o n  e f f o r t s ,  f l u o r i n e  sai .ety a n d ,  
f o r  the  overal ' l  Launch Vehicle and Propulsion Programs, s t u d i e s  of aclvanced 
mission requirements , v e h i c l e  a l t e r n a t i v e s  and program a n a l y s i s .  

The FLOX technology e f f o r t  d i r e c t e d  toward v e r i f y i n g  the  f e a s i b i l :  t y  of 
adding 1iqui.d Eluorine t o  the  At l a s  p rope l l an t  system f o r  p e r  Eormance i m -  
provement: w a s  completed w i t h  FY 1965 funds. 

Centaur Development 

1965 1966 1!167 

Ve h i  c 1 e d w  e I opnien t . . . . . . . . . . . .  $77,206,000 $40,480,000 $17 ,000,000 



1967 - 1965 1966 

Support ing se rv  i c e s  ............ $4,200,000 --- --- 

Atlas boost.ers. 4,250,000 - - e  ---  
--- - -- Instrument a t  i on. ............... 

PCL-10-A.3 erigi.ne improvements. .. 500,000 $10,000,000 $12,000,000 

100,000 
................ 

Propel lan ts  . . . . . . . . . . . . . . . . . . . .  3,144,000 820,000 700,000 - 
Tota l .  . . . . . . . . . . . . . . . . . . . . . . .  $89,400,000 $51,300,000 $29,700,000 - 

The Atlas/ 'Centaur i s  under development as a high-energy upper stage v e h i c l e  
burning l i q u i d  hydrogen and l i q u i d  oxygen t h a t  w i l l  provide the  required capa- 
b i l i t y  for  EIASA's unmanned luna r  and p l ane ta ry  missions.  
has provide?. techniques f o r  t h e  handl ing,  s to rage  and use of l i q u i d  hydrogen 
i n  the  space erivironmeiit. Another f e a t u r e  of t he  Centaur v e h i c l e  i s  i t s  
u t i l i z a t i o n  of an a l l - i n e r t i a l  guidance system through the  complete rrission 
p r o f i l e .  

The Centaur program 

This dieve1.opment program, i n i t i a t e d  by the  Advanced Research P ro jcc t s  
Agency of thc: Department of Defense and t r a n s f e r r e d  t o  NASA i n  1959, c o n s i s t s  
of e i g h t  f l ight :  tes ts  of the  Centaur v e h i c l e .  S ix  of t hese  f l i g h t  t c s t s  have 
been complet.ed. 

After  t he  f a i l u r e  of t he  f i r s t  f l i g h t  t es t ,  A C - 1 ,  on May 8 ,  1962, an  ex- 
tens ive  eva lua t ion  was made of t h e  e n t i r e  program by NASA and the  va r ious  
con t r ac to r s .  fi bas i c  reformation of t h e  program w a s  accomplished. k i t h  the 
except ion OS A C - 5 ,  which w a s  destroyed when the  Atlas booster  f a i l e d  s h o r t l y  
a f t e r  launch ,  a l l  subsequent f l i g h t s  have m e t  a l l  major development t e s t  ob- 
j e c t i v e s .  The f a i l u r e  of AC-3 t o  achieve o r b i t  occurred a f t e r  all mzjor t e s t  
ob jec t ives  had been m e t .  The most r ecen t  success  was AC-6, launched 
August 1 1  , 1065, ca r ry ing  a 2,084 pound dynamic model of the  Surveyor i n t o  a 
simulated lunar  i n t e r c e p t  t r a j e c t o r y .  AC-6 then success fu l ly  perfornied a 
retromanciuvc:i- so t h a t  t he  spacec ra f t  s t a b i l i z a t i o n  system would not  lock on 
the  Centaur v e h i c l e  as a re ference  p o i n t .  F l i g h t  d a t a  ind ica t ed  that  a l l  
planned f i l igh t  events  were nominal, and the  i n j e c t i o n  w a s  so accurntc  t h a t  a 
mid-course co r rec t ion  would not  have been requi red  t o  achieve lunar  impact. 

The l a s t  t.wo development launches w i l l  demonstrate t he  parking o r b i t  o r  
two-burn capab j . l i t i e s  of t he  Centaur veh ic l e .  
f i r s t  1aunchi.n~; t he  veh ic l e  i n t o  a 90 n a u t i c a l  m i l e  parking o r b i t .  
engines  w i l l  be stopped for a 20 t o  25 minute coas t  pe r iod ,  and then the  engines  
w i l l  be r e s t a r t e d  t o  burn u n t i l  the  requi red  v e l o c i t y  i s  a t t a i n e d  for a sirnu- 
l a t e d  lunar  Lransfer  t r a j e c t o r y .  

This  i s  t o  be accomplished by 
The Centaur 

General T)ynamics/Convair i s  the  prime con t r ac to r  f o r  the  Centaur :#tage.  
This  s t age  u:;e!; the  I&-10-A3 engines  developed under c o n t r a c t  w i t h  P r a t t  and 
Whitney AirciraIt  Corporat ion,  and a guidance system developed by Minrieapolis-. 
Honeywell. a s  a subcont rac tor  t o  General Dynamics. NASA has subsequeiitly con-. 
t r a c t e d  d i r ec t - ly  w i t h  Minneapolis-IIoneywe11 f o r  the  guidance system. 
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The L e w i s  Research Center has been assigned management r e s p o n s i b i l i t y  of 
t he  Centaur p r o j e c t .  The RL-10-A3 development and improvement programs are 
under the! d i r e c t i o n  of t he  Marshall  Space F l i g h t  Center.  In t eg ra t ion  of the  
engines  wi th  the  Centaur v e h i c l e  i s  under the  management of Lewis  Research 
Center. 

Funding f o r  FY 1967 i s  f o r  completion of t he  developmental e f f o r t  on the  
Centaur v e h i c l e  and improvement e f f o r t  on the  RL-10-A3 engines .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF SP&& SCIENCE AND APPLICATIONS LAUNCH VEHICLE PROCUREMENT PROGRAM 

PROGRAM 0BJEJ:n:VES AND JUSTIFICATION : 

The object.ive of t h e  Launch Vehicle Procurement program i s  t o  provide 
launch vehic1.e~: and launch support  f o r  unmanned space missions.  I n  a d d i t i o n  
t o  t h e  purchase of v e h i c l e  hardware, t h i s  program inc ludes  a broad spectrum 
of support ing a c t i v i t i e s  r equ i r ed  t o  meet each s p e c i f i c  mission ob jec t ive .  
The launch veh ic l e s  c u r r e n t l y  procured through t h i s  program are :  Scout, D e l t a ,  
Thor-Agena, At1.a~-Agena, and Centaur.. 

Launch Vehicle Procurement i s  presented as a sepz ra t e  program, which i s  
cons i s t en t  w i t h i  a c t u a l  v e h i c l e  procurement p r a c t i c e s ,  i. e., v e h i c l e s  a r e  
ordered i n  spec:ific q u a n t i t i e s .  
launch vehic1.e funding r e l a t e d  t o  each of t h e  var ious  f l i g h t  p r o j e c t s  f o r  t he  
purpose olf i d e n t i f y i n g  t o t a l  p r o j e c t  requirements,  such amounts ixre a l s o  shown 
with the  app1.ic:able p r o j e c t  p re sen ta t ion  as a p a r e n t h e t i c a l  no ta t ion .  

However, i n  o rde r  t o  i d e n t i f y  t h e  amount of 

To estab11.sh the  q u a n t i t y  of veh ic l e s  t o  be ordered t h e  fol lowing f a c t o r s  
a r e  considered:  (1) t h e  cu r ren t  and p ro jec t ed  inventory;  (2) veh ic l e s  ordered 
but not  de l ive red ;  (3) cur ren t  and p ro jec t ed  launch schedules;  and ( 4 )  procuro- 
ment leadtimes requi red  f o r  v e h i c l e  de l ivery .  
ad jus ted  t o  main ta in  minimum inven to r i e s ;  however, maintenance 0.E some inven- 
t o r y  l e v e l  i s  necessary t o  provide t h e  f l e x i b i l i t y  t o  meet changing requirement S. 

Procurement of veh ic l e s  i s  

I n  a d d i t i o n  t o  v e h i c l e  hardware procurement , t h e  purchase of s e r v i c e s  
a s soc ia t ed  w i t h ,  t h e  launch of each mission i s  included i n  t h e  Vehicle Pro- 
curement program. 
t o  the  veh ic l e ,  launch crews, p rope l l an t s ,  and o t h e r  s i m i l a r  support  a r e  a l s o  
included. 

The c o s t s  of t r a j e c t o r y  s t u d i e s ,  mission modi f ica t ions  

The Sustainiing Engineering and Maintenance e f f o r t  a s soc ia t ed  with each 
veh ic l e  provides  t h e  means f o r  keeping t h e  ope ra t iona l  veh ic l e s  and ground 
support  equl.]went up-to-date t o  ensure high performance and r e l i a b i l i t y .  
This goal. i s  achieved through product improvement programs, maintenance of 
ground support  equipment, v e h i c l e  system engineer ing,  and o t h e r  suppcr t ing  
se rv ices .  The c o s t  of t h i s  p a r t  of t h e  procurement program i s  not  c l e a r l y  
i d e n t i f i a b l e  wfth a s p e c i f i c  mission and t h e r e f o r e  these  c o s t s  a r e  not  
included i n  !:he p a r e n t h e t i c a l  n o t a t i o n s  shown with each p ro jec t .  
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SUMMARY OF RESSLIRCES REQUIREMENTS : 

196;' 1965 1966 - 
Scout........................... $13,287,000 $11,700,000 $10,400,000 
Delta.......................... 32,374,000 27,900,000 22,900,000 

C e n t a u r o . . . o . . . . . . . . . . . . . . . ~ . . .  44,814,000 64,000,000 64,000,000 
Atlas......................... 8 , 972,000 4,000 , 000 

Agena.....,.... ................ 55,040,000 71,100,000 514,700,000 

--- 
 total....................^... $154,487,000 $178,700,000 Q152,000,000 

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

John F. Kennedy Space Center, 

Goddard Space F l i g h t  Center. . 19,496,000 18,580,000 22,20!i,OOO 
P a c i f i c  Launch Operations 

NASb4. s. . . 0 0 $1,353,000 $2,507,000 $3,31!),000 

--- --- Office...................... 99,000 
Langley Research Center...... 13,737,000 11,600,000 1.0,4011,000 

NASA Headquarters............ 12,129,000 5,625,000 --- 
Western Operations Office.... --- 
L e w i s  Research Center........ 107,673,000 137,023,000 13.5,82L,OOO 

3,365,000 25 5,000 

The o v e r a l l  mission plan f o r  launches during t h i s  per iod i s :  

Vehicle 

Calendar Calendar Ca lenljar 
Year Year Yeair 
1965 1966 -- 196 I 

Scout..................**..** 4 3 8 
Delta........................o 6 6 9 
Agena................,....... 4 7 11 
Atlas........................ 1 

2 Centaur...................... - 
- - 

4 -- 4 - 
32 = 20 - 17 - Total...................... 

BASIS OF FUNEDEQUIREMENTS : 

Scout Procurement 

Vehicles....................... $1,962,000 $3,600,000 $3,600,000 
Motors......................... 3,279,000 1,928,000 2,500,000 
Log i s t i c s  and other.. .......... 546 , 000 2,172,000 300,000 
Sustaining, engineer ing and 

 maintenance............^^..^^ 7,500,000 4,000,000 - 4,000,000 

Total...................... $13,287,000 $11,700,000 ~ 1 0 , 4 0 0 , 0 0 0  
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The purpose of t h e  Scout Procurement program i s  t o  provide a x e l i a b l e ,  
r e l a t i v e l y  inexpensive v e h i c l e  f o r  gene ra l  space research .  It i s  t h e  smal les t  
of t h e  basic: NASA family of launch veh ic l e s  and meets t h e  requi rements - for  a 
v a r i e t y  of s;tna:Ll s i zed  payloads f o r  o r b i t a l ,  probe, and r e -en t ry  missions.  

The Off ice  of Space Science and Appl ica t ions  has  ass igned management of 
t h e  Scout p r o j e c t  t o  t h e  Langley Research Center. Ling-Temco-Vought i s  t h e  
prime con.trac:tor f o r  t h e  product ion of Scout vehic les .  There a r e  two launch 
s i t e s  capable  of launching t h e  Scout v e h i c l e :  t h e  Western Test  Range i n  
Ca l i fo rn ia ,  and Wallops I s l and ,  Vi rg in ia .  

The 1ogist:ic: support  of t h e s e  launch si tes has  been i n t e g r a t e d  i n t o  a 
s i n g l e  effor t :  w i th in  t h i s  program. 

The f i r s t  ope ra t iona l  Scout v e h i c l e  w a s  launched A p r i l  2 3 ,  19h2. There 
have been.40 launches through t h e  end of calendar  year  1965 f o r  a wide v a r i e t y  
of NASA, Department of Defense, Atomic Energy Commission, and i n t e r n a t i o n a l  
m i s s  ions. 

The FY 1967 funds f o r  Scout Procurement w i l l  be u t i l i z e d  t o  i n i t i a t e  new 
procurements of Scout v e h i c l e s  and launch se rv ices .  Funds w i l l  be appl ied  t o  
continued procurement of f i r s t ,  second, t h i r d ,  and f o u r t h  s t a g e  notors  t o  meet 
CY 1967 1aunic:h requirements.  Funding i s  a l s o  provided f o r  o t h e r  support  
requirements ,  such a s  adap ta t ion  of t he  Scout veh ic l e s  t o  s a t i s f y  spacec ra f t  
and o the r  mi ssi.on p e c u l i a r  requirements.  

To adequa,t:el.y provide Sus ta in ing  Engineering and Maintenance support f o r  
Scout miss ions ,  funds a r e  requi red  f o r  continued e f f o r t  i n  t he  a r e a s  of envi-t 
ronmental. t e s t i n g ,  data r educ t ion  and a n a l y s i s ,  engineer ing suppor t ,  mainte- 
nance of groumcl support  equipment a t  t h e  two launch s i t e s ,  pub l i ca t ion  of  
manuals, and o t h e r  s i m i l a r  support. 

Del ta  Procurement 

1965 

Del ta  S t a g ~ ~ s . . . . . . . . . . . . . . . . . . ~  $ 6,678,000 
Thor boost:whi.. ................ 10,200,000 
Prope 1 ].ant::;. ................... 200,000 
Third s t a g e s , .  ................. 554,000 

maint:enance.. ................ 14,742,000 
Susta in ing  engineer ing and 

Tot:al.,.................... $32,374,000 

1966 

$10,300,000 
9,144,000 

595,000 
86 1,000 

7,000 000 

$27,900,000 

The purpose of the  Del ta  Procurement program i s  t o  provide 

- 1 9 6 7  

$ 8,725,000 
9,000,000 

695,000 
480,000 

- 4,000 000 

S22,900,000 --- 
a r e l i a b l e  

launch vehic::Le f o r  a wide v a r i e t y  of medium s i z e  s a t e l l i t e s  and small space 
probes . 



The Of f i ce  of Space Science and Applicat ions has  ass igned managemelit of 
t h e  Delta p r o j e c t  t o  t h e  Goddard Space F l i g h t  Center. The prime con t r ac to r  
f o r  t h e  Del ta  launch v e h i c l e  i s  t h e  Douglas A i r c r a f t  Corporation. Thor 
boosters  ,are procured through t h e  A i r  Force. 

To da te ,  t h e  Delta v e h i c l e  has  been launched only from t h e  Eastern Test 
Range a t  Cape Kennedy. A second launch s i t e  c a p a b i l i t y  i s  scheduled for com- 
p l e t i o n  i n  t h e  Spring of 1966 a t  t h e  Western T e s t  Range i n  C a l i f o r n i a ,  with 
an ensuing f i r s t  Delta launch planned s h o r t l y  t h e r e a f t e r .  Launch s e r r i c e s  
a s soc ia t ed  with t h e  Delta v e h i c l e  are procured on an annual b a s i s ,  anti FY 196l 
funds are planned t o  support  requirements a t  both launch sites. Included i n  
t h e  FY 1967 request  are funds t o  continue procurement of Thor boos t e r ; ,  Delta 
second s t a g e s  and t h i r d  s t a g e s  t o  meet launch schedule requirements f o r  t h e  
Delta vehicle .  

F i s c a l  year  1966 Sus ta in ing  Engineering and Maintenance funds ( a l o i g  with 
the  r e l a t e d  funds f o r  Construction of F a c i l i t i e s )  w i l l  complete t:he e s t a b l i s h -  
ment of t h e  Western T e s t  Range launch c a p a b i l i t y ,  and t h e  improvement of t h e  
Delta veh ic l e  t o  provide increased payload volume and weight. 

F i s c a l  year  1967 Sustaining Engineering and Maintenance funds are planned 
t o  continue traintenance and updating of ground support  equipment., mission 
analyses ,  performance s t u d i e s ,  and miscellaneous minor improvement e f f o r t s .  

Aaena Procurement 

1965 

Agena produ.ction........ ....... $15,756,000 

Atlas procurement,. ............ 14,948,000 

Agena mission. modifications... .  12,949,000 
Thor procu.rement ............... 4,111,000 

Propellant6.................,.. 577,000 
Sustain.ing, engineer ing and 

maintenance.................. 6,699,000 

Total...................... $55,040,000 

I n  cornbination w i t h  Thor and Atlas b o o s t e r s ,  

1966 

$12,666,000 
31,049,000 

3,796,000 
17,073,000 

5 16,000 

6,000,000 

$71,100,000 

196 7 

$11,339,000 
l4 ,6  13,000 
3,885,000 

17,734,000 
I ,  129,000 

- 6,000,000 

S;S4,7 0 0,000 

--- 

t h e  Agena second s t a g e  i s  
employed ext cmsively by NASA. 
l a t i t u d e  i n  mission c a p a b i l i t y  among t h e  va r ious  e a r t h  o r b i t a l  and lunar  o r  
p l ane ta ry  missions.  

The r e s t a r t a b l e  Agena s t a g e  provides  considerable  

The Agena wits  developed by t h e  A i r  Force as a second s t a g e  f o r  use i n  
i t s  programse Early i n  1960, NASA decided t o  use t h e  Agena i n  clanbination 
with t h e  Thcm and Atlas boos te r s  r a t h e r  than develop a similar s tage.  However, 
each Agena s t a g e  must be modified t o  meet t h e  s p e c i f i c  mission requirements. 
NASA mission:; u t i l i z i n g  t h e  Thor-Agena v e h i c l e  are p r e s e n t l y  planned t o  be 
launched int:o po la r  o r  near-polar o r b i t s  from t h e  Western T e s t  Range. 



NASA uses  t:he Atlas-Agena f o r  i t s  unmanned lunar  and p l ane ta ry  explora-  
t i o n  missi.onsI, such as Ranger, Mariner,  and Lunar Orb i t e r ;  and t o  launch 
heavier  sc:ient: if ic and a p p l i c a t i o n s  s a t e l l i t e s  such as t h e  Geophysical Obser- 
v a t o r i e s ,  t h e  Astronomical Observa tor ies ,  and t h e  Appl ica t ions  Technology 
s a t e l l i t e s .  The Atlas-Agena i s  normally launched from t h e  Eas te rn  Test  Range 
t o  support NASA miss ions ,  although c a p a b i l i t i e s  f o r  i t s  launch e x i s t  a t  t he  
Western Test Range. 

The Off ice  of Space Science and Appl ica t ions  has  ass igned p r o j e c t  manage- 
ment t o  th.e 1,c:wi.s Research Center. 
and Space Corporation. Thor and A t l a s  boos te rs  a r e  procured through the  A i r  
Force. 

The pr ime con t r ac to r  i s  t h e  Lxkheed  Miss i l e s  

Funds requcst:ed f o r  FY 1967 w i l l  provide f o r  continued procuranent of t h e  
bas i c  Agena s:t:ag;es, A t l a s  and Thor boos ters ,  and t h e  adap ta t ion  of t he  Agena 
s t ages  f o r  mission p e c u l i a r  requirements.  
launch support:, i . e . ,  launch s e r v i c e s ,  p rope l l an t s ,  e t c . ,  w i l l  a l s o  be provided. 

The necessary  Atlas, "hor and Agena 

F i s c a l  yeam 1.967 Sus ta in ing  Engineering and Maintenance funds a r e  planned t o  
cont inue e f f o r t a  i n  shroud improvement, modi f ica t ions  and improvements t o  
launch pad ground support  equipment a t  both launch s i t e s ,  and miscel laneous 
engineer ing support  s e r v i c e s  . 

Centaur Procurement 

1967 --- 1965 1966 

Vehicle prcitluction.. ........... $27,828,000 $39,100,000 $35,381,000 
Atlas proc~u:ement .............. 5,496,000 6,470,000 9,769,000 
RL-10 engine procurement. ...... 4,700,000 3,200,000 3,lOC ,000 
Propell~nt~:.................... 2,040,000 1,230,000 1,75C, 000 
Sus ta in ing  engineer ing and 

maintenance. ................. 4,750,000 14,000,000 ~ 4 , 0 0 0 , 0 0 0  

Total . .  ................... s44,814,ooo $64,000, &4 , OOCI& 

The Centaw: v e h i c l e  i s  a high performance, gene ra l  purpose launch veh ic l e  
f o r  use on urlnanned luna r ,  p lane tary ,  s c i e n t i f i c ,  and a p p l i c a t i o n s  missions 
which exceed t h e  c a p a b i l i t y  of t h e  Atlas-Agena vehic le .  The present  procure- 
ment of ope ra t iona l  Centaur v e h i c l e s  i s  programmed t o  meet t h e  requirements of 
t he  Surveyor unmanned lunar  s u r f a c e  exp lo ra t ion  p r o j e c t ,  and t h e  'Mariner 
unmanned p lane ta ry  exp lo ra t ion  p ro jec t .  

A s  with t h e  Centaur development p r o j e c t ,  t h e  Off ice  of Space Science and 
Appl ica t ions  has ass igned p r o j e c t  management t o  t h e  Lewis Research C e n t e r ,  and 
the  prime con t r ac to r  i s  General Dynamics/Convair, San Diego, Ca l i fo rn ia .  P r a t  t 
and Whitney A i r c r a f t  Corporation of East Hartford,  Connecticut and West Palm 
Beach, Floricla i s  an a s s o c i a t e  con t r ac to r  f o r  t h e  15,000 pound t h r u s t  l i q u i d  
hydrogen engines,  and Minneapolis-Honeywell of St. Petersburg,  F lor ida  i s  an 
a s s o c i a t e  cont:ractor f o r  t h e  Centaur guidance system. 

FLD 8-!i 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF SPA(2EljCIENCE AND APPLICATIONS B IOSC IENCE P ILOGRAM 

PROGRAM OBJECTEES AND JUSTIFICATION : 

The Bioscience program cont inues t o  have two primary ob jec t ives .  The f i r s t  
is the  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 ,  with the  primary emphasis d i r c c t e d  
i n i t i a l l y  t o  t h e  p l ane t  Mars. The s p e c i f i c  aims of t h i s  ob jec t ive  incllude: 
(a) phys ica l  and chemical e v a l u a t i o n  of th mar t ian  s u r f a c e  as a possi1)le 
environment f o r  l i f e ;  (b) determina t ion  of whether or  no t  l i f e  e x i s t s ,  o r  has 
e x i s t e d ,  on Mars; (c) i f  l i f e  i n  some form e x i s t s ,  de te rmina t ion  of it!; 
c h a r a c t e r i s t i c s ;  and (d) i f  no l i f e  ex is t s  on Mars, i n v e s t i g a t i o n  of the  
p a t t e r n  of chemical evo lu t ion  i n  order  t o  eva lua te  the  p r o b a b i l i t y  of i t s  
f u t u r e  occurrence e i t h e r  spontaneously o r  by contamination. The search  f o r  
l i f e  on Mars is being implemented i n  two ways. S i n c e . a  de te rmina t ion  of t he  
ex i s t ence  of martian l i f e  r e q u i r e s  a t  least the  landing of l i f e - d e t e c t  ion 
experiment packages, the f e a s i b i l i t y  of conducting such s t u d i e s  using an 
Automated Bio logica l  Laboratory is  be ing  s tud ied .  Such an i n t e g r a t e d  SyS tern 
w i l l  be capable of performing var ious  experiments i n  a s e q u e n t i a l  f a sh ion  
r a t h e r  than having completely d i s c r e t e  experiments aboard. The concept of 
such a system inc ludes  the  a b i l i t y  t o  reprogram i t s  ana lyses ,  r epea t  vorious 
experiments;  and perform necessary computations on the  d a t a  i t  ob ta ins .  I n  
a d d i t i o n ,  a program of p l ane ta ry  quarant ine  e f f o r t  w a s  e s t a b l i s h e d  t o  ininimize 
the  p o s s i b i l i t y  t h a t  terrestrial organisms could contaminate Mars and thus 
des t roy  i t s  s c i e n t i f i c  value as a means of t e s t i n g  the  var ious  hypothes is  
regarding the  ex i s t ence  of e x t r a t e r r e s t r i a l  l i f e .  The Voyager spacecr ,nf t  w i l l  
provide the  f i r s t  c a p a b i l i t y  f o r  landing a s t e r i l i z e d  s c i e n t i f i c  packa,ge on 
t h e  su r face  of Mars. Continuous e f f o r t  w i l l  be made before  i n i t i a t i o n  of t he  
Voyager f l i g h t s  t o  a s su re  an adequate understanding of and s o l u t i o n  t o  t h e  
very  complex problems a s soc ia t ed  wi th  t h i s  e f f o r t  be fo re  commitment t c  f l i g h t  
hardware proc:urement . 

The second ob jec t ive  i s  d i r e c t e d  towards a t t a i n i n g  a thorough understanding 
of t he  e f f e c t s  of t he  space environment on terrestrial organisms. I ts  imple- 
mentation i n c l  d e s  ground-based experiments and the  B i o s a t e l l i t e  p r o j e c t .  The 
B i o s a t e l l i t e  w i l l  s tudy  the  b i o l o g i c a l  e f f e c t s  of weight lessness ,  t he  e f f e c t s  
of an environment d i sa s soc ia t ed  from the  inf luence  of t he  e a r t h ' s  r o t a t i o n ,  
and the  combined e f f e c t s  of r a d i a t i o n  and weight lessness .  Nineteen experiment:; 
have been assigned t o  the  r e s p e c t i v e  payloads of t he  B i o s a t e l l i t e  spacec ra f t .  
Each of t he  t h r e e  p r i n c i p a l  payloads has a backup i n  the  event  of f a i l u r e .  
I f  t he  f l i g h t s  tire s u c c e s s f u l ,  the  backup spacec ra f t  can be u t i l i z e d  t o  r epea t  
t he  experiments f o r  confirmation of t he  r e s u l t s .  
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A suppor t ing  program of b a s i c  and appl ied research  i s  being conducted i n  
conjunct ion with and support  of t he  Bioscience program ob jec t ives .  T t . i s  
e f f o r t  includes such work as  s t r u c t u r a l  and chemical a n a l y s i s  of t e r n  s t r ia1  
f o s s i l s  as a means of t r a c i n g  the  h i s t o r y  of l i f e  on e a r t h  i n  order  t c i  improve 
our capabj.lit:r of looking f o r  l i f e  o r  i t s  precursor  chemicals on the  nioon and 
p l ane t s  , the  development of automatic  systems f o r  conducting chemical u r ina ry  
analyses  dur ing  f l i g h t ,  ana lys i s  of percept ion  i n  r e l a t i o n  t o  continuzil t r a n s -  
formations of the  v i s u a l  scene of t h e  perce iver  , and the  development and 
min ia tu r i za t ion  of a b i o l o g i c a l  te lemetry device which may be u t i l i z e c  f o r  
te lemetry of b i o l o g i c a l  ac: t ivi ty  aboard space veh ic l e s .  

SUMMARY OF RESOlJRCES REQUIREMENTS : 

1965 1966 15167 

Supporting research and 
technology.,  ................. $12,501,000 $15,100,000 $L4,~'00,000 

Biosate:Llite. ................... 16,000,000 2 1,600,000 20 , ;'oo ,000 

Tota l . . . . . . . . . . . . . . . . . . . . . . . .  $28,501,000 $36 , 700,000 

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 :  

Goddaird :;,?ace F l i g h t  Center.  . $385,000 $420,000 $&20,000 
J e t  Pirop~ilsion Laboratory .... 1,519,000 2 , 337,000 2 ,!iOO,OOO 
Wallops S ta t ion . .  ............ 60,000 100 , 000 :.oo ,000 
Ames Research Center.  .... ,. ... 1 7  , 392,000 22 , 599,000 2 1  , !~00,000 
Langley lk sea rch  Center. .  .... --- 30,000 30,000 
NASA Ileatl'quarters ............ 9,145,000 11 , 214,000 10 ,~t50,000 

BAS IS OF l?UNI) --I REQUIREMENTS : 

Support ing Kesearch and Technology 

1!)67 - 1965 1366 

Exobiology ..................... $4 , 900,000 $5,000,000 $5,000 , 000 
Environnienral biology..  ........ 2,800,000 2 , 800,000 2 , r300,000 
Behavi oita 1 J i o 1  ogy ............. 2 , 100,000 2 , 100,000 2 , -00 ,000 

.............. 1,900,000 1 ,!)OO ,000 Phys ica l  b-i 3logy. 1 , 900,000 
Automated b i o l o g i c a l  labora tory  --- 1,000,000 1,000,000 
P lane t  airy (1 Ja rant  i ne  ........... -- - 1,000,000 1,000,000 

manned m i s s  ions . .  ............ 801,000 1,300,000 ' ~ 0 0 , 0 0 0  
Bioscience inves t iga t ions  for I 

\ I  
Tota l . . . . . . . . . . . .  ............. $12,50 1,000 $15,100,000 $14 , :'00 ,000 
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Exobiology 

The Exobiology program supports  t he  search f o r  e x t r a t e r r e s t r i a l  l i i e  , 
including ground-based s t u d i e s  regarding t h e  o r i g i n  of l i f e  on e a r t h ,  with 
p a r t i c u l a r  emphasis on the p o s s i b i l i t y  t h a t  some form of l i f e  may e x i s t  on 
t h e  p l a n e t  Mars. The ground-based s t u d i e s  are d i r e c t l y  r e l e v a n t  t o  the search 
f o r  e x t r a t e r r e s t r i a l  l i f e  s i n c e  the  d a t a  der ived from these  s t u d i e s  miiy lead 
t o  the formation of t e s t a b l e  hypotheses regarding t h e  o r i g i n  and na tu re  o€ 
long-evolved o r  i n c i p i e n t  p l ane ta ry  l i f e .  I n  a d d i t i o n ,  the development of 
s p a c e c r a f t  experiment packages f o r  b i o l o g i c a l  e x p l o r a t i o n  of the planc?ts may 
be a f f e c t e d  'by these i n v e s t i g a t i o n s  as w e l l  as by s t u d i e s  of the p l ane ta ry  
atmospheres and s u r f a c e s  and fly-by missions by s p a c e c r a f t  such its MaAner I V .  

1 
An a n a l y s i s  of f o s s i l  remains i n  anc ien t  terrestrial  rocks has pro-rided 

d a t a  of g r e a t  i n t e r e s t  i n  t r a c i n g  t h e  h i s t o r y  of terrestrial  l i f e .  One study 
employing high r e s o l u t i o n  mass spectrometry has  provided q u a n t i t a t i v e  ind ica -  
t i o n s  t h a t  when molecules a s soc ia t ed  with l i f e  are analyzed i n  r e c e n t  and 
anc ien t  sediments,  t h e  q u a n t i t i e s  of t hese  molecules decrease a t  a prc2dictable 
rate as t h e  age of t he  sediments i nc reases .  This technique i s  app l i c , i b l e  t o  
the  geochemical a n a l y s i s  of Apollo lunar  samples , t he  a n a l y s i s  of org mic  
matter i n  m e t e o r i t e s ,  and the  automated a n a l y s i s  of l i f e - r e l a t e d  compmnds on 
Mars. 

P r o t e i n s  and t h e i r  amino ac ids  are u n i v e r s a l  components of all. t e r r e s t r i a l  
organisms, and the most commonly abundant organic  chemical components of 
l i v i n g  th ings .  Although about 60 amino ac ids  are known t o  e x i s t ,  18 3re 
c o n s t i t u e n t s  of our contemporary b i o t a .  Of t hese ,  about h a l f  reroain s t a b l e  
f o r  m i l l i o n s  of years .  These f a c t s  suggest  t h a t  gas chromatography, nass 
Spectrometry, and the a p p l i c a t i o n  of classical  chemical techniques m a y  be 
u t i l i z e d  i n  the b i o l o g i c a l  e x p l o r a t i o n  of Mars. 

The develclpment of a completely automatic s o i l  processor  capable of 
analyzing s u r f a c e  p l ane ta ry  substances such as s o i l ,  d u s t ,  and d e b r i s  provides 
another  way of seeking t o  d e t e c t  and analyze e x t r a t e r r e s t r i a l  b i o l o g i c a l  
a c t i v i t y .  T h i s  device is based on the property of organic  chemicals generated 
by l i v i n g  ma t t e r  t o  t w i s t  a beam of plane po la r i zed  l i g h t  as the  l i g h t  passes 
through. A l l  l i v i n g  spec ie s  se lec t ,  con ta in ,  and produce o p t i c a l l y  a c t i v e  
substances.  The property i s  r e t a ined  i n  recent b i o l o g i c a l  r e s idues  and i n  
anc ien t  organic d e p o s i t s .  

The moon i s  considered by many biochemists t o  r e p r e s e n t  a unique oppor- 
t u n i t y  f o r  s tudy of p r e b i o l o g i c a l  chemistry and t o  provide an i n d i c a t i o n  of 
organic  chemistry t h a t  would probably have e x i s t e d  on the e a r t h  p r i o r  t o  the 
o r i g i n  of l i f e ,  maintained i n  "cold s to rage"  f o r  m i l l i o n s  o r  b i l l i o n s  of 
years .  This i s  amenable t o  s tudy by means of samples re turned b:g Apollo 
missions o r  Ln-situ s tudy by automated a n a l y t i c a l  equipment. 
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Envir omen  t a 1 B i o  1 ogy 

Researc:h i.n the Environmental Biology a rea  i s  concerned with t h e  b i o l o g i c a l  
e f f e c t s  of! the space environment on var ious l i v i n g  e a r t h  organisms, i r c l u d i n g  
man. Ground-.l>ased bedres t  experiments with men were made f o r  t he  prinlary 
purpose of determining the e x t e n t  and cause of musculo-skeletal  changes t h a t  
occur with psolonged bedres t .  S tud ie s  a s soc ia t ed  with these experiments 
i nd ica t ed  t h a t  d e f i n i t e  cardiovascular  decondi t ioning occurs a f t e r  30 days 
of bedrest. arid t h a t  almost complete recovery can be achieved by two weeks of 
aiiibu 1 a t  ory ac:!: i v  i t y . 

Research c)n the e f f e c t s  of stress on the cardiovascular  system during 
simulated space f l i g h t  has shown t h a t  ca rd iac  rhythms (pulse  and pressure)  
have been seriously a l t e r e d  by high no i se  l e v e l s  and changes i n  l i g h t  
i n t e n s i t y  . 

The met.abo:.ic e f f e c t s  of prolonged weight lessness  w i l l  be s tudied i n  the 
B i o s a t e l l i . t e  and o the r  manned and unmanned space missions by a system under 
development k i y  t he  Jet Propuls ion Laboratory.  This system w i l l  provide f o r  
i n - f l i g h t  ana:iys;es of phys io log ica l ly  s i g n i f i c a n t  u r ina ry  biochemical 
c o n s t i t u e n t s .  The system w i l l  be automated and w i l l  have a f u n c t i o n i r g  
c a p a b i l i t y  of about 45 days.  Once every s i x  hours ,  samples of u r ine  h i l l  be 
analyzed and the  r e s u l t s  telemetered t o  the experimenter providing hin with 
information regarding the  well-being of the s u b j e c t  r e l a t i v e  t o  s k e l e t a l ,  
muscular, and gene ra l  n u t r i t i o n a l  s t a t u s  as these  are a f f e c t e d  by space 
f l i g h t .  

Other stucli-es have extended our knowledge of the environmental extremes 
which organisns can endure and s t i l l  su rv ive .  Organisms obtained frolr such 
e a r t h  habi.tat:s a s  ho t  s p r i n g s ,  d e s e r t s ,  and cold a r c t i c  tundra have been 
grown under c:i.rcumstances usua l ly  considered l e t h a l .  The d a t a  r e s u l t i n g  from 
these  s tud ies ,  are of i n t e r e s t  i n  consider ing the p o s s i b i l i t y  of l i f e  i n  the 
reducing atmosphere of J u p i t e r .  

Behavioral  Biology 

Recent res;ct.arch has emphasized ground-based s t u d i e s  preparatory t o  i n -  
f l i g h t  experi.rnents on the e f f e c t s  of ze ro  g r a v i t y  and o the r  condi t ions 
p e c u l i a r  t.o t:he space environment on the  behavior of organisms. Emphasis 
has been p1ac:ct.d on the capac i ty  of organisms t o  a d j u s t  t o  a l t e r a t i o n s  i n  
g r a v i t y  , par  t:i.cular l y  the determinat ion of respons ivenes s of g r a v i t y  r e  cep t ors  
t o  t r a n s i e n t  and prolonged s t i m u l a t i o n .  Addit ional  s t u d i e s  have been con- 
ducted on the o r i e n t a t i o n  of b i o l o g i c a l  organisms i n  t i m e  and space i r  the 
absence of: teirres t r ia l  cues .  

Researc:h has involved neurophysiological ,  biochemical,  and behavioral  
analyses  whic:h have f u r t h e r  e luc ida ted  brain-behavior r e l a t i o n s h i p s  of impor- 
tance t o  organisms i n  environmental adap ta t ion .  These s t u d i e s  have enphasi-ced 
<hose neurobeliairiara 1 70 1 - s  w u  i n t a i n  artjvatian a nd -.a&.~ 3x1~~s . 
Other research has been concerned with problems of information s to rage  and 

____-- 
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r e t r i e v a l  i n  l i v i n g  systems,  using biochemical b iophys ica l ,  and e l e c t r o -  
phys io logica l  approaches. Related s t u d i e s  on processes  such as at tenl:ion, 
d i sc r imina t ion ,  percept ion ,  and mot iva t ion ,  as w e l l  as complex sensor:i.-motor 
func t ions  have lbeen product ive of new i n s i g h t s  i n t o  the  mechanisms of behavior 
and t h e i r  initceractions with the  space environment. 

Phys ica l  Biology 

The Phys ica l  Biology program suppor ts  research  i n  comparative physi.ology, --- 
____^_. "- ._ 

? io- ins t rumenta t ion  _-----*--__I_ adTWLZEuIZFEZiology. - Research i n  comparative pltysiology 
includes s t u d i e s  on l i v i n g  organisms which s p e c i f i c a l l y  lend themselves t o  
inves -7 t i . t i o i i s  i n  % i < i n ~ ~ l ~ c ~ h i c l e s  u -I--____ u- , on the  nutritio_n_aJ- requLre - 
ments of :Living organisms f o r  prolonged space t r a v e l ,  and on phys io log ica l  -- _. - -__ 
phenomena and dynamics -----__- o f  various_ systems. N u t r i t i o n a l  s t u d i e s  have $,horn 
t h a t  men can l i v e  on chemically-defined l i q u i d  d i e t s  f o r  a t  least s i x  months 

-- - ___ . 1----- ---LI 

._ ___ ._-_ _-- - - - - - -____I 
c---- ..-- - 

without  appaixnit i l l  e f f e c t s .  The dynamics of t he  body temperature rcsgulatory 
system, the  blood flow (card iovascular  system) , and the  hormonal systc:m a r e  
being s tudied  b:y phys ica l  modeling and a n a l y s i s  i n  an a t t e m p t  t o  undel-stand 
the  mechanics oE these  systems under normal condi t ions  as w e l l  as i n  stress 
s i t u a t i o n s .  

Various type:; of b i o l o g i c a l  ins t rumenta t ion  are being developed t o  measure 
and analyze var ious  b i o l o g i c a l ,  b iochemical ,  and b iophys ica l  phenomena. I n  
biological-  te lemetry, work i s  proceeding on the  development of a mult ichannel  
sens ing  implant i~ble  device i n  order  t o  measure, s imul taneous ly ,  a n u d e r  of 
biological-  arid behaviora l  a c t i v i t i e s .  I n  e l e c t r o n  microscopy, t he  de\lelopment: 
of superconducting lenses  may make i t  poss ib l e  t o  observe microscopic  material. 
f o r  longer p tx i cds  of t i m e .  

I n  t he  areis of molecular b io logy ,  r e sea rch  is  being conducted on b io logica l .  
systems at: the  molecular and c e l l u l a r  l e v e l s .  I n  work on the  coding clf amino 
ac ids  duri.ng p r o t e i n  s y n t h e s i s ,  i t  has been ca l cu la t ed  t h a t  t he  numerical 
poss ib i1 i t : i es  of amino ac ids  sequence i n  DNA (deoxyribonucleic  acid)  are of 
such magnitucle t h a t  they can account f o r  t he  evo lu t ion  of a l l  l i v i n g  forms. 

Automated B io log ica l  Laboratory 

I n  order  t:o conduct l i f e  d e t e c t i o n  s t u d i e s  on Mars, i t  w i l l  be necessary 
t o  develop art automatic ,  h igh ly  r e l i a b l e ,  t e c h n i c a l l y  s o p h i s t i c a t e d  b i o l o g i c a l  
experiment: system. The concept of an Automated B io log ica l  Laboratory (ABL) 
is  based upon the  convic t ion  of b i o l o g i s t s  t h a t  no s i n g l e  l i f e  d e t e c t c r  w i l l  
provide resul.1:~ capable of unambiguous i n t e r p r e t a t i o n .  The concept approach 
being inves ti.gat:ed through a f e a s i b i l i t y  s tudy  with the  Aeronutronics Div is ion  
of the  Philcct Corporat ion env i s ions  a system which can look f o r  many charac-  
t e r i s t i c s  of Life at one t ime,  and which has the  c a p a b i l i t y  of reprogramming 
i t s  analyses  , r epea t ing  i t s  experiments , performing the  necessary computations 
on the  result.j.ng d a t a ,  and t r ansmi t t i ng  t h i s  d a t a  t o  e a r t h .  

This integrat:ed experiment system could perform s c i e n t i f i c  exp lo ra t ions  
designed t o  determine the  phys ica l  and chemical c h a r a c t e r i s t i c s  of Mars , 
d e t e c t  the es:j.st:ence of macromolecules, d i r e c t l y  determine the  ex i s t ence  and 
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c h a r a c t e r i s  t i c s  of " l i f e " ,  and take  p i c t u r e s ,  both macroscopic and m ~ c r o -  
s cop ic ,  thrsugh the  l i g h t  s p e c t r a  from i n f r a r e d  through the v i s i b l e  and i n t o  
the  u l t r a v i o l e t  , 

The aeronut ronics  s tudy e s t ab l i shed  the  f e a s i b i l i t y  of t he  concept of an 
in t eg ra t ed  package of b i o l o g i c a l  experiments,  and presented a possib1.e design 
f o r  an N3L based c h i e f l y  on t h e  c u r r e n t  s ta te  of technology. The s tudy  a l s o  
r e su l t ed  i n  the sugges t ion  t h a t  t h i r t y  f i v e  experiments could be included on 
the f i r s t  Al3L. These experiments would only r equ i r e  twenty seven in: truments,  
however, s i n c e  s e v e r a l  of t he  instruments  could perform mul t ip le  expcmriments 

P lane  t a ry  Quarantine 

The searc:li €or e x t r a t e r r e s t r i a l  l i f e  has  t h e  p r e r e q u i s i t e  t h a t  no terres-  
t r i a l  organixns must be conveyed t o  t h e  p l ane t s  p r i o r  t o  the t i m e  s c j . e n t i f i c  
payloads arc? landed. It is a l s o  h ighly  important t h a t  l i f e  de tec t ior t  i n s t r u -  
ments a r e  devoid of e a r t h  organisms when they land on the  p l ane t .  Otherwise, 
they would d e t e c t  the l i f e  they c a r r i e d  when operated on the  p l a n e t s ,  I n  
order  t o  achieve t h e  goa l  of prevent ing the  t ransmission of e a r t h  orl;anisms 
t o  the  p:Lanets, var ious methods have undergone r igorous and in tens ivc  s tudy.  
Current  evidence i n d i c a t e s  t h a t  n e i t h e r  co ld ,  vacuum, u l t r a v i o l e t ,  nor  s o l a r  
r a d i a t i o n  wit 11 reduce microbia l  l i f e  t o  acceptable  l e v e l s .  

Since the  only two agents  t h a t  k i l l  microbia l  l i f e ,  both on the s t i r faces  
and i n  the  i n t e r i o r s  of s o l i d s ,  are hea t  and ion iz ing  r a d i a t i o n s ,  anc s ince  
r a d i a t i o n  as a s t e r i l i z i n g  agent i s  expensive,  complex, and dange row,  the  
p lane tary  quarant ine  program i s  seeking t o  u t i l i z e  hea t  as the primary means 
of spacec ra f t  s t e r i l i z a t i o n .  As a r e s u l t ,  i t  i s  necessary t o  develoi  space- 
c r a f t  p a r t s  t ha t  w i l l  withstand t h e  h e a t  required.  A r e l a t e d  requirement 
i s  t h a t  t he  quan t i ty  of b i o l o g i c a l  loading on the spacec ra f t  a t  the t i m e  i t  
i s  ready f o r  s t e r i l i z a t i o n  must be l imi t ed .  Research i n d i c a t e s  t h i s  may be 
accomplished most e f f e c t i v e l y  by applying hea t  o r  a decontaminate t o  the 
spacec ra f t  parts and then  assembling them i n  u l t r a c l e a n  roonis . Subse quent ly ,  
terminal  s t e r i l i z a t i o n  w i l l  be accomplished by hea t ing  t h e  spacecraf t  i n  d ry  
n i t rogen  f o r  a period of t i m e  p ropor t iona l  t o  the  number of l i v i n g  organisms 
on board,, I ' ina l ly ,  i t  w i l l  be necessary t o  p r o t e c t  the  s t e r i l e  spacec ra f t  
from reconta~nina t ion  dur ing  launch from the  e a r t h  by enc los ing  the s t e r i l e  
landing capsule i n  a he rme t i ca l ly  sea led  c a n i s t e r  which would be remcived when 
the spacecra.Et has reached ou te r  space.  

Bioscience Inves t iga t ions  f o r  Manned Missions 

For G e m i r i i  and Apollo e a r t h - o r b i t i n g  missions,  experiments a r e  i n  the 
development o r  f l i g h t  s t age ;  t h ree  of these  have a l ready  flown, y i e ld ing  
s i g n i f i c a n t  r e s u l t s .  The s y n e r g i s t i c  e f f e c t s  of r a d i a t i o n  and weight lessness  
on human white blood ce l l s  were demonstrated dur ing  the  GT-3 f l i g h t ,  Vision 
experiments conducted on GT-5 and GT-7 showed t h a t  the  v i s u a l  perforniance of 
the a s t ronau t s  d id  not  dec l ine  dur ing  the  period of f l i g h t  and t h a t  the  ground 
observat ions made from o r b i t a l  a l t i t u d e s  were wi th in  the pred ic ted  renge of 
s t a t i s t i c a l  p r o b a b i l i t y .  Two unique experiments being prepared f o r  Ppol lo  
earth-orbita:L development f l i g h t s  d e a l  wi th  ce l l  microscopy and s t i m  lus  - 
response re1.at:ionships of t h e  g rav i r ecep to r s  under condi t ions of acce le ra t ion .  
and we igh t la. ''isxiess. 
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P r a i s i n g  experiments have been i d e n t i f i e d ,  and prel iminary mission param- 
eters , and spaxec ra f t  requirements f o r  a manned zero-gravi ty  l abora to ry  are 
i n  the process of d e f i n i t i o n  f o r  t h e  post-Apollo t i m e  per iod.  Other manned 
p r o j e c t s  under s tudy concern t h e  use of s p a c e c r a f t  f o r  t he  s ter i le  c o l l e c t i o n  
and r e t u r n  of lunar  samples f o r  b i o l o g i c a l  analyses  on e a r t h ,  and bioscience 
problems a s soc ia t ed  with manned i n t e r p l a n e t a r y  missions.  

Bios ate 1 l i t e  

1965 1966 - 1967 ._ 

Spacecraft:. ....................... $10 . 980,000 $12 . 334,000 $12 . 900yOOo 
Expe ri.n;ent:s ....................... 4,936,000 8 , 641,000 7,100,00~3 
Ground operat ions.  ................ 84,000 625,000 - 700 ,OO!, 

Tota.1 Spac:ecraft and Operations.  $16,000,000 $21,600,000 $20 , 700,00(3 

Thor De l t a  (Launch Vehicle 
Proc.urenlent Program). ........... (2,500,000) (9,500,000') (4,500 ,OOQ 

T o t a l  (j.nc:luding Launch 
Vehic 1.e~). .................... ($18,500,000) ($31 . 100,000) ($25,200,000) - - . -  - 

The B b i o s a t e l l i t e  r e p r e s e n t s  t he  f i r s t  sys t ema t i c  e f f o r t  t o  i n v e s t i g a t e  the  
e f f e c t s  on b i o l o g i c a l  systems of such unique a spec t s  of t he  space environment 
as weigh.tlessness, the e f f e c t s  of combined weight lessness  and r a d i a t i o n ,  and 
the removal of l i v i n g  systems from the  d i rec t  in f luence  of t he  e a r t h ' s  
p e r i o d i c i t y .  The experiments w i l l  s tudy b i o l o g i c  func t ions  a t  the c e l l ,  
t i s s u e ,  organ: and organism l e v e l s  i n  a wide v a r i e t y  of p l a n t s  and animals. 
I n  order  t o  accommodate t h e  var ious experiments , t h ree  missions are required.  

The first: f l i g h t  w i l l  i n v e s t i g a t e  the b i o l o g i c a l  e f f e c t s  on seed l ings  , 
p l a n t s ,  and simple forms of l i f e  of we igh t l e s sness ,  and the effcects on p l a n t s ,  
animal c :e l I~ i  , and i n s e c t s  of t he  combination of weight lessness  and radiation..  
It w i l l  h a w  LI d u r a t i o n  of t h r e e  days.  The second f l i g h t ,  scheduled f o r  30 
days,  w i l l  i n v e s t i g a t e  t h e  e f f e c t s  of weight lessness  on a pr imate 's  gene ra l  
metabolic behavior and performance, and cardiovascular  and nervous systems. 
The 21-day f l i g h t  c o n s i s t s  of gene ra l  biology experiments t o  determine the  
e f f e c t s  of weight lessness  on p l a n t  growth and development, growth of i s o l a t e d  
human c e l l s . ,  g ros s  body composition and f u n c t i o n  i n  m a r m n a l s ,  and c i r c a d i a n  
(24-hour) xhyt:hms indigenous t o  the  organism. 

The B i o s a t e l l i t e  w i l l  be launched from Cape Kennedy by the  two-stage, 
thrust-augmented Thor Delta launch veh ic l e .  The experiments w i l l  be contain.ad 
i n  the  re-entry veh ic l e  while o t h e r  support ing equipment w i l l  be placed i n  
the adapter  s e c t i o n .  The adap te r  w i l l  be separated from the  r e - e n t r y  veh ic l e  
p r i o r  t o  t h e  I-etro maneuver. Recovery of the s p a c e c r a f t  w i l l  b'e by the  United 
S t a t e s  A i r  Force using aerial recovery techniques.  A backup recovery method 
w i l l  employ var ious water recovery techniques.  The recovered capsule w i l l  be  
de l ive red  t o  the l abora to ry  a t  Hickam A i r  Force Base, Honolulu, w i t h i n  s i x  
hours for post : - f l ight  examination of t he  experiments. 
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It is  ant:icipated t h a t  t h e  B i o s a t e l l i t e  f l i g h t s  w i l l  r e s u l t  i n  d a t a  which 
w i l l  have a wide range of a p p l i c a b i l i t y .  The t e s t i n g  of  b i o l o g i c a l  hypotheses 
i n  t h e  areas of g e n e t i c s ,  developmental biology,  environmental physic logy, and 
gene ra l  nietitl)oliism w i l l  be one r e s u l t  of these f l i g h t s .  The B i o s a t e l l i t e  
should a l s o  provide valuable  d a t a  p e r t a i n i n g  t o  b i o l o g i c a l  requiremer ts f o r  
prolonged miixined space f l i g h t ,  and the  p o s s i b i l i t y  of delayed e f f e c t s  appearing 
i n  l a te r  l i f e  o r  subsequent gene ra t ions  of animal s u b j e c t s  , with poss ib l e  
a p p l i c a t i o n s  t o  man. Also, t hese  f l i g h t s  should r e s u l t  i n  the develcpment and 
tes t  of new i.nntrumentation techniques,  s u r g i c a l  p repa ra t ions  , and o the r  pro-  
cedures and devices which may have medical and o t h e r  a p p l i c a t i o n s  t o  human 
beings.  

F i s c a l  year  1964 and p r i o r  years  funding f o r  t h i s  s i x  f l i g h t  program 
amounted t o  $10,412,000. Funding f o r  FY 1965 provided f o r  des ign ,  f a b r i c a t i c n ,  
and testi .ng of the s p a c e c r a f t ,  and continued funding f o r  experimlent development. 
Funding for I’Y 1966 provides f o r  f a b r i c a t i o n  and t e s t i n g  of t he  s p a c e c r a f t ,  
subsystem artcl system acceptance and q u a l i f i c a t i o n  tests of the prototype 
v e h i c l e ,  asstomlily and f u n c t i o n a l  t e s t i n g  of t he  3-day and 30-day f l i g h t  
veh ic l e s  and1 continued funding f o r  experiment development wi th  primary 
emphasis on the  3-day f l i g h t ,  Funding f o r  FY 1967 w i l l  emphasize f a b r i c a t i o n ,  
q u a l i f i c a t i o n ,  and systems t e s t i n g  of t he  30-day and 21-day s p a c e c r a f t ,  and 
continued furlding on experiment development f o r  these two s p a c e c r a f t .  Funding 
requirements f o r  FY 1968 t o  completion including launch veh ic l e s  are estimated 
t o  be $15,628,000. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF --- SPACE: SCIENCE AND APPLICATIONS METEOROLOGICAL SATELLITES PROGRAM 

PROGRAM 0BJECZ.VES AND JUSTIFICATION: 

The o b j e c t i v e s  of t h e  Meteorological S a t e l l i t e s  Program are: (1) t o  
develop a s a t e l l i t e  c a p a b i l i t y  f o r  g loba l  and l o c a l  readout  of cloud cover 
day and night., g loba l  q u a n t i t a t i v e  measurement of temperature ,  wind, m o i s -  
t u r e ,  and o t h e r  meteorological  f a c t o r s  as a func t ion  of he ight  under cont in-  
uous and v a r i a b l e  t i m e  s c a l e s ;  (2) t o  develop and implement f o r  the Depart- 
ment of Commerce,  Environmental Science Serv ices  Adminis t ra t ion (ESSA) , t he  
T i ros  Operat ional  S a t e l l i t e  (TOS) System; (3) t o  develop a meteorological  
soundings s y s t e m  t o  explore  and s tudy  t h e  atmosphere i n  t h e  r eg ion  20 t o  60 
m i l e s  a b m e  t.he! e a r t h ;  (4) t o  develop t h e  necessary  meteorology-related 
s p a c e c r a f t  technology and suppor t ing  equipment; and (5) t o  explore. t h e  u se  of 
manned spacec ra f t  f o r  meteorology. 

0bject.iver; (1) and (2) are accomplished by the  TirosjTOS Improvement, 
Meteoro1agic:al F l i g h t  Experiments and Nimbus projects; o b j e c t i v e  (3) is 
accomplished by Meteorological Sounding Rockets; and o b j e c t i v e s  (4) and (5) 
are acconipli.shc!d by the  Supporting Research and Technology/Advanced S tud ie s .  

Ten Ti.ros s p a c e c r a f t ,  inc luding  Tiros X funded by ESSA, have been suc- 
c e s s f u l l y  launched s i n c e  Apr i l  1960 providing cloud cover and meteorcillogical 
d a t a  f o r  r e sea rch  and ope ra t iona l  use.  T i r o s  IX and X w e r e  launched i n  1965. 
T i ros  IX,, a r e sea rch  and development sa te l l i te  i n  a "wheel" conf igu ra t ion ,  
w a s  essent ia l . ly  t h e  pro to type  s p a c e c r a f t  f o r  t h e  TOS System t o  be ope r a t e d  by 
ESSA s t a r t i n g  i n  1966. T i r o s  X w a s  launched i n t o  p o l a r  o r b i t  i n s t eac  of a 
sha rp ly  i.ncI:ined o r b i t  t o  provide m o r e  g loba l  coverage. 

Nimbus I:, s u c c e s s f u l l y  launched i n  August 1964, had an  a c t i v e  l i f e  of 
about one month due to  f a i l u r e  of t h e  s o l a r  a r r a y  d r i v e  mechanism. Three ad- 
d i t i o n a l  f l i g h t s  are planned, one each i n  1966, 1967 and 1969. These f l i g h t s  
w i l l  test:: (1:) improved power supply and d a t a  a c q u i s i t i o n  systems; (:2) i n i -  
t i a l  sensor:; f o r  ob ta in ing  v e r t i c a l  measurements of meteorological  da t a ;  and 
(3) sensors  imd systems t o  provide f u l l  g loba l  daytime and n ight t ime cloud 
cover d a t a  f o r  ope ra t iona l  use  by u t i l i z i n g  both d i r e c t  readout  capa t i i l i t y  
and s t o r e d  d a t a  f o r  release t o  d a t a  a c q u i s i t i o n  s t a t i o n s .  
a p p l i c a t i o n  of meteorological  s enso r s  on non-meteorological s a t e l l i t e s  i s  
conducted i n  the  Meteorological  F l i g h t  Experiments p r o j e c t  w i t h  p re sen t  e f f o r t  
d i r e c t e d  t o  tests on the  Appl ica t ions  Technology S a t e l l i t e s  (ATS). Igp rox i -  
mately 50 l a r g e  r e sea rch  rocke t s  and 100 small developmental sounding; rockets 
are launched p e r  year  a t  t h e  c u r r e n t  l e v e l  of e f f o r t  to  exp lo re  the  r eg ion  20 
t o  60 mi les  above the  e a r t h  and to  o b t a i n  meteoro logica l  d a t a  from t h i s  
region.  In  a d d i t i o n ,  the  p r o j e c t  inc ludes  f i e l d  experiment support  t o  acqu i re  
atmospheric d a t a  i n  the  20 to  60 m i l e  r eg ion  wi th  cooperat ing fo re ign  coun- 
tries. The i n v e s t i g a t i o n  of s c i e n t i f i c  techniques;  des ign  and development 
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of advanced components f o r  gene ra l  a p p l i c a t i o n ;  improved component r e l i a b i l -  
i t y  and l i f e t i m e ;  s tudy of d a t a  a c q u i s i t i o n  techniques;  and f e a s i b i l i t y  
s t u d i e s  on f u t u r e  spacec ra f t  des ign  and c a p a b i l i t i e s  are conducted under 
Supporting; Research and Technology/Advanced S tud ie s .  

SUMMARY OF RESOJRCES REQUIREMENTS : 

1967 --- 1965 1966 

Support i.ng res e arch and te  ch - 
nology/advanced s tud ie s . .  .... $7,311,000 $8,300,000 $9,100,000 

Tiros/TCB i.nprovements ......... 4 , 100,000 3 , 700,000 2,600,000 
Meteorol.ogj.c:al. f l i g h t  

experi.ment:s ................... 1,200,000 3,900,000 5,500,000 
Nimbus., ........................ 16,000,000 20,000,000 23,400,000 
Mete o r  01. ogi cal. s ound ings ....... 2 , 380,000 3,000,000 - 3,000,000 

Tota l  .I .. ..................... $30,991,000 $38,9Op,000 $43,60C ,000 

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

Marshall  Spixce F l i g h t  Center.  $120,000 $170,000 $17C ,000 
Goddard !ii>ace F l i g h t  Center. .  29,505,000 35,400,000 39,30C ,000 
Wallops Station.............. --- 180 , 000 140 , 000 
Electronics Research Center-. 17 5; 000 450 000 500 I 000 
Langley Research Center-... . .  425,000 630,000 630 , 000 
NASA Headquarters. .  .......... 766,000 2,070,000 2,86(1,000 

BASIS OF FUND -- REQUIREMENTS : 
jjupporting, Research and Technology/Advanced S tud ie s  

196;’ 
-7- 

1965 1966 

Synchronous me t e o r  ol ogi  cal 

Sensor requirements and 

Meteorological component 

Meteorological sensor  

--- $145,000 --- satel‘litt: .................... 
evaluat ion. . . . . . . . . . . . . . . . . . .  $2,554,000 2 , 635 , 000 $ 2  , 331; ,000 

development. ................. 2,215,000 2,044,000 1 , 791; ,000 

1,276,000 496,000 690,000 development....... ........... 
Advanced s:ystems and components 975,000 1 , 680,000 2,080,000 
Advanced s t u d i e s  ............... --- 100 , 000 100,000 

missions. . . . . . . . . . . . . . , . . . . . . .  291,000 1,200,000 - 2 , 100,000 
Applicat ions f o r  manned space 

Total . . . . . . . . . . . . . . . . . . . . . . . .  $7,3&0& ‘;9 100 000 5.h 
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The ob jec t ives  of t he  Supporting Research and Technology/Advanced S itudies 
are: (1) t o  develop and e v a l u a t e  components f o r  p o t e n t i a l  meteorologi  :a1 
satell i te system app l i ca t ion ;  (2) t o  des ign  and develop s a t e l l i t e  senslms f o r  
t he  d e t e c t i o n  and con t ro l l ed  a c q u i s i t i o n  of meteorological  d a t a  d i r e c t  Ly 
from the atmosphere and from o the r  sources ;  (3) t o  i n v e s t i g a t e  s c i e n t i E i c  
techniques and t o o l s  f o r  the  sys t ema t i c  observa t ion ,  a n a l y s i s  and subsequent 
i n t e r p r e t a t i o n .  olf meteorological  atmospheric phenomena; (4) t o  optimiz I 
satel l i te  performance and information r e t r i e v a l  techniques through advanced 
system ana lyses ;  and (5) t o  conduct advanced s t u d i e s  on f u t u r e  meteoro logica l  
sa te l l i te  systems and components. The r e s u l t s  obtained from t h i s  endeavor 
con t r ibu te  both t o  achieving the  r e sea rch  and development goa ls  o.E NASA and t o  
the  development of t he  ope ra t iona l  meteoro logica l  system f o r  ESSA. 

Pro jec t  d i r e c t i o n  i s  assigned t o  the  Off ice  of Space Science and Applicatioiis 
a t  NASA Headquarters,  wi th  implementation by Headquarters ,  Goddard Space 
F l i g h t  Center E:lectronics Research Center ,  and Marshall  Space F 1  igh t  Center. 

Funds were expended i n  FY 1965 and p r i o r  years  f o r  * t h e  des ign  .and eva lua-  
t i o n  of e l e c t  1-onic and mechanical ins t rumenta t ion  packages t o  conver t ,  amplify 
and process  d a t a  t h a t  w i l l  be acquired by advanced o p t i c a l  and i n f r a r e d  senso r s .  
S i g n i f i c a n t  aclviinces were achieved i n  developing engineer ing  prototypes of 
s e p a r a t e  sate:llj.te cameras t o  achieve automatic  day-night coveragce; t c  o b t a i n  
panoramic h igh  r e s o l u t i o n  d a t a ;  and t o  provide real-time readout  by ccntinuous 
image dissect::iori. New s t r i d e s  were made i n  sa te l l i t e  d a t a  s t o r a g e  techniques;  
d a t a  compacti.on s t u d i e s  were i n i t i a t e d  t o  ga in  g r e a t e r  d a t a  capac i ty .  Advanced 
sa te l l i t e  conixol and s t a b i l i z a t i o n  methods were i n v e s t i g a t e d ,  leading the  tray 
t o  v a s t l y  improved meteorological  instrument  platforms.  Funds were a l s o  u t i l - .  
ized f o r  new developments i n  rocke t  wind measurements, on i n i t i a l  e f fc l r t s  
t o  measure s t r a t o s p h e r i c  temperatures and the  thermal s t r u c t u r e  of the atmos - 
phere ,  and i n  the  s tudy of microwave sens ing  techniques and s f e r i c s  measuring 
techniques.  A f e a s i b i l i t y  s tudy  of a synchronous meteorological  s a t e l  l i t e  and 
s t u d i e s  of ntxe:;sary camera r e s o l u t i o n s  f o r  h ighly  e c c e n t r i c  and sync1 ronous 
o r b i t s  were also conducted. 

In FY 1966 e f f o r t s  are cont inuing i n  many of t he  above areas, such as an 
improved automatic  p i c t u r e  t ransmiss ion  (APT) camera and s t o r a g e  sys t em,  and 
improved elernents f o r  t he  i n t e r r o g a t i o n ,  recording and l o c a t i o n  subsystem 
(IES) f o r  process ing  meteorological  d a t a  from remote instrumented p1:ttforms. 
Research has been continued i n t o  the  r e l a t i o n s h i p  between the  h e a t  energy 
budget of t he  e a r t h  and l a r g e  s c a l e  atmospheric phenomena, and i n t o  continued 
development of an in t e r f e romete r  , spectrometer  and o the r  instruments  l:o 
measure the  s t r u c t u r e  and r a d i a t i o n  of t he  atmosphere. Techniques arc! being 
developed t o  measure the  i n t e n s i t y  and l o c a t i o n  of s f e r i c s  s i g n a l s ,  and the  
atmospheric d e n s i t y  by measurement of t he  r e f r a c t i o n  of s t a r l i g h t .  The f l i g h t  
model of *a rocketborne ozonesonde is  being completed. Advanced s imuliited and 
sca led  down systems are being completed f o r  t he  opt imiza t ion  of s a t e l l i t e  
con t ro l  and power components with emphasis on long l i f e  and r e l i a b l e  operatiort. 
S tudies  are also being performed i n  the  a r e a  of meteorological  experiments 
f o r  manned e a r t h  o r b i t i n g  s a t e l l i t e s .  
undertaken t o  determine the  system parameters of f u t u r e  ope ra t iona l  missions 
f o r  meteorological  satell i tes.  

An advanced mission s tudy  w i l l  be 
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I n  FY '1967, funds are required f o r  des ign  and development work. on remote 
microwave r a d i a t i o n  senso r s  t o  take advantage of r e c e n t  break-through:; i n  
frequency -mu 1 t i p 1 ier  components a t  experiment a1 m i  1 1 ime t e r wave l e  ng th: ; i n  t h e  
electromagnet ic  spectrum. Prototypes of advanced new cameras on whicli work 
w a s  i n i t i a t e d  i n  p r i o r  years  w i l l  be q u a l i f i e d  f o r  space f l i g h t .  Advmced 
sa te l l i t e  con t ro l  techniques , t o  r ep lace  p re sen t  r e a c t i o n  wheels and #isso- 
c i a t e d  gas -fed nozzles with passive g r a v i t y  r e a c t i n g  masses and i.mpro.red 
momentum damping techniques,  w i l l  proceed beyond i n i t i a l  s tudy s t a g e s .  The 
design of a f l e x i b l e  automatic computerized te lemetry system w i l l .  beg in a 
two-year development period , providing an extremely v e r s a t i l e  met:hod )f 
co l l ec t in ,g  s e v e r a l  types and rates of environmental d a t a  aboard the  s x t e l l i t e  
f o r  t r a n s m i t t a l  t o  the ground. Microminiaturized t r a n s m i t t e r s  arid re 2eivers 
w i l l  be produced f o r  var ious s a t e l l i t e  needs,  and w i l l  s i g n i f i c a n t l y  Zdvance 
the p re sen t  c a p a b i l i t i e s  f o r  very l o w  power, high r e l i a b i l i t y ,  and coinpact- 
ness i n  phys i ca l  s i z e .  So l id  s ta te  devices  w i l l  be inves t iga t ed  as a poss ib l e  
replacement f o r  some of the pick-up tubes p r e s e n t l y  used, and w i l . 1  r e s u l t  i n  
improvements i n  l i f e  and r e l i a b i l i t y .  Advanced mission s t u d i e s  w i l l  >e con- 
t inued on f u t u r e  ope ra t iona l  meteorological  systems, leading towards a second 
gene ra t ion  ope ra t iona l  s a t e l l i t e  system. 

Applicaticlns f o r  manned space missions include the s tudy and development 
of s c i e n t i f i c  i n v e s t i g a t i o n s  and advanced remote sens ing  equipment f o r  manned 
o r b i t a l  s p a c e c r a f t .  These experiments w i l l  be u t i l i z e d  f o r  t he  observat ion 
of atmospheric phenomena and i ts  e f f e c t s  on the  terrestr ia l  environment. 
Several  i n v e s t i g a t i o n s  of t h i s  type have taken place on manned Gemini f l i g h t s .  
Studies  o f  experiments f o r  Apollo manned o r b i t a l  missions were i n i t i a t e d  i n  
FY 1965 and E'Y 1966 t o  select  experiments t o  take f u l l  advantage of manned 
space f l i g h t  mi.ssions and c a p a b i l i t i e s .  F i s c a l  Year 1967 funds w i l l  be  used 
t o  continue t h i s  e f f o r t .  

Tiros  /TOS Improvements 

1965 

Spacecraft:, .  ..................... $1,400,000 
Ground s up p or t .................. 1,250,000 
TOS improvc!ments ................ 1,450,000 

Total. Spacecraf t  and Support. . $J4,100,000 

Delta (Laumch Vehicle Procure- 
ment Program) ................. (400,000) 

Total  (i.nc1.uding Launch - 
Vehicl.cts)l.. ................. ($4,500,000) 

1966 

$400,000 
3,300,000 

$3,700,000 

($3,700,000) 

1967 
I_ 

$2,600,000 

- $2,600,000 

- (---I 

($2,600,000) - 
The success fu l  launch and ope ra t ion  of T i r o s  I X  has demonstrated the  

f e a s i b i l i t y  of ob ta in ing  nea r ly  g loba l  cloud coverage of t he  s u n l i t  p o r t i o n  
of t he  e a r t h  on a d a i l y  b a s i s .  The o b j e c t i v e s  of t h e  cont inuing T i r c l s  re- 
search and development p r o j e c t  a r e  t o  provide developmental support  f or the 
TOS system. 
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During 1965 ,I t h e  n i n t h  and t e n t h  T i ros  sa te l l i tes  w e r e  s u c c e s s f u l l y  
launched. T i ros  I X  demonstrated t h e  c a p a b i l i t y  of a car twheel  configured 
s p a c e c r a f t  t:o provide g l o b a l  d a y l i g h t  cloud cover p i c t u r e s  on a d a i l y  b a s i s .  
T i ros  I X  has d e f i n i t e l y  e s t a b l i s h e d  t h e  f e a s i b i l i t y  of t he  cartwheel concept 
f o r  t h e  T i r c w  Operational S a t e l l i t e  (TOS) system. With T i ros  I X  d a t a ,  ESSA 
r o u t i n e l y  prepared d a i l y  g loba l  cloud maps f o r  use i n  ope ra t iona l  weother 
forecastimg. T i ros  X ,  which was t h e  f i r s t  Tiros  s p a c e c r a f t  funded b j  ESSA, 
was 1aunc:hecl i n  J u l y  1965 t o  i n su re  t h a t  t h e r e  would be s a t e l l i t e  coterage 
during the l-!J6!j hur r i cane  season. These sa te l l i t es ,  t o g e t h e r  with T i ros  V I 1  
and V I 1 1  which continue t o  ope ra t e  i n  o r b i t ,  have made p o s s i b l e  world-wide 
cloud coverage s i n c e  February 1965. 

The Tiros  Operat ional  S a t e l l i t e  (TOS) improvements e f f o r t  i n i t i a t e d  i n  
FY 1965 provides f o r  t he  r e sea rch  and development of components and sub- 
systems t:owai:d:; meeting t h e  s t a t e d  evo lu t iona ry  requirements of the 1'0s 
system. The requirements include the  fol lowing o b j e c t i v e s  : (1) increased 
r e l i a b i l i t y  (2) extended l i f e ,  (3) expanded sensor  c a p a b i l i t y ,  and (4) 
improved ope ra t iona l  c a p a b i l i t y .  Attainment of t hese  o b j e c t i v e s  w i l l  r e s u l t  
i n  less freqiieiit sa te l l i t e  replacement and a more economical Operational 
sys  t e m .  P r e s e n t l y  , two s e p a r a t e  TOS s p a c e c r a f t  are requ i r ed ,  one t o  provide 
g l o b a l  clloud cover d a t a  and another  t o  provide l o c a l  cloud cover d a t a .  The 
major ob jec t  i.ve of our TOS improvements e f f o r t  has been d i r e c t e d  towards the  
inco rpora t ion  of both of t hese  c a p a b i l i t i e s  i n t o  a s i n g l e  s p a c e c r a f t  by com- 
b in ing  a t a p s  r eco rde r  with automatic p i c t u r e  t ransmission (APT). Tkle next  
s t e p  beyond t h i s  i s  t h e  e f f o r t  t o  r ep lace  t h e  camera systems with the, High 
Resolut ion :Ciif.rared Radiometer (HRIR) t o  g ive  TOS a night t ime g l o b a l  cloud 
cover c a p a b i l i t y .  A f e a s i b i l i t y  s tudy  has a l r eady  been completed covering 
the  synchronizat ion of t he  radiometer scan with s p a c e c r a f t  r o t a t i o n  t o pro- 
duce goa l  q u a l i t y  cloud p i c t u r e s .  A f u r t h e r  e f f o r t  t o  extend the  HR1.R capa- 
b i l i t y  t o  both day and n i g h t  (only the  la t ter  w a s  demonstrated by Nicibus I) 
is  already underway. This is the program t o  a t t a i n  the  d e s i r a b l e  o b - e c t i v e  
of a s i n g l e  operat ional  s p a c e c r a f t  w i th  both day and n i g h t  g l o b a l  cloud cover 
c a p a b i l i t y .  

The Off ice  of Space Science and Applicat ions is r e spons ib l e  for t he  o v e r a l l  
management of  t h i s  p r o j e c t .  Respons ib i l i t y  f o r  p r o j e c t  management i s  assigned 
t o  Goddard Space F l i g h t  Center.  The major s p a c e c r a f t  con t r ac to r  i s  I:adio 
Corporat ion of America. 

The F'I 1964 and p r i o r  year  funding f o r  t he  c u r r e n t l y  approved 10 : f l igh t  
program, including launch v e h i c l e s ,  amounted t o  $43.5 mil l ion .  The -965 
funds were u t i l i z e d  t o  complete funding f o r  t h e  development and 1aunc:h of 
Tiros  I X ,  ground operat ions t o  support  Tiros  V I I ,  V I I I ,  and I X  i n  o r l j i t ,  and 
improvement.; t o  the TOS system. The FY 1966 funds are being used to  inc re -  
mentally fund f o r  t h e  APT with r eco rde r  developments, ground operat ions t o  
support  Tiros V I I ,  V I I I ,  IX, and X, and improvements t o  t h e  TOS systizm. The 
FY 1967 r eques t  w i l l  continue funding of TOS improvement subsystems. 
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Meteorological F l i g h t  Experiments 

1567 - 1965 1966 

Me teorol.ogj.ca:l f l i g h t  
experiments . . . . . . . . . . . . . . . . . . . $1,200,000 $3,900,000 $5,500,000 

The ob jec t ive  of the Meteorological F l i g h t  Experiments e f f o r t  i s  t c  con- 
duct  meteoro1~11g:ical research and development on nonmeteoro logica l  s a t e l l i t e s  
and space veh ic Les . Meteorological experiments w i l l  be conducted on i q p l i c a -  
t i o n s  Technoltc~gy S a t e l l i t e s  to:  (1) eva lua te  f e a s i b i l i t y  of t he  oper:,tion of 
meteorological s enso r s  and components aboard g r a v i t y  g r a d i e n t  s t a b i l i z c  d space- 
c r a f t  a t  medium and synchronous a l t i t u d e s ;  (2) t es t  new camera s y s t e m s  and 
techniques a1ma:cd both s p i n  s t a b i l i z e d  and g r a v i t y  g r a d i e n t  s t a b i l i z e c  space- 
c r a f t ;  (311 demonstrate new concepts i n  weather d a t a  c o l l e c t i o n  v i a  synchronous 
s a t e l l i t e s ;  iand ( 4 )  eva lua te  the  u t i l i t y  of weather d a t a  disseminatiort  v i a  
synchronous a l t i t u d e  sa te l l i t es .  The s p i n  scan camera experiment planned f o r  
t he  f i r s t  ATS, ,ATS-B, w i l l  i n v e s t i g a t e  the  meteorological u t i l i t y  of cloud 
photographs taken from synchronous a l t i t u d e  t o  d e t e c t  and t r a c k  storm$#, 
p a r t i c u l a r l y  sho r t - l i ved  phenomena such as thunderstorms, waterspouts  and 
tornadoes.  Zrcperience der ived from t h i s  i n i t i a l  experiment w i l l  be used t o  
develop new sen,sors and techniques f o r  obtaining cloud d a t a  from synchronous 
a l t i t u d e  on ATS-C, D ,  and E.  

The Off ice  of Space Science and Applicat ions i s  r e spons ib l e  f a r  t hc  o v e r a l l  
management of t h i s  p r o j e c t .  Respons ib i l i t y  for p r o j e c t  management i s  assigned 
t o  Goddard Space F l i g h t  Center.  

This p r o j e c t  w a s  i n i t i a t e d  i n  FY 1965. F i s c a l  Year 1965 fundi.ng W~IS 
u t i l i z e d  t o  procure and modify high and low r e s o l u t i o n  cameras and provide 
f o r  ground equipment and i n t e g r a t i o n  support  f o r  the experiments f o r  ,ITS-A. 
F i s c a l  Year 1966 funds are being used t o  procure vidicon cameras f o r  ATS-A, 
t o  procure image d i s s e c t o r  cameras f o r  ATS-C, f l i g h t  hardware for the weather 
d a t a  disseminat ion (WEFAX) experiment,  and t o  provide ground support  If the 
s p i n  scan  carrera experiment on ATS-B. The FY 1967 funds are required t o  
complete procurement of t h e  high and low r e s o l u t i o n  cameras f o r  ATS-A, the 
image d i s s e c t o r  o r  equ iva len t  s p i n  scan camera, and Omega P o s i t i o n  Lozation 
Experiment (CiPLE) s p a c e c r a f t  hardware f o r  ATS-C; t o  i n i t i a t e  t he  camera and 
WEFAX hardware development f o r  ATS-D and E; and t o  incremental ly  fund t h e  
unique ground equipment, p lus  operat ions and d a t a  e v a l u a t i o n  f o r  the kTS 
meteorologica.1 experiments. It is a n t i c i p a t e d  t h a t  t hese  experiments w i l l  
h e l p  t o  de f i r l e  the conf igu ra t ion  of a synchronous meteorological  s a t e l l i t e .  

RII  10-6 



Nimbus 

191'5 7 --- 1965 1966 

Spacecraft . . . . . . . . .  ............ $9,032,000 $11 , 795,000 $9,5OO,OOO 

Ground operat ions and support .  . 3,077,000 3,380,000 - 4,000,000 
Experiments.. .................. 3,891,000 4 , 825,000 9,900,000 

Tota l  Spacecraf t  and Support. $16,000,000 $20,000 .OOO !;23.400,000 

Thorad-Agena (Launch Vehicle 
Procurement Program) ......... (3,89 8,000) (3,742,000) j5.331,OOO) 

Tota l  ( inc luding  Launch 
Vehicles). ................. (il9.898,OOO) ($23,742,000) ($28,731,000) -- 

The ob jec t ives  of the  Nimbus p r o j e c t  are: (1) t o  develop a spacec ra f t  
with adequate power supply and s t a b i l i z a t i o n  t o  test a number of meteorolog- 
i c a l  sensors ;  (2) t o  develop a v a r i e t y  of meteorological  sensors  to ob ta in  
day and n igh t  cloud cover and t o  ob ta in  atmospheric d a t a  such as p res su re ,  
temperature,  wind, and water vapor a t  var ious  a l t i t u d e s  over t h e  globe; and 
(3) t o  test  these sensors  and a s soc ia t ed  d a t a  a c q u i s i t i o n  and handl ing 
techniques pri.or t o  recommending t h e i r  use on the  ope ra t iona l  sysr:ems funded 
by ESSA. The da.ta obtained a re  made a v a i l a b l e  f o r  meteorological  research  
and opera t iona l  use t o  the  ESSA and o the r  domestic and fo re ign  weather 
s e r v i c e s .  The Nimbus spacec ra f t  i s  l a r g e r  than the  TIROS or TOS and i s  
or ien ted  t o  view the e a r t h  a t  a l l  times; thus ,  i t  provides a b a s i c  s a t e l l i t e  
system fo r  testi .ng a v a r i e t y  of subsystems sensors  and meteorological  
experiments. 

The succes&fu l  launch of Nimbus I on August 28, 1964, proved the  b a s i c  
spacec ra f t  conf igura t ion  and the  usefu lness  of the  meteorological  sensors  
t e s t e d  which included th ree  vidicon cameras f o r  g loba l  daytime cloud cover 
d a t a ,  a high r e s o l u t i o n  i n f r a r e d  radiometer (HRIR) f o r  g loba l  niglitime cloud 
cover and the automatic p i c t u r e  t ransmiss ion  (APT) system f o r  d i r e c t  t r a n s -  
mission of realt-ime day l igh t  cloud cover p i c t u r e s  t o  s m a l l  l o c a l  weather 
s t a t i o n s .  A f a i l u r e  i n  the  s o l a r  a r r a y  d r i v e  reduced power which caused the  
terminat ion of use fu l  d a t a  a f t e r  approximately one month of success fu l  
operat ion.  PI new experiment,  a Medium Resolut ion In f r a red  Radiometer (MRIR) 
w i l l  be fl.owrt, i n  add i t ion  t o  improved vers ions  of the  sensors  t e s t e d  on 
Nimbus I. 
h e a t  balance,  arid r ep resen t s  one of the most s i g n i f i c a n t  meteorological  
experiments so f a r  undertaken. I n  a d d i t i o n  t o  the  MRIR, t he  Nimbus C space- 
c r a f t  will .  t e s t  vidicon cameras and a High Resolut ion In f r a red  Radiometer 
(HRIR) fox gl.obiil and l o c a l  cloud cover d a t a ,  both day and n ight .  Ninbus C 
w i l l  provi.de KSSA i n  nea r ly  realtime HRIR d a t a  f o r  opera t iona l  purposes and 
i n i t i a t e  exper i~nenta t ion  with night t ime direct  l o c a l  readout of HRIR data 
through local- APT ground s t a t i o n s .  Modif icat ions have been made t o  t h e  s o l a r  
a r r a y  d r i v e  mzchanisms i n  the  spacec ra f t .  

The MRIR experiment w i l l  permit a f u l l  g loba l  s tudy of the  e a r t h ' s  
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The cu r ren t  Nimbus program includes the  development of two add i t i o i i a l  
s p a c e c r a f t  (Nimbus B and D) scheduled f o r  launch i n  1967 and 1969 respectivel 'y. 
S i g n i f i c a n t  s p a c e c r a f t  and meteorological  s enso r  advances are being d w e  loped 
f o r  t e s t i n g  on these f l i g h t s  such as: (1) a 50-watt radioisotope t h e m o -  
e l ec t r i c  generator  (RTG) which w i l l  demonstrate t he  f e a s i b i l i t y  of RTG long 
l i f e  power s u p p l i e s  f o r  meteorological  sa te l l i tes ;  (2) new experiment:; f o r  
determining the temperature p r o f i l e  and t h e  water vapor content  of t he  atmos- 
phere such as spectrometers  developed by NASA and ESSA; (3) a sensor  IO 
measure the s o l a r  f l u x  i n  the u l t r a v i o l e t  s p e c t r a l  r eg ion  t o  determine i t s  
inf luence on t h e  upper l aye r s  of t he  atmosphere; and ( 4 )  i n i t i a l  expe rimenta- 
t i o n  i n  c o l l e c t i n g ,  r eco rd ing ,  and r e l a y i n g  d a t a  from a number of sensors  
placed on and above the e a r t h ' s  s u r f a c e  t o  record atmospheric and meteorolog- 
i ca l  d a t a .  These Nimbus f l i g h t s  w i l l  test  the  i n i t i a l  sensors  f o r  obzaining 
v e r t i c a l  measurements of meteorological  d a t a  such as temperature and iflater 
vapor con ten t ,  and test  senso r s  and systems t o  provide f u l l  g loba l  daf t ime 
and nighttime cloud cover d a t a  f o r  ope ra t iona l  use by d i r e c t  readout md a l s o  
by s t o r e d  d a t a  f o r  release t o  d a t a  a c q u i s i t i o n  s t a t i o n s .  

The Office of Space Science and App l i ca t ions ,  NASA Headquarters i s  respon- 
s i b l e  f o r  the o v e r a l l  management of the Nimbus p r o j e c t .  Respons:Lbility f o r  
p r o j e c t  management i s  assigned t o  the  Goddard Space F l i g h t  Center.  T i e  major 
con t r ac to r s  a r e  General Electr ic  f o r  i n t e g r a t i o n  and test of the spac2c ra f t  
and f o r  the c o n t r o l s  subsystems and the  Radio Corporation of America f o r  
camera subsys terns. 

F i s c a l  Y e a x  1964 and p r i o r  years  funding including launch v e h i c l e s  amounted 
t o  $107.3 m i l l i o n .  F i s c a l  Year 1965 funds were u t i l i z e d  t o  complete the 
Nimbus C spac.ecraf t ,  incremental  funding of t he  Nimbus B s p a c e c r a f t ,  experi-  
ments, and r e l a t e d  ground operat ions and support .  F i s c a l  Year 1'966 funds 
are being u t i l i z e d  f o r  f i n a l  p repa ra t ion ,  launch and ground operat ions f o r  
Nimbus C y  incremental  funding t o  continue the  Nimbus B s p a c e c r a f t  , experiments , 
ground operat.ions , and support  e f f o r t s ,  and t o  i n i t i a t e  d e f i n i t i o n  and design 
s t u d i e s  of t he  Nimbus D s p a c e c r a f t  and experiments. F i s c a l  Year 1967 funds 
are required f o r  ground ope ra t ions  and support  of the Nimbus C s p a c e c r a f t  t o  
be  launched i n  1966; t o  continue t h e  development of the Nimbus B s p a c e c r a f t ;  
and more advanced experiments and i n i t i a l  hardware development f o r  t he  
Nimbus D spac:ec:raft . Funding requirements i nc lud ing  launch veh ic l e  procure - 
ment f o r  FY 1.968 t o  completion of t h i s  four  s p a c e c r a f t  f l i g h t  pr3gran are 
e s t i m a t e d  t o  be $56.2 m i l l i o n .  

Meteorological Soundinps 

1965 1966 

Large research sounding rockets .  $1,920,000 $1,920,000 
Sounding rocket system deve1.- 

opmertt., ........................ 425,000 630,000 
F i e l d  e!xp~:i:ir;ient support .  ....... 35,000 450,000 

Total.. ......................... $2,380,000 $3,000,000 

1967 - 
$1 , 920,000 

630,000 
_. 450,000 

~ 0 0 0 , 0 0 0  - 
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The o b j e c t i v e s  of Meteorological Soundings Program are to:  (1;) devlelop 
the  systems and techniques f o r  e x p l o r a t i o n  of the r eg ion  20 t o  60 mi l e s  above 
t h e  e a r t h ;  (2) i n v e s t i g a t e  the s t r u c t u r e  and c h a r a c t e r i s t i c s  of t he  up!?er 
atmosphere; and (3) provide f o r  t he  exchange of d a t a  obtained from t h i s  
region amoilg cooperat ing c o u n t r i e s .  Research i n d i c a t e s  t h a t  t h i s  r e g i m  may 
ac t  as an impcrtant l i n k  between the  s u n ' s  energy and t h e  dynamic:; of the 
weather of the lower atmosphere. 

The o b j e c t i v e  of t h e  l a r g e  r e sea rch  sounding rocke t s  e f f o r t  i s  t o  develop 
and improve senso r s  and techniques f o r  ob ta in ing  meteorological  d a t a  on the  
composition, s t r u c t u r e  and behavior of t h e  atmosphere i n  the  region 40 t o  60 
m i l e s  above t h e  e a r t h .  The o b j e c t i v e  of t he  s m a l l  sounding rocke t  system 
development e f f o r t  i s  t o  develop a r e l i a b l e ,  inexpensive,  s i m p l i f i e d  s y s t e m ,  
including the  r o c k e t ,  s enso r s ,  and d a t a  a c q u i s i t i o n  techniques,  f o r  ob ta in ing  
similar d a t a  i n  t h e  region 20 t o  40 m i l e s  above the  e a r t h .  The f i e l d  experi-  
ment support  e f f o r t  provides  f o r  the sounding rocke t  experiments i n  coopera- 
t i o n  with o the r  c o u n t r i e s .  NASA i s  cooperat ing wi th  s e v e r a l  foretgii  coun- 
tries i n  a s s i s t i n g  them t o  e s t a b l i s h  meteorological rocketsonde f a c i l i t i e s .  
Through t h i s  suppor t ,  u s e f u l  d a t a  are obtained over t h e  t e r r i t o r i e s  of co- 
ope ra t ing  f o r e i g n  c o u n t r i e s  on a cos t - sha r ing  b a s i s ,  involving no exchange of 
funds. 

F i s c a l  Year 1964 and p r i o r  year  funding amounted t o  $4.1 m i l l i o n  of which 
$3.5 m i l l i o n  was u t i l i z e d  f o r  l a r g e  r e sea rch  rocke t s  and $600,000 f o r  small 
rocke t  development. 

During FY 1965, 49 l a r g e  r e s e a r c h  rocke t s  were launched c o n s i s t i n g  of 26 
grenade experiments,  1 3  sodium vapor t ra i l  and 10 P i t o t - s t a t i c  tube expe r i -  
ments. In  Janua.ry 1965, Point  Barrow, Alaska w a s  e s t a b l i s h e d  as a launch s i t e  
and provided measurements of the atmospheric s t r u c t u r e  during the A r c t i c  n igh t  
f o r  comparisort w i th  measurements a t  o t h e r  s i tes  w i t h  which they were coordi-  
nated.  Eight of t he  P i t o t - s t a t i c  tube experiments w e r e  launched Erom ship-  
board i n  the South P a c i f i c  off t h e  coas t  of South America spaced Erom t h e  
equator t o  60''s l a t i t u d e  t o  provide f o r  t he  f i r s t  meteorological measurements 
above 30 miles  i n  t h i s  area. In  the small meteorological sounding p r o j e c t ,  
100 small developmental sounding r o c k e t s  were launched t o  provide upper atmos- 
phere d a t a  anc! t o  test  s e v e r a l  developments, such as a new parachute configu- 
r a t i o n ,  a ruggediized t r a n s m i t t i n g  tube and a n  improved temperature sensor .  I n  
a d d i t i o n ,  s t u d i e s  were conducted on t h e  design and performance of rocke t  motors 
and on the  dekelopment of consumable rocke t  motor cas ings .  

I n  FY 1966, approximately 50 l a r g e  r e sea rch  rocke t  launches are  planned. 
These launches w i l l  cont inue the  s tudy of t h e  r e l a t i o n  of t he  A r c t i c  atmos- 
p h e r i c  s t r u c t L r e  t o  t h a t  i n  the  sub-Arctic,  mid - l a t i t udes ,  and the  t r o p i c s  
during var ious seasons including t h e  t i m e  of g r e a t e s t  frequency oE n o c t i -  
l u c e n t  clouds.  F l i g h t  t e s t s  w i l l  be conducted wi th  a new payload t o  measure 
the  amount of ozone i n  t h e  upper atmosphere. Also, t he  funds w i l l  be u t i l i z e d  
t o  cont inue the  development of t h e  small sounding rocke t  system iiivolving 
the launch of about 100 small developmental sounding rocke t s ,  f l i g h t  tes t  of 
va r ious  pay1oe.d components and r e sea rch  t o  improve rocke t  performnmce and 
reduce f a l l i n g ,  mass hazard.  An i n t e r n a t i o n a l  cooperat ive f i e l d  experiment 
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p r o j e c t  w a s  i n i t i a t e d  with Argentina and B r a z i l  f o r  t he  establ ishment  of two 
launch si.tes8 i n  South America and the coord ina t ion  of meteorological  launches 
from these sites with launches i n  North America. 

I n  FY 1967, funds are required t o  provide f o r  t he  launch of approximately 
50 l a rge  resczarch rockets  and 100 s m a l l  developmental sounding rocke t s  deve l -  
opment arul i.nprovement of sounding rocket  systems and i n i t i a t i o n  of des ign  
and deve1.opmmt e f f o r t s  on an advanced system. Also,  funds are required f o r  
the conti.nual:ion, extension and development of f i e l d  experiment p r o j e c t s  
j o i n t l y  with coun t r i e s  i n  South America, Europe and Asia t o  s tudy and observe 
the upper atmosphere through the coordinated launches of s m a l l  develcpmental 
sounding rocke t s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS COMMUNICATION AND APPLIiXATI ONS 
TECHNOLOGY SATELLITE!; PROGRAM_ 

PROGRAM OBJECJIVES AND JUSTIFICATION : 

The previously separa te  Communication S a t e l l i t e  Program and t h e  Applica- 
t i o n s  Technology S a t e l l i t e s  Program a r e  combined i n t o  one program en1:itled 
Cominuniciation and Applications Technology S a t e l l i t e s .  The object iver ;  of t h e  
combined pro3ram a r e  t o ;  (1) assure  t h a t  technology r equ i r ed  fo r  es t ; rb l i sh-  
ment of f u t u r e  communication, navigat ion,  and o t h e r  a p p l i c a t i o n s  satellite 
systems :Is developed, (2) study requirements f o r ,  and t e c h n i c a l l y  asriess t h e  
app1icab:ilil::y of s a t e l l i t e s  t o  t h e  f u t u r e  needs of communication, n a v i g a t i o n ,  
and o t h e r  promising a p p l i c a t i o n s  systems, and (3) f u l f i l l  NASA's r e spons i -  
b i l i t i e s  under the  Communications S a t e l l i t e  Act of 1962. 

Serving i I S  , relay s t a t i o n s  a t  a l t i t u d e s  t h a t  a r e  w i t h i n  l i n e - o f  - s igh t  of 
d i s t a n t  p o i n t s  on t h e  e a r t h ' s  s u r f a c e ,  communications s a t e l l i t e s  offer micro- 
wave cornruniliaition over long d i s t a n c e s ,  not p r e s e n t l y  a t t a i n e d  by hig;h 
frequency radio.  They t h e r e f o r e  o f f e r  t h e  p o t e n t i a l  f o r  providing al.1 types 
of telecommunications s e r v i c e s  on a world-wide basis. S tudies  a r e  underway 
t o  determine tlie need f o r  an improved world-wide nav iga t ion  system, t r a f f i c  
c o n t r o l ,  se i~rc l i  and rescue,  and communication systems f o r  a i r c r a f t  arid sh ips , ,  
S a t e l l i t e s  oEfer g r e a t  p o t e n t i a l  i n  t h i s  a rea .  Appl ica t ions  Technology 
S a t e l l i t e s  o f f e r  t h e  p o t e n t i a l  of t e s t i n g  and eva lua t ing  advanced su1)systems 
a p p l i c a b l e  t o  communications meteorology, naviga t ion  and o t h e r  purposes; 
t e s t i n g  ;and evaluat ing s a t e l l i t e  s t r u c t u r e s  and s t a b i l i z a t i o n  sys t emr; 
p e c u l i a r  t o  lcormnunications, nav iga t ion ,  and o t h e r  s a t e l l i t e  endeavors: ; and 
o f f e r  t he  p o t e n t i a l  f o r  determining t h e  r a d i a t i o n  l e v e l s  and the  long; tenn 
e f f e c t s  of t:his environment on s p a c e c r a f t  components a t  d i f f e r e n t  a l t i t u d e s ,  
p a r t i c u l a r l y  tlie synchronous a l t i t u d e  where very  l i t t l e  enviromtenta:. d a t a  
e x i s t s .  

The Echo, Re lay ,  and Syncom p r o j e c t s  a r e  completed except for continued 
d a t a  reduct ion and a n a l y s i s  a c t i v i t y .  
launches a r e  planned f o r  t h e  1967-69 period,  one a t  6,500 m i l e  a . l t i t t tde  and 
four  at synchronous a l t i t u d e  

Five Appl ica t ions  Technology :iatellites 

SUMMARY OF J22SOURCES REQUIREMENTS: 

1965 1966 - 1967 __ 
Supporting research and tech-  

Echo I:[. ........................ 325,000 
nology/Advanced s t u d i e s . .  ..... $2,124,000 $4,500,000 $ 1 ~  ,600,00(3 

462,000 200,000 - - .. 
- - -  - - ._. 

Relay. .......................... 
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1965 1966 - 1967 

--- Syncom............ ............ $168,000 $100,000 
Early g r a v i t y  g rad ien t  test  

Applicat ions technology 
sa te l l i t e . . . . . . . . . . . . . . . . . . .  5,000,000 --- --- 

sat e l  1 it es .................. 22,695.000 28,000.000 $21.800.000 

Total.. . . . . . . . . . . . . . . . . . . . . .  $30.774.000 $32,800,000 $26,000,000 - 
D i s t r i b u t i o g o f  Program Amount by I n s t a l l a t i o n :  

1965 1966 - 1967 

Goddard Space F l i g h t  Center. . .  $24,414,000 $31,092,000 $25,107,000 
J e t  Propuls ion Laboratory ..... 396,000 648,000 L93,OOO 
Langley Research Center. . . . . . .  215,000 --- - - -  
NASA Headquarters..... ........ 5 , 749 , 000 1,060,000 1 , L00,000 

BASIS OF FUND REQUIREMENTS: 

h w o r t i n v  Research and Technolom/Advanced Studies  

1965 1966 - 1967 

Communication and navigat ion.  ... $874,000 $1,700,000 $1,300,000 
Applicat ions technology ......... 700 , 000 2,000,000 2,100,000 
Advanced mission studies. . . . . . . .  550,000 800 , 000 500,000 

LOO. 000 Data analysis. . . . . . . . . . . . . .  - --- --- ..... 
$4.500.000 $41500.000 - Total......................... $2,124.000 

The support ing research  and technology e f f o r t  is being conducted i n  fou r  
a reas  namely, (1) communication and naviga t ion ,  (2) a p p l i c a t i o n s  technology, 
(3) advanced mission s t u d i e s ,  and (4) d a t a  a n a l y s i s .  

There a r e  no a d d i t i o n a l  pass ive  communication s a t e l l i t e  launches p lmned,  
however, a modest e f f o r t  w i l l  cont inue i n  FY 1967 a s  i n  pas t  yea r s ,  on 
m a t e r i a l s  , s t r u c t u r e s ,  and e r e c t i o n  system development f o r  advanced pass ive  
satel l i tes .  Pass ive  sa te l l i t e  technology is being continued because such 
satel l i tes  have unl imited mul t ip l e  access and frequency response c:apabLli t ies ,  
inherent  long l i f e ,  and high r e l i a b i l i t y .  I n v e s t i g a t i o n  e f f o r t  w i l l  cont inue 
i n  FY 1967 on a c t i v e  s a t e l l i t e  systems capable  of l i n k i n g  te rmina ls  of g r e a t l y  
reduced s i z e  $and c o s t ,  making poss ib l e  communications wi th  over-ocean a i r c r a f t ,  
sh ips  a t  s e a ,  and s m a l l  land s t a t i o n s .  I n v e s t i g a t i o n s  w i l l  cont inue 011 t h e  
e f f e c t  of s c a t t e r i n g  of e lectromagnet ic  waves by e a r t h ' s  atmosphere and space 
environment; , r e s u l t s  have and w i l l  make important con t r ibu t ions  t o  t h e  I n t e r -  
n a t i o n a l  Te lecobun ica t ions  Union Conference on Space Communications. 
ment techniques have been developed f o r  measuring r a d i o  r e f l e c t i v i . t y  

Measure- 
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c h a r a c t e r i s t i c s  of l a r g e  i n f l a t a b l e  s t r u c t u r e s  on t h e  ground so t h a t  t h e i r  
p o t e n t i a l  use.Eu:lness i n  space can be pred ic ted .  I n  FY 1967 t h e s e  techniques 
w i l l  be used t o  measure small segments of new and improved passive s a t e l l i t e  
materials and s t r u c t u r e s ,  and on advanced antenna designs t o  determinc t h e i r  
c h a r a c t e r i s t i c s  , 

Navigation ticaff i c  coord ina t ion  s a t e l l i t e  system conceptual s t u d i e s  funded 
i n  p r i o r  year:; i nd ica t ed  t h a t  s a t e l l i t e s  could assist over-ocean a i r c r a f t  and 
s h i p s  a t  s e a  t o  o b t a i n  more p r e c i s e  p o s i t i o n  informat ion  under a l l  weather 
cond i t ions ,  a i d  could a i d  air-sea t r a f f i c  c o n t r o l ,  and coord ina t ion  of 
emergency rea(:ue ope ra t ions .  As a r e s u l t  interagency review of e x i s t j  ng 
and f u t u r e  agency needs is continuing. We w i l l  analyze and compare va r ious  
nav iga t ion  tr:iaffic coord ina t ion  systems ( including those  involving sa t  e l l i t e s )  
t o  determine the  course of our f u t u r e  r e sea rch  and development e f f o r t s  i n  this :  
a rea .  I n  FY :L967, s t u d i e s  w i l l  be conducted i n  t h e  n a v i g a t i o n - t r a f f i c  control  
a r e a  t o  determine the  f e a s i b i l i t y  of i nco rpora t ing  p o s i t i o n - f i x i n g  exE'eriments 
on f u t u r e  NASA s a t e l l i t e s  t o  e s t a b l i s h  the  o p e r a t i o n a l  c a p a b i l i t i e s  of the  
more promising; t:echniques . 

Pas t  i n v e s t i g a t i o n s  of m u l t i p l e  beam forming, e l e c t r o n i c a l l y  s t e e r a b l e  
spacecraf t .  an1:erina a r r a y  techniques have yielded promising r e s u l t s  . l abo ra to ry  
models of promising a r r a y s  are now being developed f o r  experiment a1 purposes 
t o  determi.ne t h e i r  p o t e n t i a l  f o r  space a p p l i c a t i o n s  such as m u l t i p l e  access 
communicat.ions wi th  s m a l l  mobile te rmina ls ,  and poss ib ly  d i r e c t  broadcast  
s a t e l l i t e s : .  E f f o r t s  i n  FY 1967 w i l l  be continued i n  t h e  a r e a  of a t t i t u d e  
measurement arid c o n t r o l  devices .  A t t i t u d e  measurement devices such as 
s t a r f i e l d  r e a d e r s ,  RF s e n s o r s ,  and non-RF sensors  and c o n t r o l  devices  such as 
g r a v i t y  gradi.ent: components , momentum wheels and s m a l l  t h r u s t e r s  * w i l l  be 
inves t iga ted .  
ment of a spaceborne mi l l ime te r  propogation experiment f o r  Applicat ions 
Technology Sat:el . l i tes.  
i s  of g r e a t  i .r i tsrest  because the  lower frequency bands are crowded. 

EEffort w i l l  be continued on t h e  design and prel iminary develop- 

The frequency range 10 t o  100 gigacycles  per second 

Studies  on long-l ived,  f u l l y  s t a b i l i z e d  s p a c e c r a f t  having a l a r g e  space 
e r e c t a b l e  antenria which can be pointed p r e c i s e l y  t o  s e l e c t e d  geographic a reas  
on ea r th  will be continued. Active and hybrid g r a v i t y  g r a d i e n t  s t a b i l i z a t i o n  
c o n t r o l  systems w i l l  be considered. F e a s i b i l i t y  s t u d i e s  on vo ice  broadcast  
and TV broadc.ast: s a t e l l i t e s  w i l l  be continued i n  FY 1967. A f e a s i b i l i t y  s t u d y  
w i l l  a l s o  be conducted i n  1967 t o  determine s a t e l l i t e  sys tem concepts and 
approaches t o  provide wide band communications between i n t e r p l a n e t a r y  probes 
and ea r th  t e rmina l s  v i a  s a t e l l i t e  r e l a y s ;  provide a i d s  t o  i n t e r p l a n e t a r y  
naviga t ion  and t:racking; and provide spacec ra f t  - t o  -spacecraf t cormnunicat ions 
and global  naviga t ion  a i d s .  

There i.s i i  new SR&T item i n  FY 1967 t o  cover d a t a  a n a l y s i s  i n  three p r o j e c t s  
o therwise  completed by FY 1967, namely Echo 11, Relay, and Syncom. In order  
t o  completely a s c e r t a i n  spacec ra f t  performance and economic f a c t o r s ,  t h e r e  
must be availitb1.e spacec ra f t  r e l i a b i l i t y ,  degradat ion,  and l i f e t h e  da t a .  
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Therefore ,  :it is  des i r ed  t o  d e l i n e a t e  t h i s  phase of t h e  e f f o r t  i n  E7' 1967, 
and c l o s e  out  t h e  research and development s p a c e c r a f t  phase of t h e  p r o j e c t s  
at t h e  end of FY 1966. Funding requirements beyond FY 1967 w i l l  depend on 
t h e  l i f e t i m e  of t h e  spacecraf t .  

Echo I1 

1965 1966 , - 1967 __ 
Ground operat ions and support .  . . . $325,000 --- - .. - 

The Echo I:[ projec t  cons i s t ed  of design,  development, launch, anc evalua-. 
t i o n  of a 1.35 foot  l a r g e  i n f l a t a b l e  pas s ive  communication s a t e l l i t e .  Other 
t han  a ].ow :Level e f f o r t  i n  experiments on Echo 11, t h e  p r o j e c t  was completed 
i n  FY 1964. 
amountecl t o  $20.1 mil l ion .  
amount of funds a r e  required i n  FY 1967 f o r  continued d a t a  a n a l y s i s .  
requirement: is included i n  t h e  SR&T l i n e  i t e m .  

F i s c a l  year  1965 and p r i o r  yea r  funding, including launch v e h i c l e s ,  
No funds a r e  r equ i r ed  f o r  FY 1966. A minimal 

This 

Relay 

1965 1966 - 1967 __ 
Ground ope ra t ions  and support .  . . . $462,000 $200,000 - -, - 

Projec t  1kel.a~ cons i s t ed  of t he  design,  development, launch, and evaluaticln 
of two i .nteimediate a l t i t u d e  activ 'e communication s a t e l l i t e s .  This p r o j e c t  
demonstrated t:he c a p a b i l i t y  t o  r e l i a b l y  and economically perfonn narrowband 
and widebancl c:ommunications, including te lephone,  d i g i t a l  d a t a  and IV demon- 
s t r a t i o n s ,  bet:ween widely separated ground s t a t i o n s  f o r  long periods of t i m e .  
I n  add i t ion ,  Ekelay s a t e l l i t e s  a r e  equipped t o  measure l e v e l s  of r a d i a t i o n  i n .  
t h e  space ertvironment and the  e f f e c t s  of r a d i a t i o n  on c e r t a i n  c r i t i c a l  
components. 

Relay I was success fu l ly  launched i n  December 1962, as w a s  Relay I1 i n  
January 196'4. The FY 1965 and p r i o r  years  funding f o r  t h e  two launches 
including launch v e h i c l e s  amounted t o  $40.2 m i l l i o n .  
a r e  being used f o r  continued data r educ t ion  and a n a l y s i s .  
of funds a r e  r equ i r ed  f o r  FY 1967 f o r  continued d a t a  a n a l y s i s .  This r e -  
quirement i s8  i.ncluded i n  t h e  SR&T l i n e  i t e m .  

F i s c a l  ye,ar 1966 funds 
A m i n i m a l  amount 

Syncom 

1965 1966 - 1967 ._ 
Ground ope ra t ions  and support . .  . . $1 68,000 $100,000 - - -  

Projec t  Syncom cons i s t ed  of t h e  design,  development, launch, and eva lua t ion  
of synchronctus a l t i t u d e  a c t i v e  communication s a t e l l i t e s .  This .project  demon - 
s t r a t e d  the  caipabili ty of r e l i a b l y  and economically performing communications 
experiments from synchronous o r b i t s  including t e l eg raph ,  d i g i t a l  d a t a ,  and TV 
demonstrations.  
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Three Syriccnn s p a c e c r a f t  have been launched: Syncom I i n  February 1963 w a s  
unsuccessful.; Syncom I1 i n  J u l y  1963 was s u c c e s s f u l  i n  achieving the  des i r ed  
i n c l i n e d  synchronous o r b i t ;  and Syncom I11 was s u c c e s s f u l l y  launched i n t o  an  
e q u a t o r i a l  synchronous ( s t a t iona ry )  o r b i t .  Syncoms I1 and 111 (continue t o  
function. s a t : i s f a c t o r i l y .  
of Defense on Apr i l  1, 1965. The FY 1965 and p r i o r  yea r s  funding f o r  t h i s  
t h r e e  f l i g h t .  program including launch v e h i c l e s  amounted t o  $ 3 0 A  m i l l i o n .  
F i s c a l  year 1966 funds are being used f o r  continued d a t a  r educ t ion  and a n a l y s i s .  
A minimal amount of  funds are r equ i r ed  f o r  FY 1967 f o r  continued data a n a l y s i s .  
This requirement i s  included i n  t h e  SR&T l i n e  i t e m .  

Syncoms I1 and 111 were tu rned  over  t o  t h e  Department 

Ea r ly  Gravi ty  Gradient T e s t  S a t e l l i t e  

1965 1966 1967 ._ 
Spacecraf t . .  ..................... $5,000,000 --- -- - 
The Earl3 Gravi ty  Gradient p r o j e c t  c o n s i s t s  of t h e  des ign ,  development , and 

f l i g h t  t e s t i n g  of a 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. 
o b j e c t i v e  of' t h i s  e f f o r t  i s  t o  demonstrate a g r a v i t y  g r a d i e n t  s t a b i l i z a t i o n  
subsystem ir ,  support  of t h e  advanced Defense Communication Sate 'Ll i te  Program 
i n  t h e  near synchronous a l t i t u d e  region,  provide data t o  support  t h e  selec- 
t i o n  of design parameters,  and assess t h e  f e a s i b i l i t y  of g r a v i t y  g r a d i e n t  
s t a b i l i z a t i c n  f o r  advanced space systems. NASA and DOD en te red  i n t o  an 
agreement whereby t h e  A i r  Force Space Systems Command w i l l  be  r e spons ib l e  
f o r  t h e  procurement of f l i g h t  hardware, and w i l l  f l i g h t  t es t  t h e  g r a v i t y  
g r a d i e n t  system as an i n t e g r a l  p a r t  of t h e  i n i t i a l  Defense Communications 
S a t e l l i t e  f l i g h t s .  NASA w i l l  cont inue t o  monitor t h i s  e f f o r t  a i d  p r w i d e  
t e c h n i c a l  a s s i s t a n c e  t o  t h e  A i r  Force. F i s c a l  y e a r  1965 funds of $5.0 
m i l l i o n  are a v a i l a b l e  t o  t h e  A i r  Force t o  cover t h e  c o s t s  of  t h e  s p a c e c r a f t .  
No FY 1966 o r  subsequent yea r  funds are r equ i r ed  f o r  t h i s  p r o j e c t  by NASA. 
A f l i g h t  t e s t  is scheduled f o r  1966 by DOD. 

The primary 

Applicat ions Technolow S a t e l l i t e s  

1965 1966 - 1967 __ 
Spacecraf t .  ...................... 
Operat ional  support.............. 

To ta l  Spacecraf t  and Support... 

A t l a s  -.Agena (Launch Vehicle 
Procurement Program) ........... 
Tota l  ( including Launch 

V e h i c l e )  ..................... 

$20 , 695,000 $24 , 850,000 $1 7 , 800,000 
2,000,000 3,150,000 - 5 .ooo .oog 

$22,695,000 $28,000,000 $21,800,000 

(4,404.000) (8,240.000;l (12,803, OOiOJ 

($27,099,000) ($36,240,000:1 ($34,603 .OM)) 
-I - 
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The ob jec t ives  of t h e  Applicat ions Technology S a t e l l i t e  p ro jec t  arc! (1) t o  
design,  deve:Lop, f l i g h t  t e s t ,  and eva lua te  a spacec ra f t  capable  of performing 
communications, meteorological  , g r a v i t y  g rad ien t  s t a b i l i z a t i o n ,  s c i e n t i f i c  and 
o t h e r  tec1ino:logical experiments i n  a 6,500 mi le  c i r c u l a r  o r b i t ,  (2)  t o  perform 
communicat ions , meteorological  , s c i e n t i f i c  and o t h e r  technologica l  experiments 
u t i l i z i n g  a s p i n  s t a b i l i z e d  spacec ra f t  i n  synchronous o r b i t ,  and (3) t o  perform 
communications, meteoro logica l ,  s c i e n t i f i c  and o t h e r  technologica l  experiments 
u t i l i z i n g  g r a v i t y  g rad ien t  s t a b i l i z e d  sa te l l i t es  i n  synchronous o r b i t  The 
b a s i c  spacec ra f t  w i l l  weigh about 650 pounds. Five launches a r e  scheduled-- 
one i n  1966 iand one i n  1968 i n  synchronous o r b i t s  u t i l i z i n g  s p i n  s tab: . l ized 
sa t e l l i t e : ; ;  one f l i g h t  planned f o r  1967 i n  t h e  6,500 m i l e  c i r c u l a r  o r b i t  
p r imar i ly  t o  evaluate  t h e  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; and two 
f l i g h t s  i n  synchronous o r b i t  using g r a v i t y  g rad ien t  s t a b i l i z e d  spacec ra f t  
scheduled f o r  1'968 and 1969. 

The Off ice  of Space Science and Appl ica t ions ,  NASA Headquarters,  is 
respons ib le  flor ove r -a l l  management. Respons ib i l i ty  f o r  p r o j e c t  manaE,ement is  
assigned t o  Goddard Space F l i g h t  Center.  
A i r c r a f t  Comp.an-y f o r  spacec ra f t  development , and General E l e c t r i c  Corporation 
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. 

The major con t r ac to r s  a r e  Hughes 

Funding f o r  t h i s  p ro jec t  commenced i n  FY 1964 wi th  $16.8 mi l l i on .  Funding 
through FY 1!266 has provided f o r  cont inua t ion  of development including: 
assembly of t h e  f i r s t  s p i n  s t a b i l i z e d  synchronous spacec ra f t  , its experiments 
and t h e i r  ini:leg:ration; p a r t s  f a b r i c a t i o n  and prototype model assembly of t h e  
second spacec:ra.Et and i t s  experiments ; and procurement of common compclnent s f o r  
t h e  remaining spacec ra f t .  Funding i n  FY 1967 w i l l  provide f o r  t h e  f i r s t  
launch, ccnnplet ion of t h e  second spacec ra f t  and i t s  experiments,  and prepara-  
t i o n  f o r  i ts  Launch. This funding w i l l  a l s o  provide f o r  f a b r i c a t i o n  of t h e  
t h i r d  spacec ra f t  and i t s  experiments and f o r  cont inua t ion  of development on 
t h e  fou r th  arid f i f t h  spacec ra f t .  Operat ional  and d a t a  a n a l y s i s  e f f o r t s  on 
t h e  f i r s t  laiinch w i l l  be  i n i t i a t e d .  Funding requirements , including 1 aunch 
v e h i c l e s ,  f o r  FY 1968 t o  completion of t h i s  f i v e  f l i g h t  program a r e  eEItimated 
t o  be $35.1 mi1:Lion. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF AIT@JCED RESEARCH AND TECHNOLOGY BASIC RESEARCH EROGRAM 

PROGRAM OBJE(XJVES AND JUSTIFICATION : 

The purpose of  t h e  Basic Research Program is  t o  i n i t i a t e  and admiriister 
fundamental r e sea rch  i n  the  physical  and mathematical s c i ences .  This re- 
search w i l l  provide a n  understanding of  phenomena which i s  necessary f o r  
o t h e r  NASA programs f o r  t h e  development of c u r r e n t  and f u t u r e  a i r c ra f t  and 
spacec ra f t .  This  b a s i c  r e sea rch  i s  c a r r i e d  o u t  i n  NASA's Research Centers  
with some coqntract a s s i s t a n c e  by u n i v e r s i t i e s ,  i n d u s t r i a l  laborator ie ls  and 
o t h e r  Goveriiinent l a b o r a t o r i e s .  Fundamental knowledge i n  many f i e l d s  i s  
e s s e n t i a l  f o r  NASA's programs t o  advance i n  an o r d e r l y  manner and on a 
s c i e n t i f i c  b a s i s .  Basic r e sea rch  i n  NASA h a s ,  t h e r e f o r e ,  t o  cover a wide 
range of d i s c i p l i n e s ,  and v a r i e s  from very fundamental s t u d i e s  into l:he 
na tu re  oE t he  atomic nucleus and i t s  i n t e r n a l  e n e r g i e s  t o  more app l i ed  r e -  
search i n  m a t e r i a l s  f o r  a p p l i c a t i o n s  such as the  supersonic  t r a n s p o r t  o r  
e n t r y  veh ic l e s .  Much of t h e  Basic Research Program cannot be s p e c i f i c a l l y  
i d e n t i f i e d  w i t h  c u r r e n t  NASA p r o j e c t s .  Its broad o b j e c t i v e  i s  t.o inc rease  
man's knowledge and understanding of  t h e  phys ica l  l a w s  of na tu re  and of  theiir 
mathematical expression,  d e f i n i t i o n ,  and i n t e r p r e t a t i o n .  

The Basic Rlesearch Program i s  concentrated i n  fou r  d i s c i p l i n a r y  areas : 
F l u i d  Physics ,  E lec t rophys ic s ,  Materials, and Applied Mathematics. 

The understanding and p r e d i c t i o n  of t h e  tremendous h e a t i n g  loads t!x- 
perienced by space v e h i c l e s  during r e e n t r y  i n t o  t h e  e a r t h ' s  atmcisphere 
from missions t o  the  moon and beyond has  been a n  important p a r t  of t h e  re- 
search program i n  f l u i d  physics.  This  r e sea rch ,  which had been extended 
t o  s t u d i e s  involving e n t r y  i n t o  t h e  atmospheres of  o t h e r  planets; ,  hai3 
succeeded i n  the  p a s t  year  i n  un i fy ing  p r e d i c t i o n s  of f r i c t i o n a l  hea:ing 
so t h a t  any gas ,  c h a r a c t e r i s t i c  of any atmosphere, can be handled by t h e  
same s i m p l i f i e d  a n a l y s i s .  
dynamic a spec t s  of atmosphere e n t r y  and w i l l  l e ad  t o  t h e  design of e E f i c i e n t  
hea t  p r o t e c t i o n  and atmosphere braking systems f o r  i n t e r p l a n e t a r y  s p a c e c r a f t .  
F l u i d  physics  r e sea rch  a l s o  encompasses f l u i d s  having p r o p e r t i e s  very much 
d i f f e r e n t  from the  atmospheric gases ,  as f o r  example, magnetic 1.iquijs. 
Liquids r e a c t i n g  t o  magnetic f i e l d s  may l ead  t o  unique space power systems, 
and provide a means f o r  s tudying and c o n t r o l l i n g  f l u i d s  i n  "zero g raq i ty"  
s i t u a t i o n s .  

S imi l a r  research i s  being pursued on othe.: gas  

Electrophysics  encompasses t h e o r e t i c a l  and experimental  physics  r12search 
devoted t o  explor ing and exp la in ing  t h e  bulk and atomic behavior o f  s o l i d s ,  
l i q u i d s ,  and gases subjected t o  g r a v i t a t i o n a l ,  e lectr ic ,  magnetic, and 
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nuclear force fields. It is designed to increase our understanding of 
physical phenonena, information which is essential for advances in tech- 
nology areas suc'h as electronics, space power, and propulsion. For ex.. 
ample, an experiimental investigation using the nuclear magnetic resonarice 
technique has been under way to determine the presence of hydrogen nuclei 
in various atoms. The equipment sensitivity has been so improved that 
extremely ma11 quantities of hydrogen may be recognized. Since hydrog;en 
is a constituent of water, this now becomes a means of determining whether 
trace mounts of water may be present in rock and soil samples from thc 
moon and planets. The presence of water may indicate the existence of 
some form of life. 

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

Applied mathematics is concerned with research in mathematical techniques 
relevant or necessary for application to scientific or technological pro- 
blems which arise in carrying out any part of the NASA functions. 
mathematical research performed preliminary to the physical operation of 
which it is an abstract model can usually result in considerable econoinies 
of total operation, and often is the only feasible approach to the prollem. 
Recent examples of this have been the successful Ranger and Mariner flights 
which attained their objectives as scheduled. These results could nev2r 
have been achieved through non-mathematical experimentation, but had t3  
follow procedures dictated by previous extensive mathematical research. 

Sucli 

SUMMARY OF RES#BRCES REQUIREMENTS : 

1967 --- 1965 19 66 

Supporting research and 
technolog,),. .............. 
Total.................... 

$21,231,000 $22,000,000 $23,000,000 

$21,231,000 $22,000,000 $2:3,000,000 --- 
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D i s t r i b u t i o , n o f  Program Amount by I n s t a l l a t i o n :  

1965 1966 

Marshall Space F l i g h t  Center. .  $916,000 
Goddard Space F l i g h t  Center. . .  257,000 
Jet  Propuls ion Laboratory ..... 5,792,000 
Ames Research Center . . . . . . . . . .  1,966,000 
E lec t ron ic s  Research Center . . ,  95,000 

Langley Research Center . . . . . . .  1,901,000 
L e w i s  Research Center . . . . . . . . .  2,234,000 
NASA Headquarters ............. 7,503,000 

F l i g h t  Research Center . . . . , . . .  3,000 

Western Operations Of f i ce . .  ... 564,000 

$815,000 
117,000 

5,056,000 

595,000 
30,000 

2,119,000 
2,731,000 
8,627,000 

1,910,000 

--- 
BASIS OF F N -  RJi:QUIREMENTS : 

Supporting Research and Technology 

1965 19 66 

F lu id  physics . .  ................. $7,803,000 $8,043,000 

M a t e r i a l s . . . . . . . . . . . . . . . . . . . . . . .  8,034,000 8,193,000 
Electrophysj.cs:. ................. 4,039,000 4,404,000 

Applied mathematics.. ........... 1.355.000 1.360.000 

Tota l . . . . . . . . . . . . . . . . . . . . . . . . .  $21,231,000 $22,000,000 

F lu id  Physics 

The e f  fici.ent: design of spacec ra f t  con f igu ra t ions  and heat 

-- 1 9 6 ' 7  

$850,000 
120,000 

!i ,400 000 
:! ,100,000 
I., 000,000 

2,200,000 
30,000 

2,800,000 
I3,500,000 --- 

1967 --- 
$;3, zoo, 000 
4,800,000 
;3 500,000 - 1.500.000 

$23,000,000 --- 

p r o t e c t i o n  
systems, of nozzles  f o r  a i r -b rea th ing  and rocket  fue led  propuls ion systems, 
and the  ahili.1-y t o  solve the  communications blackout  r e e n t r y  problem, a l l  
depend on a knowledge of non-equilibrium flow processes ,  i .e. ,  on f l o % s  
i n  which the  t i r e  f o r  temperature-induced chemical r e a c t i o n s  occurring i n  
the  gas  i s  of the same order  as t h e  time f o r  the  gas  t o  flow along the body. 
Thus, an j.mpoi:tant p a r t  of t he  FY 1967 research  program i n  f l u i d  physics 
i s  concerned with the  determinat ion of chemical r e a c t i o n  rates i n  flo%r 
s i tua t ions ;  of i n t e r e s t .  These rates w i l l  be determined p r imar i ly  i n  chemical 
shock tubes a: temperatures up t o  15,000° F,  a s  w e l l  as i n  " in  s i t u "  r o z z l e  
flows 

Non-equilibrium flows occur i n  reg ions  of reduced pressure  and dens i t y  
o r  a t  moderatx a l t i t u d e s .  However, a t  very high a l t i t u d e s ,  e .g . ,  a t  100 
miles and above, the dens i ty  of a i r  i s  so low t h a t  i n t e r - p a r t i c l e  c o l l i s i o n s  
which cause chemical r e a c t i o n s  and normal gas-dynamic e f f e c t s  a r e  almcist 
non-exis tent  , This  so c a l l e d  "free-molecule" f l i g h t  regime i s  of g r e a t  
importance i n  p red ic t ing  such phenomena as t h e  drag and hea t ing  of s a t . e l l i t e s  !, 
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o r b i t a l  1.ife:i:inies of s a t e l l i t e s ,  t he  hea t ing  and t h r u s t  loss froin c o n t r o l  
rocke t s  i.n space,  and the  contamination of t he  luna r  su r face  by rocket  
exhaus ts ,  Ai.1 of these  phenomena are d i r e c t l y  inf luenced  by the  energy 
and momentum t r a n s f e r r e d  by a p a r t i c l e  t o  a su r face  during impact, b) 
adhesion t o  1:he su r face ,  and by the  su r face  m a t e r i a l  and su r face  condi t ion .  
By means of 21 l abo ra to ry  r e sea rch  program, gas-surface i n t e r a c t i o n s  h i l l  
be s tud ied  i n t e n s i v e l y  i n  FY 1967 both t h e o r e t i c a l l y  and i n  molecular -beam 
devices  tlesignt?d t o  dup l i ca t e  the  dens i ty  and energy of space condi t ions .  
These s t u d i e s  w i l l  l a y  the  foundat ion and provide the  i n t e r p r e t i v e  da t a  
f o r  possi.ble f u t u r e  f l i g h t  experiments t o  i n v e s t i g a t e  the  phenomena b5th 
a c t u a l  satel.:tii:es. 

Another research  a r e a  t h a t  w i l l  r ece ive  increased  a t t e n t i o n  during the  
next f i s c a l  year  i s  the  flow of "s t range  f l u i d s " ,  i . e . ,  f l u i d s  having 
v iscous ,  e l a s t i c  and magnetic p r o p e r t i e s  t h a t  d i f f e r  g r e a t l y  from thc se  of 
conventional. l i q u i d s  and gases .  These f l u i d s  a r e  more than s c i e n t i f i c  c u r i -  
o s i t i e s  and iare being s tud ied  with aerospace a p p l i c a t i o n s  i n  mind. Cisco-  
e l a s t i c  s t u d i e s  inc lude ,  f o r  example, t he  flow of blood i n  par ts  of t he  
c i r c u l a t o r y  system, and t h e  f a s c i n a t i n g  phenomenon of g r e a t l y  reducec drag 
of l i q u i d  and polymer mixtures  when flowing through a channel.  
t he  physical- p r o p e r t i e s  of magneto-fluids a r e  being i n v e s t i g a t e d  i n  c r d e r  
t h a t  such fhu ids  can be considered as a base f o r  new space power genera t ing  
systems. 

Addit i o n a l l y ,  

Consitiera1)le progress  has  been achieved during r ecen t  years  i n  delreloping 
electromagnetic-, gas a c c e l e r a t o r s ,  demonstrating t h a t  e lec t romagnet ic  i n t e r -  
a c t i o n  011 ion ized  gases  may become a powerful i n v e s t i g a t i v e  technique i n  
f u t u r e  h igh  temperature gas technology. More fundamental r e sea rch  i r i  plasma 
physics  is needed, however, because the  p r o p e r t i e s  of plasmas depend s e n s i t i v -  
e l y  on i n t e r a c t i o n s  with e l e c t r i c  and magnetic f i e l d s ,  i n  a d d i t i o n  t o  t h e i r  
dependence on temperature and pressure  as i n  real gas  dynamics. 

In  FY 1967 increased emphasis w i l l  be placed on t h e  i n v e s t i g a t i o n  of 
plasma p r o p e r t i e s  i n  t h e i r  func t iona l  r e l a t i o n  wi th  system parameter:;. 
Chemical phenomena under t h e  extreme (high and low) environments of  tem- 
pe ra tu re  and pressure  w i l l  be expanded, as w i l l  chemical k i n e t i c s  as app l i ed  
t o  propu:lsion systems and aerodynamic braking i n  p l ane ta ry  
The classicin1 p r i n c i p l e s  of f l u i d  physics  w i l l  be u t i l i z e d  
amental b i o  h g i c a l  and phys io logica l  processes  t o  genera te  
organic  phy:; ic  s . 

Elec t rophys ics  

atmosphert:s. 
t o  explairi fund- 
new concepts  i n  

The e ' l ec t rophys ics  program c o n s i s t s  of in-house and e x t e r n a l  experimental  
and t h e o r e t i c a l  i n v e s t i g a t i o n s  i n t o  the  i n t e r a c t i o n s  of p a r t i c l e s  and force  
f i e l d s .  The program inc ludes  t a s k s  i n  c l a s s i c a l  and quantum physics  i n  
areas of nuc lea r ,  atomic and molecular phys ics ,  s o l i d  state phyEics, and 
t h e o r e t i c a l  physics. 
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Research i s  being conducted on the  de te rmina t ion  of t h e  behavior of t he  
pos i t ron  i n  the  e a r t h ' s  g r a v i t a t i o n a l  f i e l d .  
matter, can combine with an e l e c t r o n  whereby the  p a i r  i s  a n n i h i l a t e d  and 
energy i n  the form of a gamma r a y ,  t h a t  i s  an e lec t romagnet ic  wave, i s  
r e l eased .  U&intg a pre l iminary  experimental  arrangement the  l i f e t i m e  of 
nega t ive  he1i.um ions  could be measured. A f t e r  t h i s  f e a s i b i l i t y  :study, 
a l a r g e r  expcri.menta1 appara tus  w a s  cons t ruc ted .  This  newer equipment 
i s  being checked f i r s t  by measuring w e l l  known e l e c t r o n s ;  then  t h e  p o s i t r o n s '  
gravitationa.1. c :ha rac t e r i s t i c s  w i l l  be determined. I f  t he  experiment i s  suc- 
c e s s f u l ,  information on poss ib l e  a n t i g r a v i t y  i n  na tu re  w i l l  be obtained.  

A pos i t ron ,  a form of an t i -  

A comprehensive a n a l y s i s  has  been made of t h e  s c a t t e r i n g  of a lpha  p a r t i c l e s  
(helium) frori t:he n u c l e i  of t i n  atoms conta in ing  even numbers of protons.  
Such experintents y i e l d  information on the  e x c i t a t i o n  of  t he  nucleus and i n  
p a r t i c u l a r  c m  i n t e r a c t i o n s  wi th  ind iv idua l  p a r t i c l e s  i n  t h e  nucleus.  The 
r e s u l t s  demcmstxate t h a t  p re sen t ly  known theory adequately desc r ibes  these  
experiments.  This  work i s  p a r t  of a comprehensive program aimed a t  under- 
s tanding  nuc::Lear i n t e r a c t i o n s  and s t r u c t u r e .  

A much more accura te  measurement has  been made of the  l i f e t i m e  of t he  
p o s i t i v e  p i  meson o r  pion -- a fumdamental p a r t i c l e  o f  na tu re .  The €lion 
i s  be l ieved  to be respons ib le  f o r  binding p a r t i c l e s  t oge the r  t o  form the  
n u c l e i  of atoms. The l i f e t i m e  of t h e  f r e e  pion i s  one of i t s  c h a r a c t e r i s t i c s  
which determines i t s  a b i l i t y  t o  perform t h i s  func t ion .  

I n  FY 1967 increased e f f o r t  w i l l  be made i n  nuc lear  physics  research .  
Experimental and t h e o r e t i c a l  i n v e s t i g a t i o n s  w i l l  be conducted t o  obtltin more 
d e t a i l e d  information on nucleon-nucleon r eac t ions .  The d a t a  from th j  s work 
w i l l  c o n t r i b u t e  t o  our  understanding of c o l l i s i o n s  between s o l a r  pro1:ons 
and m a t e r i a l s  of t he  spacec ra f t  s t r u c t u r e .  The information i s  needed t o  
improve the  design of t he  s h i e l d i n g  ma te r i a l  thus  prevent ing r a d i a t i o n  
damage t o  eqilipment on t h e  spacec ra f t .  Furthermore, a t  the  Elec tron:.cs 
Research Center ,  a r e sea rch  program concerned wi th  a b e t t e r  understanding 
of t he  fimdamental energy exchange processes  i n  c r y s t a l l i n e  s o l i d s  w:.ll be 
pursued; and t h e  emission,  abso rp t ion ,  and s c a t t e r i n g  of e lec t romagnet ic  
waves w i l l  be s tudied .  Such information provides  the  base of  knowledge 
r equ i r ed  by the  E lec t ron ic s  and Control  Program t o  improve relistbi1ii:y and 
use fu l  l i f e  of c r i t i c a l  components. It w i l l  a l s o  lead t o  b e t t e r  sigiial  
sources  f o r  space communications. 

Mat e r i a1 s 

Understanding why materials behave as they do i n  mechanical,  chemical,  
r a d i a t i o n ,  and thermal environments is t h e  goal  of t he  materials research  
program. The  scope ranges from s o l i d  state physics  - t he  na tu re  of so l id  
mat te r  - t o  t he  a p p l i c a t i o n  of such fundamental knowledge t o  advance3 
m a t e r i a l s  f o r  NASA's f u t u r e  missions as w e l l  as de f in ing  c o r r e c t i v e  nct ions 
f o r  c u r r e n t  m a t e r i a l  problems. For example, t he  premature f a i l u r e  oE t i t an ium 
o x i d i z e r  tanks  and t i t an ium s t r u c t u r a l  members may w e l l  be avoided a s  a resu1.t 
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of the  r e c e n t l y  i n i t i a t e d  r e sea rch  e f f o r t  on s t r e s s - c o r r o s i o n  cracking 
When chosen for  u s e  i n  these  a p p l i c a t i o n s ,  i t  was be l ieved  t h a t  t i tanii im 
was immune t o  s t r e s s -co r ros ion  c racking ,  a kind of unheralded and o f t e n  
c a t a s t r o p h i c  Eracture a t  normal s t r e s s e s  i n  c e r t a i n  co r ros ive  environmcnts. 
Recent f a i l u r e s ,  however, show t h a t  some t i t an ium a l l o y s  w i l l  c rack  i n  
n i t rogen  t e t r o x i d e  and even i n  water. Research w i l l  be conducted both in -  
house and by c o n t r a c t  t o  e s t a b l i s h  the  ex ten t  and g r a v i t y  of t he  problt!m 
and t o  f i n d  s o l u t i o n s ,  both s h o r t  range and long range. 

Another example of b a s i c  r e sea rch  motivated by c u r r e n t  d e f i c i e n c i e s  
i n  materials is the  r e sea rch  on polymers f o r  use a t  low temperatures .  
Glass reinEorced p rope l l an t  tanks  r e q u i r e  the  use of a l i n e r  t o  minimi::e 
t he  loss oE hydrogen through the  w a l l s  of t he  tank by permeation. Polymeric 
materials are being s tud ied  f o r  such a p p l i c a t i o n s ;  however, they are sub jec t  
t o  c racking  a t  l o w  temperatures .  Basic s t u d i e s  t o  understand t h e  relali ion- 
sh ip  between t h e  s t r u c t u r e  of polymers and t h e i r  p r o p e r t i e s  a t  c r y o g e n x  
temperatures are under way. This  understanding should provide the net.. 
e s sa ry  information f o r  syn thes i z ing  and processing polymers f o r  use a t  
very low temperatures .  

Considerable progress  i s  now being made i n  ob ta in ing  simple and t roub le -  
f r e e  l u b r i c a t i o n  systems f o r  advanced space veh ic l e s .  The i d e a l  systeri  
would be one i n  %which the  bare  metals s l i d e  upon one another  wi thcut  b:.nding 
o r  wearing. I t  now appears  t h a t  t h i s  i s  p o s s i b l e  i f  t he  d i s t r i b u t i o n  and 
arrangement oE t h e  metal and impuri ty  atoms i s  c o n t r o l l e d  by a l l o y i n g ,  
mechanical working, and hea t  t reatment .  Current  r e sea rch  should es tab : . i sh  
the  gu ide l ines  t o  be followed i n  performing these  opera t ions .  

Advanced a i r c r a f t  engines  on the  o t h e r  hand can cont inue t o  use l i q u i d  
l u b r i c a n t s  provided they a r e  p ro tec t ed  from ox ida t ion  and thermal decori- 
p o s i t i o n  a t  temperatures  seve ra l  hundred degrees h igher  than those used i n  
c u r r e n t  coimnercial power p l a n t s .  Current  r e sea rch  a t  NASA Research Centers  
and i n  seve ra l  rlesearch c o n t r a c t s  i s  emphasizing seve ra l  a l t e r n a t e  techniques 
f o r  prevent ing degradat ion.  One technique i s  t o  use i n e r t  gases  t o  p r o t e c t  
t he  l u b r i c a n t .  .Another involves  the  "once through'' concept which cons:.sts 
of cont inuously feeding f r e s h  l u b r i c a n t  i n to  t h e  bear ings  i n  a very  low bu t  
adequate flow r a t e .  

Fundamental r e sea rch  i n  e l e c t r o n i c  p r o p e r t i e s  of materials f o r  c i r c t i i t r y  
i n  communications devices  w i l l  be cont inued.  The c r e a t i o n  of new e l e c t x i c a l  
devices  based upon c u r r e n t  understanding of materials behavior i s  f ac ing  
diminishing r e t u r n s .  There i s ,  t h e r e f o r e ,  an urgent  need t o  a c c e l e r a t c  t h e  
fundamental s t u d i e s  of a l l  material phenomena. Research i s  being increased 
both a t  the  Cent'ers as wel l  as on c o n t r a c t  to  o b t a i n  more knowledge of t he  
mechanisms of such phenomena as d i f f u s i o n ,  s p u t t e r i n g  and e l e c t r o n  and i o n  
emission from s,olids and e l e c t r o n - l a t t i c e ,  and e l ec t ron -de fec t  interac1:ions 
i n  c r y s t a l s .  
e l e c t r i c a l  i n s u l a t o r s  and f e r r o e l e c t r i c  materials i s  a l s o  being pursued. 

The r o l e  of impur i t i e s  and a l l o y i n g  a d d i t i o n s  on semiconductors,  
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I n  FY 1.967 the  genera l  f i e l d  of s o l i d  s t a t e  physics  w i l l  be expanded 
wi th  pa r t i cu l . a r  emphasis on e l e c t r o n i c  p r o p e r t i e s .  This  i s  a v i t a l  a r e a  
and one i n  which the  E lec t ron ic s  Research Center w i l l  c o n t r i b u t e  'heavily. 

App 1 i e d Ma thema t i c  s 

Research in app l i ed  mathematics i s  concerned wi th  the  development 
of improved mathematical techniques f o r  t he  s o l u t i o n  of phys ica l  .problems. 
The problems which may arise i n  aerospace sc ience  o r  engineer ing  u s u a l l y  
r e q u i r e  the  scilution of non-l inear  d i f f e r e n t i a l  equat ions .  F a s t  and simple 
s o l u t i o n s  a re  des i r ed  f o r  planning experiments and p r e d i c t i v e  eva lua t ion  
of r e s u l t s .  

Research will.  cont inue i n  aerodynamic mathematics f o r  p r e d i c t i n g  gas 
flow around o r  wi th in  a body moving a t  hypersonic  speeds,  and f o r  d e t e r -  
mining optimum aerodynamic shapes of a i r c r a f t  wings and bodies  i n  super-  
sonic  and hypersonic a i r - f lows .  G r a v i t a t i o n a l  and o r b i t a l  mathematics 
w i l l  be used t o  determine more a c c u r a t e l y  what t r a j e c t o r i e s  could produce 
a successfu l  l una r  o r b i t i n g  veh ic l e ,  as wel l  as t o  make progress  in the  
cont inuing problem of more accu ra t e  and economical p r e d i c t i o n s  of o r b i t s  
and pos i t i ons  of e a r t h  s a t e l l i t e s  and o t h e r  space veh ic l e s .  Grants  and 
c o n t r a c t s  i n  mathematical r e sea rch  are a l s o  planned f o r  inves t iga i i ion  3f 
methods f o r  so lv ing  equat ions  of heat-f low i n  r e e n t e r i n g  spacecraEt ,  
supersonic  a i r c r a f t ,  and tu rb ine  b l ades ,  and f o r  s tudying programs f o r  
optimum performance of a i r c r a f t  us ing  t h e  c a l c u l u s  of v a r i a t i o n s .  
w i l l  a l s o  cont inue i n  the  theory  of plates and s h e l l s  of var ious  shapes 
a t  var ious  temperatures  as a mathematical b a s i s  f o r  s a f e  and e f f i c i e n t  
design of advanced o r  proposed ae ronau t i ca l  and spacec ra f t  s t r u c t u r e s .  

S tud ie s  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION : 

The b a s i c  o b j e c t i v e s  of t h e  Space Vehicle Systems program, namely t o  
i d e n t i f y  and so lve  c r i t i c a l  des ign  problems a s soc ia t ed  wi th  space f l i g h t  and 
advance the  s t a t e - o f - t h e - a r t ,  r e q u i r e  t h a t  t h e r e  be a con t inua l  s h i f t  i n  
emphasis dict:ated f i r s t  by the  progress  and d i r e c t i o n  of t h e  o v e r a l l  NASA 
space program, secondly by the  r e v e l a t i o n  and i n v e s t i g a t i o n  of new f ind ings  
and concepts, ,  and a l s o  by the  n e c e s s i t y  f o r  developing immediate s o l u t i o n s  t o  
press ing  t e c h n i c a l  problems on c u r r e n t  NASA and m i l i t a r y  space veh ic l e s .  
Conversely, t:he program i s  planned and implemented t o  provide much of t h e  
r e sea rch  that: e s t a b l i s h e s  the  f e a s i b i l i t y  and in f luences  t h e  course o f  t he  
o v e r a l l  NASA space program. 

To cope wi th  t h e  t echn ica l  problems a s soc ia t ed  wi th  space v e h i c l e  launch , 
ascen t  through t h e  atmosphere, f l i g h t  i n  space,  e n t r y ,  and landing ,  t h e  
program encompasses t h e  t echn ica l  a r eas  of Aerothermodynamics , S t r u c t u r e s  , 
Space Envirnrunental Fac to r s ,  Design C r i t e r i a ,  and F l i g h t  Experiments. The 
f i r s t  three: ,  coupled wi th  r e l a t e d  F l i g h t  Experiments, comprise t h e  bcickbone 
of t h e  rc!sea:cch and technology e f f o r t .  
t h e  e f f o r t  i xqu i r ed  t o  d i g e s t  t h e  v?st  q u a n t i t i e s  of t e c h n i c a l  information 
flowing frorn t h e  research  e f f o r t  and from ope ra t iona l  experience and present  
it i n  compact, s i m p l i f i e d ,  and a u t h o r i t a t i v e  form t h a t  can be used by t h e  
des igner  I, 

The a r e a  of Design C r i t e r i a  r ep resen t s  

I n  t h e  a r e a  of spacec ra f t  aerothermodynamics a h igh ly  s i g n i f i c a n t  accomplish- 
ment was r e a l i z e d  during FY 1966 i n  t h e  second success fu l  P r o j e c t  F i r e  flight:. 
That experiment determined very  accu ra t e ly  t h e  peak h e a t i n g  environment due 
t o  both tconvective and r a d i a t i v e  hea t ing  processes  f o r  a b l u n t  t t a l i i s t i c  type 
of v e h i c l e  en te r ing  t h e  e a r t h ' s  atmosphere a t  lunar r e t u r n  speeds of about 
37,000 f e e t  per  second. The two P r o j e c t  F i r e  f l i g h t s  have now e f fec : ive ly  
def ined  the  e a r t h  en t ry  hea t ing  environment f o r  Apollo. 
placed during the  coming year  on conso l ida t ing  and bu i ld ing  on t:he nzw 
f ind ings  of P r o j e c t  F i r e  t o  develop improved knowledge of t h e  extrem? hea t ing  
environment a s soc ia t ed  with en t ry  from p lane ta ry  f l i g h t  , involv ing  sl?eeds of 
50,000 f e e t  pe r  second and g r e a t e r .  I n  c l o s e l y  a s soc ia t ed  research  3n 
s t r u c t u r e s  , a t t e n t i o n  w i l l  be d i r e c t e d  t o  advanced a b l a t i v e  theimal  p ro tec t ion  
systems t h a t  will be requi red  f o r  such an environment, and work w i l l  proceed 
toward t h e  c'evelopment of techniques f o r  anchor-point experiments i n  f l i g h t  
a t  t hese  extreme speeds which a r e  beyond t h e  reach of l abora to ry  f a c i l i t i e s .  

Emphasis w i l l  be  
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Research emphasis i n  aerothermodynamics and s t r u c t u r e s  w i l l  a l s o  be 
d i r e c t e d  toward ,advanced manned space f l i g h t  i n  nea r -ea r th  r eg ions ,  a s  
exemplif ied by the  l i f t i ng -body  c l a s s  of maneuverable e n t r y  v e h i c l e s .  
A t t en t ion  w i l l  be focused e s p e c i a l l y  on t h e  f l i g h t  problems i n  the  c r i t i c a l  
t e rmina l  approach and landing  phase using t h e  M-2 and HL-10 t e s t  v e h i c l e s  and 
on the  techno bg:y of e f f i c i e n t ,  r e a d i l y  r e fu rb i shab le  a b l a t i v e l y  p ro tec t ed  
s t r u c t u r e s .  
maneuverable e n t r y  v e h i c l e s  t h a t  i nco rpora t e  propuls ive  l i f t  f o r  te rmina l  
descent  and landing.  

'Increased a t t e n t i o n  w i l l  a l s o  be given t o  new concepts of 

Considerably g r e a t e r  emphasis w i l l  be given i n  FY 1967 t o  parachute  and 
d e c e l e r a t o r  technology f o r  s e v e r a l  important app l i ca t ions .  New dwelopments 
i n  s t e e r a b  l e  parachutes  and p a r a g l i d e r s  wi th  non-r igid s t r u c t u r a l  elemcmts 
may provide r e l i a b l e ,  c o n t r o l l e d  descent  and touchdown c a p a b i l i t i e s  on land 
f o r  cu r ren t  manned spacec ra f t  types such as Apollo. The t h i n  atmclsphere of 
Mars has  placed new demands on parachute  technology f o r  lowering instrument  
payloads t o  t h e  su r face  a t  impact v e l o c i t i e s  low enough f o r  them t o  surv ive  
and ope ra t e .  I n  t h i s  a p p l i c a t i o n  p r i n c i p a l  needs are f o r  r e l i a b l e  dep .oyment , 
s t r u c t u r a l  i n t e g r i t y  with l i g h t  weight ,  and s t a b l e  descent  a t  t he  low 
atmospheric d e n s i t i e s  a n t i c i p a t e d .  F l i g h t  experiments w i l l  be needed i:o 
v e r i f y  ground-based research .  

I n  t h e  a reas  of space environmental f a c t o r s  and i n  space s t ruc t .u re s ,  
s e v e r a l  no tab le  accomplishments were made dur ing  FY 1966. Major s t r i d e s  
were made toward determining the  p e n e t r a t i n g  meteoroid environment: i n  Iiear- 
e a r t h  space through t h e  success fu l  launching of t h r e e  Pegasus spacecra  E t  by 
Saturn I launch v e h i c l e s .  These t h r e e  l a rge -a rea  spacec ra f t  t oge the r  v i t h  
t h e  e a r l i e r  smal le r  Explorer XVI and XXIII s a t e l l i t e s  a r e  providing q u a n t i t i e s  
of s t a t i s t i c a l  meteoroid p e n e t r a t i o n  r a t e  d a t a  i n  s t r u c t u r a l  spec:imens up  t o  
16 mile i n  th ickness .  These d a t a  have a l ready  been of g r e a t  va lue  i n  t h e  
Apollo program and w i l l  he lp  de f ine  the  des ign  environment f o r  t h e  Manaed 
Orb i t ing  Laboratory.  
technology reseairch e f f o r t  involves  the  t y i n g  toge the r  of f l i g h t  measurements, 
l abo ra to ry  impact and p e n e t r a t i o n  measurements, and ground-based observa t ions  
of n a t u r a l  met eclrs. A s u b s t a n t i a l l y  augmented ground-based program i s  needed 
and is  planned f o r  FY 1967. Addit ional  f l i g h t  experiments a r e  a l s o  needed t o  
extend the  thi.ck.ness range of s t r u c t u r a l  specimens sub jec t ed  t o  meteoroid 
pene t r a t ion  i n  nea r -ea r th  o r b i t s  and t o  extend t h e  p e n e t r a t i o n  measurements 
t o  the  v ic in i t .y  of Mars and i n t o  t h e  a s t e r o i d  b e l t  where the  popula t ion  of 
pene t r a t ing  meteoroids may be much g r e a t e r  than near  t h e  e a r t h .  

An e s s e n t i a l  and c l o s e l y  r e l a t e d  p a r t  of t h e  meteoroid 

Toward t h i s  end research  has  a l ready  produced a notab le  advance i n  
technology tciward t h e  development of t h e  very  high q u a l i t y  pene t ra t ion  and 
impact sensor.:; t h a t  w i l l  be requi red .  

Research w i l l -  b e  continued on the  e f f e c t s  of high-energy space r a d i a t i o n  
on spacecraft: m a t e r i a l s  and components, s o l a r  r a d i a t i o n  e f f e c t s  and 
temperature cwntrol , t he  s t o r a g e  of cryogenic l i q u i d s  such a s  l i q u i d  hydrogen 
f o r  long period:; of  t i m e  i n  space, and t h e  behavior and c o n t r o l  of f l u i d s  i n  
t h e  weight:les:; s t a t e .  

RD 13-2 
799 - 342 0 - 66 - l !~  



I n  launch vehic le  aerothermodynamics and s t ruc tu res , t echno logy  res2arch 
w i l l  be continued on a wide v a r i e t y  of problems of importance t o  c u r r s n t  
types of launch veh ic l e s  such a s  base hea t ing  a s soc ia t ed  wi th  l a r g e  mul t ip l e  
rocke t  i n s t a l l a t i o n s ,  i n t ense  acous t i c  no i se ,  s t r u c t u r a l  l oads ,  more advanced 
and e f f i c i e n t  s t r u c t u r a l  des igns ,  and dynamics of l a r g e  space v e h i c l e  
s t r u c t u r e s .  Spec ia l  a t t e n t i o n  w i l l  be given t o  t h e  exceedingly d i f f i w l t  
t echn ica l  problems involved in t h e  recovery and reuse  of launch v e h i c l e  
s t a g e s ,  both from t h e  s tandpoint  of devis ing  techniques f o r  t h e  recovary of 
e x i s t i n g  types of veh ic l e s  and from t h e  s tandpoin t  of completely d i f f e r e n t  
types of advanced veh ic l e s  designed from t h e  o u t s e t  f o r  reuse .  

SUMMARY OF RESOURCES REQUIREMENTS: 

1966 - 1967 . 1965 

Supporting research  and 

P r o j e c t  F i re . . . . . . . . . . . . . . . . . . . . .  
L i f t i n g  body f l i g h t  and landing 

t e s t s . . . . . . . . . . . . . . . . . . . . . . . . . .  
Scout r een t ry  p r o j e c t . .  .......... 
Pro jec t  Pegasus (Saturn-launched 

m e t  eo roi  cl experiment ) .......... 
Small space veh ic l e  f l i g h t  

experiment E;. ................... 
Scout 1 aunched meteoroid 

experiment E;. ................... 

technology.. .  .................. $26,000,000 
500,000 

$28,700,000 --- $25,707,000 
1,811,000 

1,400,000 
400,000 

1,000,000 
3,000,000 

1,000,000~ 
4,800,0001 

13,690,000 2,500,000 

1,010,000 2,000,000 I ,500,000 

175,000 

$44.193.000 Total.. .. ,,. ...................... gx, 000. ooq - $35.000.000 

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

1966 - 1967 .. 1965 

Manned Spacecraf t  Center.  ...... $629,000 
Marshall. Space F l igh t  Center. .  . 
Goddard Spiace F l i g h t  Center.  ... I, 231,000 
J e t  l?ropiilsion Laboratory. .  .... 3,599,400 
Ames Research Center . . . . . . . . . . .  3,354,000 
E lec t ron ic s  Research Center. .  .. 
F 1 i gh t I l  e s 12 arch Cent e r ......... 1,825,000 
Langley Research Center ........ 10,593,800 
Lewis Reseaarch Center. . .  ....... 2,407,831 
NASA Headquarters. .  ............ 3,473,969 
Western Dpferations Off ice . . . . . .  635,000 

16,444,000 

--- 

$435,000 
4,201 ,000 
1,751,000 
3,718,000 
3,076,000 

250,000 
1,010,000 

11,466,000 
3,087,000 
6,006,000 --- 

$670,000 
:i,096,000 
:! ,081,000 

:j ,475,000 
250 , OO(3 

I l k ,  282,000 
:3,223 ,000 
3,713,000 

~~,200,000 

:L ,010,000 

- - .. 
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BASIS OF FUN11 €t.EEOUIREMENTS: 

Supportinp Research and Technolony 

1967 _, 1965 1966 - 
Spacec.raft: aerothermodynamics.. .. $5,723,000 $6,191,000 $5,346,000 
Space c:r a fit: 6,201,000 t ,710,OOCl 
Launch vehic:le aerothermodynamics 1,488,000 855,000 3,300,OOCl 
Launch. vehic:le s t r u c t u r e s .  ....... 3,398,000 2,554,000 2 ,264, OOCl 
Space veh icl. e environment 

Advanced space v e h i c l e  concepts . .  606,000 500,000 

sj t ru c t u re  s ............ 5,819,000 

fac tors , . . . . . . . . . . . . . . , . . . . . . . . .  8,039,000 7,974,000 1 C  ,805,OOCi - - -. 
Space veh.ic1.e design c r i t e r i a . .  .. 634,000 1.725.000 - 1,275 .OOC! 

Tota l . . . . . . . . . . . . . . . . , . . . . . . . . . . .  $25.707.000 $26,000,000 $28,7OO,OOC! - 
Spacecraf t  Aerothermodynamics 

Research i n  spacec ra f t  aerothermodynamics i s  concerned wi th  atmosFheric 
h e a t i n g ,  f l i g h t  performance, s t a b i l i t y ,  and aerodynamic c o n t r o l  a s soc ia t ed  
wi th  hyperve loc i ty  e n t r y  of v e h i c l e s  i n t o  t h e  atmospheres of t h e  e a r t h  and 
o t h e r  planetE.  The program a l s o  seeks  t o  devise  new concepts  of  v e h i c l e s  and 
f l i g h t  techniques t o  enhance our  space f l i g h t  c a p a b i l i t i e s  by s o p h i s t i c a t e d  
use  of p l ane ta ry  atmospheres f o r  maneuvering and braking.  
o b j e c t i v e  i s  t h a t  of advancing t h e  technology r e l a t i n g  t o  t h e  te rmina l  
descent  and landing of both manned and unmanned s p a c e c r a f t .  

A c l o s e l y  r e l a t e d  

I n  a d d i t i o n ,  t h e  program provides  t echno log ica l  suppor t  i n  t h e  s o l u t i o n  of 
s p e c i f i c  problems encountered i n  v e h i c l e  development p r o j e c t s  of NASA and the  
m i l i t a r y  s e r v i c e s .  The program a l s o  provides  the  i n s t i t u t i o n a l  suppor t  f o r  
t he  J e t  Propuls ion Laboratory wind tunne l s .  

A major accotmplishment of t h e  p a s t  year  w a s  t h e  s u c c e s s f u l  f l i g h t  of F i r e  
I1 and t h e  a n a l y s i s  of r een t ry  hea t ing  d a t a  from both f l i g h t s  of P r o j e c t  F i r e  
a t  speeds of about 37,000 f e e t  p e r  second. The d a t a  i n d i c a t e  t h a t  at speeds 
of t h i s  magnitude most r a d i a t i v e  component of t he  aerodynamic hea t ing  i s  
a s soc ia t ed  with r a d i a t i o n  i n  t h e  very  s h o r t  wave l eng th  u l t r a v i o l e t  p a r t  of 
t h e  energy sFectrum. This  new f ind ing  has  a l ready  had a s i g n i f i c a n t  impact 
on t h e o r e t i c a l  and ground-based experimental  research .  New e f f o r t s  w i l l  b e  
made t o  understand t h e  exac t  na tu re  of t h e  phys ica l  and chemical processes  
governing the  product ion and absorp t ion  of t h e  r a d i a n t  energy. Such an under- 
s t and ing  i s  e s s e n t i a l  t o  t he  ex tens ion  of our  knowledge of aerodynamic hea t ing  
t o  h ighe r  speed regimes of 50,000 f e e t  p e r  second and g r e a t e r  a s soc ia t ed  wi th  
atmospheric e n t r y  from p lane ta ry  f l i g h t .  Such h igh  speeds a r e  beyond our  
capac i ty  f o r  d i r e c t  s imula t ion  i n  t h e  l abora to ry ,  hence ground-based research  
w i l l  need support  and confirmation by f l i g h t  experiments which w i l l  be d i r e c t e d  
toward de termina t ion  of both t h e  hea t ing  environment and the  pe r  Eormance of 
thermal p r o t e c t i o n  systems. 
e s s e n t i a l ,  work w i l l  be c a r r i e d  out  on developing both t h e  f l i g h t  and recovery 
techniques f o r  such app l i ca t ions .  

Since recovery of t h e  experiment payload appears  
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An important  a r e a  t o  which s u b s t a n t i a l  e f f o r t  w i l l  be d i r e c t e d  i n  E?' 1967 
i s  t h e  technology of advanced manned spacec ra f t  having s u b s t a n t i a l  maneuvering 
c a p a b i l i t y  i n  the  atmosphere. The a b i l i t y  t o  produce apprec iab le  aerodynamic 
l i f t ,  and t h e  a b i l i t y  t o  c o n t r o l  t h e  amount of l i f t  and drag ,  promises l a r g e  
b e n e f i t s ,  which inc lude :  g r e a t l y  reduced peak g- loads on crew and passttngers; 
widened, less c r i t i c a l  e n t r y  c o r r i d o r s ;  g r e a t e r  lateral  f l i g h t  range wltich 
provides a l a r g e r  number of p o t e n t i a l  landing s i tes ,  and thus improved over-  
a l l  ope ra t iona l  f l e x i b i l i t y ;  and p r e c i s i o n  i n  r e t u r n i n g  from o r b i t .  W:.th 
t h e s e  end o b j e c t i v e s  i n  mind, emphasis was placed during t h e  p a s t  year  on 
(1) development and cons t ruc t ion  of t h e  M2-F2 and HL-10 manned low-speczd 
f l i g h t  research  veh ic l e s  now e n t e r i n g  the  f l i g h t  t e s t  phase , (2) I abor,itory 
research  on t h e  hypersonic performance and hea t ing  of t h e  l i f t i ng -body  vehicle!; 
of t h e  M-Z/HL-10 c l a s s  configured t o  have good f l i g h t  c h a r a c t e r i s t i c s  at  low 
speeds,  (3) genera l ized  mission and pre l iminary  des ign  s t u d i e s  involving 
l i f t i ng -body  types  of v e h i c l e  f o r  guidance of research  planning , and ( 1 0  

prel iminary i n v e s t i g a t i o n  of l i f t i n g  e n t r y  conf igu ra t ions  radica1l.y d iEferent  
from t h e  M-2 o r  HL-10. This research  w i l l  be continued a t  t h e  Langley and 
Ames Research Centers  i n  FY 1967. Some of t h e  advanced conf igu ra t ions  t o  be 
inves t iga t ed  may possess  b e t t e r  hypersonic performance than the  M--2 o r  HL-10 
c l a s s  of v e h i c l e s ,  while  o t h e r s  may have p o t e n t i a l l y  b e t t e r  a i r p l a n e  type 
landing  c a p a b i l i t y .  Some concepts w i l l  i nco rpora t e  parachute  and p r o p i l s i v e  
l i f t  f o r  s o f t  v e r t i c a l  landing.  The F l i g h t  Research Center  w i l l  fie heavi ly  
involved with t h e  f l i g h t  test program on t h e  M2-FZ and HL-10 veh ic l e s  
during FY 1967'. 

I n  t h e  a r e a  of te rmina l  descent  and landing increased  emphasis w i l l  be 
given t o  parac:hute and d e c e l e r a t o r  technology wi th  s p e c i a l  re fe rence  t o  
(1) t h e  s o f t  1.ariding of instrument  packages on Mars, (2) t e rmina l  descent  
over land arms wi th  c o n t r o l  of t h e  f l i g h t  pa th  f o r  manned b a l l i s t i c  o r  semi- 
b a l l i s t i c  e n t i y  v e h i c l e s ,  and (3) recovery of launch v e h i c l e  s t ages .  I n  the  
Mars 1andi.ng a p p l i c a t i o n ,  t h e  very  t h i n  atmosphere of Mars compared t o  t h a t  
of t h e  e a r t h  r e q u i r e s  t h e  deployment of l a r g e  l igh tweight  parachutes  a t  
r e l a t i v e l y  hi.gh speeds a t  very  low atmospheric d e n s i t i e s .  Research information 
i s  requi red  t:o assu re  high r e l i a b i l i t y  of deployment , provide acca ra t e  informa- 
t i o n  on aeroclynamic f o r c e s ,  and provide f o r  s t a b l e  descent  wi th  the  proper 
te rmina l  o r  jxipact v e l o c i t y .  Because of t h e  dynamics involved sca l ing  from 
small  models :LS d i f f i c u l t  and a program of f l i g h t  t e s t s  a t  r e l a t i v e l y  l a r g e  
s c a l e  i s  needed t o  v e r i f y  and extend ground-based research .  Attent ion w i l l  
a l s o  be given t o  t h e  aerodynamic problems and performance of high-speed 
a u x i l i a r y  decx le ra t ion  devices ,  inc luding  towed b a l l u t e s  and i n f l a t a b l e  o r  
otherwise extimdable s k i r t s  , f o r  i nc reas ing  t h e  f r o n t a l  a r e a  and hence the  
drag of t he  b a s i c  p lane tary  e n t r y  v e h i c l e  t o  inc rease  t h e  t r a n s i t  t i m c  
through t h e  t h i n  atmosphere and reduce t h e  speed f o r  te rmina l  parachute  
deployment. 

I n  t h e  a p p l i c a t i o n s  t o  manned spacec ra f t  and t o  boos t e r  recovery tc:chnology 
requirements a re  gene ra l ly  s i m i l a r ,  and w i l l  involve t h e  s tudy of advmced 
c o n t r o l l a b l e  g l id ing  types of parachute  conf igura t ions  such a s  the  so -ca l l ed  
limp pa rag l ide r  which uses  no r i g i d  s t r u c t u r a l  members, and inves t iga t . ion  of 
t he  deployment of l a r g e  parachutes  beyond the  present  s t a t e -o f - the -a r t :  f o r  
heavy pay loads. 
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Spacecraf t  S t r u c t u r e s  

The object::ive of t h i s  program is  t o  i d e n t i f y  and s o l v e  c r i t i c a l  s p s c e c r a f t  
s t r u c t u r a l  problems through a n a l y t i c a l  and experimental  research .  
elements of t he  program inc lude :  advanced s t r u c t u r a l  concepts  and m a t e r i a l s  
a p p l i c a t i o n s  p r o t e c t i o n  aga ins t  e n t r y  hea t ing  and space environmental 
hazards ,  detc?:m:ination of c r i t i c a l  loads and s t r u c t u r a l  response,  p ro t ec t ion  
aga ins t  v i b r a t i o n  environments and landing impact, and prolonged s to rzge  of 
cryogenic l i q u i d s  i n  space. 

Major 

In t h e  realm of advanced concepts ,  requirements f o r  f u t u r e  systems a r e  
a n t i c i p a t e d ,  and p e r t i n e n t  advances i n  s t r u c t u r e s  and m a t e r i a l s  technc logy 
which may h a w  been developed independently a r e  combined t o  eva lua te  t h e i r  
f e a s i b i l i t y  mid usefu lness  i n  p r a c t i c a l  app l i ca t ions .  A c u r r e n t  example i s  
a contract: and in-house s tudy of i n f l a t a b l e  luna r  s h e l t e r s  a t  t h e  LanEJey 
Research Center .  Prel iminary work has  ind ica t ed  a promising p o t e n t i a l  t h a t  
such s h e l t e r s  may provide a s h i r t - s l e e v e  environment, complete l i f e  support  
and communicatic>n f a c i l i t i e s ,  i n t e r n a l  temperature c o n t r o l ,  and meteoroid 
p r o t e c t  ion .  

Another athanced concept being s tud ied  under c o n t r a c t  concerns 1arg;e o r b i t -  
ing  antennas fo r  unmanned s c i e n t i f i c  missions.  I n  t h i s  ca se ,  requirements from 
o t h e r  d i sc ip : l i nes  a s soc ia t ed  wi th  r a d i o  astronomy are blended wi th  adlrances i n  
space s t r u c t u r e s  t o  provide t h e  technology necessary f o r  l i gh twe igh t ,  l a r g e  
a r e a  antenna systems. 

Expanded e f f o r t  w i l l  be d i r e c t e d  i n  FY 1967 t o  t h e  problems involvt!d wi th  
improved s t n i c t u r e s  t o  wi ths tand  atmospheric en t ry .  One a r e a  i s  a s soc ia t ed  
wi th  refurbisha’ble  e a r t h  e n t r y  v e h i c l e  s t r u c t u r e s .  A s  t h e  frequency iind 
magnitude of e a r t h  o r b i t a l  ope ra t ions  i n c r e a s e ,  economic advantages mlty be 
gained by reuse  of spacec ra f t  i f  t he  c r i t i c a l  a r e a s  of  t h e  s t r u c t u r e  could 
be r e a d i l y  r e s t o r e d .  Current  spacec ra f t  and t h e i r  h e a t  s h i e l d s  a r e  normally 
i n t e g r a l  s t r u c t u r e s  which do not  f a c i l i t a t e  r e p a i r  o r  replacement of damaged 
components. Various concepts  for providing refurbishment without s a c r i f i c i n g  
s t r u c t u r a l  e f f i c i e n c y  w i l l  be  inves t iga t ed .  

Another a r e a  of emphasis concerns p l ane ta ry  e n t r y  s t r u c t u r e s  f o r  use i n  
conjunct ion w i t h  t h e  exp lo ra t ion  of Mars. A s  mentioned previousl.y, crirrent 
e s t ima tes  of t h e  Mart ian atmosphere i n d i c a t e  t h a t  t he  atmospheric: p ressure  i s  
so  low canpared wi th  t h a t  of e a r t h  t h a t  s a t i s f a c t o r y  te rmina l  condi t ions  
cannot be achieved with convent ional  veh ic l e s .  Consequently, i t  i s  necessary 
t o  r e l y  on very l igh tweight  v e h i c l e s  wi th  l a r g e  f r o n t a l  a r eas  i n  o rde r  t o  
minimize impact v e l o c i t y  and enhance capsule  s u r v i v a l .  
Propuls ion Laboratory and t h e  Langley Research Center  i s  endeavoring :o 
i s o l a t e  and r e so lve  t h e  s t r u c t u r a l  problems of such v e h i c l e s  i n  o rde r  t o  
permit them t o  be designed wi th  confidence.  

Research a t  t he  J e t  



Among o t h e r  important problems, increased  emphasis is  requi red  dur ing  
FY 1967 i n  t h e  area of high frequency v i b r a t i o n s  t o  provide more adequate 
a n a l y t i c a l  arid experimental  techniques f o r  coping wi th  the  extremely complex 
problems enc:ountered i n  t h e  wide v a r i e t y  of v i b r a t i o n  environments ericountered 
by spacecxafi: . I n  another  a r e a  , s t o r a g e  of cryogenic  p r o p e l l a n t s  , t h e  
technology f o r  tank s t r u c t u r e s  and i n s u l a t i o n  , is w e l l  advanced f o r  : ,hor t - t ime 
s t o r a g e  i n  1.i1~1ich v e h i c l e s .  Increased research  i s  r equ i r ed  f o r  prolonged 
s t o r a g e  of ciryogenic l i q u i d s  , such as l i q u i d  hydrogen, i n  spacec ra f t  ~ P1anet:ar.y 
missions w i l l  involve s t o r a g e  per iods  of yea r s  r a t h e r  t han  hours  o r  clays. 
s i g n i f i c a n t  advantages of l i q u i d  hydrogen as a p r o p e l l a n t  cannot be l ' u l ly  
r e a l i z e d  un1.e~:; f u r t h e r  advances a r e  made i n  cryogenic  tank  s t r u c t u r e s  and 
thermal prot:ecf:ion systems. These i n v e s t i g a t i o n s  a t  t h e  Lewis Reseal-ch Center  
and the  Marshal-1 Space F l igh t  Center  w i l l  be extended i n  FY 1967. 

The 

Launch Vehicle Aerothermodynamics 

This  progirarn i s  concerned p r imar i ly  wi th  h e a t i n g  , a c o u s t i c  , aerodynamic 
and recovery pi~oblems a s soc ia t ed  wi th  p re sen t  and f u t u r e  launch v e h i c l e s .  

Consideralile research  has  been accomplished on t h e  measurement of temper- 
a t u r e s  i n  the  base a r e a  of both model and f u l l  s c a l e  c l u s t e r e d  rocke t s  t o  
determine the  hea t ing  caused by the  j e t  exhaust and t h e  burning of er t t ra ined 
gases  i n  t h e  base a rea  of t h e  v e h i c l e .  However, a sound understanding of  t he  
problem and ;adequate p r e d i c t i o n  and c o n t r o l  of launch v e h i c l e  base hcbating 
have been s ~ w e i ~ e l y  hampered by t h e  l a c k  of b a s i c  in format ion  on t h e  n a t u r e  of 
t he  comp1.e~ .Elows i n  t n e  base region.  The s i t u a t i o n  has been aggravttted by 
inadequat:e t:echniques f o r  measuring t h e  flow f i e l d s  wi th  t h e  accu rac i e s  
r equ i r ed ,  An e l e c t r o n  gun technique r e c e n t l y  developed under t h e  auspices  of 
t h e  Marshall. Space F l i g h t  Center appears  t o  o f f e r  cons iderable  promi:,e f o r  
mapping t:he Elow dens i ty  and temperature  i n  t h e  base reg ion  f o r  high a l t i t u d e  
f l i g h t  regimes,  I n  FY 1967 t h i s  technique w i l l  be employed i n  s e v e r d  
experimental. i n v e s t i g a t i o n s  us ing  s c a l e d  models of c l u s t e r e d  rocke t  nozz le  
arrangements,  Hopefully,  t h i s  w i l l  l ead  t o  improved means of predict . ing the  
base temperai:ui~es on a c t u a l  launch v e h i c l e s  and i n  c o n t r o l l i n g  t h e  flow t o  
reduce base temperatures  i n  c r i t i c a l  hot  spo t s .  Also i n  FY 1967 e f f o r t s  
w i l l  be cont: inued t o  develop techniques a p p l i c a b l e  t o  i n f  l i g h t  flow measure- 
ment on 1.auni:h v e h i c l e s  e a r l y  i n  t h e  launch t r a j e c t o r y  a f t e r  l i f t  of l ' .  

A bett:er understanding of t h e  base flows w i l l  l i kewise  genera te  improved 
understariding of f a c t o r s  a f f e c t i n g  n o i s e  p re s su res  i n  t h e  base reg ion .  I n  
FY 1967 research  w i l l  be augmented a t  t h e  Marshall  Space F l i g h t  Center  on 
sound pressure:; experienced on the  v e h i c l e  and on t h e  surrounding t e r r a i n  
dur ing  opera1:ion of l a r g e  s c a l e  c l u s t e r e d  rocke t  motors.  Through th1.s researck, 
t o  better: understand the  noise  source  , and cont inued r e sea rch  on atmospheric 
f a c t o r s  j-nfl.iieiicing sound propagat ion , g r e a t l y  improved accuracy should be 
p o s s i b l e  i n  p r e d i c t i n g  sound l e v e l s  a t  a l l  d i s t a n c e s  and azimuths s u i ~ o u n d i n g  
launch veh ic  Le rocke t  engine f i r i n g s  f o r  both s t a t i c  t e s t s  and actua:. launches.  
This  w i l l .  be of cons iderable  va lue  i n  planning and schedul ing engine f i r i n g s  
t o  avoid o r  .reduce d is turbances  t o  ad jacen t  communities and nearby b u i l d i n g s ,  
o r  t o  a l e r t  c e r t a i n  a reas  where no i se  l e v e l s  a r e  expected t o  be h igh  Also 
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i n  FY 1967 research w i l l  be emphasized on the  s u b s t a n t i a l l y  magnified sound 
p res su res  on launch v e h i c l e s  i n  regions of s epa ra t ed  flow behind v e n t s  and 
protuberances of va r ious  kinds.  

The research e f f o r t  on launch v e h i c l e  aerodynamics i n  FY 1967 w i l l  continue 
t o  be 1argel.y concerned wi th  i n v e s t i g a t i o n  of s p e c i a l i z e d  problems wi th  e x i s t -  
ing  launch v e h i c l e s  o r  those under a c t i v e  development, and wi th  i n v e s t i g a t i o n  
o f  f u t u r e  launch v e h i c l e  concepts,  many of which involve recovery.  Rccovery 
i n j e c t s  a completely new dimension t o  the  aerodynamics, f l i g h t  controL and 
hea t ing  of  launch v e h i c l e s ,  i r r e s p e c t i v e  of whether t he  recovery mode ranges 
from t h a t  of a f i r s t  s t a g e  landed i n  the  ocean by pa rachu tes ,  o r  of a second 
s t a g e  from o r b i t  t o  a landing on land by l i f t i n g  s u r f a c e s .  There are a l a r g e  
number and v a r i e t y  of advanced launch v e h i c l e  concepts and recovery mDdes, 
many of  which have connnonality i n  technology wi th  manned s p a c e c r a f t  a s  w e l l  
as hypersonic c r u i s e  and supersonic  t r a n s p o r t  a i r c r a f t .  
been expended i n  FY 1966 t o  e x p l o i t  t h e  l a t t e r  technologies  as app l i ed  t o  
launch v e h i c l e s ,  whi le  a t  the  same t i m e  emphasizing s t u d i e s  t o  eva lua te  t h e  
many poss ib l e  concepts,  s i z e s  and conf igu ra t ions  of f u t u r e  launch v e h i c l e s  t o  
i d e n t i f y  those of g r e a t e s t  i n t e r e s t  f o r  concent ra ted  r e sea rch  i n v e s t i g a t i o n s .  
This e f f o r t  . w i l l  be  expanded i n  FY 1967. 

A modest: e f f w t  has 

Launch Vehicle S t r u c t u r e s  

The primary o b j e c t i v e s  o f  t h i s  program a r e  t o  explore  and e v a l u a t e  advanced 
s t r u c t u r e s  and m a t e r i a l s  concepts f o r  launch v e h i c l e s ,  t o  provide improved 
methods f o r  determining the  loading and response of v e h i c l e  s t r u c t u r e s ,  and t o  
develop more r e l i a b l e  means of p r e d i c t i n g  and confirming t h e  s t r e n g t h  of 
launch v e h i c l e s .  

Primary s t r u c t u r a l  design cond i t ions  f o r  most launch v e h i c l e s  a r e  a s soc ia t ed  
wi th  atmospheric wind loadings,  i . e . ,  ground winds p r i o r  t o  launch and f l i g h t  
winds a f t e r  launch a t  a l t i t u d e s  up t o  about 50,000 f e e t .  Progress  i s  being 
made a t  the  Ames and Langley Research Centers i n  experimental  s t u d i e s  of 
ground wind 1oa.dings on f u l l  s c a l e  v e h i c l e s  f o r  comparison wi th  wind tunnel  
data, and techniques f o r  s imulat ing atmospheric turbulence i n  wind tunnel  
t e s t s  a r e  being, evaluated. These e f f o r t s  w i l l  cont inue i n  FY 1967 wi th  t h e  
o b j e c t i v e  of providing more p r e c i s e  methods which a r e  needed f o r  p r e d i c t i n g  
ground wind loads.  The e f f o r t s  t o  develop an accu ra t e  system for measurement 
of f l i g h t  wind condi t ions have r e s u l t e d  i n  r a d a r l s p h e r i c a l  ba l loon  system now 
i n  r o u t i n e  use a t  t he  Kennedy and P a c i f i c  launch s i t e s .  The roughened, two- 
meter,  sphericall ba l loon  wind sensor  developed a t  t h e  Marshall  Space F l i g h t  
Center has  demcnstrated s t a b l e  ascent  through t h e  atmosphere and rap id  response 
c h a r a c t e r i s t i c s  previously u n a t t a i n a b l e  wi th  o t h e r  techniques.  

Without ccmmprehensive d e t a i l e d  design s t u d i e s ,  it i s  o f t e n  d i f f i c u l t  t o  
eva lua te  the merits of e x i s t i n g  o r  p o t e n t i a l  advances i n  s t r u c t u r a l  concepts 
and m a t e r i a l s  a p p l i c a t i o n s  as appl ied t o  launch v e h i c l e s .  Techniques f o r  
rap id  eva.luat:ion of these  merits a r e  being i n v e s t i g a t e d  under c o n t r a c t .  The 
techniques under study show s i g n i f i c a n t  promise f o r  de f in ing  t h e  r e l a t i v e  
payoffs ,  e .@, . ,  weight and cos t  sav ings ,  t o  be expected from a w i d e  range of 
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advanced s t r u c t u r e s  technology. 
f u t u r e  research  which would be app l i cab le  e i t h e r  f o r  mod i f i ca t ion  of eKis t ing  
v e h i c l e s  o r  f o r  t h e  development of new launch veh ic l e s .  Recovery and r e u s e  
of launch v e h i c l e s  c r e a t e  a number of formidable s t r u c t u r a l l m a t e r i a l  problems. 
Although t h e  technology being developed f o r  reusable  manned spacec ra f t  w i l l  be 
a p p l i c a b l e ,  c e r t a i n  problems unique t o  t h e  reuse  of t h e  l a r g e r  and l e s s  dense 
s t r u c t u r e s  of launch v e h i c l e s  must  be s tud ied .  P a r t i c u l a r  a t t e n t i o n  w i l l  be 
focused durine, EY 1967 upon s u b s t a n t i a l l y  d i f f e r e n t  configuration:; f o r  f u t u r e  
genera t ions  of launch veh ic l e s .  

Such d e f i n i t i o n  w i l l  provide guidance f o r  

A genera l  purpose computer program i s  being developed f o r  t h e  ana lys i s  of 
complex space v e h i c l e  s t r u c t u r e s .  
t h a t  i t  can b e  used by a l l  of t he  NASA Centers ,  
i ndus t ry  so that. t h e  r e s u l t  may improve the  s t r u c t u r a l  a n a l y s i s  c a p a b i l i t y  
of indus t ry  clrt t.he whole. It may e l imina te  a l s o  t o  a l a r g e  ex ten t  t he  need 
f o r  s p e c i a l  purpose programs t h a t  a r e  now cons tan t ly  under development , and 
se’rve a s  an e f f e c t i v e  means of communicating s t r u c t u r a l  information between 
NASA c o p t r a c t o r s  and NASA Centers .  
improvement i.n s t r u c t u r a l  systems a n a l y s i s ,  i t  might be used a l s o  by o t h e r  
i ndus t r i e s ,  irtvol.ving s t r u c t u r a l  design.  It should be completed and p u t  i n t o  
genera l  use  by t:he end of FY 1967. 

This program w i l l  be s tandard ized  such 
It w i l l  be a v a i l a b l e  t o  

Since t h e  program w i l l  provide s u b s t a n t i a l  

Space Vehicle  Environmental Fac to r s  

This reseaurch program i s  concerned wi th  the  v e h i c l e  des ign  problems 
incur red  by t:he enviropment of space. 
determine i n  d e t a i l  t h e  na tu re  of t he  space environment from t h e  vehic le  
design s tandpoin t  , t o  i n v e s t i g a t e  the  e f f e c t s  of t he  environment on space- 
c r a f t ,  and t o  f i n d  s o l u t i o n s  f o r  r e l a t e d  t echn ica l  problems. The score  of 
t h e  research  e f f o r t  inc ludes  h igh  energy r a d i a t i o n  e f f e c t s  and s h i e l d i n g ,  
t h e  meteoroid eiivironment and impact hazard ,  thermal r a d i a t i o n  and temperature 
c o n t r o l ,  h igh vi3cuum technology, and the  behavior  and c o n t r o l  of f l u i c s  under 
zero g r a v i t y  condi t ions .  

The o b j e c t i v e  of t h e  program i s  t o  

Research I L : ~  being performed t o  determine r a d i a t i o n  e f f e c t s  on engir .eer ing 
p r o p e r t i e s  of s e n s i t i v e  spacec ra f t  m a t e r i a l s ,  devices ,  and components and 
t o  inc rease  1:he understanding of t h e  b a s i c  mechanisms f o r  r a d i a t i o n  dsmage 
t o  permit development of improved r a d i a t i o n  r e s i s t a n t  m a t e r i a l s  and sllacecraft. 
components. Cornpletion of new r a d i a t i o n  f a c i l i t i e s  a t  the Langley Re2 earch 
Center  and t h e  Goddard Space F l i g h t  Center w i l l  r e s u l t  i n  increased  eniphasis 
on in-house r ~ i s ~ e a r c h  during FY 1967. 
Laboratorly a t  Langley , opera ted  by t h e  Vi rg in i a  Associated Research Center  
under c o n t r a c t  to NASA, w i l l  become the  p r i n c i p a l  c e n t e r  f o r  NASA. expt!rimental. 
research  on h igh  energy proton and e l e c t r o n  r a d i a t i o n  e f f e c t s .  
funds a r e  req..tired i n  FY 1967 f o r  t he  ope ra t iona l  support  of t h e  l abora to ry ,  
a s  wel l  a s  f o r  ,support of increased  appl ied  r a d i a t i o n  research  a t  Lang;ley. 
Radiat ion environmental t e s t i n g  and s imula t ion  techniques ,  and c c r r e l a t i o n  
of damage by the  va r ious  types of r a d i a t i o n  w i l l  r ece ive  increased  eml’hasis 
a t  t h e  new Goddard Space F l i g h t  Center r a d i a t i o n  f a c i l i t y .  

The new Space Radiat ion E f f e c t s  

Increased 
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I n  connect ion wi th  t h e  p r o t e c t i o n  of man and equipment from t h e  e fEec ts  of 
high energy r a d i a t i o n  i n  space,  t h e o r e t i c a l  and experimental  s t u d i e s  %re  being 
performed t o  provide d a t a  on the  s h i e l d i n g  e f f e c t i v e n e s s  of materials with 
s p e c i a l  emphasis on t h e  secondary r a d i a t i o n  produced w i t h i n  t h e  t rh ie l j ing  
ma te r i a l .  
gene ra l  i nc rease  i n  research  devoted t o  advanced s h i e l d i n g  concepts.  
i n  an advanced and promising s h i e l d i n g  concept which uses  a combination of 
both magnetic and e l e c t r o s t a t i c  fo rces  t o  d e f l e c t  charged p a r t i c l e s ,  such as 
protons and e l e c t r o n s ,  o f f e r s  promise of very  l a r g e  sav ings  i n  s h i e l d  weight 
f o r  extended missions.  

A cont inuing  e f f o r t  i n  s h i e l d i n g  research  w i l l  be  r equ i r ed ,  wi th  a 
Research 

A broad research  program inc luding  both l abora to ry  and f l i g h t  experiments 

A major mi les tone  has  been accomplished i n  
i s  under way t o  o b t a i n  d e f i n i t i v e  data on t h e  c h a r a c t e r i s t i c s  of meteDroids 
and t h e i r  hazards  t o  spacec ra f t .  
t he  launching of t h r e e  l a r g e  a r e a  Pegasus meteoroid d e t e c t i o n  s a t e l l i t e s .  
These spacec ra f t  a r e  providing d e f i n i t i v e  d a t a  i n  near  e a r t h  regions 3n 
meteoroid pene t r a t ion  of much t h i c k e r  s t r u c t u r a l  m a t e r i a l  specimens t i a n  any 
previously flown. However, it is now c l e a r  t h a t  d a t a  on s t i l l  t h i c k e r  materialm3 
a r e  needed f c r  support  of f u t u r e  long du ra t ion  manned missions where the 
p r o b a b i l i t y  of encounter ing l a r g e r  meteoroids i s  much g r e a t e r  than i n  s h o r t -  
du ra t ion  f l i g , h t s .  Such measurements must be made wi th  high s t a t i s t i c a l  
r e l i a b i l i t y ,  and emphasis w i l l  be given t o  t h e  cont inued development of 
improved meteoroid f l i g h t  sensors .  I n  a d d i t i o n  t o  f l i g h t  experiments,  t he  
Harvard College Observatory and Smithsonian Astrophysical  Observi3tory under 
NASA con t rac t  a.re s tudying n a t u r a l  meteors e n t e r i n g  t h e  e a r t h ' s  atmosphere u s i n s  
r a d i o  r e f l e c t i o n  and o p t i c a l  techniques.  
y i e l d  d a t a  on t he  near  e a r t h  meteoroid popula t ion  f o r  t h e  l a r g e r  meteoroids.  
Increased emphasis w i l l  be placed i n  t h i s  a r e a  of research  s i n c e  an urgent  
need e x i s t s  t o  develop means of c o r r e l a t i n g  these  d a t a  wi th  t h e  Elight 
measurements of a c t u a l  meteoroid pene t r a t ions  t o  provide des ign  d a t a  f o r  t he  
wides t  poss ib l e  range of meteoroid s i z e s .  
v e l o c i t y  impact w i l l  a l s o  be continued and expanded s i n c e  t h i s  phenomenon 
must  be b e t t e r  understood before  the  des i r ed  c o r r e l a t i o n  can be accomplished 
wi th  conf idertce. One of t h e  important and c u r r e n t l y  unce r t a in  f a c t o r s  involved 
i n  impact theory and i n  c o r r e l a t i o n  of ground observa t ions  and f l i g h t  d a t a  
i s  p a r t i c l e  dens i ty .  
s imula t ions  of meteoroid e n t r y  i n t o  t h e  atmosphere have shown t h a t  m e t e o r i t i c  
rock undergoes foaming and a r a d i c a l  change of shape a t  high h e a t i n g  r a t e s .  
This new findirtg,  which has  been i n j e c t e d  i n t o  t h e  meteor obse rva t iona l  
program, i n d i c a t e s  t h a t  p re sen t  deduct ions of meteoroid d e n s i t y  based on 
measured meteor v e l o c i t i e s  and dece le ra t ions  i n  t h e  e a r t h ' s  atmosphere may be 
i n  e r r o r .  

Such obse rva t iona l  measurements 

Laboratory r e sea rch  on hyper- 

A t  t he  Ames Research Center pre l iminary  l abora to ry  

Laboratory hyperve loc i ty  impact research  i s  s t i l l  l i m i t e d  by the i n a b i l i t y  
t o  s imula te  meteoroid s i z e s  and v e l o c i t i e s  s imultaneously.  Continued 
emphasis wil .1 .  be given t o  the  development of promising techniques fo r  
achieving b e t t e r  s imula t ion ,  along wi th  improvement of p re sen t  in-house 
equipment. t o  keep pace wi th  new developments i n  t h i s  a r ea .  
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The zero g r a v i t y  f l u i d  behavior program w i l l  cont inue t o  be con.cernc!d 
p r imar i ly  wi th  research  on f l u i d  dynamics as i n  f u e l  tanks under near  xero-  
g r a v i t y  cond i t ions  wi th  p a r t i c u l a r  emphasis on e f f e c t s  of a t t i t u d e  cont:rol 
maneuvers on behavior of t h e  l i q u i d  vapor i n t e r f a c e ,  response t o  outflow 
d is turbances  and f l u i d  c o l l e c t i o n  and i n t e r f a c e  formation times. The r e s u l t s  
of  such research  i s  important t o  any on-board f l u i d  system. Much of t h e  
research  i n  t h i s  a r ea  w i l l  be performed i n  t h e  new 400-foot drop tower f a c i l i t y  
a t  the  Lewis Research Center .  While s imilar  s t u d i e s  wi th  very  s m a l l  models 
i n  t h e  100-foot Lewis drop tower f a c i l i t y  have l e d  t o  good q u a l i t a t i v e  under- 
s tanding  of t he  phenomena involved,  t h e  experiments i n  t h e  new fac:ilit:r w i l l  
r e s u l t  i n  da ta  f o r  l a r g e r  s i z e  models g iv ing  much g r e a t e r  confidence t o  
ex t r apo la t ions  t o  f u l l  s i z e  f l i g h t  systems. 

The exchange of h e a t  t o  and from v e h i c l e s  i n  space i s  s o l e l y  by thermal 
r a d i a t i o n .  Since the  r a d i a t i v e  c h a r a c t e r i s t i c s  of spacec ra f t  su r f aces  a r e  
known t o  be a l t e r e d  by s o l a r  u l t r a v i o l e t  and o t h e r  space r a d i a t i o n s  i n  
combination with space vacuum cond i t ions ,  accu ra t e  q u a n t i t a t i v e  temperature 
p r e d i c t i o n s  f o r  long du ra t ion  f l i g h t s  a r e  d i f f i c u l t .  Present  d e s ~ g n  
techniques inc lude  i t e r a t i v e  o r  mul t ip l e  t r i a l  p rocesses  involv ing  t e s t s  i n  
l a r g e  f a c i l i t i e s  where adequate s imula t ion  of t h e  s o l a r  spectrum :LS d i f f i c u l t .  
Tes t ing  of spa.cecraf t  thermal con t ro l  coa t ings  i n  space and i n  the  l a b x a t o r y  
w i l l  cont inue along with t h e  development of new more s t a b l e  coa t ings .  Methods 
w i l l  be developed t o  measure t h e  s p e c t r a l  r e f l e c t a n c e  of material:; over  a wide 
range of cond i t ions ,  along w i t h  t h e  development of new computer pirograns t o  
a p p l y  such d a t a  t o  ex tens ive  i n t e r - r e f l e c t i o n  between su r faces  of complex 
spacec ra f t  shapes. Research on new thermal r a d i a t i o n  sources  w i l l  cont inue ,  
as w i l l  r esearch  i n  the  a rea  of thermal s c a l e  modeling. The Mariner I V  space- 
c r a f t  con f igu ra t ion  was s e l e c t e d  f o r  an experimental  eva lua t ion  oE s c a l e  modeling 
techniques.  Resu l t s  ob ta ined  i n  t e s t i n g  of a h a l f - s c a l e  thermal inodel of t he  
Mariner IV have been most encouraging wi th  r e spec t  t o  the  a p p l i c a t i o n  of t hese  
techniques which could reduce s i g n i f i c a n t l y  the  f u t u r e  requirements f o r  l a r g e  
s o l a r  simulat.:ion f a c i l i t i e s .  

I n  t h e  t e s t i n g  of spacec ra f t  and m a t e r i a l s  under s imulated combined thermal 
and vacuum ernrii:onmental condi t ions  of space ,  a s e r i e s  of new problems has  
developed duc? to an unpredicted contamination of su r faces  i n  vacuum chambers. 
This  c0ntaminiat:ion produces unwanted changes i n  t h e  thermal balance of space-  
c r a f t  under tesl: and adds t o  the  d i f f i c u l t y  i n  analyzing e f f e c t s  due t o  u l t r a - ,  
v i o l e t  and ot:her r a d i a t i o n s .  This and o t h e r  problems a s soc ia t ed  with the  
c r e a t i o n ,  maintenance and measurement of s imulated space vacuum w i l l  k e under 
continued s tudy i n  FY 1967. 

Space Vehicle Design C r i t e r i a  

Space vehL:lle f a i l u r e s  have occurred because of t h e  a p p l i c a t i o n  of inadequatc 
o r  inapproprfiat~e design condi t ions  o r  procedures .  Moreover, t he  probl.em of 
r e t r i e v a l  of information app l i cab le  t o  t h e  design of f u t u r e  space v e h i c l e s  
cont inues  t o  grow more complex a s  the  mass of new t e c h n i c a l  informaticin 
r e s u l t i n g  froin research s t u d i e s ,  v e h i c l e  p r o j e c t  development and oper:rting 
experience inc reases .  The o b j e c t i v e  of t h i s  program is  t o  assist proiject 
managers ,and des igners  by providing them wi th  t e c h n i c a l  informati.on s u i t a b l y  
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f i l t e r e d  from the  t o t a l  mass of d a t a  a v a i l a b l e  and arranged i n  u s e f u l  forms 
f o r  uniform app:Lication t o  design.  
i d e n t i f i c a t i o n  of design problems t h a t  must be considered t o  ensure t f e  
f l i g h t  wor th ine : ;~  of space v e h i c l e s ,  formulat ion of e x i s t i n g  technica l  
information 11ea:ring on these  problems i n t o  a u t h o r i t a t i v e  guides  t o  de$ ign ,  
d i sseminat ion  o f  t hese  guides  i n  an o r d e r l y  and usable  s e t  of design c r i t e r i a  
documents t o  ]USA and indus t ry  u s e r s ,  and updat ing as requi red .  

Attainment of  t h i s  o b j e c t i v e  en ta i  1s 

This  e f f o r t  encompasses the  p repa ra t ion  of des ign  c r i t e r i a  i n  the  technica l  
a r eas  of envn roiunent; s t r u c t u r e s ;  propuls ion;  and s t a b i l i t y ,  guidance and 
c o n t r o l .  The work e f f o r t  is being c a r r i e d  out  a t  seven of t he  NASA Ccnters ,  
a t  t he  Jet: Piropulsion Laboratory , and by c o n t r a c t  wi th  s e v e r a l  aerospzce 
companies and consul t ing  f i rms .  To provide f o c a l  p o i n t s  f o r  d e t a i l e d  c o n t r o l  
and guidance of t he  program e f f o r t ,  t h r e e  of t h e  NASA Centers  func t ior ,  as lead  
Centers :  Laii:31ey Research Center  - S t r u c t u r e s  C r i t e r i a ;  Lewis Research Center  - 
Propuls ion C r i t e r i a ;  and E lec t ron ic s  Research Center  - Guidance and Cclntrol. 
F i s c a l  year  2'367 funds w i l l  provide f o r  cont inuing  c o n t r a c t  e f f o r t  by the  
l e a d  Centers  and o the r  Centers  necessary f o r  t he  t imely formulat ion oi' design 
c r i t e r i a  i n  each t echn ica l  a r e a  where c r i t e r i a  a r e  t o  be e s t a b l i s h e d .  

I n  ca lendar  year  1965 c r i t o r i a  monographs p e r t a i n i n g  t o  s o l a r  e l e c t r o -  
magnetic radfiat ion, buckl ing of th in-wal led  c y l i n d e r s  and aerodynamic and 
ground wind :Loads were i ssued  t o  indus t ry  and i n t e r e s t e d  government ag;encies. 
I n  a d d i t i o n  to ithe monographs i s sued ,  work was continued o r  i n i t i a t e d  on 
approximately f o r t y - f i v e  d r a f t s  of planned monographs. 

The co i i t i n i a t ion  of t h i s  program i n  FY 1967 should reduce the  chanc:es of 
f a i l u r e  i n  th? fu tu re ,  and ensure an optimum balance between r e l i a b i l i t y  
and perfoicmaii-e as  permit ted by t h e  l a t e s t  a v a i l a b l e  knowledge and experience.  

L i f t i n n  Body F l i g h t  and LandinP Tes t s  

1.967 - 1965 1966 

F l i g h t  v e h i c l e  and support  s e r v i c e s . .  $1,400,000 $1,000,000 $1,000,000 

The l i f t i n g  body c l a s s  of r een t ry  v e h i c l e  conf igu ra t ion  has  received 
cons iderable  research a t t e n t i o n  because of t h e  improved atmospheric mmeuver- 
i ng  perfomaiice over t h a t  of b a l l i s t i c  and s e m i - b a l l i s t i c  v e h i c l e s  of t h e  
Gemini and Apollo type.  This research  leads  t o  widened r e e n t r y  c o r r i d o r s ,  
reduced g - loads  on crew and passengers ,  and g r e a t e r  l a t e r a l  ranging a h i l i t y  
wi th  consequently improved ope ra t iona l  f l e x i b i l i t y  and p r e c i s i o n  i n  r e t u r n  
from o r b i t .  
of h o r i z o n t a l  landing a t  prepared land s i t e s .  

The l i f t i n g  body types of v e h i c l e  a l s o  o f f e r  t h e  capabil:.ty 
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One of t h e  most important ques t ions  wi th  such v e h i c l e s  i s  t h a t  of terminal  
approach and landing ,  i n v e s t i g a t i o n  of  which is t h e  o b j e c t i v e  of t h e  cu r ren t  
f l i g h t  reseai:ch p r o j e c t  being c a r r i e d  out  a t  t h e  F l i g h t  Research Center on 
t h e  Ames M-2 and Langley HL-10 conf igu ra t ions .  These t e s t  v e h i c l e s  were 
construct:ed by t h e  Northrop Corporat ion t o  NASA s p e c i f i c a t i o n s .  They are 
b u i l t  of aluminum us ing  convent ional  a i rp l ane - type  cons t ruc t ion  and adapt ing 
off- the-she] :?  components such as landing gea r ,  c o n t r o l  systems,  hydraul ic  
systems, e j e c t i o n  s e a t s ,  e t c . ,  and inco rpora t e  a b a l l a s t  f e a t u r e  by bhich 
l a r g e  change:; i n  weight can be made covering a wide range of p l a t fo rn  loadings.  
The M-2 has  :reached t h e  f l i g h t  t e s t  s t a g e  a f t e r  being thoroughly t e s t e d  i n  
t h e  Ames 40- x 80- f o o t  wind tunnel .  The HL-10, de l ive red  i n  Janua r j  1966, 
w i l l  reach l i t ight  readiness  i n  t h e  s p r i n g  of 1966 a f t e r  undergoing similar 
40- x 80- foo t  tunnel  t e s t s .  They w i l l  be c a r r i e d  by a B-52 ( the  same a i r -  
c r a f t  used f o r  launch of t h e  X-15) t o  an a l t i t u d e  of 40,000 f e e t  and a speed 
of about Mach number 0.8 and r e l eased  t o  g l i d e  back to e a r t h .  

The fund:; in FY 1967 w i l l  provide f o r  t he  cont inuing  aggress ive  arid 
ex tens ive  f:Light t e s t  program, i n  which both NASA and USAF t e s t  pi1ot.s w i l l  
p a r t i c i p a t e ,  covering a wide range of v e h i c l e  loading  and operat ional .  
condi t ions .  

Scout Reentry P r o i e c t  

1965 1966 I 1967 __ 
Spacecraf t  .and support . .  ............ $400,000 $3,000,000 $ L I ,  800 , OO(11 
Scout (Launch 'Vehicle Procurement 

( 1 1- ,800.00(!) (2,260,000) --- Program) .......................... 
Tota l  ( inc luding  launch v e h i c l e s ) .  ($2,660,000) ($3,000,000) fi~i,600,00OJ - - -  

The o b j e c t i v e  of t h i s  p r o j e c t  i s  t o  support  t he  advancement of atinosphere 
e n t r y  technology by performing c r i t i c a l  anchor po in t  experiments i n  liyper- 
v e l o c i t y  r een t ry  f l i g h t .  
and h igh  t enpe ra tu re  s t r u c t u r e s  and thermal p r o t e c t i o n  systems wi th  the aim 
of c o r r e l a t i n g ,  v e r i f y i n g ,  and extending research  r e s u l t s  ob ta ined  i 2 1aborat:o::y 
f a c i l i t i e s .  

Emphasis is on the  technologies  of aerothennodynami.~:; 

I n  h e a t  s h i e l d  technology an experiment w i l l  be flown t o  a r e e n t r y  speed lof 

about 27,000 f e e t  per  second t o  determine the  performance of  an advanced low- 
dens i ty  pher,olic nylon hea t  s h i e l d  m a t e r i a l  of p a r t i c u l a r  i n t e r e s t  t 3  b a l l i s t i t :  
and s e m i - b a l l i s t i c  e n t r y  v e h i c l e  a p p l i c a t i o n .  The f l i g h t  w i l l  sub jec t  the  t e s t  
h e a t  s h i e l d  tco a high i n t e n s i t y ,  s h o r t  du ra t ion  hea t  pu lse  wi th  t h e  ob jec t ive  
of v e r i f y i n g  t h e  p r e d i c t i o n  of t he  performance of t h e  m a t e r i a l  based on a very 
thorough 1a.tloratory determinat ion of i t s  phys ica l  and chemical p r o p e r t i e s  and 
i t s  perfonrmnce i n  a r c  j e t  t e s t s .  
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Fur the r  hea t  s h i e l d  m a t e r i a l  experiments a r e  being devised t o  determine 
i n  a similar wa.y t h e  behavior  of s e v e r a l  promising a b l a t i o n  materials of 
e s p e c i a l  i n t e r e s t  f o r  l i f t i n g  e n t r y  v e h i c l e  a p p l i c a t i o n s .  
of which s i l i c o n e  elastomers  a r e  one example, have c h a r a c t e r i s t i c s  s u i t e d  t o  
long duration., r e l a t i v e l y  low l e v e l  hea t ing ,  wi th  s h o r t  du ra t ion  h igh  hea t ing  
r a t e s  superimposed during maneuvers. Problems a s soc ia t ed  wi th  ease  o E 
refurbishment axe an important cons ide ra t ion ,  and spacec ra f t  recovery is  an 
e s s e n t i a l  f e a t u r e  of  t hese  f l i g h t  experiments t o  s tudy a t  f i r s t  hand ' i e a t  
s h i e l d  damage and i t s  r e p a i r .  

These m a t e r i a l s ,  

I n  t h e  area of aerothermodynamics, two f l i g h t  experiments w i l l  be conducted 
t o  provide b a s i c  d a t a  on t h e  hea t ing  r a t e s  a s s o c i a t e d  wi th  turbu:Lent boundary 
l a y e r s  a t  hig,h Mach numbers and Reynolds numbers, and t o  i n v e s t i g a t e  f a c t o r s  
which a f f e c t  t r a n s i t i o n  from laminar t o  tu rbu len t  flow under these  condi t ions  
The d a t a  a r e  important i n  p red ic t ing  hea t ing  r a t e s  and s k i n  f r i c t i o n  3n a 
v a r i e t y  of ad.vanced v e h i c l e s ,  inc luding  l i f t i n g  r een t ry  v e h i c l e s ,  b a l l i s t i c  
m i s s i l e s ,  hypersonic  c r u i s e  a i r c r a f t  and c e r t a i n  c l a s s e s  of r eusab le  launch 
v e h i c l e s .  The d a t a  cannot be obta ined  i n  ground t e s t  f a c i l i t i e s  and anchor 
po in t  d a t a  from f l i g h t  experiments a r e  needed t o  r e so lve  disagreements among 
va r ious  t h e o r i e s  used t o  p r e d i c t  t u rbu len t  hea t ing  rates. 

A t  speeds a s soc ia t ed  wi th  e n t r y  i n t o  t h e  atmosphere of Venus and r e e n t r y  
i n t o  t h e  e a r t h ' s  atmosphere on r e t u r n  from p lane ta ry  f l i g h t ,  cha rac t e r i s t i ca l : l y  
45,000 t o  50,000 f e e t  pe r  second and h igher ,  c r i t i c a l  f l i g h t  experiments w i l l  
be needed t o  provide anchor po in t  d a t a  on both t h e  hea t ing  environment and 
t h e  behavior of thermal p r o t e c t i o n  systems i n  t h i s  extreme hea t ing  environment:. 
Such experiments,  f o r  which spacec ra f t  recovery is  e s s e n t i a l ,  a r e  d i f f i c u l t  
t o  devise  and w i l l  r e q u i r e  long l e a d  time f o r  t h e i r  development. In te rmedia te  
s t e p s  w i l l  b e  ntecessary. To t h i s  end, conf igu ra t ion  and ins t rumenta t ion  con- 
cep t s  w i l l  be dieveloped, along wi th  a v e l o c i t y  package, f o r  launch t o  intermedi3te  
r e e n t r y  speeds of around 36,000 f e e t  per  second by Scout launch v e h i c l e s .  

Small Space Vehicle  F l i g h t  Experiments 

1965 1966 - 1967 , 

Spacecraf t  and support  .............. $1,010,000 $2,000,000 $1,500,000 

P lane ta ry -g i t ry  Technology - One of t he  most c r i t i c a l  problems a s soc ia t ed  
wi th  t h e  expI.oration of Mars by unmanned spacec ra f t  is t h a t  of t le rmina l  descent  
and noncatast:rophic landing on t h e  su r face .  
Mart ian atmosphere w i l l  r equ i r e  the  use of l a r g e ,  l igh tweight  parachutes  t h a t  
can be deployed wi th  high aerodynamic and s t r u c t u r a l  r e l i a b i l i t y  a t  r e l a t i v e l y  
high speeds and low dynamic p res su res .  
concepts have been i d e n t i f i e d ,  t h e i r  opening and s t r u c t u r a l  loading c h a r a c t e r -  
i s t i c s  under the  expected cond i t ions  have not  been e s t a b l i s h e d  and cannot be 
establ ish.ed by ground t e s t s  a lone.  
means of high a l t i t u d e  f l i g h t  t e s t s  under condi t ions  t h a t  close1.y s imula te  
p lane tary  atmospheric cond i t ions .  
c a r r i e d  o u t  us ing  Nike rocke t  launch v e h i c l e ,  coupled c l o s e l y  wi th  l a r g e r  s c a l e  
experiments,  l o f t e d  by ba l loons  and rocke t s  launched a t  high a l t i t u d e s .  

The very  low d e n s i t y  of t he  

While s e v e r a l  promising parachute 

The problems w i l l  t h e r e f o r e  De s tud ied  by 

A s e r i e s  of scaled-model t e s t s  w i l l  be 

R1) 13-14 



Heat ShielcQklaterials Technology - As discussed  under Scout Reentry Heat- 
i ng  Experiment:s f l i g h t  measurements of t h e  performance of a b l a t i v e  h e a t  s h i e l d  
m a t e r i a l s  c o n s t i t u t e  a cont inuing program t o  provide c r i t i c a l  anchor po in t  
d a t a  and t o  improve understanding of t h e  complex a b l a t i v e  process .  The Scout- 
launched experiments provide d a t a  a t  speeds corresponding t o  a c t u a l  spacec ra f t  
r een t ry  speeds. A v i t a l  l i n k  between t h e  Scout experiments and ground-based 
research  is  provided by f l i g h t  t e s t s  us ing  the  smal le r  low-cost Pacemaker 
rocket system t o  provide f l i g h t  d a t a  a t  cond i t ions  t h a t  can be c l o s e l y  
approximated i n  l abora to ry  f a c i l i t i e s  and t h e r e f o r e  a f f o r d  d i r e c t  comparison. 

An impolrtarit aspec t  of t h e  h e a t  s h i e l d  m a t e r i a l s  technology program i s  
recovery and examination and a n a l y s i s  of specimens a f t e r  f l i g h t  t e s t .  
i n t o  recovery concepts and ins t rumenta t ion  a i d s  w i l l  be conducted i n  t h i s  
program dur ing  I'Y 1967. 

Research 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

--ANDTECHNOLOGY ELECTR ONICS SYSm M S P E . O G R A M  

The purpose of t h e  E lec t ron ic s  Systems Program i s  t o  insure  t h e  avEilabi1it :y 
of e l e c t r o n i c  technology capable  of s a t i s f y i n g  t h e  s t r i n g e n t  r e l i a b i l i t y  and 
performance requirements of f u t u r e  space and ae ronau t i ca l  systems and r e l a t e d  
support  funct:;ons. The scope of t h e  program extends from conceptual systems 
research ,  inc:l.ucling performance p r e d i c t i o n s  der ived from s t u d i e s  o f  c c n t r o l  
and information theory,  through t h e  development and eva lua t ion  of advanced 
e lec t ronic :  techniques and components, t h e  elements common t o  a l l  opera t ing  
e l e c t r o n i c  systems. 
performanc:e demands of f u t u r e  missions and t h e  ope ra t iona l  l i m i t a t i o n s  of 
today ' s  equipment. Typical genera l  o b j e c t i v e s  a r e :  (1) a t ta inment  of t he  
extended opera t ing  l i f e t i m e s  and r e l i a b i l i t y  requirements of f u t u r e  s r ace  
missions,  and (2) performance and a d a p t a b i l i t y  of ins t rumenta t ion ,  conmu- 
n ica t ions , ,  d a t a  processing,  c o n t r o l  and guidance subsystems. The program 
u t i l i z e s  both a n a l y t i c a l  and experimental  research  approaches prosecuted i n  
indus t r ia l .  , u n i v e r s i t y ,  and government l abora to r i e s .  F l i g h t  experimerts  a r e  
performed,, whtm necessary and prudent ,  t o  circumvent t h e  l i m i t a t i o n s  clf t h e  
earth-bound 1.aboratory research  programs. 

The e f f o r t s  of t h i s  program are motivated by the  

Support Fng :ce:;earch and 
technology. .............. $23,222,000 $30,000,000 $34,000,000 

F l i g h t  pro;jeci:s. ........... 2,400.000 -2LxUuQ 2,800.m 

Tota l  ...................... s25,673.000 m. 000 

t r i b w u d  P- Amw t bv I n  s t a l l a  t i .  M. 

Manned Spacecraf t  Center.  ..... $465,000 
Marshall Spiace F l i g h t  Center . .  3,685,000 
Goddard Space F l igh t  Center . .  . 2,967,000 
Jet Propuls ion Laboratory ..... 2,727,000 
Ames liesc?arch Center.  ......... 3,480 , 000 
E1ectron:Lcs Research Center . .  . 2,178,000 
F l i g h t  Research Center . .  ...... 1,038,000 
Langley liesearch Center . .  . . . . .  6,660,000 
L e w i s  Research Center ......... 
NASA Ileadquarters. .  ........... 2,022,000 

400 , 000 

$525 , 000 
4,003 , 000 
2,975,000 
3,566,000 
3,718,000 
5,110,000 

698 , 000 
7 , 260,000 

539 , 000 
3,906 , 000 

$1150,000 

2 ,  !I60 , 000 
3 ,  :!90 , 000 
4,I.OO ,000 
10 , 000 , 000 

060,000 
7 , 1120 , 000 

li40 , 000 
3 ,:.80,000 

4 ,  :!oo , 000 
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SUpoortine; Research an d Te- 

Guidance systems ............... $4,523,000 $6,050,000 !$6,253,000 
Control systems ................ 5,351,000 6,000,000 6,153,000 
Communications ................. 4,190,000 4,800,000 5,603,000 

Data handling and processing ... 3,172,000 3,650,000 4,153,000 
Instrumentation ................ 3,126,000 3,950,000 4,15 3,000 

Tracking and data acquisition.. 2,860,000 3,550,000 3,703,000 

Electronic techniques and 
................... 2.000 -000 4.00~3.000 components --- 

Total ........................ $30.000.000 S;)4.00 3.000 - 
Guidance Systems 

Guidance System research and technology efforts are directed toward 
identifying requirements and characteristics of future space guidance and 
navigation systems, and developing sensors, components and subsystems capable 
of attaining advanced performance goals. Systems and trajectory analyses 
provide the framework for examining sensor, instrumentation and data 
processing trade-off assessments for future space missions and for thz 
development of guidance equations, navigation logic and advanced systzms 
concepts. From1 these analyses, the research objectives leading to advanced 
sensors, reference elements and associated instrumentation components are 
derived. The program emphasizes research in inertial, optical arid elactro- 
magnetic phenomena to develop the sensors and techniques direct1.y related to 
space guidance and navigation. 

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

In view of the fact that the sun, celestial and planetary bodies provide 
the primary targets for space navigation and attitude reference, expansion 
of research on passive electromagnetic sensors, particularly that related to 
improved detectors, nomoving-part and lightweight tracking devices is planned 
for this fiscal year, primarily at the Electronics Research Center. 

Increased efforts in active radar and laser devices are required t D  effect 
future rendezvous and planetary letdown portions of manned and unmanned 
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missions. 
due t o  limi.tatlLons of a v a i l a b l e  personnel and f a c i l i t i e s  a t  t he  Centers.  The 
major increase  i n  t h i s  e f f o r t  w i l l  be i n  the  Guidance Laboratory a t  thc 
E lec t ron ic s  Research Center. 

This  a rea  of technology has  not  he re to fo re  received proper  Emphasis 

Current and cont inuing e f f o r t s  i n  t h i s  program w i l l  provide t h e  components 
and technol.ogy necessary t o  support  t h e  development of f u t u r e  guidance and 
naviga t ion  systemis. Planned e f f o r t s  w i l l  de r ive  t h e  reauirements f o r  sdvanced 
research  and spec i fy  c h a r a c t e r i s t i c s  and components t o  meet t h e  demands of 
long term spacx! missions f o r  i n t e r p l a n e t a r y  exp lo ra t ion  and t r a v e l o  

Control Systems 

The research  e f f o r t s  sponsored by t h e  Control and S t a b i l i z a t i o n  propram 
provide the! technologica l  base f o r  f u t u r e  aerospace veh ic l e  con t ro l  syctems. 
Areas of s tudy include manned and automatic f l i g h t  con t ro l  systems, spscec ra f t  
a t t i t u d e  st.abil.in:ation and con t ro l ,  and t h e  development of mathematical t o o l s  
f o r  system anal.ya;is and syn thes i s ,  Spec i f i c  ob jec t ives  inc lude :  more p rec i se  
mathematicail d e s c r i p t i o n s  of manual and automatic con t ro l  performance, t h e  
development. and a p p l i c a t i o n  of modern con t ro l  theory t o  f u t u r e  system roblems, 
and the  advancximint of t he  s t a t e -o f - the -a r t  of c o n t r o l  and d i sp lay  system 
components 

During t h e  conling year ,  i n t ens ive  e f f o r t s  w i l l  cont inue i n  t h e  a rea  of 
mathematical modeling of both automatic and manual con t ro l  performance. Past  
e f f o r t s  have provided q u a s i l i n e a r  d e s c r i p t i o n s  of a p i l o t ' s  c o n t r o l  perform- 
ance and t h e  techniques capable of l imi t ed  app l i ca t ion .  These models kave 
been shown t o  be va luable  i n  both t h e  a n a l y s i s  and design of veh ic l e  c c n t r o l  
systems, They have been used i n  system designs f o r  t h e  supersonic t r a r s p o r t ,  
f o r  manually cont:rolled launch veh ic l e s ,  and f o r  l i f t i n g  body research  
vehicles .  The e f f o r t s  i n  FY 1967 a t  t h e  Ames  Research Center w i l l  extend 
and-ref ine  the  app l i ca t ions  of t hese  techniques,  and i n  add i t ion  w i l l  
concentrate  heavi ly  on descr ib ing ,  mathematically,  the c o n t r o l  func t ior  i n  
terms t h a t  inc1.ucle dec i s ion  making, t i m e  varying, and adapt ive c h a r a c t e r i s t i c s  
of t he  human's con t ro l  performance. 

The e f f o r t  j-n the  a rea  of system syn thes i s  i s  i l l u s t r a t e d  by a problem i n  
o p t i c a l  technol.og;y, t he  poin t ing  of extremely narrow beam l a s e r  telescclpes. 
System s t u d i e s  i n d i c a t e  requirements t o  poin t  t hese  beams with accurac ies  of 
up t o  0.01 arcseconds of angle ,  a requirement f a r  exceeding e x i s t i n g  c c n t r o l  
capab i l i t y .  
t h i s  goal.  In the  coming year  e f f o r t  w i l l  be d i r ec t ed  by the  Langley 
Research Center t:oward the  component development necessary t o  demonstrate 
t h e  concept f ea  sf b i l  i t y . 

System s t u d i e s  have generated p o t e n t i a l  means of accomplishing 

During the  pas t  year ,  t he  component development program e f f o r t s  have been 
devoted t o  advancing t h e  s t a t e  of t h e  a r t  of d i sp l ay  media through the  
development of X-Y, v e r t i c a l  s c a l e ,  and alphanumeric e lectroluminescent  
d i sp l ays ,  and clevelopmnt of e lectromechanical  components such a s  brushless  
DC motors, and mcnnentum exchange devices .  Other components under development 
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inc lude  a d i s p l a y  f o r  a i r c r a f t  zero-zero landing  r e sea rch ,  an o p t i c a l  system 
f o r  p i l o t  remote v i s i b i l i t y ,  sa te l l i t e  a t t i t u d e  c o n t r o l  hardware, both a c t i v e  
and pass ive ,  such as n u t a t i o n  dampers and a dua l  redundant a t t i t u d e  c o n t r o l  
va lve ,  and t e l e v i s i o n  s imula t ion  d i sp lays .  A s i g n i f i c a n t  FY 1967 expansion 
i n  con t ro l  components w i l l  provide an  important payoff i n  r e a l i z i n g  a n a l y t i c a l  
concepts  developed over  t h e  l a s t  few years .  The primary expansion is  a t  t h e  
E lec t ron ic s  Kesearch Center ;  o t h e r  Centers  w i l l  maintain e s s e n t i a l l y  the  same 
l e v e l  of e f f o r t  as i n  the  pas t .  

Communications 

The communications subprogram provides  a f i rm technology base upon which 
t o  r e f i n e  p re sen t  systems and t o  bu i ld  f u t u r e  gene ra t ions  of deep space 
communicatiqns systems. Research e f f o r t s  c o n t r i b u t i n g  t o  t h i s  f i rm  t ech -  
no log ica l  base are i n  t h e  microwave, submil l imeter  and o p t i c a l  frequency 
domains . 

1 2  Extremely h igh  d a t a  rates ( l o 7  t o  10 b i t s / s e c )  are requi red  f o r  real t i m e  
t ransmiss ion  of high r e s o l u t i o n  photography and t e l eme t ry  f o r  s c i e n t i f i c  pur-  
poses from th.e o u t e r  p l ane t s .  Deep space communication d a t a  rate i s  d i r e c t l y  
r e l a t e d  t o  t h e  power of t h e  spacec ra f t  t r a n s m i t t e r  tube ,  and consequent ly ,  
our  research  i n .  microwave tubes  f o r  spacec ra f t  i s  o r i e n t e d  towards h igher  
powered tubes.  Mariner LV, using a t e n w a t t  tube ,  t r ansmi t t ed  ai: 8-1/3 b i t s /  
sec from Mars. A 2 0 w a t t  tube has  been developed by Watkins-Johnson f o r  t h e  
Langley Resea.rch Center.  A 1 , 0 0 0 w a t t  tube  would improve our  coinmunication 
d a t a  r a t e  by 1010 t i m e s  over t he  Mariner 1 0 w a t t  tube. 

E f f o r t s  t o  be undertaken i n  FY 1967 a t  the  E l e c t r o n i c s  Research Center  
inc lude  s t u d i e s  and l abora to ry  experiments t o  develop t h e  technology requi red  
f o r  space-qua. l i f ied 500-to 1 , 0 0 0 w a t t  tubes  f o r  f u t u r e  missions.  

Reentry camtunicat ions is  t h e  sub jec t  of an i n t e n s i v e  r e sea rch  e f f o r t .  
Upon r een te r ing  t h e  e a r t h ' s  atmosphere, a spacec ra f t  i s  enveloped i n  a plasma 
shea th  which causes  a blackout i n  communications. 
i s  conducting a Reentry At tenuat ion  Measurements (RAM) f l i g h t  p r o j e c t  to 
provide bas ic  data concerning t h e  plasma shea th  and t o  test  t h e  water i n j e c -  
t i o n  method of a l l e v i a t i n g  the  e f f e c t s  of t h e  plasma. A f u r t h e r  d i scuss ion  
on RAM appears  i n  t h e  F l i g h t  P r o j e c t s  sec t ion .  A major break-through i n  both 
understanding and e l imina t ing  the  e f f e c t s  on communications of plasma is 
necessary  i n  o rde r  t o  provide r e l i a b l e  communications and t r a c k i n g  f o r  l u n a r  
and i n t e r p l a n e t a r y  mission r e e n t r y  v e l o c i t i e s  of 36,000 t o  70,000 f e e t / s e c .  
Research w i l l  cont inue i n  t h i s  area dur ing  FY 1967 a t  t h e  Langley Research 
Center wi th  major emphasis on eva lua t ing  r e s u l t s  of f l i g h t  d a t a o  

The Langley Research Center  

Advanced e l e c t r o n i c s  devices  which u t i l i z e  t h e  plasma engu l f ing  the  
spacec ra f t  are being inves t iga t ed  by t h e  E l e c t r o n i c s  Research Center  f o r  
communicating through t h e  blackout per iod  of reent ry .  Techniques t o  maintain 
communications while  e n t e r i n g  the  atmospheres of o t h e r  p l a n e t s  will also be 
s tud ied  dur ing  FY 1967. 
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Advances i n  technology are handicapped by t h e  l a c k  of s t a b l e ,  e f f i c i e n t  
sources.  A t  the  p re sen t  t i m e  deep space communication us ing  t h e s e  f r equenc ie s  
i s  not poss ib l e .  Successful  development of s u i t a b l e  sources  i n  t h i s  freauency 
region wi.11 rnake the  mi l l imeter -submi l l imeter  r eg ion  u s e f u l  f o r  f u t u r e  deep 
space connnuniications. Research being i n i t i a t e d  by the  E l e c t r o n i c s  Rcsearch 
Center shou1.d y i e l d  t h i s  c a p a b i l i t y  i n  the  fu ture .  
shown t h a t  atmospheric a t t e n u a t i o n  i n  t h i s  region may be s e r i o u s  enotgh t o  
r e q u i r e  the  use of o r b i t i n g  r e l a y  s t a t i o n s  t o  convert  from submi l l imcter  t o  
microwave f1:equencies f o r  re t ransmission t o  t h e  e a r t h  s t a t i o n ,  Resu l t s  of 
s t u d i e s  hy t h e  Mission Analysis Division concerning e f f i c i e n t ,  long l i f e  
o r b i t i n g  communication r e l a y  s t a t i o n s  w i l l  be used t o  guide t h e  r e s e r r c h  
e f f o r t  i n  FJ! 1967. 

Pre l iminary  s t u d i e s  have 

Qp t i ca l  

Electr:o-opt:icall systems show promise of improving d a t a  rate c a p a b i l i t y  
from deep spilct? by as much as th ree  o r d e r s  of magnitude over t h a t  p o s s i b l e  at: 
microwave fmauencies .  To r e a l i z e  t h e s e  high d a t a  rates r e a u i r e s  considerable  
improvement in both l a s e r  and o p t i c a l  technology. For example, 30 t o  60 inch,  
d i f f r ac t ion -L imi t ed ,  l igh tweight ,  space t e l e scopes  wi th  sur face  t o l e r a n c e s  of 
.000002 cm a r e  required f o r  o p t i c a l  communications, but a r e  not  i n  e1:istence 
today. S tudies  a re  under way t o  s e l e c t  and develop optimum d e t e c t i o n  t ech -  
niques for t he  ground terminalo The E l e c t r o n i c s  Research Center,  f o ~ :  which 
a Space Optics  Laboratory i s  included i n  t h i s  y e a r ' s  f a c i l i t y  reques t ,  w i l l  
be the  major research f a c i l i t y  f o r  t he  implementation of t he  t o t a l  o p t i c a l  
program. 

Techniques t o  remotely monitor and c o n t r o l  sur face  c h a r a c t e r i s t i c ! ;  and 
the  alignment of l a r g e  primary segmented m i r r o r s  i n  space are under s tudy a t  
t he  Langley Research Center . The segmented approach t o  achieving l a r g e  
l i gh twe igh t  idiffract ion-l imited o p t i c a l  t e l e scopes  w i l l  be a p p l i c a b l c  t o  
both opt:Cca:L communications and astronomy. This  e f f o r t  w i l l  continue! i n  
FY 1967. 

Tracking and Data Acqu i s i t i on  

Tracking and d a t a  a c q u i s i t i o n  systems c a p a b i l i t i e s  are g e n e r a l l y  con- 
s t r a i n e d  by the physical  c h a r a c t e r i s t i c s  of t h e  system components. IC0 
provide means #of circumventing these  l i m i t s ,  r e sea rch  i n  t h i s  prograin 
includes:  invlest igat ions of mul t ip l e  ground antenna a r r a y s ,  l a r g e  1:ight-  
weight spacec ra f t  antenna development, and o p t i c a l  t racking.  

Increiased d a t a  rates can be achieved by i n c r e a s i n g  the  e f f e c t i v e  area of 
ground antennas. Antennas l a r g e r  than 210 f e e t  a r e  confronted wi th  (severe 
s t r u c t u r a l ,  mechanical and cos t  problems. The a l t e r n a t i v e  of a r r a y i n g  many 
smaller ;antennas e f f e c t i v e l y  inc reases  the  area while simultaneously reducing 
s t r u c t u r a l  des ign  and f a b r i c a t i o n  problems. However, t h e  e l e c t r o n i c  problem 
of phase locking low l e v e l  s i g n a l s  i s  introduced and must be sol.ved. 
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Stanford Research I n s t i t u t e ,  Research Tr iangle  I n s t i t u t e ,  and E lec t ron ic  
~Onnnunicationr; Inc.  have completed antenna a r r a y  s t u d i e s  f o r  t h e  Langley 
Research Center and f o r  t h e  Goddard Space F l i g h t  Center.  
being f o m t l a t e d  during t h i s  f i s c a l  year  f o r  a r r ay ing  of two 15-foot antennas 
a t  the  Godclard Space F l i g h t  Center t o  f u r t h e r  i d e n t i f y  s c i e n t i f i c  and opera-  
t i o n a l  problems p e c u l i a r  t o  a r r a y s  of t h i s  type. These experiments w i l l  be 
undertaken i n  1”Y 1967 wi th  major emphasis on t h e  phase locking of t h e  j ,ndi-  
v idua l  sigrlaltj and t h e  i d e n t i f i c a t i o n  of ope ra t iona l  problems. 

Experiments Elre 

Increas ing  the s i z e  of spacec ra f t  antennas i s  another  approach used f o r  
improving d a t a  r a t e s ,  but prelaunch antennas s i z e s  l a r g e r  than  15  f e e t  a r e  
imprac t ica l .  
inves t iga ted .  A n ine- foot ,  deployable antenna developed by Goodyear f o r  t he  
Jet Propu1:;ion Laboratory has  been success fu l ly  tested and w i l l  be usetl i n  
FY 1967 as a Laboratory instrument t o  f u r t h e r  r e f i n e  deployment techniclues. 
I n  FY 1967 t h e  J e t  Propuls ion Laboratory p lans  t o  complete a computer program 
which w i l l  a l low t h e o r e t i c a l  eva lua t ion  of pe r tu rba t ions  and modificat..ons 
t o  the  antenna r e f l e c t i n g  sur face .  These i n v e s t i g a t i o n s ,  augmented by add i -  
t i o n a l  s t u d i e s  a t  t h e  E lec t ron ic s  Research Center,  w i l l  seek t h e  c a p a b i l i t y  
t o  e r e c t  20 t o  30 foo t  antennas on unmanned spacec ra f t  providing poten1:ial 
d a t a  rate improvements of two o rde r s  of magnitude over present  c a p a b i l i t i e s .  

‘Therefore, means t o  e r e c t  l a r g e  antennas i n  space a r e  bemg 

Addit ional  e f f o r t s  w i l l  be d i r e c t e d  towards achieving l a r g e  ape r tu re s  a t  
o p t i c a l  f requencies .  Tracking and po in t ing  accuracy techniques are problems 
assoc ia ted  w i t h  l a r g e  ground and a i rbo rne  o p t i c a l  systems. The Goddard Space 
F l i g h t  Center and t h e  Langley Research Center w i l l  cont inue s tudying t h i s  
problem. 
E lec t ron ic s  Research Center t h i s  f i s c a l  year  t o  determine the  atmospheric and 
space environment e f f e c t s  on coherent o p t i c a l  t ransmission.  These e f f x t s  
w i l l  be continued i n  FY 1967. 

‘Tests w i l l  be i n i t i a t e d  bf t he  Langley Research Center and the  

Data Handling and Processing 

The rap id  evolu t ion  of spacec ra f t  technology and t h e  accompanying inc rease  
i n  d a t a  ga ther ing  capac i ty  of on-board systems cont inue t o  t a x  t h e  d a t a  
processing c a p a b i l i t y .  Even though s i g n i f i c a n t  advances have been made i n  
the  technolog) o f  both spacec ra f t  and ground d a t a  handling techniques and 
systems, a d d i t i o n a l  research  i n  advanced components and sof tware is required 
t o  keep pace with our  d a t a  sensing a b i l i t y .  

I n  FY 1967, work a t  t h e  Goddard Space F l i g h t  Center w i l l  cont inue t o  
develop techni.qu.es and systems f o r  computer checking of veh ic l e  readiness  
i n  the  prelaunch1 phase and t o  program and monitor launchings from e a r t h ,  
o t h e r  c e l e s t i a l  bodies,  o r  from o r b i t ,  inc luding  margin t e s t i n g  and p red ic -  
t i o n  of i n c i p i e n t  f a i l u r e s  ; adapt ive  c o n t r o l  of t r a j e c t o r y  s e l e c t  ion based 
on predic ted  p a r t i a l  f a i l u r e ;  and continuous assessment of system s t a t u s .  
Work i n  t h i s  a r ea  has  r e s u l t e d  i n  development of a comnand and con t ro l  l i n k  
which allolws nmre completely automated sequencing and programming of space- 
c r a f t  checkout:, and c a l i b r a t i o n  of s c i e n t i f i c  experiments. 
t h e  growth. i n  t h e  complexity of spacec ra f t  systems and experiments,  t h e  

A s  an exarrple of 
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Explorer  X V I I  launched i n  1963 had approximately f i f t e e n  func t ions  commandable 
from t h e  ground, while  t h e  Radio Astronomy Explorer  (RAE) t o  be launched i n  
1967 w i l l  have over  t e n  thousand. 

Advances i n  ground computer processing of TV p i c t u r e s  from Mar:; have 
r e s u l t e d  from p a s t  r e sea rch  i n  t h i s  subprogram. S imi l a r  e f f o r t s  have been 
s t a r t e d  i n  on-*board p i c t u r e  s to rage  and compression, and w i l l  cont inue and 
expand i n  t h e  next  s e v e r a l  years .  

I n v e s t i g a t i o n  of coherent  o p t i c a l  phenomena f o r  improvement of d a t a  s to rage  
and manipulation w i l l  be expanded i n  FY 1967 a t  t h e  E l e c t r o n i c s  Research Center.  

High capac i ty  on-board d a t a  s to rage  devices  are requi red  t o  serve  as  
temporary r e p o s i t o r i e s  f o r  t h e  l a r g e  amounts of d a t a  gathered by ICV systems. 
A s i n g l e  high q u a l i t y  TV system may genera te  seve ra l  m i l l i o n  b i t s  of i3forma- 
t i o n  each second. Since t h i s  f a r  exceeds t h e  c a p a b i l i t y  of p re sen t  a n i  near  
f u t u r e  d a t a  t ransmiss ion  l i n k s  a t  p l a n e t a r y  d i s t a n c e s ,  methods a r e  r e q i i r e d  
t o  s t o r e  t h e  d a t a  u n t i l  it can be t r ansmi t t ed .  The J e t  Propuls ion  L a b x a t o r y  
has  demonstrated t h e  f e a s i b i l i t y  of a small magnetic t ape  d a t a  s to rage  u n i t  
which w i l l  s t o r e  one hundred m i l l i o n  d a t a  b i t s  i n  s e v e r a l  cubic  inches .  I n  
FY 1967 research  w i l l  cont inue t o  develop a working device  as well. a s  to 
i n v e s t i g a t e  o t h e r  methods f o r  d a t a  s to rage  i n  devices  having no moving p a r t s .  

Compression of d a t a  aboard a spacec ra f t  i s  a cont inuing  goa l  of d a m  
processing r e sea rch  requi red  t o  match t h e  amount of s c i e n t i f i c  d a t a  c o l l e c t e d  
wi th  t h e  cu r ren t  and p ro jec t ed  d a t a  t ransmiss ion  c a p a b i l i t y .  One such system, 
developed lby the Goddard Space F l igh t  Center f o r  t he  I n t e r p l a n e t a r y  Monitoring 
P la t form s a t e l l i t e ,  makes use of t h e  mathematical p r o p e r t i e s  of his tograms o r  
ba r  graphs.  ,Data gathered by p a r t i c l e  sensors  i s  coded i n  a form whicli can 
be represented  by  such a graph. 
t h e  p e r t i n e n t  mathematical p r o p e r t i e s  and t ransmi t  only these  p r o p e r t i e s  t o  
e a r t h .  From these  p r o p e r t i e s  ground-based computers may then r econs t ruc t  t he  
graph. By t h i s  process, only one-tenth of t h e  d a t a  has  t o  be transmit1:ed. 

Spec ia l  on-board computing c i r c u i t s  c 4 i l c u l a t e  

During 17Y 11967, emphasis w i l l  be placed on p e r f e c t i n g  such conc:epts and 
extending them to a broader spectrum of experiments.  

Ins t rumenta t  i o n  

The expansion of aerospace s c i e n t  i f  i c  knowledge i s  s t r o n g l y  dependent upon 
t h e  advancement of inst rument  technology and t h e  development of new meitsure - 
ment methods. S c i e n t i f i c  ins t ruments  are e s s e n t i a l  t o  sense and measure 
fundamental a:; t rophys ica l  , engineer ing  and b i o m e d i c a l  parameters.  

The p r i n c i p a l  goa l s  i n  ins t rumenta t ion  research  a r e  t o  inc rease  accuracy, 
t o  extend t h e  inensurement range, t o  improve energy and s i g n a l  conversion,  t o  
reduce s i z e  and power consumption, and t o  e l imina te  s y n e r g i s t i c  effect: : .  

S o l i d - s t a t e  e l e c t r o n i c  components have permi t ted  t h e  development of novel 
c i r c u i t  design:; and new instrument  t r ansduce r s  of improved s e n s i t i v i t y ,  One 
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example i s  t h e  design of a miniature  accelerometer based on semiconductor 
piezo r e s i s t i v e  p rope r t i e s .  A t h e o r e t i c a l  and experimental  s tudy of t h e  
stress s e n s i t i v i t y  and the  e f f e c t  of mechanical s t r a i n  on semiconductor 
diodes and t r cms i s to r s ,  performed by the  Research Tr iangle  I n s t i t u t e  under 
the  d i r e c t i o n  of t h e  Langley Research Center, has  r e s u l t e d  i n  t h e  development 
of a miniature! accelerometer with high frequency response and using a unique 
stress sensi.tive t r a n s i s t o r  i n  the  form of a s i l i c o n  needle.  This  t ransducer  
w i l l  f i nd  EL wide v a r i e t y  of aerospace a p p l i c a t i o n s  and t h e  p r inc ip l e  lends  
i t s e l f  t o  c1t:her app l i ca t ions  f o r  measuring pressure ,  stress, and vi t l ra t ion.  
Fur ther  work i s  required t o  r e f i n e  t h e  design of t h e  accelerometer and t o  
e 1 iminat e s itde e f f ec  t s of temper a t  u re  . 

An important f ea tu re  of aerospace i n v e s t i g a t i o n s  i s  the  a c q u i s i t i o n  and 
t ransmission of p i c tu re s .  I n  t h i s  process ,  o p t i c a l  s i g n a l s  are usuallly 
converted i n t o  e l e c t r o n i c  s i g n a l s  by means of imaging devices .  I n  ein e f f o r t  
t o  overcome scme of the  d e f i c i e n c i e s  of p re sen t ly  used v id icon  tubes;, micro-. 
miniature  t:echniques are being explored and have made poss ib l e  the  development 
of a photot : ransis tor  sensor. 
design of CL sinal1 s o l i d - s t a t e  TV camera using a 50 x 50 mat r ix  of photo- 
t r a n s i s t o r s  i n  an a rea  %'' x %" which opera tes  a t  low vol tage  without t he  
complexity of beam scanning. This camera has  been developed and demonstrated 
by Westinghouse, under the  d i r e c t i o n  of t he  Marshall Space F l i g h t  Center. 
Refinements of the  camera t o  provide more densely spaced sensing elements 
and perniit rionmechanical, op to-e lec t ronic  coupling i n t o  readout e l e c t r o n i c s  
r equ i r e  fui:ther i nves t iga t ion  during FY 1967. 

Progress  made s ince  l a s t  year  has  l ed  t o  t h e  

The higher  measurement accurac ies  required f o r  aerospace exp lo ra t ion  a r e  
l i m i t e d  by the  e r r o r  introduced by t h e  necessary conversion of o r i g i n a l  
analog signals f o r  long d is tance  t ransmission by d i g i t a l  telemetry.  Digital .  
t ransducers  have received increased a t t e n t i o n  t o  minimize such e r r o r s ,  t o  
simp1 i f y c i ircui t r y  , and achieve b e t t e r  compat a b i l  i t y  with d i g i t  a1 t €11 eme t r y  . 

As an emmple of cur ren t  e f f o r t s ,  the  Dynamics Research Corporation, under 
the  d i r e c t i o n  of the  Marshall Space F l i g h t  Center,  has  done some prel iminary 
work based on the  b i r e f r ingen t  behavior of o p t i c a l  media under streEIs. 
ized l i g h t  channeled through var ious  o p t i c a l  pa ths  w i l l  produce d i g i t a l  
ou tputs  which r e f l e c t  t h e  appl ied stress i n  d i g i t a l  form. Such d i g i t a l  
sensing dev:ices with no mechanical moving p a r t s ,  promise t o  provide consid-  
e r a b l e  system s i m p l i f i c a t i o n  and measurement r e l i a b i l i t y  and a r e  pla.nned t o  
be supported a t  the  Marshall Space F l i g h t  Center and expanded a t  the 
E lec t ron ic s  Research Center i n  FY 1967. 

P o l a r -  

Force, pre:;sure, acce le ra t ion ,  and v i b r a t i o n  a r e  f r equen t ly  measured with 
s t r a i n  gage:; rnade of metal  f o i l  s t r i p s  which change t h e i r  e l e c t r i c a l  resist- 
ance when t h e i r  l engths  change due t o  appl ied  stress. S o l i d - s t a t e  s t r a i n  
gages have lleen developed which a r e  many t i m e s  more s e n s i t i v e  than  metal  
f o i l  gages,, but here tofore  have been temperature l imi t ed .  Experiments pe r -  
formed a t  t:he Langley Research Center have r e c e n t l y  shown t h a t  exposure t o  
con t ro l l ed  r a d i a t i o n  reduces the temperature s e n s i t i v i t y  of c e r t a i n  semi- 
conductor s t r a i n  gages t o  a l e v e l  comparable wi th  m e t a l l i c  f o i l  type gages. 

EB 14-8 



Since their high sensitivity is not affected, strain measurements m<any times 
smaller can now be performed under environmental conditions where tlemperature 
changes are experienced. 
of measurerlent and to investigate additional materials. 

Work in FY 1967 is required to increase tlhe range 

Electronic Techniques and Components 

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

A particularly critical problem in the microelectronics area today is the 
interconnection and assembly problem. 
recommendations for research in this area. 
will evaluate the results of this study and orient its investigations to 
those recoumendations offering the greatest potential for increased re1iabi:lity 
and perfornlance as part of their FY 1967 activities. 

A contracted study has resulted in 
The Electronics Research Center 

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

These efforts were concentrated at the Electronics 

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

In FY 1966, a technique developed at the .Jet Propulsion 

Since the near earth radiation environment is now fairly well known, it i s  

A Goddard Space Flight Center sponsored study indicates that state- 
important to determine what effects this environment has on electronic circuit 
devices. 
of-the-art integrated circuits withstand the radiation environment with little 
degradation. 
determining the performance capabilities of the newer class of microelectronic 
devices in the radiation environment. 

These efforts will be continued in FY 1967 with emphasis on 
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Since power i n  spacecraf t  i s  a t  a premium, minimizat ion of power consump- 
t i o n  i s  an important ob jec t ive .  
e f f o r t s  t o  develop low power l o g i c  func t ions  and a d i f f e r e n t i a l  a m p l i f i e r  i n  
mic roe lec t ron ic  form. This  e f f o r t  w i l l  cont inue i n  FY 1967. The development 
of computer techniques f o r  use by engineers  i n  analyzing the  design and 
performance of e l e c t r o n i c  c i r c u i t s  f o r  spacec ra f t  a p p l i c a t i o n s  w i l l  be con- 
t inued as a means f o r  achieving improved performance and e f f i c i e n c y  as w e l l  
as increased r e l i a b i l i t y  i n  space systems. 

The Langley Research Center has  i n i t i a t e d  

u h t  Pro i e c t s  

1965 1966 -196,- 
Radio A t  ten.uat.ion Measurements 

Small  F1igh.t: P r o j e c t s :  
(RAM-C) ..................... $900,000 $1,300,000 $1,300,000 

(SCANNER) ................... 1,500,000 1 , 000,000 --- 
(Sextant E:xperiment) ........ --- --- 500,000 

--- --- 1 .ooo .ooo Measurement. ................ Earth Coverage Horizon 

Tota l  Flight: P r o j e c t s . .  ..... $2,400,000 $2,300,000 $2,800,000 

Scout (Launch Vehicle 
(1.4 ........ 00.000) Pro curemen t Program) (80~0.000) - --- 

Tota l  ( including Launch 
Vehicl.es)l ................... ($2,400,000) ($3,700,000) ($3,6C10,000) -- 

These pro;jeci:s provide the  v e r i f i c a t i o n  of experimental  r e s u l t s  obt ained 
i n  l a b o r a t o r y  i n v e s t i g a t i o n s  and acqui re  d a t a  e s s e n t i a l  t o  the development of 
advanced sensors  and systems of improved performance and r e l i a b i l i t y .  Brief 
d e s c r i p t i o n s  of these  p r o j e c t s  are provided i n  t h e  following paragraphs. 

Radio At tenuat ion  Measurements (RAM) 

P r o j e c t  RfUa was designed t o  acqu i r e  an understanding of t h e  plasma 
generated by a spacecraf t  r e e n t e r i n g  the  e a r t h ' s  atmosphere and t o  de1:ermine 
means of eli inin,ating a communications blackout caused by t h i s  plasma. 

RAM A and B thus f a r  have shown the  r e l a t i v e  merits of material adt l i t ion,  
magnetic f i e l d s ,  aerodynamic shaping, and h ighe r  r a d i o  frequencies  a s  methods 
of overcoming t ' h e  blackout problem i n  t h e  v e l o c i t y  range up t o  18,000 f e e t  
pe r  second. 

The major o b j e c t i v e  of P r o j e c t  RAM C i s  t o  o b t a i n  r e e n t r y  communications 
measurements i n  t h e  v e l o c i t y  range of 25,000 t o  27,000 f e e t  per  second. At 
these  v e l o c i t i e s  t he  dominant i o n i z a t i o n  and recombination processes  include 
not  only those experienced i n  the  low v e l o c i t y  range of RAM A and B f l i g h t s ,  
but a l s o  processes  observable only  i n  the  medium and high v e l o c i t y  rei;imes. 
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Two fligli tr ;  w i l l  be made by t h e  Langley Research Center from Wal3,ops 
S t a t i o n *  Ilie f i r s t ,  RAM C-A, w i l l  test t h e  material a d d i t i o n  and X”*band 
te lemet ry  concepts as methods of overcoming t h e  blackout problem. 
second, RAM C-B, w i l l  be a plasma d iagnos t i c  experiment designed t o  y i e l d  
measurements of f r ee -e l ec t ron  and ion  concent ra t ions  a t  var ious  p o s i t i o n s  
along t h e  spacec ra f t  . 

I h e  

Launches are scheduled i n  the  t h i r d  q u a r t e r  of ca lendar  year 1966 f o r  
RAM C-A and t h e  f i r s t  q u a r t e r  of ca lendar  year  1967 f o r  RAM C-B. Pi-ovisions 
a r e  made f o r  an a d d i t i o n a l  launch f o r  ca lendar  year  1967 i n  the  e v e r t  the  
r e s u l t s  from the  f i r s t  o r  second launch make it advisable .  

Horizon Def in i t i on  Research (SCANNER) 

The SCANWEB p r o j e c t  has  t h e  o b j e c t i v e  of making d e t a i l e d  measurements, 

These d a t a  are e s s e n t i a l  t o  t h e  development of accura te  
from high a l t i t u d e s ,  of t he  n a t u r a l  r a d i a t i o n  g r a d i e n t s  which defint! t he  
e a r t h ’ s  horizon. 
horizon sensors .  The p r o j e c t  i s  an ex tens ion  of cu r ren t  l abora to ry  research 
on horizon ( c h a r a c t e r i s t i c s .  
Research Center from suborb i t a l  b a l l i s t i c  t r a j e c t o r i e s  us ing  the  Trililblazei: 
I1 launch vzhic le .  
scheduled h r  November 1966. 

Two experiments w i l l  be performed by t h e  Langley 

F l i g h t  411 i s  scheduled f o r  August 1966 and F l i g h t  1 2  i s  

Sextant  Experiment 

Sirnulatimi s t u d i e s  a t  t h e  Ames Research Center,  which have included 
p a r t i c i p a t i l m  by Astronauts ,  have demonstrated t h e  f e a s i b i l i t y  of milking 
manual s ex tan t  s i g h t i n g s  f o r  spacec ra f t  navigat ion.  These s t u d i e s  w i l l  be 
extended t o  experimental  manual naviga t ion  measurements by Astronauts  i n  
manned spacec ra f t  These experiments w i l l  provide knowledge of‘ the  e f f e c t s  
of t he  spacleceaft environment, inc luding  window o p t i c a l  d i s t o r t  ion  iind 
a c t u a l  c e l e s t i a l  t a r g e t s ,  on s i g h t i n g  accuracy c a p a b i l i t y .  The per:lformance 
w i l l  a l s o  h e  ( d i r e c t l y  compared wi th  t h a t  of t h e  more soph i s t i ca t ed  primary 
naviga t ion  equipment t o  determine t h e  p o t e n t i a l  of manual navigat ioi i  
techniques and instruments  f o r  primary as w e l l  as backup naviga t ion  use. 

Ear th  Coverage Horizon Measurement 

This  p r o j e c t  w i l l  extend l imi t ed  measurements a t t a i n e d  through P ro jec t  
SCANNER and support ing X-15 f l i g h t s  t o  a comprehensive measurement of t he  
e , a r th ’ s  horizcon radiance p r o f i l e  over a broad range of seasonal  and c l imat ic  
v a r i a t i o n s .  
s u i t a b l e  f l ig ’h t  experiments and techniques.  I n  FY 1967, t h e s e  s t u d i e s  w i l l  
be broadened and completed, and t h e  ope ra t iona l  requirements f o r  t he  planned 
p r o j e c t  deEinled. 
of t he  e f f o r t .  

,Advanced s t u d i e s  have been i n i t i a t e d  i n  FY 1966 t o  i d e n t i f y  

The Langley Research Center i s  d i r e c t i n g  t h e  i n i t i a l  phases 
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RJZSEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY HUMAN FACTOR SYSTEWS PkUIGRAM -- 
PROGRAM O B J E C T g E S  AND JUSTIFICATION: 

This program has four major objectives: (1) to determine man's rea2tions 
to the unique environments of space and aeronautical flight; (2) to deEine 
the essential requirements for sustaining and protecting man in these 2nvi- 
ronments; (3) to develop the technology necessary to provide suitable life 
support and protective systems; and ( 4 )  to integrate man's capabil.itie; with 
those of machines to obtain composite systems of superior performance. 

The scope, as well as the success, of future manned space missi-011s ?$ill 
depend upon the support and effective utilization of man for extended ,>eriods 
of time. Equally important are man requirements and proper utilizatioi in 
future aeronautical systems. The understanding of man's performance cxpa- 
bility and psychophysiological limitations directly affect design considera- 
tions and are essential to insure the effective integration of man as ,x 
functional part of the total system. Continuity of effort and timely 1)rogress 
in this program are essential. The increasing priority of certain 1ag::ing 
investigations and technological developments is reflected by the reqwsted 
funding increases in the various sub-programs. 

This program is accomplished through a mu1 ti-disciplined approach i.1- 
cluding researchers in nearly tvery field of medicine, biology, psychology, 
engineering, physics and electronics located in NASA centers, Departmeit of 
Defense aerospace medical facilities, universities and industry generally 
located throughout the country. 

SUMMARY OF RESOURCES REQUIREMENTS-: 

1965 1966 

Supporting research and 

Small biotechnology flight 
technology ................... $12,160,000 $13,000,000 

projects ..................... 1 , 160,000 1 , 900,000 

Total ........................ $13,320,000 $14,900,000 

Distribution of Program Amount by Installation: 

Manned Spacecraft Center. .... $365,000 $7 95,000 

Jet Propulsion Laboratory . . . .  100,000 100,000 

Marshall Space Flight Center. 355,000 310,000 
Goddard Space Flight Center.. --- 25 , 000 

196'7 

$1.5,500,000 

- 1,500,000 

$1 7 ,000,000 --- 

$1 , 100,000 
300,000 

- - -  
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1965 1966 

1 

Ames Research Center. .  ....... $4,233,000 $5,224,000 

F l i g h t  Research Center ....... 1,750,000 1 , 500,000 
Langley Research Center . . .  ... 4,053,000 4 , 246,000 
L e w i s  Research Center. .  . . . . . .  232,000 125,000 
NASA Headquarters ............ 2,172,000 2,216,000 

E l e c t r o n i c s  Research Center . .  60,000 359,000 

Human resear,ch. and performance. $3,879,000 $5,102,000 
L i f e  support. and p r o t e c t i v e  

systems ...................... 5,503,000 4,496,000 
Man-systems i n t e g r a t i o n  ........ 2,121,000 2,902,000 
Advanced coricap t s .............. 657,000 500,000 

BASIS OF FUND --- REQUIREMENTS: 

Supporting Research and T e c h n o l o a  

To ta l .  ....................... $12,160,000 $13,000,000 

196.f - 
$5,830,000 

700,000 
1,250,000 
5,000,000 

2,820,000 
--- 

1967 
-_I.- 

:$6,0813 ,000 

5,800,000 
3,120,000 

500,000 --. 

$15,500,000 
__I- 

Human Research and Performance 

Long t e r m  rnarined space f l i g h t  w i l l  expose man to environmental cond i t ions  
q u i t e  d i f f e r e n t  from those on e a r t h .  The o b j e c t i v e  of t h i s  r e s e a r c h  is t o  
understand the phys io log ica l  and psychological  r e a c t i o n s  of man t o  these  con- 
d i t i o n s  arid to p r e d i c t  t h e i r  e f f e c t s  on h i s  performance and w e l l  being,. The 
environmental. phenomena considered range from ze ro  g r a v i t y  t o  s o l i t a r ) ,  con- 
finement and include electromagnet ic  and p a r t i c l e  r a d i a t i o n ,  magnetic f i e l d s ,  
a c c e l e r a t i o n  Eo-rccs , a r t i f i c i a l l y  produced atmospheres , temperature , tiumidi- 
t y ,  and v i b r a t i o n .  

During t h e  p a s t  y e a r ,  cont inuing p rogres s  has been made i n  radiobiology 
r e sea rch .  The predominating i o n i z i n g  r a d i a t i o n  p a r t i c l e s  of i n t e r e s t  t o  us 
i n  space i3re protons.  Prel iminary experiments i nd ica t ed  t h a t  a t  t he  ‘i.etha1- 
dose l e v e l ,  t h e  b i o l o g i c a l  damage mechanism of proton r a d i a t i o n  f o r  mal1 
animals i s  somewhat s imilar  t o  t h a t  of gamma r a d i a t i o n .  However, a d d i t i o n a l  
experiments lover many energy levels are r equ i r ed  f o r  v a l i d a t i o n ,  along w i t h  
i n t e r a c t i o n  w i t h  o t h e r  parameters such as h e a t ,  v a r i e d  oxygen l e v e l s ,  and 
v i b r a t i o n .  ‘Xeasurements of dose d i s t r i b u t i o n  from t h e  s k i n  inward t o  a 
depth of 25 cm with 730 MeV protons shows approximately a 40 pe rcen t  increase 
i n  dose a t  about 5 c m  i n s i d e  the body. This i nc rease  i s  due t o  the  produc- 
t i o n  of secondary r a d i a t i o n  i n  t i s s u e .  

I n  t h e  a r e a  of v e s t i b u l a r  r e sea rch ,  NASA has a s u b s t a n t i a l  program t o  
i n v e s t i g a t e  the funct ioning of t he  primary balance mechanisms, the v e s t i b u -  
l a r  organs w i t h i n  the  inne r  e a r ,  and t o  determine what changes w i l l  occur i n  
t h e i r  functiclning under zero-G cond i t ions .  The pe rcep t ion  of o r i e n t a t i o n  



and coordinat ion of body movements occur w i t h i n  t h e  gene ra l  framework of 
man's r e l a t i cnwhip  t o  t h e  f o r c e  of g r a v i t y .  Since the  i n t e r a c t i o n s  between 
the  balance n1ec:hanisms and t h e  normal one-G environment are so important,  
t he re  i s  a need t o  know i n  d e t a i l  what t h e  r e s u l t s  w i l l  be when t h i s  g r a v i t y  
framework i s  removed f o r  Long pe r iods  of t i m e .  I f  i t  i s  found t h a t  man can- 
n o t  adapt: t o  long t e r m  we igh t l e s sness ,  one engineer ing s o l u t i o n  w i l l  be the 
r o t a t i o n  of t h e  s p a c e c r a f t .  I f  t h i s  i s  necessary,  t he  e f f e c t s  of d i f f e r e n t  
l e v e l s  of ro':airion must be known. This i s  being s tud ied  a t  the Naval Aero- 
space Medica L :Cnsti tute by exposing both animal and human s u b j e c t s  t o  va r ious  
r o t a t i n g  environments and s tudying the r e l a t i o n s h i p s  between functiortal  d i s -  
turbances produced by t h e  varying f o r c e  f i e l d s  and v e s t i b u l a r  integr:.ty. 

A more fundamental approach t o  t h i s  problem i s  being s tud ied  a t  the Ames 
Research Center.  There NASA i s  s tudying t h e  output  of a p o r t i o n  of [:he inriel: 
ear i n  v a r i o u s  a c c e l e r a t i o n s .  F l i g h t  hardware f o r  t h i s  experiment t o  measure 
t h i s  output  i n  an animal i n  zero-G i s  near ing completion; i t  i s  scheduled fo!c 
f l i g h t  on Ap0110 205. 

Cardiovascular Research 

There is  concern t h a t  i n  long t e r m  space f l i g h t ,  man may sufEer a decon- 
d i t i o n i n g  of the ca rd iovascu la r  system. The Ames Research Center i s  ca r ry ing  
on va r ious  r e sea rch  p r o j e c t s  i n  t h e  ca rd iovascu la r  f i e l d  i n  order  t o  d e t e r -  
mine i f  decondi t ioning w i l l  occur i n  s t r e s s e d  cond i t ions .  One of t he  
r e sea rch  t a sks  i n  t h i s  area i s  concerned w i t h  eva lua t ing  t h e  changes i n  the 
p a r t  of the work r e s u l t i n g  from changes i n  gaseous,  chemical, and t h e r m a l  
environments. The essence of t h i s  work i n d i c a t e s  t h a t  changes i n  ca rd iac  
performance measured on the  i s o l a t e d  h e a r t  are small i n  response t o  a range 
of temperatures and changes i n  oxygw t ens ion  which cause s e r i o u s  d i s t u r b -  
ances t o  the  c e n t r a l  nervous system. 

Metabolism is1 N u t r i t i o n  

Recent manned space f l i g h t s  have i n d i c a t e d  t h a t  metabolic changes espe- 
c i a l l y  dehydrat ion,  or p o s s i b l y  a1 t e r a t i o n  of water balance have oc(:urred. 
The Ames Research Center i s  c a r r y i n g  on r e s e a r c h  t o  determine the bas i c  
mechanism of dehydrat ion and a t  what l e v e l s  func t iona l  d e t e r i o r a t i o n  begins.  
In  a d d i t i o n  t o  t h e  above worlc, Ames i s  a l s o  looking i n t o  a l t e r a t i o n  of the 
metabolism of f a t s ,  carbohydrates and p r o t e i n s  under s t r e s s e d  condii:ions. 

MicrobiologE 

There i s  a p o s s i b i l i t y  t h a t  changes i n  s u s c e p t i b i l i t y  o r  resistaiice t o  
i n f e c t i o u s  agfznts may occur under those environmental cond i t ions  t o  be found 
i n  space t r a v e l .  A c o n t r a c t  w a s  r e c e n t l y  granted t o  the  Naval Medi1:al R e -  
search ' I n s t i t u t e  i n  order  t o  conduct work i n  t h i s  area. Animals w i l l  be 
maintained i n  hypobaric chambers wi th  s e l e c t e d  a r t i f i c i a l  atmospherlzs, and 
they w i l l  be compared t o  c o n t r o l  groups under normal cond i t ions .  



L i f e  Support and P r o t e c t i v e  Systems 

L i f e  Suppmt  and P r o t e c t i v e  Systems are those systems necessary t o  main- 
t a i n  man i n  an uns t ressed  cond i t ion ,  s u s t a i n  human l i f e ,  and prevent  physi-  
c a l  i n j u r y  i n  the  h o s t i l e  environment of space.  

Present  spacec ra f t  u t i l i z e  r e l a t i v e l y  s h o r t  du ra t ion  l i f e  support  systems 
i n  which thle food, water and gases  f o r  t h e  atmospheres are s t o r e d ,  a i d  the  
waste i s  chlemically t r e a t e d  and s to red .  S i g n i f i c a n t  reduct ion  i n  sy';tems 
weights ,  which is e s s e n t i a l  t o  t he  economic f e a s i b i l i t y  of long du ra t ion  
manned space f l i g h t  (e.g. , t o  t h e  p l ane t s )  , i s  p o s s i b l e  by developin; regen- 
e r a t i v e  systems. 
quirements (food, water, oxygen) by regenera t ion  from h i s  own metabolic and 
waste products .  

Regenerative l i f e  support  systems w i l l  supply man's re- 

The.Langley Kesearch Center has developed and has begun t e s t i n g  loose ly  
coupled components of a p a r t i a l l y  r egene ra t ive  system i n  a l i f e  support  t es t  
bed. Oxygen i s  removed from carbon d iox ide ,  and f r e s h  water from cabin  con- 
densa t ion ,  u r i n e ,  and wash water. Components w i l l  be  s tud ied  ind iv idua l ly  
as t o  e f f i c i e n c y ,  problem a r e a s ,  and r e l i a b i l i t y ,  as w e l l  as c o l l e c t i v e l y  
while  sus t a in ing  four  men f o r  100 days.  Several  new approaches t o  handli-rig 
t h e  d i f f e r e n t  elements of t he  r egene ra t ive  process  are being inves t iga t ed  
and w i l l  be daveloped i n t o  broad based form f o r  s tudy  i n  the  test: bed. 

Two sepai:at:e c o n t r a c t o r s  are s tudying ,  f o r  t h e  Arnes Research Center ,  tech-  
niques awaj.l.able f o r  a c losed  r egene ra t ive  l i f e  s u p p o r t  system recyc l i n g  a l l  
elements inc:luding food. A breadboard of t h i s  system of choice wi l l  be con-. 
t r a c t e d  for. s1:udy i n  FY 1967. 

One promising development i n  advanced space s u i t s  i s  t h e  metaL e>.trave- 
h i c u l a r  s u i :  being developed f o r  t h e  Manned Spacecraf t  Center under a con- 
t r a c t  w i th  L i t t o n  I n d u s t r i e s .  The concept uses  cons tan t  volume joir i ts  t o  
increase  mobi'lity and e l imina te  "spring back" e f f e c t s .  

By FY 1'257, t h i s  metal  s u i t  w i l l  have reached such a s t a t e  t h a t  i idd i t ions l  
e f f o r t  w i l l  b e  needed f o r  t he  f u r t h e r  development and i n t e g r a t i o n  o i  the  
a n c i l l a r y  equipment wi th  the  p r o t e c t i v e  s h e l l ,  such as thermal cont::ol , l i f e  
suppor t ,  e t c . ;  wi th  a d d i t i o n a l  e f f o r t ,  these  i t e m s  can be incorpora led  i n  
s u i t s  f o r  t e s t .  

Man-Systems I n t e g r a t i o n  

I n  manned f l i g h t  systems, mathematical modelling of man and ana l  y t i ca l  airid 
experimental  da t a  on human performance i n  a i r c r a f t  and space vcthic1i.s are 
developed, c o l l a t e d  and eva lua ted  t o  provide a b a s i c  l i b r a r y  of man-machine 
information f o r  advanced system technology. For manned and unriannei f l i g h t  
systems, t h e  r o l e  of man as o major sub-system i s  s tud ied  i n  the  g r m n d  sup- 
p o r t  a c t i v i t i e s  as we l l .  Simulat ion s t u d i e s  are performed t o  provilde design 
d a t a  and t o  v a l i d a t e  design concepts under r e a l i s t i c  condi t ions  t o  f u r t h e r  
t h e  understanding of t h e  i n t e g r a t i o n  of man i n t o  aerospace syscems.  
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A typici l l  s tudy involves  the  use  of a n  advanced design multi-man capsule  
The i n t e r n a l  a1:mos- which w i l l  be nounted on the  motion genera tor  a t  Ames. 

phe r i c  environnent ,  rates of a c c e l e r a t i o n  and v i b r a t i o n ,  s e a t i n g  and working 
space layouts  , and d i sp lays  and c o n t r o l s  w i l l  be  modif iable  t o  siniulatt! v a r -  
ious  i n t e r n a l  vehic le  conf igura t ions .  This  capsule  w i l l  be used t o  stiidy 
the  e f f e c t s  oE t h e s e  f a c t o r s  on p i l o t  performance and t o  de f ine  human :factors 
design c r i t e r i a  f o r  a i r c r a f t  f l i g h t  con t ro l  c h a r a c t e r i s t i c s  such a s  those 
involved i n  V/STOL , conventional j e t  , supersonic  and hypersonic t r anspor t  
and p r i v a t e  planles. S imi la r  f a c t o r s  w i l l  be  s tud ied  i n  manned bocbster:; and 
space v e h i c l e s  t o  de f ine  the  optimal r o l e  of man i n  launch,  o r b i t  inse i - t ion ,  
rendezvous and docking, mid-course f l i g h t ,  lunar  and o the r  ex t ra te r res1 : r ia l  
de -o rb i t  and lanlding. 

Another t y p i c a l  s tudy i s  concerned wi th  a s t ronau t  ex t r aveh icu la r  ac1:ivi- 
t ies  t o  determine appropr ia te  t a sks  f o r  man ou t s ide  of t h e  space vehic:.e. 
H i s  e f f e c t i v e n e s s  i n  maintenance and r e p a i r  of v e h i c l e s  and s a t e l l i t e s ,  
t r a n s f e r  oE personnel and cargo between v e h i c l e s  , and assembly and support  
of l a r g e  v e h i c l e s  i n  space a r e  pacing items f o r  reduced c o s t s  and incrt!ased 
r e l i a b i l i t y  oE these v e h i c l e s .  The i n t e r a c t i o n  of space s u i t s ,  a s t ronau t  
maneuvering u n i t s  , and l i f e  support  systems must be s tud ied  t o  determilie 
design needs. 

Subs tan t i a l  rleductions i n  c o s t  and human e r r o r  can r e s u l t  from stud:.es of 
optimum crew s i z e s  and t a s k  requirements fo r  e a r t h  and lunar  grourLd 
support  a c t i v i t i ' e s ,  and o r b i t a l  launch. Minimum crew s k i l l s  needed t o  
achieve checkout,  launch, and rnission con t ro l  must be determined a s  soon as 
poss ib l e  i n  o:rder t o  be a v a i l a b l e  i n  t i m e  t o  in f luence  planning and de:;ign 
of f u t u r e  systems. The a n a l y s i s  of performance and s h e l t e r  of as t rona i i t s  
and a s t ronau t  s c i e n t i s t s  on the  moon i s  a cont inuing  e f f o r t .  

Advanced Concepts 

Research on advanced concepts i n  any f i e l d  i s  e s s e n t i a l  t o  so lv ing  i:he 
next  genera t ion  'of problems i n  a p a r t i c u l a r  f i e l d .  I n  human f a c t o r s  re- 
sea rch ,  many of these problems are l i k e l y  t o  involve ways of f u r t h e r  ixite- 
g r a t i n g  man i n t o  the  opera t iona l  systems of f u t u r e  a i r c r a f t  and spacec ra f t .  
Several  i n t e r e s t i n g  p o s s i b i l i t i e s  have a r i s e n  i n  r ecen t  yea r s ,  some showing 
enough promise t o  warrant  s e r i o u s  s tudy.  The fol lowing example i s  repi-e- 
s en ta  t i v e  : 

An i n v e s t i g a t i o n  i s  being made through the  Applied Physics Labcratoi.y 
of John:; HoJkins Univers i ty  which i s  explor ing  advanced non- 
anthropometric space s u i t  technology u t i l i z i n g  p r o s t h e t i c  type pro- 
v i s i o n s  a l o i g  wi th  the  usual  space s u i t  a r m  and glove p rov i s ions .  
Non-conventional propuls ion might be f e a s i b l e  as opposed t o  walking. 
Conceptual designs which appear f e a s i b l e  and p r a c t i c a l  w i l l  be sub- 
j ec t ed  to l3ir ther  eva lua t ion  through components mock-up and t e s t i n g ,  
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Small Biotechnology F l i g h t  P r o j e c t s  

1967 --- 1965 1966 

Sma 1 1 b i o  t e (: imo 1 og y f 1 igh t 
p r o j e c t s  . . . . . . . . . . . . . . . . . . * . .  $1,160,000 $1 , 900,000 $1 , 50(1,000 

I n  many f i e l d s  of aerospace technology, t h e r e  a r e  problems t h a t  canriot be 
solved i n  the  labora tory  a t  a l l  bu t  must be solved i n  f l i g h t .  Appareni: so lu -  
t i o n s  t o  milny o t h e r  problems can be found on the  ground but  must then 1)e 
eva lua ted  in  € l i g h t  before  they can be accepted.  This  s m a l l - f l i g h t  p r o j e c t s  
program serves  these e s s e n t i a l  purposes f o r  t h e  Human Fac tors  Systems re- 
search  program. 

One example of our cu r ren t  f l i g h t  experiments i s  t h e  a i r c r a f t  p i l o t ' s  

The a c t w l  
stress s tudy a t  the  F l i g h t  Research Center.  
t he  b io ins t rumenta t ion  f o r  va r ious  phys io logica l  parameters.  
c o l l e c t i o n  of t he  biomedical d a t a  t o  determine base l ines  of va r ious  physio- 
l o g i c a l  func t ions  under stress i s  funded as a f l i g h t  p r o j e c t .  

The a v i a t o r s  are o u t f i t t e d  wi th  

An example of a f l i g h t  experiment which r e q u i r e s  t h e  space environmlznt and 
i s  the  outgrohfth of labora tory  benchwork i s  an  experiment a t  Ames on t h e  be- 
havior  of the  o t o l i t h  organ,  t he  organ of balance loca ted  i n  t h e  inner ear. 
For t h i s  f l i g h t  experiment,  the nerve impulse s i g n a l s  from ind iv idua l  nerve 
f i b e r s  of f ro f , ' s  o t o l i t h  are  tapped. The f r o g ' s  o t o l i t h  is s i m i l a r  t o  man's. 
The ac t ion  of the  o t o l i t h  under weight lessness  w i l l  be measured by record ing  
i t s  nerve i m p u l s e s  t o  g ive  an i n d i c a t i o n  of t h e  adapt iveness  of t h i s  organ 
t o  weight lessness .  This experiment i s  scheduled f o r  Apollo 205. 

An experinwnt: c u r r e n t l y  being b u i l t  f o r  t he  E lec t ron ic s  Research Center 
f o r  f l igh t .  on Apollo i s  a nephelometer t o  measure t h e  concent ra t ions  and 
s i z e  of dus t  par t : ic les  i n  the  spacec ra f t  atmosphere under weight lessness .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF AlZJAI?CED RESEARCH AND TECHNOLOGY SPACE POWER ANI) ELECTRIC 
PROPULSION SYSTEMS PROGRAP! 

PROGRAM OBJI27J.VES AND JUSTIFICATION: 

The space power and e l e c t r i c  propuls ion  systems program provides  research  and 

The program inc ludes  work aimed 
technology t o  evolve new and improved methods of power genera t ion  and 
e l e c t r i c  propuls ion f o r  space a p p l i c a t i o n s .  
a t  more e f f i c i e n t  and p r a c t i c a l  use of nuc lea r ,  solar and chemical energy f o r  
t h e  genera t ion  and u t i l i z a t i o n  of e l e c t r i c  power i n  space;  as we l l  a:; t he  
development of t h e  technology of e l e c t r i c  t h r u s t o r s  powered by e i t h e r  s o l a r  or 
nuclear  power systems. 

A l l  space v e h i c l e s  r e q u i r e  e l e c t r i c  power f o r  ope ra t ion  of such equipment 
as communications, t e l eme t ry ,  guidance, s t a b i l i z a t i o n  and s c i e n t i f i c  i n s t r u -  
ments. 
hours t o  years )  depending on the  purpose of t h e  v e h i c l e ,  bu t  t h e  treiid i s  
toward t h e  higher  power l e v e l s  and longer  mission du ra t ions .  This  tieend 
resu l t s  from t h e  a v a i l a b i l i t y  of l a r g e r  launch v e h i c l e s  such as t h e  Sa turn  
and from the  d e s i r e  t o  undertake more ambit ious programs. A l l  power system 
experience t o  d a t e  has  been a t  r e l a t i v e l y  low power l e v e l s ,  l e s s  thaii 1 
k i l o w a t t ,  and t h e  v a s t  ma jo r i ty  of a p p l i c a t i o n s  have involved s o l a r  (cell and 
b a t t e r y  systems. This  experience has  shown t h a t  cu r ren t  s o l a r  cell and 
b a t t e r y  systems w i l l  r e q u i r e  major improvements i n  performance, p a r t i c u l a r l y  
a t  t he  h igher  power l e v e l s  and t h a t  advanced systems t h a t  a r e  more compact 
and indepencient of t h e  sun w i l l  be requi red .  

'The power l e v e l  and du ra t ion  v a r i e s  widely ( w a t t s  t o  megawat1I:s and 

E l e c t r i c  th.rustor systems o f f e r  promise of s i g n i f i c a n t  savings i n  space- 
c r a f t  weight., t r i p  time o r  increased  payload. 
watts f o r  a.t:ti.tude c o n t r o l  systems t o  megawatts f o r  manned i n t e r p l a n e t a r y  
propuls ion  systems. 

The power requi red  ranges from 

So la r  c e l l s  appear t o  be s a t i s f a c t o r y  power sources  f o r  - -  
t he  lower power t h r u s t o r s .  
t h r u s t o r s  i.n a n t i c i p a t i o n  of s e v e r a l  e a r l y  a p p l i c a t i o n s .  

Work i s  needed on t h e  system aspec ts  

SUMMARY OF JS;OURCES REQUIREMENTS: 

Supporting research  and 

Space el.c~cl:ric rocke t  t e s t  (SERT) 
techno :Logy. ................... 

SNAP-8 development.. ............ 

1965 

$36,770,000 
2,300,000 
19.150.000 

$58,220,000 

1966 , 

$38,200,000 
3,000,000 
4 ,000~000  

$45,200,000 

of e l e c t r i c  

-. 1967 ._ 

$37,000,000 - I, - 
-. 5,500.OCKJ 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE POWER ANI) ELECTRIC 
PROPULSION S’IISTEMS PROGRAlrJ 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The space power and e l e c t r i c  propuls ion  systems program provides research and 
technology t o  evolve new and improved methods of power generat ion anti 
e l e c t r i c  propulsion f o r  space a p p l i c a t i o n s .  
a t  more ( e f f i c i e n t  and p r a c t i c a l  use of nuc lear ,  s o l a r  and chemic.al energy f o r  
t h e  generat ion and u t i l i z a t i o n  of e l e c t r i c  power i n  space; as well a:; the  
development of the  technology of e l e c t r i c  t h r u s t o r s  powered by c!ithe.r s o l a r  or 
nuclear  power systems. 

The program includes work aimed 

A l l  space v e h i c l e s  r e q u i r e  electric power f o r  ope ra t ion  of such elpipment 
as  communications, te lemetry,  guidance, s t a b i l i z a t i o n  and sc ien t : i f ic  i n s t r u -  
ments. The power l e v e l  and du ra t ion  v a r i e s  widely (watts t o  megawatts and 
hours t o  yea.rs) depending on the  purpose of t h e  v e h i c l e ,  b u t  t h e  t r e i d  is 
toward the  higher  power l e v e l s  and longer mission dura t ions .  
r e s u l t s  from the  a v a i l a b i l i t y  of l a r g e r  launch v e h i c l e s  such as the  Saturn 
and from the  dLesire  t o  undertake more ambitious programs. All power system 
experien.ce t o  d a t e  has  been a t  r e l a t i v e l y  low power l e v e l s ,  l e s s  than 1 
k i l o w a t t ,  arid the  v a s t  ma jo r i ty  of a p p l i c a t i o n s  have involved s o l a r  c e l l  and 
b a t t e r y  syst:euis. This experience has shown t h a t  cur ren t  s o l a r  c e l l  and 
b a t t e r y  syst:enis w i l l  r e q u i r e  major improvements i n  performance, p a r t i c u l a r l y  
a t  the  higher  power l e v e l s  and t h a t  advanced systems t h a t  a r e  more compact 
and independent of the  sun w i l l  be required.  

This t rend  

Electr ic :  t h r u s t o r  systems o f f e r  promise of s i g n i f i c a n t  savings i n  space- 
c r a f t  weight,  t r i p  time o r  increased payload. 
w a t t s  f o r  a t t i t u d e  c o n t r o l  systems t o  megawatts f o r  manned i n t e r p l a n e t a r y  
propuls ion  systems. 

The power r equ i r ed  ranges from 

Solar  c e l l s  appear t o  be s a t i s f a c t o r y  power sources for 
the  lower power t h r u s t o r s .  Work is  needed on t h e  system aspec ts  of e l e c t r i c  
t h r u s t o r s  i n  a n t i c i p a t i o n  of s e v e r a l  

SUMMARY OF 1.3ESOURCES REOUIFUMENTS : 

Supporting r e sea rch  and 

Space e l e c t r i c  rocket  test(SERT) 
technology .................... 

SNAP-8 development .............. 
Total.. . . . . . . . . . . . . . . . . . . . . . . .  

e a r l y  a p p l i c a t i o n s .  

1965 

$36,770,000 
2,300,000 

19,150.000 

S58.220,OOO 

1966 . 

$38,200, OOCl 
3,000,000 
4,000, OOC! 

$45,200. ooc, 

- 1967 __ 
$:~7,000,000 - .. - 
- 5 ,500 ,000 

$+2,500 .Oca - - 
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D i s t r i b u t i S L o f  Promam Amount bv I n s t a l l a t i o n :  

1965 1966 

Manned Spacecraf t  Center. .  ..... $53,000 
Marshall Space F l i g h t  Center . .  . 2,415,000 
Goddard Space F l i g h t  Center . .  .. 3,512 , 000 
J e t  Propuls ion Laboratory.  ..... 5,607,000 
Ames Reac:arch Center . .  ......... 191,000 
E1ect:ron:ics Research Center..  .. --- 
Langley Research Center.  ....... 1,324,086 
Lewis' Research Center . .  ........ 43,516,700 
NASA He sdqu a r t  e r s .............. 1,351,214 
Western Operations Of f i ce . .  .... 250 , 000 

$100,000 
2,010,000 

110,000 

4 , 260,000 
4,491,000 

50 , 000 
846 , 000 

28,768,000 
4,565,000 --- 

BASIS OF FUN1LNK)UIREMENTS : 

Supportinn Research and Technology 

1965 1966 

Nucleai:-el.~~cl:ric power., ......... $13,106,000 $14,000,000 
E l e c t r i c  propuls ion . .  ............ 9,919,000 10,000,000 
So la r  power genera t ion . .  ......... 7,911,000 9,050,000 
Chemical power genera t ion .  ....... 5.834.000 5,150,000 

Total..................,....... $36,770.000 $38.200.000 

-I 1967 

$650 , 000 
1,650,000 

6,050,000 
50 , 000 

300 , 000 
700,000 

26,065,000 
3,045,000 

3,990,000 

--- 

- 1967 

$13 :, 180,000 
9 :, 850 , 000 

.- 4 ,,970,000 
9 :, 000 , 000 

- a,, 000.000 

Nuclear -Elec t r ic  Power 

The primary Iobjective of t h e  Nuclear E l e c t r i c  Power Generation Technology 
program i s  t o  provide a broad design b a s i s  f o r  t he  energy conversion equip- 
ment t o  be used i n  t h e  advanced nuc lear  e l e c t r i c  power genera t ing  systems 
needed f o r  f u t u r e  space missions.  Close coord ina t ion  and cooperat ion i s  
maintained with t h e  r e a c t o r  technology program of t h e  AEC. 

The con t r ac to r  and in-house e f f o r t  i n  t h e  program a r e  concerned with t h e  
technology a s soc ia t ed  wi th  (1) t h e  Rankine cyc le  a l k a l i  metal  tu rbogenera tor ,  
(2) thermionic d i r e c t  conversion,  (3) t h e  Brayton gas  turbogenera tor ,  and 
(4) magnetohydrodynamic (MHD) systems . The Rankine cyc le  and thermionic 
conversion systems o f f e r  t h e  most promise of a t t a i n i n g  t h e  l i g h t  weights needed 
f o r  e l e c t r i c  propuls ion systems. The nuc lear  thermionic concept which is  i n  
an e a r l y  s t a g e  of research  has few moving p a r t s ,  and with i ts  inherenlt 
redundancy and small  r a d i a t o r  a r e a ,  may u l t ima te ly  prove t o  be t h e  beltter 
s y s t e m  f o r  many app l i ca t ions .  
advantages and a p p l i c a t i o n s  a r e  discussed a s  a p a r t  of t h e  s o l a r  power s e c t i o n  
s i n c e  t h e  same equipment i s  being inves t iga t ed  f o r  both the  s o l a r  and nuc lear  
energy sources .  
range a l t e r n a - t e  t o  t h e  high temperature turb ine-genera tor  and thermionic 
approaches. 

The Brayton cyc le  conversion s y s t e m  p o t e n t i a l  

MHD conversion systems a r e  of i n t e r e s t  a s  a poss ib l e  longer  
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The Rankine turbogenerator  program i n  FY 1966 obta ined  much usc!ful 
information on hea t  t r a n s f e r ,  working f l u i d  p r o p e r t i e s ,  c a v i t a t i o n  pheiomena 
and high temperature r e f r a c t o r y  m a t e r i a l s .  I n  a d d i t i o n ,  performance a i d  
ope ra t ing  eva lua t ions  of such components as t h e  t u r b i n e ,  condenser r a d i a t o r ,  
pumps, e t c . ,  a r e  c u r r e n t l y  underway and progress ing  toward t h e  design nnd 
f a b r i c a t i o n  of prototype high temperature  components f o r  ground t e s t i n z .  The 
p resen t  component t e s t i n g  i s  concerned exc lus ive ly  wi th  lower t empera t i r e  
non-refractory a l l o y  t e s t  components. The component t e s t  programs w i l l  be 
continued i n  FY 1967. 
potassium tu rb ine  a t  General E l e c t r i c  w i l l  be completed by t h e  end of FY 1966. 
F a c i l i t y  and t e s t  u n i t  cons t ruc t ion  m a t e r i a l s  l i m i t  ope ra t ing  tempera tJ re  t o  
a maximum of a.bout 1600OF. A 2000 hour endurance run t o  eva lua te  e ros ion  
damage i s  also scheduled t o  be completed i n  FY 1966. It i s  planned t o  extend 
endurance t e s t i n g  i n  FY 1967 t o  5000 hours  i f  t h e  test  d a t a  cont inue t o  be 
favorable .  This t u rb ine  program w i l l  a l s o  begin des ign  and f a b r i c a t i o n  of a 
t h r e e  s t a g e  tc.rbine u n i t .  S ing le  tube  b o i l i n g  and condensing heal: t r a n s f e r  
programs a r e  sch.eduled t o  be completed i n  FY 1966. 
metal  and b o i l e r  and f l i g h t - t y p e  condenser s t u d i e s  w i l l  begin.  

"Dry" vapor performance t e s t i n g  of t h e  two s t a g ?  

I n  FY 1967, r e i r a c t o r y  

Af t e r  extertsi.ve s t u d i e s ,  an advanced tantalum base a l l o y ,  T-111, was 
s e l e c t e d  t o  be t:he cons t ruc t ion  material f o r  a two-phase potassiuin co r ros ion  
loop which. w i l . 1  opera te  a t  a b o i l i n g  temperature  of  210O0F. 
components (primp, b o i l e r ,  condenser,  ins t rumenta t ion)  were s u c c e s s f u l l y  
endurance t e s t e d  during FY 1966 a t  r a t e d  temperature  f o r  2500 hours  as  p a r t  
of a component: development and eva lua t ion  program. 
scheduled t o  begin opera t ion  i n  FY 1967 and w i l l  be  d i r e c t e d  tuward a 10,000 
hour t e s t  ob jc!ct:ive. 

The loop 

The T-111 loop is 

During FY :t966, cons iderable  progress  was made on determining t h e  s u i t -  
a b i l i t y  f o r  high temperature ope ra t ion  of va r ious  e l e c t r i c a l  i n s u l a t o r  s ,  magnetic 
materials :, e l e c t r i c a l  conductors and bore seal m a t e r i a l s .  
t e s t s  of  prom:isfing m a t e r i a l s  w i l l  be extended t o  longer  t i m e s  and h igf .e r  
tempera tures ,  &id geometries r e p r e s e n t a t i v e  of pro to type  e l e c t r i c a l  hzirdware 
w i l l  be f ab r i ca t ed .  

During EY 1967 

The p resen t  phase of the  advanced Rankine turbogenera tor  program has been 
conducted wi th  s t a i n l e s s  s t e e l  o r  supe ra l loy  components. Although t h c s e  a l l o y s  
s impl i fy  t e s t  opera t ions  cons iderably ,  they a r e  u s e f u l  only t o  about 1.6000F. 
I n  FY 1966, in design s tudy of a v e r s a t i l e  t e s t  r i g  capable  of  t e s t i n g  r e f r a c -  
t o r y  a l l o y  components such as t u r b i n e s ,  b o i l e r s ,  condensers,  e t c .  , i s  being 
performed, Fabr i ca t ion  of t h e  t e s t  r i g  is  planned t o  begin i n  m i d  FY 1967. 
This  w i l l  enable component t e s t s  t o  be performed a t  about t h e  2O0O0F l:emperatu.rt? 
expected to b e  required f o r  s u i t a b l y  l i gh twe igh t  systems. 
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The major t:echnological o b s t a c l e  a s soc ia t ed  with t h e  nuc lea r  thermicmic 
conversion approach i s  t h e  a t ta inment  of f u e l  m a t e r i a l s  t h a t  w i l l  be 
dimensionally s t a b l e  a t  t h e  ve ry  h igh  temperature  (7 3000OF) and uranirtm f u e l  
burnup condi t ions  requi red  f o r  e f f i c i e n t ,  long l i f e  ope ra t ion .  
NASA are conducting coordinated nuc lea r  f u e l  r e sea rch  programs aimed al: 
i n v e s t i g a t i n g  two broad c l a s s e s  of m a t e r i a l s :  t h e  uranium oxides  a t  General 
E l e c t r i c ,  V a l l e c i t o s ,  and t h e  uranium ca rb ides  a t  General A t o m i c .  Fue ls  
t e s t i n g  w i l l  (continue during FY 1967 a t  t h e  NASA-Plum Brook T e s t  Reactor.  

The AEC and 

I n  a d d i t i o n  t o  t h e  f u e l s  r e sea rch  e f f o r t ,  t e s t s  of e l e c t r i c a l l y - h e a t e d  
thermionic  diodes assembled wi th  fue l ed  o r  unfueled e m i t t e r s  w i l l  contiinue 
i n  FY 1967. 
l i f e  continued t o  be made. However, performance degrada t ion  wi th  t i m e  
remains a prolblein. Other thermionic  research  inc ludes  i n v e s t i g a t i o n s  of 
e l e c t r i c a l  i n s u l a t o r  and metal  ceramic j o i n i n g  a l l o y s  aimed a t  developmg 
m a t e r i a l s  and weldments which w i l l  main ta in  s a t i s f a c t o r y  electrical  and 
s t r u c t u r a l  p r o p e r t i e s  i n  a nuc lea r  r e a c t o r  a t  t h e  h igh  temperatures  anti f o r  
t h e  long per iods  requi red .  
improve diode performance and s impl i fy  diode design conf igu ra t ions .  

.During FY 1966, s i g n i f i c a n t  improvements i n  conve r t e r  ope*i:ating 

FY 1967 programs w i l l  be conducted t o  f u r t h e r  

During :FY 1965, cold gas tes ts  of rad ia l - f low turbomachinery intend1i.d f o r  
u se  a t  low pover l e v e l s  achieved t h e  high e f f i c i e n c i e s  t h a t  were predi1,:ted by 
des ign  s t u d i e s .  
flow gas cyc le  turbomachinery a r e  being conducted i n  FY 1966. The t e s t i n g  of 
"hot" gas  bearing-supported r a d i a l  and a x i a l  flow turbomachinery u n i t s  w i l l  
begin i n  FY 1966 and w i l l  be cont inued i n  FY 1967. 
t h i s  program cont inues t o  be on component e f f i c i e n c y  and r e l i a b i l i t y .  

S imi la r  development and test  programs on low power axial 

P a r t i c u l a r  emphasi83 i n  

The J e t  Prclpulsion Laboratory (JPL) is  cont inuing  an a n a l y t i c a l  and 
experimental  program on a l i q u i d  metal  magnetohydrodynamic (MHD) conversion 
system. B a s i c :  f e a s i b i l i t y  of t h e  d i r e c t  c u r r e n t  (DC) gene ra to r  component of 
such a system w a s  demonstrated wi th  room temperature  test components. 

I n  FY 1967, J'PL w i l l  i n v e s t i g a t e  a l t e r n a t i n g  c u r r e n t  MHD gene ra to r s .  The 
AC u n i t s  are t :heore t ica l ly  more e f f i c i e n t  than  t h e  d i r e c t  c u r r e n t  devices  and 
w i l l  a l s o  red.uca t h e  power condi t ion ing  requirements t o  s a t i s f y  p red ic t ed  
e l e c t r i c a l  lclad requirements.  
dea l  with met.hocls of minimizing hydrodynamic l o s s e s  i n  o t h e r  system components 
such as mi.xer.c;, two-phase nozz le s ,  s e p a r a t o r s ,  d i f f u s e r s ,  e t c .  

Tes t  programs w i l l  cont inue  i n  FY 1967 which 
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E l e c t r i c  Propuls ion 

The o b j e c t i v e  of t h i s  program is  t o  provide t h e  advanced technlology lead-  
i n g  t o  t h e  devel.opment of  e l ec t r i c  t h r u s t o r  systems f o r  space propuls ion.  
Such t h r u s t o r  systems when used i n  conjunct ion with l ightweight  s o l a r  o r  
nuc lea r  power gene ra t ion  systems f o r  prime. propuls ion,  o f f e r  t h e  p o t e n t i a l  
of  substant ia l -  i n c r e a s e s  i n  payload reduct ions i n  v e h i c l e  weight ,  o r  reduc- 
t i o n s  i n  t ravel  t i m e  g e n e r a l l y  i n  p ropor t ion  t o  t h e  energy requirements of 
t h e  conteniplateti missions.  E lec t r ic  t h r u s t o r  s t a t ionkeep ing  and a t t i t u d e  
c o n t r o l  systemS o f f e r  a primary advantage of reduced system weight when 
compared wi th  conventional chemical t h r u s t  systems f o r  long d u r a t i o n  E.pplica- 
t i o n s .  These performance improvements r e s u l t  from the  high s p e c i f i c  impulses 
developed by e l e c t r i c  t h r u s t o r s  which convert  e lec t r ica l  energy i n t o  1:inetic 
energy of a p r o p e l l a n t .  However, a major requirement t h a t  must b e  ati :ained 
f o r  e f f e c t i v e  a p p l i c a t i o n  i s  a c a p a b i l i t y  f o r  thousands of hours of r e l i a b l e  
operat ion. ,  I:i ;addition, a t ta inment  of high o v e r a l l  t h r u s t o r  system elificiency 
i s  of major iinportance f o r  prime propuls ion a p p l i c a t i o n s  because t h e  1:otal 
power r equ i r ed  €or  ope ra t ion  of the  t h r u s t o r  system, and thus the power p l a n t  
weight anti th,? mission payload c a p a b i l i t y ,  i s  dependent on t h r u s t  or system 
e f f i c i e n c y .  

E l e c t r o s t a t i c  t h r u s t o r  systems i n  which t h e  p rope l l an t  atoms ( o r  hriavy 
p a r t i c l e s : )  a r e  e l e c t r i c a l l y  charged and then  acce le ra t ed  by an e l e c t r o s t a t i c  
f i e l d ,  w i l l  cont inue t o  r e c e i v e  t h e  major emphasis i n  FY 1967. lbo types ,  
t h e  electron-bombardment and con tac t  i on  engines which d i f f e r  bas i ca l  ly i n  tht:b 
p r o p e l l a n t  charging o r  i o n i z a t i o n  technique,  have made t h e  most progress. I n  
t h e  electron-bombardment t h r u s t o r  t h e  p rope l l an t  atom i s  ion ized  by e - e c t r o n -  
c o l l i s i o n s .  The l i f e  of t h e  cathode which produces t h e  necessary e l e c t r o n s  
i s  t h e  major f a c t o r  c o n t r o l l i n g  t h e  l i f e  of t h e  t h r u s t o r .  The cathodc? l i f e  
improvement program discussed las t  year  has  r e s u l t e d  i n  a success fu l  :!600 
hours test  oE a cesium t h r u s t o r .  Fu r the r  l i f e  tests w i t h  goa l s  of  3500 and 
8000 hours a r e  being conducted i n  FY 1966. I n  FY 1967, emphasis w i l l  be 
placed on f u l l  system t e s t i n g  including t h r u s t o r ,  feed system and power 
condi t ioning.  I n  a d d i t i o n ,  system i n t e r a c t i o n  problems which become 
important as t h r u s t o r  a p p l i c a t i o n s  i n c r e a s e ,  such as ion  beam impingmmt on 
s p a c e c r a f t  s t r u c t u r e s  and radio-frequency i n t e r f e r e n c e  w i l l  a l s o  be studied 
i n  FY 1967. Since s t u d i e s  of solar-powered mid-course propuls ion f o r  
p l ane ta ry  missions show p o t e n t i a l  , t hese  e f f o r t s  w i l l  cont inue.  I n  a d d i t i o n ,  
s c a l i n g  of t h r u s t o r s  t o  t h e  300 KW s i z e  r equ i r ed  f o r  f u t u r e  appli .cations w i l l  
be continued a t  t h e  Lewis  Research Center .  

I n  t h e  con tac t  i o n  engine,  p rope l l an t  atoms are charged o r  i on ized  by 
coming i n  con tac t  w i t h  a h o t  material ,  u sua l ly  porous tungsten.  
meet engine l i f e  requirements,  over 99% of t h e  p r o p e l l a n t  atoms must ')e 
ion ized ,  Previous d i f f i c u l t i e s  i n  achieving t h e  r equ i r ed  i o n i z a t i o n  n t  
reasonable  e f f i c i e n c i e s  and l i f e t i m e s  l e d  t o  a d e c i s i o n  t o  deemphasiz 2 contact: 
engine development and concen t r a t e  on t h e  i o n i z a t i o n  problem i n  IPY 1956. 

I n  o r d e r  t o  
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However, techniques of coa t ing  porous tungs ten  wi th  i r i d ium and rhenium were 
evolved which, on a l abora to ry  s c a l e ,  show promise of pe rmi t t i ng  t h e  des i r ed  
i o n i z a t i o n  and l i f e  expectancy, The performance of t h e s e  improved i o n i z e r s  
w i l l  be eva lua ted  i n  FY 1967. Progress  i n  t h r u s t o r  technology has  l e d  t o  an 
important dec i s ion  t o  f l i g h t  t e s t  a small 
system on t h e  i n i t i a l  Appl ica t ions  Technology S a t e l l i t e s  (ATS) i n  an txc ipa-  
t i o n  of us ing  s i m i l a r  systems on t h e  l a t e r  synchronous g rav i ty -g rad ien t  
s t a b i l i z e d  A'rS € l i g h t s .  This  f i r s t  NASA u t i l i z a t i o n  r ep resen t s  an i n x t i a l  
and important  s t e p  i n  t h e  t r a n s i t i o n  of t h e  s t a t u s  of e l e c t r i c  propuls ion  
from an advance'd idea  t o  u s e f u l  app l i ca t ions .  
e l e c t r o s t a t i c  i on  beam d e f l e c t i o n  w i l l  be incorpora ted  on s i m i l a r  eng:i.nes 
i n  FY 1967 for  evalua t ion .  

(-15) con tac t  i o n  t h r u s t o r  

Thrust  v e c t o r  c o n t r o l  1:hrough 

A r e s i s t o j e t  w i l l  a l s o  be considered f o r  t h e  ATS. This  i s  one veririon of 
an  e l ec t ro the rma l  engine which a c c e l e r a t e s  p rope l l an t  by hea t ing  and sub- 
sequent  l y  expanding t h e  p rope l l an t  through a convent ional  converging-diverging 
nozzle  system. 
f o r  cance l l i ng  aerodynamic drag  of l a r g e  spacec ra f t  such a s  o r b i t i n g  'Itabora- 
t o r i e s .  Reslearch i n  FY 1967 on t h i s  c l a s s  of device w i l l  concen t r a t e  on 
e s t a b l i s h i n g  long l i f e  and i n  i n v e s t i g a t i n g  u t i l i z a t i o n  of waste mate1:ial 
( i . e .  excess  water ,  e t c . )  from manned space s t a t i o n  l i f e  support  systems a s  
the  p rope l l an t .  
e l e c t r i c  Ineater w i th  r ad io i so tope  h e a t  sources  w i l l  a l s o  be c a r r i e d  out  i n  
FY 1967. 

System s t u d i e s  have shown t h e  r e s i s t o j e t  t o  be of i n t e r e s t  

E f f o r t s  t o  eva lua te  the  replacement of t h e  r e s i s t o j e t ' s  

The electromagnet ic  t h r u s t o r s ,  which employ magnetic f o r c e s  i n  t h e  deve 
ment of t h r u s t ,  o f f e r  t h e  promise of supe r io r  performance and reduced 
complexity over t he  e n t i r e  range of s p e c i f i c  impulse and consequently w i l l  
r ece ive  research  emphasis i n  FY 1967. E f f o r t s  w i l l  i n  p a r t i c u l a r  be made 

op -- 

0 

v e r i f y  the  performance of t he  promising W D  a r c  j e t .  
e f f i c i e n c y  a t  a s p e c i f i c  impulse of 4000 seconds has been repor ted .  
t he  inadequacy of ground f a c i l i t i e s  t o  s imula te  the  t r u e  space environment 
causes  an u n c e r t a i n t y  i n  these  da t a .  A comprehensive e f f o r t  w i l l  be con- 
ducted i n  FY 1967 t o  e l imina te  these  u n c e r t a i n t i e s .  

Prel iminary d a t a  of 70% 
However, 

S o l a r  Power Generat ion 

S o l a r  pho tovo l t a i c  c e l l s  a r e  r e l a t i v e l y  low i n  weight and have proifen t o  

However, t he  a v a i l a b i l i t y  of t h e  Sa turn  c l a s s  of 
be a p r a c t i c a l  and r e l i a b l e  source of spacec ra f t  e l e c t r i c  power a t  levels up 
t o  seve ra l  hundred watts. 
launch v e h i c l e s  is making p o s s i b l e  much l a r g e r  spacec ra f t  r e q u i r i n g  sub- 
s t a n t i a l l y  more onboard e l e c t r i c  power. 
program was s t a x t e d  a t  t h e  J e t  Propuls ion Laboratory and t h e  Marshall  Space 
F l i g h t  Center ,  supported by con t r ac t ed  programs a t  t h e  Boeing Company, t h e  

During t h e  pas t  year  an  in-house 



Ryan Aeronautical  Company, and Elec t ro-Opt ica l  Systems on the  r e sea rch  aqd 
technology problems r e l a t e d  t o  very l i gh twe igh t ,  k i l o w a t t  s i z e  s o l a r  c e l l  
a r r ays .  
c e l l  f a b r i c a t i o n  and assembly methods, a r r a y  packaging and deployment and 
l ightweight  s t r u c t u r e s  and f o l d i n g  and unfo ld ing  mechanisms w i l l  r e q u i r e  an 
increased e f f o r t  i n  FY 1967. Although improvements have been achieved , 
s i g n i f i c a n t  weight p e n a l t i e s  can s t i l l  be a t t r i b u t e d  t o  t h e  need t o  p r o t e c t  
s o l a r  c e l l s  frcm damage by t h e  e n e r g e t i c  p a r t i c l e  r a d i a t i o n ,  micrometeoroid 
and high temperature environments t o  be encountered by s p a c e c r a f t  ope ra t ing  
i n  space. A. Continuing e f f o r t  i s  needed i n  t h e s e  a r e a s ,  as we l l  as e f f o r t s  
t o  improve c e l l  e f f i c i e n c y  and reduce c e l l  weight. 

The i n v e s t i g a t i o n  of such key problem a r e a s  as more economical s o l a r  

The output. of the  a r r a y  is  a d i r e c t  c u r r e n t  (DC) v o l t a g e  which m u s t  be 
changed (invert.ed) t o  a l t e r n a t i n g  c u r r e n t  (AC) , transformed t o  h ighe r  o r  lower 
v o l t a g e s ,  regpla ted ,  f i l t e r e d  t o  suppress surges  and d i s t r i b u t e d  t o  the  
va r ious  spacecraf t  loads.  It i s  e s s e n t i a l  f o r  t h e  h ighe r  power systems t h a t  
t h e  e f f i c i e n c y  of t h e  many e l e c t r o n i c  components and c i r c u i t s  used f o r  t h e s e  
purposes be improved while main ta in ing  s a t i s f a c t o r y  r e l i a b i l i t y .  

New work cln power t r a n s i s t o r s  t o  lower s a t u r a t i o n  r e s i s t a n c e  and inc rease  
cur ren t  and vo l t age  c a p a b i l i t i e s  is  t o  be undertaken at t h e  E l e c t r o n i c s  
Research Center.  Work on i n t e g r a t e d  c i r c u i t s  a t  t h e  Marshall Space F l i g h t  
Center and a t  the  J e t  Propulsion Laboratory w i l l  be continued wi th  emphasis 
on h ighe r  pawer handling c a p a b i l i t y ,  l a r g e r  area devices  and improved i n t e r -  
connections.  

The themiionic conversion of s o l a r  thermal energy appears p a r t i c u l a r l y  
promising as a source of e l e c t r i c  power f o r  s p a c e c r a f t  ope ra t ing  near t o  the  
Sun. 
thermionic generators  which should be r e l a t i v e l y  unaf fec ted  by opera t  ion  i n  
the  high temperature and p a r t i c l e  r a d i a t i o n  environment near  t h e  Sun. Work 
during t h e  past: year  has r e s u l t e d  i n  improvements i n  thermionic diode ope ra t ing  
l i f e t i m e  pcver dens i ty ,  and conversion e f f i c i e n c y .  For example, one thermionic 
conve r t e r  r e c e n t l y  passed 10,000 hours ope ra t ion  and is  cont inuing on t e s t .  
This  is  s i g n i f i c a n t  i n  t h a t  i t  i s  the  f i r s t  such device t o  demonstrate t he  
poss ib i l i . t y  of such operat ing l i f e t i m e s .  
unif0rmit.y cili converter  c h a r a c t e r i s t i c s  and i n  e f f i c i e n c y  and power dens i ty  
and based ort cur ren t  experience appear p o s s i b l e  wi th  a d d i t i o n a l  work, 
output vo l t age  per converter  ranges between 0.6 and 0.8 v o l t  f o r  ope ra t ion  at 
173OOC but  k i y  reducing the  i n t e r n a l  v o l t a g e  l o s s e s  could be increasecl t o  about 
1 . 2  v o l t s  with r e s u l t i n g  improvements i n  conversion e f f i c i e n c y .  Fu r the r  r e sea rch  
i s  planned citi the  use of s u r f a c e  and plasma a d d i t i v e s  t o  reduce the  i n t e r n a l  
l o s ses .  

These systems make use of s o l a r  concen t r a to r s  and high temperature 

Fur the r  improvements a r e  needed i n  

The 

Work is  continuing on t h e  Brayton cyc le  power conversion system technology 
program j.nit::iat:ed i n  FY 1963, us ing  s o l a r  and nuc lea r  power program funds. 
The use  of Eixayton cycle  conversion systems wi th  s o l a r  power sources  w i l l  
minimize s 0 1 . i ~  concentrator  s i z e  due t o  t h e  c y c l e ' s  i nhe ren t  high e f f i c i e n c y ,  
I n  a l i k e  maliner, the  use of Brayton equipment wi th  i s o t o p e  power sotirces 
w i l l  minj.mii:c? the  mount  of s c a r c e  and expensive i s o t o p e ,  e .  g.  Plutoriiium 238 :, 
requi red ,  Other s i g n i f i c a n t  advantages of importance t o  both s o l a r  and 
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i so tope  power systems, such a s  reduced material compa t ib i l i t y  problems, and 
no zero-g problems a r e  der ived  from t h e  f a c t  t h a t  t h e  Brayton cyc le  uses  an 
i n e r t  gas ,  e.g. argon o r  neon as t h e  working f l u i d .  The f i r s t  experimental  
turbomachinery and hea t  exchangers have been f a b r i c a t e d ,  de l ive red ,  and a r e  
under t e s t  at: t.he Lewis Research Center .  Cold flow t e s t s  have v e r i f i e d  
design performance. Hot flow t e s t s  have not  y e t  been conducted. 

Both of t he  above s o l a r  thermal systems (Brayton and thermionic)  r e q u i r e  
focusing concent ra tors  (mirrors)  t o  develop t h e  h igh  temperatures  r equ i r ed .  
The diffi.cul.t:ies involved i n  f a b r i c a t i n g  l a r g e  , l igh tweight  m i r r o r s  (con- 
c e n t r a t o r s )  possessing high s u r f a c e  contour  accu rac i e s  r e q u i r e  a cont inuing  
e f f o r t  l ead ing  to  f u l l  s i z e  mi r ro r s  of 20 t o  30 f e e t  diameter  weighirg l e s s  
than one pound per  square foot  (1 l b / f t 2 )  and having an e f f i c i e n c y  of g r e a t e r  
than 85% wit:h a concent ra t ion  a b i l i t y  of over  one thousand t o  one. 

Chemical Power Generat ion 

The f u e l  c e l l  power systems now under development f o r  Gemini and l q o l l o  
can be expected t o  s a t i s f y  t h e  need f o r  on-board space e l e c t r i c  power f o r  t he  
two-week e a r t h  and lunar  o r b i t a l  miss ions  f o r  which they have been designed. 
With technology improvements t h e  u s e f u l l n e s s  of t h e s e  f u e l  c e l l s  can be 
extended t o  mission dura t ions  of 30 t o  45 days. I n  a d d i t i o n ,  t h e  f i r s t  r e a l l y  
long duriation inissions may make use  of f u e l  cells  f o r  a t o t a l  l i f e  ojl 90 days 
and longer .  ' f i u s ,  t h e r e  e x i s t s  a need t o  extend t h e  p re sen t  techno:.ogy 
o b j e c t i v e s  Eroin t he  400 hour endurance c h a r a c t e r i s t i c  of Gemini and i ipollo 
t o  1000, 2000, and even tua l ly ,  3000 hours  whi le  main ta in ing  t h e  high 
r e l i a b i l i t i e s  required f o r  manned missions.  Of equal  importance is  t h e  need 
t o  extend standby l i f e ,  t o  improve on o r b i t a l  s tar t  and restart c a p a h i l i t y ,  
and t o  ob ta in  l i gh twe igh t ,  compact systems, 

Work on the  above problems is cont inuing  us ing  an Allis-Chalmers 
f u e l  c e l l  as an experimental  system. Experimental modules have been t e s t e d  
a t  the  Manned Spacecraf t  Center .  
more than  1500 hours and have opera ted  w e l l  under continuous as wel l  as 
s t a r t - s t o p  condi t ions .  

These breadboard u n i t s  have been r'm f o r  

A r e l i a b i l i t y  test  program is needed t o  o b t a i n  paramet r ic  des ign  da ta  f o r  
ope ra t ing  dura,tions i n  excess  of 3000 hours .  
e f f i c i e n c y  and complete the  technology f o r  low-temperature,  i n - o r b i t  s t a r t u p  
i s  needed. In.  add i t ion ,  t h e r e  i s  a need t o  acqu i r e  t h e  technology necessary 
t o  support  t h e  development of l a r g e r  f u e l  c e l l  modules i n  t h e  3 to 5 k i lowa t t  
s i z e .  

Work t o  f u r t h e r  improve 

Prima.ry and secondary (rechargeable)  b a t t e r i e s  a r e  used f o r  r e l a t i v e l y  short 
duration. appl i .cat ions,  i . e .  34 hour Gemini miss ion ,  o r  i n  conjuinction wi th  
s o l a r  power systems when t h e  spacec ra f t  i s  p e r i o d i c a l l y  i n  t h e  dark. 
spacec ra f t  1)at: teries have been r e l a t i v e l y  low power dev ices ,  which w i l l  not  
be ab le  t o  2;at:isfy t h e  f a s t  recharge ,  high power and broad opera t ing  

To d a t e ,  
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temperature range requirements of a n t i c i p a t e d  missions.  Laboratory experiments 
and ground based system experience i n d i c a t e  t h a t  it should be p o s s i b l e  t o  
develop s a t i s f a c t o r y  u n i t s .  However, such work is  not  being conducted as 
p a r t  of s p e c i f i c  b a t t e r y  development programs i n  support  of approved missions.  
Therefore ,  NASA has i n i t i a t e d  a research and technology program aimed a t  
improving energy d e n s i t y ,  cyc le  l i f e ,  capac i ty  r e t e n t i o n  and r e s i s t a n c e  t o  
high temperature degradat ion.  It i s  important t h a t  t h i s  program be s 1:rengthei:teci 
i n  FY 1967 i n  o rde r  t o  meet t h e  a n t i c i p a t e d  needs i n  t h e  1970's f o r  l d r g e r  
b a t t e r i e s  f o r  o r b i t a l ,  l u n a r  su r face  and p l ane ta ry  mission a p p l i c a t i o - i s .  

SNAP-8 Development 

1965 1966 - 1967 

Development.... .................... $19,150,000 $4,000,000 $5,500,000 

The o b j e c t i v e  of t h i s  technology p r o j e c t  i s  t o  conduct t h e  ground develop- 
ment of a 10,000 hour, 35 e l e c t r i c a l  k i lowa t t  nuc lea r  e l e c t r i c  gene ra t ing  
system s u i t a b l e  f o r  space a p p l i c a t i o n s  i n  t h e  1970's and beyond. 
a p p l i c a t i o n s  f o r  SNAP-8 a r e  l a r g e  e a r t h  o r b i t i n g  space s t a t i o n s ,  l una r  
e x p l o r a t i o n ,  d i r e c t  TV broadcast  s a t e l l i t e s ,  and manned Mars missions.  

P r i n c i p a l  

SNAP-8 i s  a j o i n t  NASA-AEC p r o j e c t  with t h e  AEC r e spons ib l e  f o r  t h e  r e a c t o r  
and s h i e l d  acd NASA respons ib l e  f o r  t h e  power conversion system and f u l l  
power system i n t e g r a t i o n .  It u t i l i z e s  a b o i l i n g  mercury turbogenerator  t o  
convert  thermal power developed by a cpmpact space r e a c t o r  i n t o  e l e c t r i c a l  
power. The cles,ign approach p l aces  p r i o r i t y  on r e l i a b i l i t y  and ease of 
development (maximum use of c u r r e n t  s t a t e - o f  - t h e - a r t )  and provides f1exibi l i t :y  
t o  adapt t o  i t  range of p o t e n t i a l  missions wi th  a minimum change. 

During ca.l.ertdar year  1965, NASA completed t e s t i n g  t o  determine performance 
d a t a  of t h e  f i r s t  gene ra t ion  of  major power conversion system components -- 
t h e  system pumps, h e a t  exchange components, and t h e  t u r b i n e  a l t e r n a t o r .  The 
performance was; demonstrated t o  be s a t i s f a c t o r y  except f o r  t he  b o i l e r  which 
although perlioiming as r equ i r ed  once i t  reached f u l l  thermal power, has been 
g iv ing  e r r a t i - c  superheat  performance during i n i t i a l  s t a r t u p .  A b o i l e r  re- 
designed t o  i -nvest igate  s o l u t i o n s  to t h i s  problem is  now i n  t e s t .  Endurance 
development of t h e  components has  been s t a r t e d .  S ing le  u n i t  endurance times 
demonstratecl t o  da t e  range from 670 t o  2600 hours.  A s  p a r t  of t he  erdurance 
t e s t  program, a complete mercury loop w a s  operated f o r  670 hour s ,  prciducing 
e l e c t r i c a l  power w i t h i n  SNAP-8 s p e c i f i c a t i o n s .  This t es t  was terminated by 
f a i l u r e  of  t:he f i r s t  t u r b i n e  a f t e r  830 hours of ope ra t ion ,  b u t  mechanical 
design modif.ications have now been completed and t u r b i n e  t e s t i n g  w i l l  be 
resumed s;hoi:rrl:y. The SNAP-8 r e a c t o r  completed 12,000 hours of operat  i o n ,  
8,800 of w h x h  were a t  system power and temperature.  The r e a c t o r  i s  undergoinp 
post  -test: exam ina t  i on .  
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During FY 1966, NASA w i l l  cont inue w i t h  component performance and 
endurance development t e s t i n g  and w i l l  complete p repa ra t ions  f o r  t h e  t e s t  of 
a f i r s t  breadboarded power conversion system u t i l i z i n g  FY 1966 funds au tho r i zed  
and appropriated by t h e  Congress. 

During FY 1.967, development t e s t i n g  of components w i l l  be continued and 
t e s t s  of t:he f i r s t  power conversion system w i l l  be i n i t i a t e d .  Supporting 
technology programs i n  hea t  t r a n s f e r ,  m a t e r i a l s ,  system dynamics and endurance 
instrumentat ion which were delayed by t h e  phase-out ope ra t ions  w i l l  be 
i n i t i a t e d  t o  provide t h e  necessary b a s i s  f o r  understanding s y s t e m  beh:.vvior and 
t o  improve pe:cformance as r equ i r ed ,  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PRCliGRAM 

PROGRAM OBJEKDIES AND JUSTIFICATION : 

The mission of t h e  nuc lea r  rocke t s  program i s  t o  provide the  neceszary 
r e sea rch ,  design, and engineer ing d a t a ,  t es t  hardware, and general  techno- 
logy required t o  develop nuc lea r  rocket  systems with power l e v e l s ,  ope ra t ing  
times, r e s t a r t  cond i t ions ,  and s p e c i f i c  impulse va lues  s u i t a b l e  f o r  advanced 
space exp lo ra t ion  missions.  A program d i r e c t e d  t o  meet these  object i l res  
w i l l  a s su re  m a i l a b i l i t y  of t h e s e  advanced propuls ion systems when themy a r e  
needed. 

Through the  use  of nuc lea r  rocke t  propuls ion,  s i g n i f i c a n t  performarice 
advantages ac2riie t o  many advanced space missions such as luna r  base 1 og i s -  
t i c s  ope ra t ions ,  deep space probing with heavy complex s p a c e c r a f t ,  and manned 
exp lo ra t ion  of the p l a n e t s .  A number of s t u d i e s  have been conducted 1.0 
eva lua te  t h e  p o t e n t i a l  of t he  nuc lea r  rocket  i n  i t s  major a p p l i c a t i o n s .  For 
the  manned Mars mission, t h e  s t u d i e s  ind ica t ed  t h a t  spacec ra f t  departure  
weight i n  e a r t h  o r b i t  i s  s u b s t a n t i a l l y  l e s s  with nuc lea r  rocke t  propu:.sion 
than with chenical  propuls ion,  t h e  weight d i f f e r e n c e s  ranging from 1 o r  2 
m i l l i o n  pounds f o r  favorable  missions modes and t imes (low energy reqitire- 
ments) t o  many m i l l i o n s  of pounds f o r  less favorable  mission oppcrtun:l.ties. 

The major a r e a s  of e f f o r t  are the  r e sea rch  and engineer ing of t h e  nuclear  
r e a c t o r ,  the development of c e r t a i n  non-nuclear components, and t h e  i n t e g r a -  
t i o n  of t he  r eac to r  and non-reactor components i n t o  a complete expeririental  
engine system. 

The experimental ground tes t  engine system i s  being i n v e s t i g a t e d  t o  pro- 
vide an essent ia l  understanding of t h e  i n t e r a c t i o n  of components i n  nuclear  
rocket  engines and of t he  system performance c h a r a c t e r i s t i c s .  Progre,;s i n  
the technology phase warrants  t he  i n i t i a t i o n  of s p e c i f i c  engine development 
i n  FY 1967. 

The nuclear  rocke t s  program i s  a j o i n t  AEC-NASA undertaking. To ensure 
an i n t e g r a t e d  program, the  Space Nuclear Propuls ion O f f i c e ,  e s t a b l i s h e d  
by interagency agreement between AEC and NASA, manages a l l  aspects of nuclear  
rocket  propulsion work f o r  t he  two agencies .  Research and technology work 
i s  conducted both i n  AEC Labora to r i e s  (e .g . ,  the  Los Alamos Scier i t ic  ‘Labora- 
t o ry )  and NASA Centers ( e .g . ,  t he  L e w i s  Research Center and the  Marsha11 
Space F l i g h t  Center) ,  al though the major po r t ion  of t h e  work i s  c:ondu:ted 
by industry.  
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SUMMARY OF REWJRCES REQUIREMENTS : 

1965 1966 

Supporting research  and 
technology. ................... $20,891,000 $21,000,000 

NERVA...... .................... 35,370,000 36,000,000 
NRDS opera1::ioi.l~. ........... .. 739,000 1 ,000,000 

Tota l . . . . . . . . . . . . . . . . . . . . , . . . .  $57,000.000 $58,000,000 

D i s  t r ibu t  i o  n-o f Propram Amount by Ins  t a1  l a  t ion  : 

Marshall Space F l i g h t  Center.  $1,375,000 $1,125,000 

Lewis Research Center . . . . . . . .  9,846,000 6,599,000 
Space Nuclear Propuls ion 

O f f i c e . . . . . . . . , . , . . , . , . . , . .  45,760,000 50,218,000 
13,000 58,000 

Jet  Propulsion Laboratory. 6,000 --- ... 

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

Supporting Research and Technology 

1965 

Rocket r e a c t o r  research . .  ...... $13,069,000 
Nuclear rocke t  engine 

systems. ....................... 6,269,000 
Sa fe ty . . .  ....................... 500,000 
Ve h i c 1 e t cxhno logy ............. 1,053,000 

Totalt.. ....................... $20,891,000 

The support ing research  and technology (SR&T) 

1966 

$14,250,000 

5,150,000 
500,000 

1,100,000 

$21,000,000 

1967 --- 

$16,9CO, 000 
33,lC 0,000 

- 3 , OCIO ,000 

$53 ,OUO ,000 --- 

$900,000 --- 
3,5.jO ,000 

48,500,000 
50,000 

1967 .-- 

$11,700,000 

3,9 50,000 
2 50,000 

1,coo,ooo 

e f f o r t  supp l i e s  four  bas i c  
needs: (1) general  support ing research  and technologica l  da t a  f o r  cu r ren t  
p r o j e c t s ;  (2) necessary b a s i c  technology f o r  t he  development of futui:e 
genera t ions  o f  nuc lear  rocke t  engines  and v e h i c l e s ;  (3)  f e a s i b i l i t y  imalyses 
of advanced nuclear  propuls ion concepts ;  and, (4) s t u d i e s  of t h e  s p e c i a l  
s a f e t y  problems of nuc lear  rocke ts .  

Rocket Reactor Research 

This a c t i v i t y  supports  work i n  two general  a r eas :  f i r s t  i n  1:he a rea  of 
advanced concepts and i n  t h e  design s t u d i e s  of r e a c t o r  concepts  of i n t e r e s t  
f o r  f u t u r e  a .pp l ica t ions ;  secondly,  t hese  funds provide f o r  nozz:Le and pro- 
p e l l a n t  feed systems f o r  use i n  the  ground t e s t  of Phoebus 2. 
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Advanced concept work i s  concentrated on va r ious  types o f  c a v i t y  r e a c t o r s ,  
i n  which the: f i s s i o n a b l e  materials are i n  gaseous, l i q u i d  o r  dust  form. 
Primary i.n-house c a p a b i l i t y  and r e sea rch  i s  cen te red  a t  t h e  Lewis  Research 
Center.  Adcli.tj.onally, t h e  c a p a b i l i t i e s  of i n d u s t r y  and u n i v e r s i t i e s  are 
app l i ed  through c o n t r a c t s  and r e sea rch  g ran t s .  The emphasis i s  on labora-  
t o r y  research because propuls ion systems and l a r g e  scale experiments can- 
not y e t  be def ined due t o  a l a c k  of b a s i c  information on f e a s i b i l i t y  and, 
i n  some case:;, a l a c k  of b a s i c  r e sea rch  da ta .  

NASA fund!; t h e  development of  a l i q u i d  hydrogen turbopump feed sys t e m  
t o  be used in t h e  t e s t i n g  of  high-power (Phoebus 2) r e a c t o r s  a t  the Bluclear 
Rocket k!vel.oprnent S t a t i o n .  This  system i s  based on the  l i q u i d  hydrclgen 
pumps and turbfines developed f o r  t h e  KIWI t e s t  series. 

Liquid hydrogen r e g e n e r a t i v e l y  cooled exhaust nozzles  are a l s o  recjuired 
f o r  t he  I’hoel)u:3 2 r e a c t o r  program conducted by the  Los Alamos S c i e n t i f i c  
Laboratory. Development of  such nozzles  i s  underway i n  a c o n t r a c t  l e t  
during FJI 19 135 , 

Nuclear Rocket Engine Systems 

This r e sea rch  provides  information f o r  spec i fy ing  c h a r a c t e r i s t i c s  of  
f u t u r e  generat ions of nuc lea r  rocke t  engines  as w e l l  as e s t a b l i s h i n g  a 
general  bast: o E information on the  design and ope ra t ion  of component:, 
and engines ,, Engine component technology i s  the  r e s p o n s i b i l i t y  of NASA; 
the  in-house eEfo r t  i s  conducted by the  L e w i s  Research Center with o t h e r  
work being accomplished under i n d u s t r i a l  and u n i v e r s i t y  c o n t r a c t s  p r i n -  
c i p a l l y  under :Lewis’ d i r e c t i o n .  

Turbornachinery r e sea rch  i s  d i r e c t e d  a t  t h e  unique problems posed tiy 
a p p l i c a t i o n  to a nuc lea r  rocke t  engine,  and i s  coordinated wi th  turbo- 
machinery r e  search conducted f o r  advancement of chemical rocke t  techrio- 
logy 

Another iinportant support ing e f f o r t  i n  t h e  nuc lea r  rocke t  program i s  
provided by the nuc lea r  co ld  flow rocke t  engine systems tests conduc1:ed 
by L e w i s  i n  the Nuclear Rocket Dynamics and Control F a c i l i t y .  These 
t es t s  have included t h e  f i r s t  b o o t s t r a p  s tar ts  of t he  nuc lea r  rocke t  
engines ,  and s t a r t - u p  tests i n  which the  turbopump was d e l i b e r a t e l y  i.wn 
i n t o  s ta l l  t o  determine t h e  s t a r t - u p  performance of  a nuc lea r  rocke t  
engine under such cond i t ions .  

Radiation e f f e c t s  work i s  conducted a t  Plum Brook as p a r t  of t he  cngine 
component r e sea rch  work t o  de f ine  t h e  behavior of materials i n  cornbilled 
r a d i a t i o n ,  cryogenic,  and vacuum environments. Such information supports  
a l l  phases !of t he  nuc lea r  rocke t  program and i s  e s s e n t i a l  f o r  t he  deisign 
e f f o r t .  
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The combined environments of  r a d i a t i o n ,  vacuum, extreme temperatures 
and very high bear ing speeds create d i f f i c u l t  development problem:; i n  regard 
t o  bea r ings ,  s e a l s  and l u b r i c a t i o n .  An i n p i l e  bear ing test  loop :is i n  oper- 
a t i o n  f o r  r e sea rch  on bea r ing  conf igu ra t ions  i n  a combined r a d i a t i o n  and 
cryogenic environment. 

Research cont.inuing through FY 1967 w i l l  include work on nozzles  f o r  
nuc lea r  rocket. engines.  Analyses and r e sea rch  have been undertaken i n  
areas of refract .ory metals and coa t ings ,  f l u i d  mechanics and h e a t  t r a n s f e r ,  
stress a n a l y s i s  and thermal f a t i g u e .  

I n  FY 1.967 NASA w i l l  cont inue to  support ,  al though a t  a reduced leve l ,  
t he  National I3ui:eau of Standards Cryogenic Engineering Laboratory i n  re-  
search and engineer ing r e l a t e d  t o  t h e  u s e  of l i q u i d  hydrogen. While t h i s  
support  has  c:ome from t h e  nuc lea r  rocke t  program, the  r e sea rch  has  b e r e f i t e d  
a l l  programs t h a t  use l i q u i d  hydrogen (e.g. ,  Centaur,  Sa tu rn ,  t h e  5-2 engine,  
etc.)  by supplying b a s i c  p rope r ty  d a t a  and cryogenic engineer ing suppclrt. 

P rope l l an t s  and p res su ran t s  i n  support  of t h e  r e sea rch  and developnient 
a c t i v i t i e s  on turbopumps and nozzles  f o r  Phoebus r e a c t o r  tests as w e l l .  as 
the  Phoebus r ' sactor  tests themselves are provided by SR&T funds. 

S a f e t y  

Sa fe ty  work i s  an i n t e g r a l  p a r t  of t h e  o v e r a l l  nuc lea r  rocke t  prog::am. 
It includes e f f o r t  on hydrogen s a f e t y  by the Bureau of Mines aimed a t  
unique s a f e t y  problems a s s o c i a t e d  with handl ing l a r g e  q u a n t i t i e s  of l i q u i d  
hydrogen i n  t h e  nuc lea r  r a d i a t i o n  environment. 
eva lua t ion  of countermeasure systems t o  a s s u r e  s l f e  d i sposa l  of riuclear 
engines  and ope ra t iona l  s a f e t y  analyses  of nuclear  rocke t  engine:;. 

Also included i s  work on 

Vehicle Technology 

Th i s  program provides  information on new concepts r e l a t i n g  t o  v e h i c l e  
s t ag ing  and conf igu ra t ion  f o r  f u t u r e  a p p l i c a t i o n s  of  nuc lea r  rocke t  engines 
t o  s p a c e f l i g h t  missions.  

Modular v e h i c l e  concepts i n  which each module inc ludes  a nuc lea r  rocket  
engine and p r o p e l l a n t  tank has  p a r t i c u l a r  a t t r a c t i o n  s i n c e  ou r  b a s i c  tank/ 
engine design c:onceivably could s a t i s f y  a v a r i e t y  of  missions from l una r  
t o  p l ane ta ry  stop-over,  merely by c l u s t e r i n g  as necessary t h e  r e q u i s i t e  
number off e s s e n t i a l l y  i d e n t i c a l  modules. The modular s t u d i e s  i n i t i a t e d  
i n  FY 1965 have def ined a c o n f i g u r a t i o n  i n  s u f f i c i e n t  d e t a i l  t o  point o u t  
areas r e q u i r i n g  advanced technology e f f o r t .  

In  FY 19615 ithe f e a s i b i l i t y  of  designing and c o n s t r u c t i n g  a reasonably 
c l o s e  ground tes t  ve r s ion  of  a modular tank,  which could be used f o r  ad- 
vanced technl:,logy development by means of  cold-flow t e s t i n g  i s  being i n -  
v e s t i g a t e d  i n  depth. 
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Examples of problem areas r e q u i r i n g  advanced technology developmenl: i n -  
clude long t e r m  s to rage  of l i q u i d  hydrogen i n  space f o r  per iods exceeding 
a h a l f  a year ,  and s t r u c t u r a l  design of tanks f o r  a p p l i c a t i o n s  r e q u i r m g  
assembly .into c l u s t e r s ,  while i n  Earth o r b i t .  I n v e s t i g a t i o n s  i n  thest: 
areas are coordinated wi th  and complement o t h e r  elements engaged i n  space 
v e h i c l e  researc'h. I n  a d d i t i o n ,  nuc lea r  rocke t  engine-vehicle  interact : ions,  
and coupling requirements are a l s o  important and w i l l  r ece ive  continuc!d 
a t t e n t i o n .  

1!167 --- 1965 1966 

Engine systems development. ...... $5,426,000 $5,600,000 $6,000,000 
Component and sub system develop- 

Ground t e s t  and ope ra t ions  
ment....,...................... 12,444,000 11,800,000 '3,600,000 

suppor t . . . . .  ................... 14,572,000 15,100,000 15,000,000 
P r o p e l l a n t s  ...................... 2,928,000 3,500,000 - 2,5001000 

Tota l . . . . . . . . . . . . . . . . . . . . . . . . . .  .$35,370,000 $36,000,000 .$33,1!)0,000 --- 

The objectivle of t h e  NERVA technology e f f o r t  i s  t o  develop the technology 
of  nuclear  rocklet engine systems u t i l i z i n g  g r a p h i t e  so l id -co re  r e a c t o r s .  
Progress  in  the g r a p h i t e  r e a c t o r  program has been very good. The NER\rA 
techno1og:y work i s  conducted p r i n c i p a l l y  under a j o i n t  AEC-NASA c o n t r a c t  
by the Aerojet-General Corporation and Westinghouse E l e c t r i c  Corporat!.on. 
A l t i t u d e  equivalent  performance l e v e l s  i n  excess  of 750 seconds specil i ic 
impulse a t  55,000 pounds of  t h r u s t  have been achieved f o r  extended dura- 
t i ons .  

In view oE t :he  r e a c t o r  p rogres s ,  increased emphasis i s  being devotcd t o  
the  engine system phase, This  e f f o r t  i nc ludes  the  development of cr i1: ical  
non-nuclear wmponents, such as t h e  nozzle ,  turbopump and con t ro l  sysl:em, 
and the i n t e g r a t i o n  of  t hese  components with the  r e a c t o r  i n t o  meaning:iul 
nuclear  rocke t  (engine systems tes ts .  It i s  important t o  ga in  a thorough 
understanding of t he  i n t e r a c t i o n s  of t he  va r ious  components during s t a r t - u p ,  
f u l l  power oper,ation, ope ra t ion  a t  o f f -des ign  cond i t ions ,  and during c:ool- 
down periods.  With t h i s  knowledge we can develop components and systcms 
leading t o  t h ~  development of  o p e r a t i o n a l  f l i g h t  engine systems with i t  high 
assurance of success.  

Engine system work inc ludes  i n v e s t i g a t i o n s  of engine system t r a n s i e n t  
s t a r t - u p  cha :cac t e r i s t i c s ,  s t eady  s ta te  ope ra t ing  c y c l e s ,  system dynam:i.cs 
of engine th:cDttling and shutdown, and i n v e s t i g a t i o n  of  engine r e s t a r l :  
c h a r a c t e r i s t i c s .  
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The development of tes t  f a c i l i t y  technology i s  necessary t o  provide conf i -  
dence i n  undertaking a f u t u r e  nuc lea r  rocke t  engine development progr,m. 
The f a c i l i t y  technology o b j e c t i v e s  include proof of t he  techniques foe  remote 
t e s t i n g  o f  downward f i r i n g  engines  and the f e a s i b i l i t y  of  remote handling 
ope ra t ions  f o r  engine system maintenance and disassembly. 

Selected engine components are being developed i n  connection with the 
engine systerrs eva lua t ion  program, but  component development i s  l.imitad 
t o  those m a j o r  components which s t r o n g l y  in f luence  system performance. 
Valves and l i n e s  are f a c i l i t y  o r  " b o i l e r  p l a t e "  types wherever poss ib l e .  
For the  ground tes t  program, most components w i l l  no t  be q u a l i f i e d  t o  the  
high degree o f  r e l i a b i l i t y  necessary f o r  f l i g h t  ope ra t ion .  However, najor 
components such as turbopumps, nozzles  with hot-bleed p o r t s ,  and ac tu , a to r s  
f o r  engine r e a c t o r  c o n t r o l  w i l l  be o f  f l i g h t  design and w i l l  be adaptable  
t o  " f l i g h t "  c p e r a t i n g  cond i t ions .  

S i g n i f i c a n t  accomplishments t o  da t e  i n  t h e  K I W I  and NERVA p roJec t s  i n c l u d e :  
r e a c t o r  s t a r t - u p  and s t a b l e  ope ra t ion  using l i q u i d  hydrogen as a coo lan t ;  
demonstratior. o f  a s a t i s f a c t o r y  r e a c t o r  design t h a t  avoids  the flow-induced 
v i b r a t i o n  previously encountered; success fu l  ope ra t ion  of a s i n g l e  r e a c t o r  
f o r  16.5 minutes a t  design cond i t ions ;  r e s t a r t i n g  a r e a c t o r  and achieving 
design power a f t e r  a p r i o r  run a t  design power; automatic s t a r t - u p  of a 
r e a c t o r  from s u b - c r i t i c a l  cond i t ions ,  thereby demonstrating t h e  c a p a b i l i t y  
t o  start  the  nuc lea r  rocket  au tomat i ca l ly  as would be r equ i r ed  i n  a f l i g h t  
system; completion of s t u d i e s  confirming the  a b i l i t y  t o  c l u s t e r  engines;  
and t h e  conduct of a Transient-Nuclear-Test with favorable  r e s u l t s .  Other 
progress  inc ludes  improvement i n  f u e l  element q u a l i t y ,  and advances i n  
nozzle and turbopump technology. 

The program c a l l s  f o r  t h e  i n i t i a t i o n  of  t h e  NERVA engine development 
phase i n  E'Y 1.967. It has  been determined t h a t  an engine designed f o r  a 
power level of 4,000 t o  5,000 thermal megawatts g iv ing  a t h r u s t  of about 
200,000 t o  250,000 pounds could e f f i c i e n t l y  perform a l l  t hese  missions i n  
which nuclea.1. rocke t s  o f f e r  s i g n i f i c a n t  advantages. Such an engine system 
w i l l  be based upon the  high-power Phoebus 2 r e a c t o r s  technology being de- 
veloped bly the  AEC'S Los Alamos S c i e n t i f i c  Laboratory. 

The preceding d i scuss ion  of  NERVA has  presented t h e  p r o j e c t  from an over- 
a l l ,  integrait:etl po in t  of view. The following paragraphs d i scuss  t h e  p r o j e c t  
from a d i f f e r e n t  viewpoint,  t h a t  of i t s  major areas of work e f f o r t  and fund 
a l l o c a t i o n .  

Engine Systems Development 

The 0bjec:l:ive of t h i s  phase of t he  NERVA p r o j e c t  i s  t o  perform the 
engineering,,  f a b r i c a t i o n ,  and t e s t i n g  of  experimental  engine systems. The 
program i.ncl.udt:s co ld  flow tes ts  conducted i n  a non-nuclear engine s imulator  
as w e l l  E L S  hot  flow tests conducted with ope ra t ing  r e a c t o r s .  C h a r a c t e r i s t i c s ,  
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eva lua ted  i n  the  co ld  flow simulator  t es t s  include t h e  i n i t i a l  portion. of  
engine s t a r t - u p  with l i q u i d  hydrogen, flow s t a b i l i t y ,  flow leakage, system 
p res su re  l o s ses ,  and c o n t r o l  response times. During FY 1967, t he  Cold 
Flow Deve1.oprnmt Test System (CFMIS) w i l l  be modified t o  t h e  ground er.peri-  
mental engine (:<E) co ld  flow conf igu ra t ion .  The prel iminary design and 
systems a n a l y s i s  of t h e  200,000 t o  250,000 t h r u s t  engine w i l l  be continued 
i n  FY 1967. In a d d i t i o n ,  e f f o r t  w i l l  be spent  on s tudying concepts fclr 
remote rernovirl and i n s t a l l a t i o n  of  t h e  engine from and i n t o  the  tes t  s tand 
and f o r  remolx disassembly and reassembly of components about t he  engi.ne 
e x t e r n a l  :;hie Ld. 

Component and Subsystem Development 

Develol?ment (of components and subsystems include those r equ i r ed  f o r  t he  
experimental  engine systems and some requ i r ed  f o r  t h e  conduct of r e a c t o r  
experiments. P r i n c i p a l  o b j e c t i v e s  are t h e  development of  t h e  l i q u i d  
hydrogen turbopumps, t h r u s t  chamber assembly, and engine c o n t r o l s .  During 
FY 1967, fin(a1 assembly and shipment of  XE-1 components w i l l  be accomplished 
and f a b r i c a t i o n  and acceptance t e s t i n g  of t h e  t h r u s t  chamber assembly of 
t he  second experimental  engine (XE-2) w i l l  be completed. A pres su re  . resse l  
and a t h r u s t  chamber assembly w i l l  be f a b r i c a t e d  f o r  t h e  engine and tlie ex- 
perimental  r e a c t o r  program. In  a d d i t i o n ,  a chamber gas  temperature pirobe 
w i l l  be f a b r i c a t e d  and submitted f o r  t e s t i n g .  

Ground Test and Operations Support 

Overa l l ,  t h i s  phase of t he  p r o j e c t  provides  remote handl ing equipment, 
checkout and test equipment, and maintenance equipment f o r  a l l  test 
ope ra t ions ,  including s p e c i a l  t e s t  equipment f o r  components a s s o c i a t e d  
with t h e  l a r g e  engine.  It a l s o  provides  c e r t a i n  in s t rumen ta t ion  f o r  diag- 
n o s t i c  and c o n t r o l  purposes,  f o r  r e l i a b i l i t y  and q u a l i t y  assurance t e s t i n g ,  
and f o r  o p e r a t i o n a l  s a f e t y  monitoring. During FY 1967, t h e  design c r i t e r i a  
and the  design and f a b r i c a t i o n  of t h e  r equ i r ed  t r a n s p o r t ,  handl ing,  ho t  
disassembly and pos t -ope ra t ive  equipments f o r  t h e  experimental  engines  w i l l  
be completed. 

The operaticln and maintenance i n s t r u c t i o n s  and acceptance tes t  s p e c i f i c a -  
t i o n  f o r  the experimental  engine c o l d  flow support  equipment w i l l  be formu- 
la ted.  I n  a d d i t i o n ,  design and procurement of  s to rage  equipment f o r  t h e  
va r ious  engine and r e a c t o r  t e s t  ar t ic les  w i l l  have been completed during 
FY 1967. Sa.fet.y eva lua t ion  r e p o r t s  f o r  t h e  experimental  engines  (XE-1 and 
XE-2) w i l l  b e  i s sued  and t h e  program comprehensive s a f e t y  evaluati.ons and 
reviews alnd o p e r a t i o n a l  s a f e t y  a t  t h e  t e s t i n g  s t a t i o n  w i l l  be cont:inued. 

P r o p e l l a n t s  

Funds prcwided, under t h i s  heading w i l l  be used f o r  procurement of pro- 
p e l l a n t s ,  pr:lmarily l i q u i d  hydrogen, r equ i r ed  i n  va r ious  NERVA t e s t i n g  
programs 
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--- Niic:Lear Rocket Development S t a t i o n  Operat ions 

1907 -- 1965 1966 

General site support . .  . . . . . . . . . . . . $739,000 $1,000,000 $3,000,000 

The mission oE t he  Nuclear Rocket Development S t a t i o n  (NRDS) i s  t o  pro- 
v ide  a site f0.c ground s t a t i c  t e s t i n g  of t h e  r e a c t o r s ,  engines ,  and eventu- 
a l l y ,  v e h i c l e s  a s s o c i a t e d  with nuc lea r  rocke t  development. 
Nuclear Rocket Development S t a t i o n  i s  assigned t o  the  Space Nuclear Pro- 
pu l s ion  Of f i ce .  The major u s e r s  of  t h e  S t a t i o n  are Aerojet-General Corpo- 
r a t i o n ,  Westinghouse Astronuclear  Laboratory,  and t h e  AEC Los Alamos 
S c i e n t i f i c  Laboriatory. 

Management of  t he  

Maintenance, housekeeping s e r v i c e s ,  and management func t ions  must bc! 
provided at: t h i s  s i t e .  
s i te  operat:ion:;, the  major p a r t  of which i s  now funded by the  AEC. 
support  i s  not: included under t h i s  category bu t  i s  funded from t h e  appro- 
p r i a t e  p r o j e c t  ciategory such as NERVA. 

These funds provide f o r  NASA's sha re  of  t h e  general  
Technical 

NASA's sha re  of  t h e  NRDS Operations c o s t s  w i l l  i n c r e a s e  by an amount of 
$2,000,000 i n  IT 1967 over FY 1966. 
i s  the  addFtiona:L maintenance support  r equ i r ed  f o r  E-MAD and ETS-1 f a c j  1- 
i t i e s  which w1L1 become o p e r a t i o n a l  i n  e a r l y  1967. Another element c o r t r i b -  
u t i n g  t o  t h e  ihcrease is  t h e  r a i s e d  l e v e l  of  housekeeping support  assoc i a t e d  
with experj.menl:a:L engine systems t e s t i n g  a t  NRDS which w i l l  be i n i t i a t c  d 
i n  FY 1967, The f i r s t  t e s t  w i l l  be an XE c o l d  flow tes t  scheduled f o r  
November 1966 Eo:llowed by t h e  f i r s t  XE-1 power test  i n  t h e  summer of  15167. 

The major reason f o r  t h i s  increase 

General sit:(? support  i nc ludes  r o u t i n e  maintenance and ope ra t ion  of t h e  
f a c i l i t i e s ;  f o r  example, c u s t o d i a l  s e r v i c e s ,  maintenance of roads,  grounds, 
and u t i l i t y  sy:;tt?ms, fu rn i sh ing  of u t i l i t i e s ,  b u i l d i n g  ope ra t ing  s u p p l 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 r v i c e s .  Included a l s o  are the  service s 
of a support  c o n t r a c t o r  t o  maintain and ope ra t e  plumbing, e l e c t r i c a l ,  
c a r p e n t e r ,  wel.ding, and machine shops. Funds i n  t h i s  category a l s o  coi'er 
c o s t s  of maint:iaining and ope ra t ing  support  f a c i l i t i e s  and equipment 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF AD'l'JCED KESEARCH AND TECHNOLOGY CHEMICAL PROPULSION PROGIXAN. 

PROGRAM OB JIS CT :CVE S AND JUS T IF ICATION : 

The ob jec t ive  of the chemical propuls ion  program is  t o  provide a sJound 
base of techlology on which t o  develop propuls ion  equipment f o r  t he  Nat ional  
space program missions.  This base must cover research  examination of funda- 
mental concepts,  of engineer ing d a t a ,  des ign ,  f a b r i c a t i o n ,  and experj.menta1 
t e s t i n g  t o  proge t h a t  the  b a s i c  technologies  can be in t eg ra t ed  t o  create 
p r a c t i c a l  p ropJ l s ion  machinery. I n  a d d i t i o n ,  the  program suppor ts  c i i r rent  
mission deve lopments by examining s p e c i a l  problems of a research  na tu re .  

Chemical propuls ion systems a r e  the  mainstay of t h e  t r anspor t a t io i i  needs 
of the  space program, notwithstanding the  s p e c i a l  advantages of nuc lear  and 
e l e c t r i c a l  propuls ion.  Among t h e i r  app l i ca t ions  are b o o s t e r s ,  upper s t ages  
and t h r u s t  ,auginentors f o r  launch v e h i c l e s ,  escape s t a g e s ,  lunar  and 1)lanetary 
landing modi~le~s,  and i n - o r b i t  maneuver, mid-course c o r r e c t i o n ,  a t t i t i i d e  
c o n t r o l ,  rendezvous, de-orb i t  and p rope l l an t  s e t t l i n g  systems f o r  s p a c e c r a f t ,  
Chemical propuls ion i s  a l s o  being appl ied t o  personal  mob i l i t y  devict!s, and 
fu ture  lunar and p lane tary  exp lo ra t ion  veh ic l e s .  I n  a d d i t i o n ,  chemical pro-  
p e l l a n t s  a r e  used f o r  a v a r i e t y  of a u x i l i a r y  devices  such as ign i to r : ; ,  and 
s t age  s e p a r s t i o n  systems. 
t h r u s t  l e v e l s ,  opera t ing  t i m e s ,  s t a r t  and restart  cond i t ions ,  and p rope l l an t  
handling problems. Furthermore, the  continued e x p l o r a t i o n  of space w i l l  re-  
q u i r e  increased capac i ty  and v e r s a t i l i t y  of these  propuls ion  sys tems,  The 
program of advanced research and technology t o  cover t h i s  a r r a y  of a l )pl ica-  
t i ons  and opera t ing  condi t ions must s t r i k e  a balance between these  complex 
requirenients and the  d i f f i c u l t i e s  of f i nd ing  p r a c t i c a l  and r e l i a b l e  ,;elution::; 
and m u s t  be managed with percept ion  and perspec t ive  with regard t o  the 
schedule of p o t e n t i a l  needs.  Such a balanced program w i l l  a ssure  cohtinue? 
advancemnt of the propuls ion c a p a b i l i t i e s  of the  n a t i o n ' s  space pro:;ram. 

These app l i ca t ions  r ep resen t  a tremendous range of' 

The work i n  chemical propuls ion covers both l i qu id  and s o l i d  propg2llant 
systems,  and i n  f a c t  combinations of the  two types ,  ca l l ed  hybr ids .  Very 
advanced engine sys  tems which use atmospheric a i r  dur ing  f l i g h t  throiJgh the  
s e n s i b l e  atmosphere are being examined. The content  of the program includes 
n o t  only the  propuls ion-oriented b a s i c  s c i e n t i f i c  and d i s c i p l i n a r y  tzch-  
nologies  but i n  add i t ion  br ings  s t r o n g  focus on the  problems of des ign  methods, 
f a b r i c a t i o n  and test procedures,  p r a c t i c a l  opera t ing  l imitat ion: ; ,  and s o  
f o r t h ,  through tes ts  of quasi-prototype hardware systems. From t h i s  work i s  
gained an extremely va luable  i n s i g h t  i n t o  developmental p i t f a l l : ;  and funding 
and f a c i l i t y  requirements of any new system contemplated. This a t tempt  t o  
br idge the g a p  between academic research  and technology i n v e s t i g a t i o n s  and 
development i s  an important and va luable  aspec t  of the chemical propuls ion  
program. 
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NASA f i e l d  cen te r s  have a profound c a p a b i l i t y  i n  chemical propuls ion with 
high e f f ec t i c s i ty  i n  covering the vas t  a r r a y  of propuls ion component and  
system t y p e s .  This work is  c a r r i e d  out  both in-house by h igh ly  t a l e n t e d  
s p e c i a l i s t s  usi.ng unique NASA f a c i l i t i e s  and by c o n t r a c t  with i n d u s t r i a l  and 
academic o rgan iza t ions .  Such c o n t r a c t s  are managed c l o s e l y  by NASA s p e c i a l i s t s  
who a r e  w e l l  versed i n  propuls ion technology. 

The requested funding of the chemical propuls ion program i n  OART h a s  been 
increased i n  F'S' 1967 i n  a n t i c i p a t i o n  of meeting new requirements f o r  extended 
o r b i t a l  and 1-unar ope ra t ions ,  p l ane ta ry  observat ion and landing missions.  
This program, which provides the roadbed f o r  NASA space ven tu res ,  needs now 
t o  l ay  the g:oundwork f o r  a new gene ra t ion  of high performance s y s t e n s  t h a t  
w i l l  permit t he  accomplishment of more ambitious missions with reduct i o n  i n  
cos t  of orbiiia:. , lunar and p l ane ta ry  space ope ra t ions .  

SUMMARY OF ItlEWURCES -- REQUIREMENTS : 

1965 

S upp o r  1: i ng  r e s  e arch and 
techriology .................... $24,762,000 

M - 1  engine p.roject . .  ............ 24,9 10,000 
Large tjolid motor p r o j e c t .  ...... 26,800,000 
Small chemical propulsion 

f l i g h t  pro, jects . .  .............. 30,000 

To ta l . .  ...... ................. $76,502,000 

Distributji. of Program Amount by I n s t a l l a t i o n :  

John F. Kennedy Space Center,  
N A S A . . .  ..................... 

Manned Spacecraf t  Center. .  .... 
Marshall Space F l i g h t  Center . .  
Goddard Space F l i g h t  Center. .  . 
Je t  'Propulsion Laboratory.. ... 
Ames Research Center . . . . . . . . . .  
Langley Research Center. .  ..... 
L e w i s  Research Center. .  ....... 
Western Operations Of f i ce . .  ... NASA Eeadquarters,  ............ 

--- 
--- 

3,72 1,000 
550,000 

3,858,000 

1,369,000 
49,588,352 
11,972,422 
5,443,226 

--- 

1966 

$33,500,000 
2,000,000 
4,200,000 

$39,700,000 

$250,000 
500,000 

4,800,000 
550,000 

3,707,000 
540,000 

2,877,000 
15,205,000 
11,271,000 --- 

1967 .. 
I 

$3:1,500,000 

:I ,500 ,000 
- - .. 

$250,00(3 
500,000 

15,500,OO~O 
550,000 

3,700 ,0010 
500 , OOii) 

2,900 ,001[) 
12,800,000 

9,300,00[)  - - <- 
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BASIS OF FUND JIE()UIREMENTS : 

Supporting Research and Technology 

1965 1966 

Liquid Rockt? t Research and 

Liquid Rockt2 t Experimental 

So l id  Kocket Research and 

Sol id  Rocke 1: Experimental 

Advanced Technology.. ......... $11,500,000 $12,720,000 

Engineering..  ................. 6,075,000 12,235,000 

Advanced 'recl~nology ........... 4 , 995,000 5,045,000 

Eng inee 1: in,$. .................. 2,192,000 3,500,000 

T o t a l . . . . . . . . . . . . . . . . .  ........ $24,762,000 $33,500,000 

15167 - 

$12 ,; 00,000 

12 ,: 50,000 

5 ,(150,000 

3,:100,000 

u 33 ~ ~ 0 0 , 0 0 0  

Liquid Rocket Research and Advanced Technology 

This area (of broadly based research-technology is  app l i cab le  t o  a l l  chemical 
propuls ion and i s  t he re fo re  of major s i g n i f i c a n c e  i n  the  program. I t  c!ncom- 
passes s t u d i e s  of f u t u r e  requirements,  conceptual work on engine cycle:; and 
sys t ems  t o  meet these requirements , examination of combustion processe2; and 
i n s t a b i l i t i e s ,  i n v e s t i g a t i o n  oE d i s c i p l i n a r y  engineer ing areas such as pump 
des ign  and re lat'ed hydrodynamic behavior ,  examination of new materials and 
methods of f a b r i c a t i o n ,  development of new ins t rumen ta t ion  o r  t e s t i n g  tech-  
niques , compilation of engineer ing information f o r  des ign ,  d a t a  t a b l e s ,  e t c .  
This work, covered by nea r ly  200 t a s k s  , provides the technological  bast! needed 
f o r  design and f a b r i c a t i o n  of new chemical propuls ion systems. 

Component (and m a t e r i a l s  i n v e s t i g a t i o n s  include v a l v e s ,  seals c:onne(:tors , 
r e f r a c t o r y  m a t e r i a l s  , f i b e r s ,  and r e s i n s .  New ox id ize r s  and f u e l s  i n  g e l l e d  
and i n  s l u s h  form are being cha rac t e r i zed .  A s c reen ing  and development pro-  
gram has been under way f o r  c a t a l y s t s  t o  use i n  l i q u i d  hydrogen-liquid oxygen 
engines as the primary method of i g n i t i o n .  The i n i t i a l  r e s u l t s  have 1t:d t o  
cons ide ra t ion  f o r  5-2 engines.  

The a l l o y s  of p y r o l y t i c  g r a p h i t e  u t i l i z i n g  zirconium and hafnium art: being 
manufactured by new processes which are the r e s u l t  of exp lo ra to ry  work sup- 
ported by t h i s  o f f i c e .  P r i o r  manufacturing processes  were not r igorous enough 
nor could they be con t ro l l ed  t o  the  degree needed f o r  making the a l l o y  form. 
Fur the r ,  a l l o y s  of hafnium/tantalum have been manufactured under spons~ i r sh ip  
of NASA by t h e  I l l i n o i s  I n s t i t u t e  of Technology Research. 
a r e  t h e  foreriinners of a new c l a s s  of  m e t a l  a l l o y s  which w i l l  be a p p l i -  
cab le  i n  the high temperature environment. 
from a i r c r a f t  turbo-machines t o  h ighe r  temperature rocke t  engines  t o  the 
e x t e r n a l  s t r u c t u r e  of hypersonic a i r c r a f t ,  The b a s i c  m e t a l l u r g i c a l  te  :h- 
nology i s  thereby adding t o  the i n d u s t r i a l  c a p a b i l i t y  of the na t ion .  

These m a t e r i a l s  

The breadth of use can he 
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Combustion i n s t a b i l i t y  has been a continuous problem of the l i q u i d  rocket .  
P a r t  of the problem has been i n  r e l a t i n g  the t h e o r e t i c a l  parameters t c ~  designs 
of hardware. This impasse i s  being at tacked by a concentrated and cont inuing 
e f f o r t .  Ehgine dynamics, i n s t a b i l i t y  and p r o p e l l a n t  pumping a l s o  a r e  being 
investigat:ed.  The realm of work i s  broad-based , i nco rpora t ing  b a s i c  kiork i n  
f l u i d  mechanics and aerothermochemistry , materials, and des ign  technology. 

The pot:ent::ial. of t h r u s t  vec to r  c o n t r o l ,  us ing the f l u i d  a m p l i f i e r ,  i s  
being assessad f o r  l a rge  engines .  The system u t i l i z e s  h o t  gas bled f r o m  the 
combustion chamt)er and i n j e c t e d  i n t o  the e x i t  nozzle t o  create shock p a t t e r n s  
thus applying a s i d e  t h r u s t  t o  the veh ic l e .  

A t y p i c a l  support ing r e sea rch  problem is  t h a t  of leakage d e t e c t i o n ,  The 
purpose of work on t h i s  problem i s  t o  e s t a b l i s h  and document a l l  modern 
methods and new laboratory methods i n t o  a s t anda rd .  This s tandard w i l l  
u t i l i z e  c o r r e c t  t e c h n i c a l  language , leakage u n i t s  , and ope ra t ing  procc dures 
app l i cab le  t o  the  f i e l d .  This Leakage Detect ion Manual w i l l  be d i s t r i b u t e d  
throughout: NASA, t h e  Department of Defense, and the aerospace i n d u s t r j  . The 
b a s i c  method, although the manual i s  not  y e t  complete, i s  p r e s e n t l y  bcing 
used i n  the Siirveyor program. 

Liquid Rocket Experimental Engineering 

The l i q u i d  rocke t  experimental  engineer ing program i s  divided i n t o  t h r e e  
m a j  o r  categor  Le:; : launch v e h i c l e  sys  t e m s  , space propuls ion sys  terns, and 
a u x i l i a r y  propu Lsion sys t e m s  . 

Launch V e h i l e  Systems - Advanced engine concepts which o f f e r  g r e a t e r  per-  
formance capabi l i t y  than t y p i c a l  cu r ren t  engines have been under inve5 t i ga t io r i  
a t  low fund i tq  l eve l s  i n  the broad-based chemical propuls ion r e sea rch  tech-  
nology program. Two major concepts have emerged. The f i r s t  concept involves 
combustion a t  high p res su res .  This allows g r e a t e r  expansion i n  a conventional. 
nozzle w i t h i n  a l imi t ed  envelope. The second concept uses a so -ca l l ed  plug 
nozz le ,  again providing g r e a t e r  expansion w i t h i n  a l imi t ed  volume bu t  a t  
lower comt)usi:ioia p re s su res .  Although these concepts r e p r e s e n t  r a t h e r  d i f  - 
f e r e n t  t e c h n i c a l  approaches e i t h e r  has the  prospect  of s i g n i f i c a n t  i nc reases  
i n  performance c a p a b i l i t y  when compared t o  cu r ren t  engines .  

The d i v e r s e  technologies of each concept w i l l  be explored w i t h  sca1i.e model 
hardware. Tes t ing  of var ious components such as pumps, i n j e c t o r s ,  combustion 
chambers and nozzles and the assembly of t hese  components f o r  a breadlioard 
engine test will demonstrate t h e  concepts under s tudy t o  provide des ign  i n -  
formation f o r  advanced engine developments of t he  1970's.  The s c a l e  of t hese  
breadboard de3nonstrations w i l l  be such t h a t  the hardware concepts may a l s o  be 
employed t o  iiprate Sa tu rn  v e h i c l e s .  Modular concepts are under s tudy  which 
would allow use of a bu i ld ing  block approach f o r  a p p l i c a t i o n  of a cornion 
module t o  s e v z r a l  veh ic l e  s i z e s  with considerable  r educ t ion  i n  develolment 
c o s t  . 



This a c t i v i t y  supersedes and b e n e f i t s  from the M - 1  engine p r o j e c t .  A s  i t  
became evident t h a t  post-Saturn veh ic l e s  would no t  be required u n t i l  l a t e r  
than had been a n t i c i p a t e d  when t h e  M - 1  w a s  i n i t i a t e d ,  t he  M-1 progran w a s  
f i r s t  rescheduled a t  a reduced funding l e v e l .  The p r o j e c t  i s  now being t e r -  
minated i n  f'avor of t he  technological  i n v e s t i g a t i o n s  of h ighe r  performing 
advanced oxygen-hydrogen engines f o r  t he  l a r g e  launch v e h i c l e s .  Before ter-  
mination of t h e  M - 1  engine program ope ra t iona l  tests of l a r g e  s c a l e  engine 
components, including the oxygen-hydrogen turbopump assemblies and the f u l l  
s c a l e  combuE t i o n  chamber, w i l l  provide s c a l i n g  c o r r e l a t i o n  f a c t o r s  t h a t  w i l l  
apply t o  t h e  development of l a rge  advanced engines of the f u t u r e .  

Experimerttsrl engineer ing work t o  be conducted i n  the next  few years  w i l l  
begin with E'xpansion of the e f f o r t  now underway i n  high p res su re  pumping. 
Design studi.es f o r  t h i s  f i s c a l  year  w i l l  d e f i n e  o t h e r  component:; s o  t h a t  work 
on high presssure and t o r o i d a l  o r  annular combustion dev ices ,  aerodynamically 
augmented pl-ug; nozzles ,  t h r u s t  vector  c o n t r o l ,  e t c . ,  may be i n i t i a t e d .  By the 
t u r n  of the decade, a sound b a s i s  i s  expected f o r  spec i fy ing  a new gene ra t ion  
of high per fiormance engine sys  t e m s  . 

Space Prcipulsion Systems - S o l a r  probes,  d e l i v e r y  of s a t e l l i t e  s p a c e c r a f t  
t o  e a r t h  ortiit. ,  and p l ane ta ry  o r b i t i n g  and landing missions impose unique re-  
quirements on the propuls ion system designed t o  perform these  missions.  Some 
of these are long-term missions r e q u i r i n g  s i x  months o r  more f0.r a one-way 
t r i p .  Most r e q u i r e  very high energy release. F u r t h e r ,  t he  a c c e l e r a t i o n  t h a t  
must be impart:ed t o  a space payload p l aces  a premium on the performance of tine 
s p a c e c r a f t  s:ys;tem i t s e l f .  Obviously, i t  i s  d e s i r a b l e  t o  i n v e s t  as l i t t l e  
weight i.n propuls ion systems as poss ib l e  i n  o rde r  t o  maximize the r e a l  payload. 
The propellant:  performance a spec t s  include n o t  only high t h r u s t  p e r  u n i t  mass 
burning r a t e  of p r o p e l l a n t s  b u t  a l s o  spontaneous i g n i t a b i l i t y ,  and f o r  landing 
maneuvers , t : h ro t t l i ng  c a p a b i l i t y .  

The high energy deep-cryogenic f luorine-hydrogen p r o p e l l a n t  combination is 
a t t r a c t i v e  f o r  upper s t a g e  veh ic l e s  where s t o r a g e  t i m e  requirements are not  
ex tens ive .  Work with these p rope l l an t s  i s  cont inuing with RL10 engines toward 
demonstrating the performance c a p a b i l i t i e s  of a pump-fed engine conf igu ra t ion .  
S i g n i f i c a n t  performance improvements are being measured i n  the c u r r e n t  t es t  
program foll.owing modif icat ions of f l i g h t  weight engine components c r i g i n a l l y  
designed f cu- oxygen-hydrogen s e r v i c e .  

Attenticin i s  a l s o  being given the f l u o r i n e  p r o p e l l a n t  feed systerr a r e a  
through a program r e c e n t l y  i n i t i a t e d  t o  provide engineer ing c r i t e r i a  f o r  the 
d e s i g n ,  fak'i-ic:ation, i n spec t ion  and s e r v i c i n g  of f l u o r i n e  feed system com- 
ponents such as f l o w  l i n e s ,  con t ro l  valves  and r e g u l a t i n g  equipment. Such 
system criteria w i l l  s e rve  as a model f o r  c r i t e r i a  applying t o  other f l u o r i n e  
containing o x i d i z e r s .  For extended -time-in-space missions such as the p l ane ta ry  
missions,  extended Ea r th -o rb i t  missions,  lunar  extended-stay-time missions,  
and planetai-y missions,  t h e r e  i s  a requirement f o r  propuls ion systerrs of Low 
weight using; high performing p r o p e l l a n t s  t h a t  can be s to red  i n  the space 
environment. f o r  extended time with minimum evaporat ive l o s s .  To enhance space 
s t o r a b i l i t y ,  i t  i s  d e s i r a b l e  t o  use o x i d i z e r  and f u e l  p r o p e l l a n t s  with a 
common l i q u i d  range a t  temperatures where h e a t  gains  o r  l o s ses  a r e  minimal. 
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High p rope l l an t  bulk d e n s i t y  i s  d e s i r a b l e  t o  reduce the  su r face  of i:anks e x -  
posed t o  r a d i a t i o n  and t o  meteoroid impact and t o  minimize the insul-at ion 
required.  The class of p rope l l an t s  t h a t  most nea r ly  s a t i s f i e s  t h e  i:equiremeni:s 
i nc ludes  oxyglen-difluoride (OF2) o r  mixtures of oxygen and f l u o r i n e  (FLOX) ias 
ox id ize r s ;  high performance f u e l s  with s imilar  l i q u i d  ranges includc! l i q u i f  i.ed 
petroleum gasles (LPG) and diborane (B2H6). While these  p r o p e l l a n t s  e x h i b i t  
lower s p e c i f i c  impulse than combinations such as 02H2 o r  F2-H2, t he  much 
h ighe r  bulk d e n s i t i e s  ( l i qu id  hydrogen has a d e n s i t y  about 7% t h a t  of water:) 
and overlapping l i q u i d  ranges are advantageous. 

The space s t o r a b l e  class of p r o p e l l a n t s  involves  very e n e r g e t i c  I)xidizerr;, 
which burn a t  exhaust temperatures between 7000 and 8000°F, signiEi1:antly 
h ighe r  than p r o p e l l a n t s  c u r r e n t l y  i n  use.  This f a c t  poses a s e r i o u ;  t e c h n i c a l  
problem s i n c e  cooling a t  such exhaust temperatures i s  d i f f i c u l t -  , p a r t i c u l a r l y  
f o r  t he  r e l a t i v e l y  s m a l l  propuls ion systems v i s u a l i z e d  f o r  long-tenn missions 
i n  the next decade. There are a number of t e c h n i c a l  problems t:o be solved.  
Cooling techniques and materials of cons t ruc t ion  w i l l  be developed tha t  w i l l .  
con ta in  these  high temperature combustion products.  An OF2-MMH pro,,;ram has 
been i n i t i a t e d  t o  i n v e s t i g a t e  the  gene ra l  cool ing problem representlzd by t h i s  
class of p r o p e l l a n t s .  Problems of using oxygen d i f l u o r i d e  i n  combination with 
l i q u i f i e d  petroleum gases i n  a pressure-fed proplusion system a p p l i  :a t ion are 
being i d e n t i f i e d .  A program t o  demonstrate t he  c a p a b i l i t i e s  of a plmp-fed 
engine u t i l i z i n g  these space s t o r a b l e  p r o p e l l a n t s  w i l l  be pursued iii FY 1967. 
These programs w i l l  provide veh ic l e  des igne r s  with information need ?d t o  asse 5s 
rea l i s t ica l ly  the p o t e n t i a l  c a p a b i l i t i e s  of propuls ion sys  t e m s  of tliis type 
and t o  lay the engineer ing foundation needed t o  promote o r d e r l y  devzlopment i i 
t h e  f u t u r e .  

The majclrity of s p a c e c r a f t  systems c u r r e n t l y  under development use e a r t h  
s t o r a b l e  p r o p e l l a n t s  , i .e.  those normally l i q u i d  on e a r t h .  L e s s  complex 
equipment a.ssociated with these systems would enhance mission r e l i a b i l i t y  and 
r e s u l t  i n  s i g n i f i c a n t  weight s av ings ,  which t r a n s l a t e  d i r e c t l y  t o  increased 
payload. Part  of the space propuls ion e f f o r t  i s  d i r e c t e d  towards t h i s  purposz. 
It i s  a n t i c i p a t e d  t h a t  many of the hardware des ign  improvements w i l l  a l s o  be 
app l i cab le  t c  those systems employing more advanced p r o p e l l a n t  combinations. 

A u x i l i a r x P r o p u l s i o n  Systems - These sys  tems embrace t h r e e  c a t e g o r i e s  of 
l i q u i d  p r o p e l l a n t s  : monopropellants, e a r t h  storables,  and cryogenics.  I n  the 
monoprope 1 ].ant area re sea rch  with a spontaneous c a t a l y s t  i s  be ing pu t  i n t o  
p r a c t i c e  wi.th s p e c i f i c a t i o n s  f o r  c a t a l y s t  product ion,  hydrazine rocket  engine 
des ign ,  t e s t  program of f l i g h t  type hardware, and a des ign  handbook f o r  engine 
deve1opmen.t:. Ea r th  s t o r a b l e  work includes con t inua t ion  of engine designs for 
g r e a t l y  extended l i f e  c a p a b i l i t y  over t h e  engines now i n  s p a c e c r a f t  use.  

I n  FY 15166 a p r o j e c t  w a s  i n i t i a t e d  t o  demonstrate techniques f o r  using 
boil-of f CII- d i r e c t  p r o p e l l a n t  supply from tankage of advanced oxygen-hydrogen 
s t a g e s  t o  provide a u x i l i a r y  propuls ion requirements.  I n  FY 1967 breadboard 
hardware w i l l .  be b u i l t  and t e s t e d  t o  demonstrate the expected h ighe r  performance 
and b e t t e r  system c a p a b i l i t y .  
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Sol id  Rocket Research and Advanced Technology 

By v i r t u e  of r e l i a b l e  performance, i n t r i n s i c  s i m p l i c i t y ,  compactness, ease 
of handl ing,  i.-uggedness and e a r l y  a v a i l a b i l i t y ,  the  use of cu r ren t  and advanced 
state-of-t:he--arl: s o l i d  p rope l l an t  motors f o r  space f l i g h t  propuls ion  can pro- 
vide boost:er and spacec ra f t  opera t ions  a t  reduced c o s t .  Explo i t ing  t h e  unique 
advantages of so l id -p rope l l an t  motors w i l l  enhance the  e a r l y  and econcmic 
accomplishmeni: of NASA space missions.  

The Sol id  I?ropulsion Technology program i s  designed t o  provide the  tech-  
nology base f o r  producing f l e x i b l e  and r e l i a b l e  s o l i d  and hybrid propuls ion 
of high perfomimce. Such an ob jec t ive ,  of course,  must be supported by 
competency maintained on a long range b a s i s  , p a r t i c u l a r l y  i n  the  fundamental 
areas, Progr8m f l e x i b i l i t y  i s  provided t o  allow p u r s u i t  of promising new 
concepts as 1:lie:j appear.  

High performance s o l i d  p rope l l an t s  are now becoming ope ra t iona l ly  zivailable.  
Such p rope l l an t s  are charac te r ized  by high flame temperatures ,  complei: com- 
bus t ion ,  iand i n  some cases , poorly def ined phys ica l  and chemical p r o p e r t i e s .  
E f f o r t s  are k i n g  made t o  b e t t e r  understand the  fundamental problems m d  t o  
de f ine  the  k i n e t i c s  of decomposition, chemical e r o s i v i t y ,  i n s t a b i l i t y  char -  
acter is t ics ,  propel lan t  and metal combustion processes  y two-phase flow 
behavior ,  s e n s i t i v i t y ,  processing c h a r a c t e r i s t i c s ,  and o the r s .  I n  add i t ion  , 
there  are a inumber  of press ing  t echn ica l  requirements ,  f o r  example: command 
s t o p ,  s t a r t ,  antd t h r u s t  v a r i a t i o n  i n  s o l i d  p rope l l an t  space motors wh:i.ch w i l l  
r ece ive  research  emphasis. Examination w i l l  be made of techniques fo.: non- 
d e s t r u c t i v e  t e s t i n g  t o  assure  s t r u c t u r a l  i n t e g r i t y  of the  p rope l l an t  Ltself 
i n  t he  large rocket  motors pro jec ted  f o r  the fu tu re .  Fu r the r  supporti.ng 
research  and technology t o  the  Large Sol id  Motor P r o j e c t  w i l l  be requmed.  

Hybrid systems o f f e r  advantages f o r  c e r t a i n  missions,  Problems i n  the  
a p p l i c a t i o n  of hybrid p rope l l an t  systems must be resolved before  these  systems 
can rece ive  cons idera t ion  f o r  use.  

Sol id  Rocket Experimental Engineering 

This a c t i v i t y  covers motors i n  th ree  ca tegor ies :  launch veh ic l e ,  'space- 
craft , and a c d  l i a r y  . 

Launch VeiLcle Motors - Launch vehic le  motors are charac te r ized  by high 
t h r u s t ,  long burning t i m e ,  and la rge  s i z e .  Diameters may be g r e a t e r  than 20 
f e e t ,  and lengths  may exceed 100 f e e t .  Thrust  l e v e l s  f o r  t h i s  class of motor 
are i n  the multimillion-pound region;  burn times are gene ra l ly  two minutes o r  
longer .  This c:lass of motor f i n d s  a p p l i c a t i o n  p r imar i ly  as f i r s t  stage 
boosters  of 1.a~inch veh ic l e s .  The g r e a t  weight and c o s t  of these  vehic les  c a l l  
f o r  t he  most r e l i a b l e  p rope l l an t s  and materials. The major t e s t  work on 260" 
d iameter ,  h igh - th rus t  motors i s  supported under t h e  Large Sol id  Motor P r o j e c t ,  
but  th ree  important r e l a t e d  programs are pursued under the  experimental  motor 
program. 
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The f i r s t  i s  t o  dev i se  instruments  and systems f o r  warning of p o t e n t i a l  
f a i l u r e  .in rsolid propuls ion systems used f o r  manned veh ic l e s ;  i n s t rumen ta t ion  
f o r  i n t e r p r e t i n g  the warning s i g n a l s ;  and methods f o r  t e rmina t ing  o r  reducinlz 
t h r u s t ,  s o  t h a t ,  i f  necessary,  a s a f e  escape could be made by a s t r o n m t s .  
I n  p r i o r  y e a r s ,  a burn-through d e t e c t i o n  method w a s  invented,  and quench of 
combustion was demonstrated i n  a medium s i z e  motor. I n  FY 1967, the program 
w i l l  reach the po in t  of system engineer ing f o r  i n t e g r a t i o n  i n t o  the  inotor 
processing and checkout complex, and t h i s  system w i l l  be t e s t e d  i n  r cza l i s t i c  
sub-scale  motors,  poss ib ly  of 120" diameter.  

Second, a b a s i c  requirement f o r  showing f e a s i b i l i t y  of t h e  high-t l i rust  
motors i s  demonstration of vec to r  c o n t r o l  ( s t e e r i n g  sys  t e m s )  . I n i t i s x l l y ,  the 
program t o  d o  t h i s  e s t a b l i s h e s  t h e  des ign  of  prototype systems, i n c l i d i n g  
components such as hydrau l i c  a c t u a t o r s  and power s u p p l i e s ,  s o  t h a t  a quan t i -  
t a t i v e  eva lua t ion  of competing systems can be made. This has been d w e  f o r  
the secondary l i q u i d  i n j e c t i o n  system and i s  i n  process f o r  an advanl:ed 
f l e x i b l e  nozzle concept,  Work w i l l  be done on those systems o r  components 
which a r e  mcst a t t r a c t i v e  on the  b a s i s  of r e l i a b i l i t y  and c o s t  e f f e c t i v e n e s s ,  
by demonstration i n  motor tes ts  i n  the s i z e  range of 15-25 inch diamlzter 
nozzles .  

Third,  methods f o r  recovery and re-use of l a r g e  motors are under i n v e s t i -  
g a t i o n  with the ob jec t ives  of e s t a b l i s h i n g  designs and materials f o r  n o z z l e s ,  
i n s u l a t i o n  and motor cases, so  t h a t  mu l t ip l e  use can be made of each, and f o r  
e s t a b l i s h i n g  techniques f o r  recovering,  r e f u r b i s h i n g  and r e -qua l i fy ing  the  
major components of l a rge  s o l i d  p r o p e l l a n t  motors. The j u s t i f i c a t i o n  f o r  the 
e f f o r t  grows from t h e  l a r g e  u n i t  c o s t  of the components of l a r g e  motors. 
Anaylsis i n d i c a t e s  t h a t  more than 60% of t h e  c o s t  of l a r g e  s o l i d  systems i s  
represented by non-expended components , p o t e n t i a l l y  re-usable .  Recovery w i l  L 
be f a c i l i t a t e d  by the s t u r d y  s t r u c t u r e s  of l a rge  s o l i d  motors; metal  thickness  
ranges from 3 /4"  t o  2%"; a b l a t i v e  materials are 2" t o  3" t h i ck .  

The work i n  p r i o r  f i s c a l  yea r s  has concentrated on a n a l y s i s ,  s m a l l  motor 
t e s t i n g ,  an.c dynamic modeling of water impact stresses. I n  f i s c a l  year  1967, 
e f f o r t  w i l l  involve test ope ra t ion  of cold-flow and hot-flow l abora to ry  models; 
water impac.t: t e s t i n g  of model motors, and assessment of the e f f e c t s  of water 
exposure on. nozz le ,  case and i n s u l a t i o n  materials. 

Sounding; rockets  are another  class of launch veh ic l e  motors f o r  which 
appreciable  improvement can r e s u l t  from technology i n v e s t i g a t i o n s .  E f f o r t  i n  
FY 1967 wi1.1. s tar t  work on motors i nco rpora t ing  new p r o p e l l a n t s  and advanced 
s t r u c t u r e s .  The designs w i l l  be governed by the  goa l s  of low c o s t ,  high 
r e l i a b i l i t y ,  and s i m p l i c i t y  of use,  r a t h e r  than high s p e c i f i c  impulse o r  h igb  
m a s s  fracti .on, ,  Two d i f f e r e n t  classes of motor w i l l  be i n v e s t i g a t e d ,  one f o r  
small me.tec)rol.ogical sounding r o c k e t s ,  one f o r  h ighe r  probe missions.  

Spacecrag% Motors - Sol id  motors f o r  s p a c e c r a f t  a p p l i c a t i o n  are g e n e r a l l y  
of intermecliate t h r u s t ,  weight ,  and dimensions. I n  gene ra l  , they a r e  
cha rac t e r i zed  by s o p h i s t i c a t e d  designs and w i l l  make use of new high1 energy 
p r o p e l l a n t s ,  These motors are used p r imar i ly  i n  the upper s t a g e s  of s m a l l  
launch v e h i c l e s ,  o r  f o r  deep-space , volume-limited missions.  They are s t o r - ,  
ab l e  i n  space over extended per iods of t i m e ,  and r e q u i r e  few subsystems o r  
a u x i l i a r y  components t o  be developed. 
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The high plerformance system engineer ing program is  i n v e s t i g a t i n g  prototype 
motors with new high energy p r o p e l l a n t s  and novel s t r u c t u r a l  concepts.  System 
d e f i n i t i o n  s t u d i e s  of t he  most d e s i r a b l e  concepts were completed i.n p r  Lor 
years  and the process of motor manufacture and test  w i l l  begin i n  FY 1'367. 
This w i l l  a l s o  r e q u i r e  the manufacture of r e l a t i v e l y  l a rge  amounts of :iew 
p r o p e l l a n t s .  The t e s t  program w i l l  determine the e f f e c t s  of ignit : ion (it 
simulated a l t i t u d e ,  the e f f e c t s  of space environment , and burning chara3cter- 
i s t i c s  under spinning cond i t ion ,  i n  a d d i t i o n  t o  the  usual  tests of pro' ;>ellant 
and s t r u c t u r e .  

Variable mctors o f f e r  p o t e n t i a l  i n  s p e c i a l  missions such as spacecr,3ft  
landing,  o r b i t  i n j e c t i o n  o r  payload a t t i t u d e  c o n t r o l  and maneuvering. They 
are cha rac t e r i zed  by g r e a t e r  mechanical complexity than the non-veriab le 
s o l i d  rocket  motor, and as a r e s u l t ,  they r e q u i r e  appreciable  developml?nt of 
s t r u c t u r e s  and c o n t r o l .  

The major e f f o r t  on c o n t r o l l a b l e  motors i s  a program on hybrid propuls ion 
engineering (e. hybrid motor uses a l i q u i d  ox id ize r  and a s o l i d  f u e l ) .  

I n  F i s c a l  E'earr 1967, t h e  engineer ing , f a b r i c a t i o n  and test program w i l l  
continue with demonstrations of i n j e c t o r  designs and material , nozzle and 
motor case deE,ig;n; s o l i d  p r o p e l l a n t  processing methods and q u a l i t y  c o n t r o l ,  
and combustion dynamics and e f f i c i e n c y  under s tar t  and s t o p  t r a n s i e n t s .  

Aux i l i a ry  Plotors - The a u x i l i a r y  motor class is represented by r e t r o ,  
u l l age  and emergency escape motors, whose primary requirement i s  a high 
degree of r e I . i a h i l i t y  and s a f e t y .  
i n  NASA progrtims, f u l f i l l i n g  a requirement t h a t  cannot be e f f i c i e n t l y  m e t  by 
l i q u i d  prope ].:.ant rockets .  

This class of motors i s  w e l l  e s t a b l i s h e d  

System s t w l i e s  of advanced concepts have been made t o  de f ine  the ma te r i a l s  , 
designs and ope ra t iona l  c h a r a c t e r i s t i c s  which have p o t e n t i a l  fo r  major ga ins  
i n  r e l i a b i l i t : y ,  performance , and c o s t  e f f e c t i v e n e s s .  Motor tes t  programs 
s t a r t e d  i n  F'I! 1966 w i l l  continue i n  FY 1967. The primary c o s t s  will b e  f o r  
manufacture cuid tes t  of motors which may con ta in  a few hundred pounds of pro-  
p e l l a n t  ( r e t r o  and u l l age  motors),  t o  a f e w  thousand pounds of p r o p e l l a n t  
(escape motoi::;) , 
thin-wal l  g rx ins  may be introduced. 
test f i r i n g  under a l l  environmental extremes, F i n a l l y ,  t he  program w i  11 
attempt t o  e s t a b l i s h  a r e l a t i v e l y  few designs which can be used f o r  meny 
veh ic l e s  and miss ions.  

Novel concepts of reinforcement t o  o b t a i n  high s t r e n g t h  i n  
R e l i a b i l i t y  w i l l  be e s t a b l i s h e d  through 

Large So l id  Motor P r o j e c t  

15167 - 1965 1966 

Large s o l i d  motor p r o j e c t . .  . . . . $26,800,000 $4,200,000 $3,300,000 

The ob:jecieLve of the l a rge  s o l i d  motor p r o j e c t  is t o  e s t a b l i s h  the prac-  
t i c a l i t y  of w r : y  l a r g e  s o l i d  p r o p e l l a n t  rocket  motors by demons t r a t i n i ;  
technology a113 manufacturing methods and by providing estimates of t h e i r  c o s t  
and re 1 i a h  i l:i t y  . 
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This projec:t w a s  i n i t i a t e d  i n  June ,  1963, when, with NASA coord:Lnation, the 
A i r  Force l e t  ccintracts t o  f a b r i c a t e  and tes t  260" diameter s o l i d  motors. 

Acting on a. DlOD r eques t ,  the  NASA agreed t o  fund the  program i n  FY 1965, 
and i n  March of 1965 assumed complete r e s p o n s i b i l i t y  f o r  t h e  program. 

I n  February,  1965, t he  f i r s t  major t e s t  under the  program was s u c c e s s f u l l y  
c a r r i e d  out .  A 156" diameter subsca le  motor de l ive red  over t h r e e  m i l l i o n  
pounds of t h r u s t  and burned f o r  about one minute. The next  test was t i e  
s t a t i c  f i r i n g  of t h e  f i r s t  260" diameter motor i n  September, 1965. Thl? test  
w a s  success fu l  i n  a l l  r e s p e c t s .  The average t h r u s t  w a s  over 3,000,000 pounds 
and a peak of more than  3,500,000 pounds w a s  a t t a i n e d .  

In  FY 1!365 NASA a l l o c a t e d  $13.0 m i l l i o n  t o  cont inue t h e  c o n t r a c t s  o!-igin- 
The P r e s i d e n t ' s  FY 1966 Budget d id  n o t  provic'e funds t o  a l l y  funded by DOD. 

complete the con t r ac t ed  e f f o r t .  Af t e r  c a r e f u l  a n a l y s i s  of t h e  possiblg! a l -  
t e r n a t i v e s ,  i t  w a s  decided t h a t  maximum b e n e f i t  t o  t h e  government woultl re- 
s u l t  from completion of t he  t echn ica l  e f f o r t ,  and i n  March of 1965, t h e  NASA 
reprogrammed $13.8  m i l l i o n  of PY 1965 funds €o r  t h i s  purpose. Congressional 
a c t i o n  on t h e  :FY 1966 budget included t h e  a d d i t i o n  of a $6.2 m i l l i o n  author- 
i z a t i o n  f o r  t he  con t inua t ion  of l a r g e  motor work beyond the  program thc:n 
cu r ren t .  

The next  ob jec t ive  of the program w i l l  be t o  i n v e s t i g a t e  and t e s t  atldi- 
t i o n a l  motor Eliatures which w i l l  be necessary f o r  veh ic l e  s t a g e  appl ic i r t ions.  
Of p a r t i c u l a r  importance are t h e  establ ishment  of a n  e f f i c i e n t  and re11.able 
t h r u s t  vector  con t ro l  system and development of f a i l u r e  warning and coribustion 
terminat ion systems. Subscale tests w i t h  156" diameter motors w i l l  be made 
p r i o r  t o  i n t e g r a t i o n  of such advanced components i n t o  260" motor f i r iq ; s .  

The u l t ima te  (objective of t h i s  program w i l l  be the f a b r i c a t i o n  and tes t  
f i r i n g  of 260" motors gene ra t ing  a t h r u s t  l e v e l  of about 7,000,000 pourtds f o r  
two minutes,  complete with a l l  t he  b a s i c  des ign  f e a t u r e s  necessary f o r  veh ic l e  
a p p l i c a t i o n .  
program f o r  any appropr i a t e  NASA veh ic l e  program with high confidence j,n i t s  
des ign ,  f a b r i c a t i o n  procedures ,, perforciance c a p a b i l i t y ,  and c o s t .  

This would al low subsequent i n i t i a t i o n  of a motor develoyiment 
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KESEARCH AND DEVELOPMENT 

FISCAL YEAK 1967 ESTIMATES 

OFFICE OF dJ)siNCED RESEARCH AND TECHNOLOGY AERONAUTICS PR0GRAP.L 

PROGRAM 0BJ;IXJsIVES AND JUSTIF I U T I O N  

The priniary r o l e  of t h e  Aeronautics program i s  t o  improve t h e  e f f i c i e n c y ,  
u t i l i t y ,  and s a f e t y  of a i r c r a f t .  General o b j e c t i v e s  a re :  

1. To provide l eade r sh ip  i n  t h e  gene ra t ion  of advanced a i r c r a f t  
c:onc:t:pts . 

2.  To seek t echno log ica l  advances needed t o  develop s u p e r i o r  
airc:i:aft . 

3 .  To supply i n d u s t r y  with advanced data f o r  t h e  design of 
new a i r c r a f t  . 

The scope of t h e  NASA a e r o n a u t i c a l  r e sea rch  program includes work i r l  aero-  
dynamics;, s c r u c t u r e s ,  m a t e r i a l s ,  a i r  b rea th ing  p ropu l s ion ,  operat ior ia l  
a s p e c t s ,  including s a f e t y  and n o i s e ,  and p i l o t  and a i r c r a f t  i n t e g r a t i o n .  
S tud ie s  i n  t h e s e  areas point: t o  t h e  most p r o f i t a b l e  pa ths  f o r  techncilogical 
advances; i n  t h e  f u t u r e .  For example, t h e  XV-5A fan-in-wing a i r c r a f t . ,  t h e  
t i l t -wing I X -  L42A V/STOL t r a n s p o r t ,  and t h e  variable-sweep concept for  t h e  
F-111 a l l  appeared s e v e r a l  years  ago a s  NASA r e sea rch  concepts having g r e a t  
promise.. :Cn t h e  years  between t h e  f i r s t  i n d i c a t i o n  of t h e  value of  t h e  
concept and t h e  f i r s t  f l i g h t s  of t h e  v e h i c l e s ,  NASA a ided  i n  t h e  del:ailed 
formulation oE t h e  concepts and i n  s u b s t a n t i a t i n g  t h e  o v e r - a l l  c a p a h i l i t i e s  
of p r a c t i c a  1 v e h i c l e s  based on t h e s e  concepts.  

I n  a d d i t i o n ,  NASA has conducted extensive wind tunne l  t es t s ,  s imulator  
programs, and f l i g h t  i n v e s t i g a t i o n s  using a p p r o p r i a t e  t e s t b e d  a i r c r a f t  t o  
s u b s t a n t i a t e  q?redicted performance and o p e r a t i o n a l  c h a r a c t e r i s t i c s  of t hese  
v e h i c l e s  and t o  a i d  i n  t h e  s o l u t i o n  of problems of a developmental i iature.  
I n  t h i s  regard,  advanced t e c h n i c a l  development i n  support  of m i  1ita::y and 
c i v i l  a i r c r a f t  procurement cont inues t o  be conducted. This  work i s  performed 
i n  cooperat ion with gwernment-sponsored c o n t r a c t o r s  a t  t h e  r eques t  of t h e  
cognizant ,government agenc ie s .  

Research i n  Aeronautics i n  FY 1967 w i l l  include s t u d i e s  d i r e c t e d  toward 
improvetnent of subsonic a i r c r a f t ;  s t u d i e s  of new m a t e r i a l s  and s t r u c t u r a l  
design concepts r equir  e d t o  f a  b r  i c a  t e r e 1 i a  b l e  1 i g h t  we i ght s t ruc  t u r  ( 2  s s u i t  a 1:) 1 c:  
for  a long l i f e  under high temperature cond i t ions  f o r  supersonic  and hyper- 
son ic  a i r c r a f t ;  s t u d i e s  of a i r - b r e a t h i n g  propuls ion cyc le s  and engi.ie 
components t o  inc rease  e f f i c i e n c y  and F e r m i t  t h e  design o f  e f f i c i e n :  l i g h t -  
weight engines f o r  V/STOL a i r c r a f t ,  supersonic  t r a n s p o r t ,  and hyper ;onic 
a i r c r a f t ;  (and s t u d i e s  d i r e c t e d  toward improving f l i g h t  s a f e t y  and i.icreasin:E; 
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opera t iona l  f l e x i b i l i t y  of p re sen t  and proposed a i r c r a f t ,  e s p e c i a l l y  under 
adverse  o r  ' "a l l  weather" f l i g h t  condi t ions .  

Experimental research  and development a i r c r a f t  and engineer ing t e l s tp i lo t  
p ro f i c i ency  a i r c r a f t  considered necessary  t o  c a r r y  out  and support  t h e  
ae ronau t i c s  e f f o r t  are included under t h i s  program. 

SUMMARY OF KEOURCES REQUIREMENTS : 

1965 1966 -I 1967 

Supporting r e sea rch  and 
technology .................. $ 8,163,OOG $10,261,000 $ 9,000,000 

X - 1 5  research  a i r c r a f t  1,425,000 883,000 900,000 
SupersIonic t r a n s p o r t  .......... 19,953,000 14,056,000 14,100,000 
V/STOL a i r c r a f t  ............... 2,987,000 2,000,000 5,000,000 
Hypersonic ramjet  experiment.. . 2,712,000 5,000,000 2,000,000 
XB-70 f l i g h t  research  program.. --- 9.296.000 - 2 ,, 000.000 

........ 

T o t a l  ....................... $35.240.000 $41.496.000 E : , O O O . O O O  

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 :  

19 65 1966 - 1967 

Ames  Research Center ........ $ 6,167,000 $ 4,197,060 $ 5,400,000 

F1 i g h t  Research Center .  ....... 3,022,000 11,681,000 4 , 9  75,000 

Lewis Kesearch Center . .  ...... 13,859,000 12,377,000 12 , 625,000 
NASA He.adquar t er s ........... 3,140,000 1,116,000 1,225,000 

E lec t ron ic s  Research Center. .  --- 190,000 150,000 

Langley Research Center . .  .... 9,052,000 11,935,000 8,625,OOC 

BASIS OF FUND REQUIREMENTS: 

Supporting Research and Technolopy 

19 65 1966 - 19 67 

A i r c r a f t  aerodynamics .......... $ 1,307,000 $ 2,277,000 $ 1,600,000 
A i r c r a f t  loads and s t r u c t u r e s . .  2,021,000 2 ,OOG, 000 1,500,000 
A i r  b rea th ing  propuls ion . .  ..... 2,027,000 2,250,000 3,000,000 
A i r c r a f t  opera t ing  problems.. .. 2.808.000 3.734.000 - 2,900.000 

T o t a l  ....................... $ 8.163.000 $10.261.000 $9,000.000 
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A i r c r a f t  Aerodynamics 

Research on  the  aerodynamics of a i r c r a f t  i s  a cont inuing  program toward 
improvement of' f l i g h t  i n  t h e  atmosphere. General ly ,  t h e  problems a r e  those 
of maximizing aerodynamic e f f i c i e n c y ,  ach iev ing  s a t i s f a c t o r y  l e v e l s  of 
aerodynamic s t . a b i l i t y ,  and in su r ing  adequate aerodynamic c o n t r o l  over wider 
ranges of operat  ing condi t ions .  

For subsonic  a i r c r a f t ,  f u r t h e r  improvements i n  c r u i s e  performance, i . e . ,  
impr0vemen.t i n  t:ransonic drag r i s e  c h a r a c t e r i s t i c s ,  and reduct ion  of boundary 
l aye r  l o s s e s ,  of second-generation j e t  t r a n s p o r t s  and new V/STOL types w i l l  
be sought. I .nves t iga t ion  of t h e  s t a b i l i t y  and c o n t r o l  f o r  t h e s e  types of 
a i r c r a f t  wil l .  be cont inued.  

For supersonic  a i r c r a f t ,  aerodynamic r e sea rch  on t r a n s p o r t  conf igu ra t ions  
w i l l  be conti.nued t o  improve t h e  technology t o  extend t h e  ope ra t ing  range of 
e f f i c i e n t  supersonic  veh ic l e s  and t o  improve son ic  boom c h a r a c t e r i s t i c s .  
Basic s tud ies ;  of conf igu ra t ion  improvements and boundary l aye r  phenomena a t  
supersonic  speeds w i l l  be conducted. A b a s i c  i h v e s t i g a t i o n  of t h e  s t a b i l i t y  
and contrcil c i f  maneuverable missiles w i l l  be cont inued.  

The diffic:ult:y of t h e  aerodynamic problems of f l i g h t  i nc reases  g r e a t l y  a t  
hypersonic: sp a&ls and a l t i t u d e s ,  and increased  r e sea rch  e f f o r t  w i l l  be 
d i r e c t e d  t:o t:he aerodynamics of a i r c r a f t  shapes a t  Mach numbers above 4 or  5 .  
This  research  is  necessary t o  provide b a s i c  information f o r  conceptual 
s t u d i e s  and performance p r e d i c t i o n s  of f u t u r e  hypersonic  c r u i s e  veh ic l e s  and 
recoverab1.e -reusable boos t e r s .  It w i l l  c o n s i s t  of i n v e s t i g a t i o n  of flow 
f i e l d s  , boundary l aye r  development, s k i n  f r i c t i o n ,  and hea t  t r a n s f e r  f o r  winged 
configuration:; t h a t  inc lude  such p r a c t i c a l  f e a t u r e s  a s  a i r  i n l e t s  and 
s t a b i l i z i n g  s i i r faces .  The dynamic s t a b i l i t y  and c o n t r o l  requirements of  
hypersonic a ij:ci:af t concepts w i l l  a l s o  be i n v e s t i g a t e d ,  

The take-o.Ef and landing c h a r a c t e r i s t i c s  of advanced supersonic  and 
promising hypersonic a i r c r a f t  con f igu ra t ions  w i l l  be  a s ses sed  i n  large - sca l e  
wind tunnels  ,, The t r i m ,  speed s t a b i l i t y ,  and l a t e r a l - d i r e c t i o n a l  cha rac t e r -  
i s t i c s  of vai: ioris c l a s s e s  of a i r c r a f t  with powered-l i f t  systems f o r  STOL 
ope ra t ion  wi:Ll be f u r t h e r  explored and design c r i t e r i a  f o r  c o n t r o l  systems i n  
t h i s  mode of opera t ion  w i l l  be b e t t e r  e s t a b l i s h e d .  

The funds requested a r e  f o r  c o n t r a c t  s t u d i e s ,  m a t e r i a l s ,  models , and 
s p e c i a l  insti:iimentation u t i l i z e d  i n  t h e  in-house r e sea rch .  
provis ion  f o r  wind tunnel  support  of p ro jec t ed  NASA f l i g h t  r e sea rch  programs, 
Department o:E Defense development of  advanced a i r c r a f t  and m i s s i l e s  systems, 
and a i r c r a f t  r e l a t e d  p r o j e c t s  of o t h e r  agencies  of t h e  government such a s  
t h e  Federa l  Aviat ion Agency 

They include 
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A i r c r a f t  Loads and S t r u c t u r e s  

A high degree of r e l i a b i l i t y  and i n t e g r i t y  is demanded of t h e  a i r p l a n e  
s t r u c t u r e  by t h e  ope ra to r s  and users which inc lude  t h e  m i l i t a r y  s e r v i c e s  and 
t r a v e l i n g  publ:ic,, L imi ta t ions  of weight preclude t h e  a t ta inment  of t h i s  
r e l i a b i l i t y  except t o  a l i m i t e d  degree by d u p l i c a t i o n  of s t r u c t u r a l  elements 
o r  by designing to low working s t r e s s e s .  The o v e r - a l l  o b j e c t i v e  of s t r u c t u r e s  
r e sea rch  i s  t o  achieve  t h e s e  dua l  and c o n f l i c t i n g  requirements of high 
e f f i c i e n c y  wi th  g r e a t  i n t e g r i t y .  

An accura t e  knowledge of t he  loads imposed on t h e  s t r u c t u r e s  i s  of cour se  
r equ i r ed  f o r  t h e  a t ta inment  of t h e s e  requirements .  The important  load 
sources  a r e  atmospheric tu rbulence ,  a i r p l a n e  maneuvers, landing and take-off  
and cabin  pres t ;ur iza t ion .  A r e sea rch  e f f o r t  i s  being maintained t o  upcate  
and improve t h e  d e f i n i t i o n  of t h e  s t r u c t u r a l  loads i n  keeping wi th  i n t r o -  
duct ion of mort? advanced a i r c r a f t  and changes i n  types of opera t ion .  ?he  
hea t ing  cyc:les a s s o c i a t e d  wi th  supersonic  f l i g h t  in t roduce  f u r t h e r  complex- 
i t i e s  i n  t h a t  t h i s  hea t ing  produces s t r e s s e s  i n  t h e  s t r u c t u r e  which adc t o  
or  subtract: from t h e  s t r e s s e s  due t o  loads and, t h e r e f o r e ,  must be acccunted 
fo r  i n  des ign ,  Current and planned r e sea rch  inc ludes  a n a l y t i c a l  s t u d i e s  
aimed a t  devel-opnnent of procedures f o r  i nc lus ion  of thermal s t r e s s e s  ir!  

s t r u c t u r a l  design and experimental  eva lua t ion  of thermal e f f e c t s  us ing  t h e  
X-15 r e sea rch  a i r p l a n e  and t h e  XB-70. 

An improvement: i n  s t r u c t u r a l  e f f i c i e n c y  can be pb ta ined ,  p a r t i c u l a r l y  f o r  
high s t r e n g t h  m a t e r i a l s ,  by t h e  use of sandwich type  s t r u c t u r e s  i n  which t h e  
convent ional  shee t  and s t r i n g e r  is rep laced  by two t h i n  s h e e t s  on each s i d e  
of a low dens i ty  core .  The attachment of t h e  f ace  shee t s  t o  t h e  core  by  
welding o r  glufing has presented  s e r i o u s  manufacturing and c o s t  problems. A s  
a r e s u l t  of t h e  development of improved p l a s t i c s  i n  r ecen t  years  a p a r t i c u -  
l a r l y  promising s t r u c t u r a l  concept is  t h e  use  of g l a s s  f i b e r  f a b r i c  o r  metal  
sandwich i n  which t h e s e  newer plastics a r e  used as t h e  bonding agent .  
Research is being undertaken t o  eva lua te  t h e s e  new m a t e r i a l s  i n  s t r u c t u r a l  
concepts under r e a l i s t i c  environments. 

Exploratory r e sea rch  w i l l  cont inue  on promising s t r u c t u r a l  concepts which 
may have m e r i t  f o r  u se  i n  a hydrogen fue led  hypersonic  a i r p l a n e .  Formidable 
s t r u c t u r a l  problems a r e  involved i n  such a n  a i r c r a f t  a s  a consequence c f  
aerodynamic: hea t ing .  The cu r ren t  experimental  and a n a l y t i c a l  r e sea rch  
r ep resen t s  a'n i n f i t i a l  e f f o r t  of a r e l a t i v e l y  long range program which a t i l l  
u l t i m a t e l y  se rve  a s  t h e  b a s i s  f o r  an  e f f i c i e n t  and r e l i a b l e  long range 
hypersonic  a i rp l i ine .  I 

A i r  Breathing Propuls ion  

Research i n  t h i s  program is d i r e c t e d  toward inc reas ing  t h e  performance of 
cu r ren t  and f u t u r e  a i r c r a f t  through improvement i n  a i r b r e a t h i n g  engine 
components suc:li iis i n l e t s ,  compressors, combustors, t u r b i n e s ,  nozz les  and 
m a t e r i a l s  t:o provide higher  r a t i o s  of thrust-to-engine-weight, higher  r a t i o s  
of thrust-t:o-enginevolume, and lower s p e c i f i c  f u e l  consumption. The r e sea rch  
e f f o r t  i n  t:his a r ea  a l s o  inc ludes  r e sea rch  on engine c o n t r o l s ,  l u b r i c a r t s  and 
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f u e l s  and t h e  i n t e r a c t i o n  e f f e c t s  of t h e  propuls ion system components on one 
another  and of t h e  propuls ion system on t h e  a i r c r a f t .  

Research on subsonic v e h i c l e  concepts i nc lud ing  V/STOL a i r c r a f t  i s  being 
continued, S tud ie s  of  t h e  i n t e r a c t i o n  of  i n t e r n a l  and e x t e r n a l  flows on t h e  
t h r u s t  and drag of va r ious  in le t :  and a f t e rbody  nozzle  combinations w i l l  
cont inue.  One phase of t h i s  program i s  r e l a t e d  t o  t h e  increased n e t  t h r u s t  
ob ta inab le  with p rope r ly  designed and p o s i t i o n e d  a f t e rbody  f a i r i n g s .  Basic 
s t u d i e s  emphasizing r e sea rch  leading t o  engines having high r a t i o s  of t h r u s t -  
to-weight and thrust-to-volume f o r  V/STOL a p p l i c a t i o n  i s  planned. T!ie  V/STO:L 
propuls ion work is  funded under t h e  V/STOL p r o j e c t  a l though t h e  r e s u l t s  a r e  
g e n e r a l l y  a p p l i c a b l e  t o  o t h e r  subsonic veh ic l e s .  

The supersonic  propuls ion system e f f o r t  i s  d i r e c t e d  toward the bei:ter 
understanding of t h e  ope ra t ion  of supersonic  i n l e t s ,  i n l e t  distortio.11, and 
compressor s t a l l ,  and inc ludes  b a s i c  r e sea rch  s t u d i e s  of  boundary-shock 
i n t e r a c t i o n  i n  regions of adve r se  p re s su re  g r a d i e n t s  as w e l l  a s  i n  t h e  
t r a n s o n i c  t‘hroat region.  Much of t h e  propuls ion r e sea rch  resu1t:s i n  t h e  
supersonic  speed regime are d i r e c t e d  t o  t h e  supersonic  transport:  sin1:e t h i s  
v e h i c l e  r equ i r e s  a t e c h n i c a l l y  advanced propuls ion system i n  terms oE 
e f f i c i e n c y  i n  performance and weight as w e l l  as high r e l i a b i l i t y  and long 
l i f e .  The work d i r e c t e d  t o  t h e  problems of t h e  supersonic  t r a n s p o r t ,  a1thou;F:h 
j u s t  as a p p l i c a b l e  t o  m i l i t a r y  vehicles? i s  descr ibed and funded undex t h e  
Supersonic Transport  p r o j e c t .  A s u b s t a n t i a l  e f f o r t  can a l s o  be anti1:ipated 
t o  a i d  t h e  m i l i t a r y  services i n  t h e  wind tunne l  support  of s p e c i f i c  itdvanced 
a i r c r a f t  and missi le  propuls ion systems. 

The e f f o r t  devoted t o  hypersonic propuls ion systems con ta ins  inlel: 
research t o  determine t h e  fundamental e f f e c t s  of such parameters as wall 
cool ing,  leading edge b lun t ing ,  and f u e l  i n j e c t i o n  on t h e  system per.iiormance. 
Since t h e  supersonic  combustion ramjet engine o f f e r s  cons ide rab le  pr tmise a t  
speeds above Mach 7 ,  b a s i c  s t u d i e s  w i l l  be conducted t o  improve t h e  iinder- 
s t and ing  of supersonic mixing and d i f f u s i o n ,  i g n i t i o n  delay and combiistion, 
and d i s s o c i a t i o n  and recombination. The work desc r ibed  under t h e  Hyl’ersonic 
R a m j e t  Experiment p r o j e c t  w i l l  provide r e sea rch  information from a complete 
ramjet system p a r t  of t h i s  o v e r - a l l  program. Adequate f a c i l i t i e s  a re  not  
now avai’lab Le fo r  propuls ion r e sea rch ,  t h e r e f o r e ,  development w i l l  be 
undertaken of a new f a c i l i t y  which w i l l  permit much needed propuls ion r e sea rch  
t o  be conduc Led. 

A i r c r a f t  Operating Problems 

Research in  t h i s  area is  d i r e c t e d  toward improving f l i g h t  s a f e t y  cmd 
inc reas ing  1:lie o p e r a t i o n a l  f l e x i b i l i t y  of c u r r e n t  and proposed a i r c r a f t .  
Research i n  the f i e l d s  of son ic  boom and a i r c r a f t  n o i s e  are  a l s o  inc:.uded 
i n  t h i s  prog.caxn. 

P i l o t e d  I; imiilators and a n a l y t i c a l  techniques w i l l  be used t o  contxnue 
s t u d i e s  of t h e  e f f e c t s  of atmospheric turbulence and t h e  in f luence  of a i r c r a f t  
s t r u c t u r a l  f l e x i b i l i t y  on t h e  p i l o t ’ s  a b i l i t y  t o  c o n t r o l  t h e  over-al l  s y s t e m  
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wi th in  aircra.Et o p e r a t i o n a l  c o n s t r a i n t s ,  P i l o t e d  s imula to r s  w i l l  a l s o  be 
used t o  deterrnin'e t h e  instrument d i sp l ays  and p i l o t i n g  techniques requxred 
t o  cope with Large amplitude a i r p l a n e  o s c i l l a t i o n s  and a v a r i a b l e  stab:l.lity 
a i r p l a n e  will b e  flown i n  rough a i r  t o  eva lua te  s t a b i l i t y  and c o n t r o l  c:harac- 
ter is t ics  and 2 i l o t i n g  techniques f o r  rough a i r  f l i g h t .  The feasibi1i i :y  of 
s e v e r a l  teohniquIss t o  d e t e c t  clear a i r  turbulence ( f o r  example, l a s e r s  
pas s ive  o p t i c a l  and microwave devices)  w i l l  be inves t iga t ed .  

The j e t  engine n o i s e  problem is  being given a high p r i o r i t y  with a 
cont inuing ef.Eor t underway t o  o b t a i n  fundamental information on t h e  geriera- 
t i o n  and pi:opa,sation of no i se  from exhaust j e t s  and t h e  compressor and fan 
components of jel: engines ,  leading t o  t h e  design of accep tab ly  q u i e t  
propuls ion sy:; terns. 
continued t o  cil?termine t h e  maximum o p e r a t i o n a l  g l i d e  s l o p e  f o r  a v a r i e t y  of 
t r a n s p o r t  a i r p  lanes i n  connection with landing approach n o i s e  abatement 
procedures and t h e  r e l a t e d  problem of a i r c r a f t  s a f e t y  during such s t ee r  
descents .  

F l i g h t  tes ts  using s t e e p  approach techniques will be 

The g r e a t e s c  unknown f a c t o r s  with regard t o  t h e  propagat ion of sonic boom 
pres su re  waves a r e  those  a s s o c i a t e d  with t h e  e f f e c t s  of va r ious  atmospk.eric 
v a r i a b l e s  such as temperature , turbulence,  wind s h e a r s  and humidity,  l 'hese 
f a c t o r s  wil .1 be s t u d i e d  i n  an a c c e l e r a t e d  program which w i l l  a l s o  incliide 
t h e  response o E  bu i ld ing  s t r u c t u r e s ,  humans, and window g l a s s  t o  son ic  boom 
pres su re  waves o:E var ious  shapes and magnitude. The XB-70 w i l l  be u t i l i z e d  
t o  determine t h e  e f f e c t s  of a i r c r a f t  s i z e  and weight on s o n i c  boom genesration. 

Turbojet: a i x c r a f t  a r e  s t i l l  encountering s e r i o u s  d i f f i c u l t i e s  i n  s t e e r i n g  
during t a x i i n g  arid i n  s topping on w e t  runways. S tud ie s  are underway a t  t h e  
Langley Laridirq: Loads Track t o  i n v e s t i g a t e  t h e  e f f e c t s  of va r ious  runway 
s u r f a c e  a d d i t i v e s  and t i r e  t r ends  on braking f r i c t i o n ,  and i n  N 1967 
t h e s e  s t u d i e s  w i : l 1  be continued under f u l l - s c a l e  o p e r a t i o n a l  condi t ions . 
Ful l - sca l e  tes ts  w i l l  a l s o  be made t o  determine t h e  b e n e f i t s ,  and information 
f o r  t h e  priictj.c:a:l design,  of an a i r  j e t  ahead of t h e  t i r e  t o  clear awaq 
water and s;lus;h its a follow-up t o  t h e  p re sen t  exp lo ra to ry  s t u d i e s .  

A gene ra l  purpose a i r b o r n e  s imulator  (a modified J e t - S t a r  a i r c r a f t )  w i l l  
be used i n  fl ight:  tes ts  t o  i n v e s t i g a t e  t h e  s t a b i l i t y ,  c o n t r o l  and performance 
cha rac t e r i s t i cx ;  of a v a r i e t y  of advanced design a i r p l a n e s ,  such as t h e  
supersonic t r a n s p o r t ,  and aerospace v e h i c l e s .  

Prel iminary work w i l l  be performed leading t o  a f l i g h t  r e sea rch  prog,ram 
u t i l i z i n g  t h e  F-1-11 a i r p l a n e .  The f l i g h t  program w i l l  provide informat ion 
on aerodynamic: load and s t r u c t u r a l  temperature d i s t r i b u t i o n s ,  a e r o e l a s t i c  
e f f e c t s ,  and handling q u a l i t i e s  of a f u l l - s c a l e  variable-sweep a i r c r a f t  
conf i g u r a t  i.on . 
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X - 1 5  Research A i r c r a f t  

1965 1966 - 1967 

Aerodynamics .................. $18,000 $267,000 $160 , 000 
Loads and s t r u c t u r e s  .......... 15,000 10 , 000 215,000 
Propulstion --- --- --- 
Op era t i.ng prob lems ............ 1.392 .OOO 606.000 - 525.000 

.................... 

Total. ......................... a. 425.000 $883 .OOO 5 9 0 0  .OOO - -  
The X-15 research program, conducted i n  cooperat ion with t h e  Department of 

Defense, i s  providing da ta  on manned, maneuverable hypersonic f l i g h t .  During 
t h e  course of t h e  f l i g h t  test  program, through calendar  year 1965, more than 
150 f l i g h t s  have been made, including more than 115 f l i g h t s  a t  speeds g r e a t e r  
than a Mach number of 4. O f  t h e s e  f l i g h t s ,  more than 75 have been m a c e  a t  
Mach numbers above 5. 

The X-15 remains t h e  only r e sea rch  c a p a b i l i t y  i n  t h e  world f o r  s tucy ing  
hypersonic f l i g h t  i n  i t s  t r u e  environment. Experimental r e s u l t s  t o  d a t e  have 
given b a s i c  i.nsight i n t o  problems of aerodynamics, s t r u c t u r e s ,  propuls ion and 
ope ra t ions  during hypersonic f l i g h t .  Of major importance, t h e  X - 1 5  r e s u l t s  
have given, arid w i l l  cont inue t o  give,confidence and guidance t o  research i n  
ground based hypersonic r e sea rch  f a c i l i t i e s  enabl ing e x p l o r a t i o n  i n  depth of 
many hypersonic f l i g h t  problems. 

I n  a d d i t i o n  t o  a continuing program i n  b a s i c  hypersonic f l i g h t  r e sea rch ,  
t h e  o p e r a t i o n a l  success of t h e  X-15 program has opened i t s  u s e  t o  space 
sc i ences  a s  a cairrier v e h i c l e  f o r  c e r t a i n  experiments r e q u i r i n g  i t s  unique 
performance c a p a b i l i t i e s .  For example, r e sea rch  on horizon seeke r s  f o r  
sa te l l i tes  ; high-speed h i g h - a l t i t u d e  photography and s te l lar  u l t r a v i o l e t  
r a d i a t i o n  has been performed using t h e  X-15 as a c a r r i e r  v e h i c l e ,  

I n  s i x  and orte-half years  of f l i g h t  t e s t ,  from June 1959 t o  December 1965, 
t h e  X - 1 5  program no t  only has con t r ibu ted  t o  t h e  increased confidence of 
designers  of  c u r r e n t  high-performance a i r c r a f t ,  but  has focused a t t e n t i o n  on 
t h e  areas whic:h r equ i r ed  a d d i t i o n a l  r e sea rch .  The f u t u r e  program w i l l  be 
d i r e c t e d  toward t h e s e  areas,  t o  provide information f o r  t h e  next  l o g i c a l  s t e p  
i n  our f l i g h t  r e sea rch  program which i s  manned, maneuverable hypersonic 
c r u i s e  f l i g h t ,  

Sur, er son ic  Transport  

1965 

Aerodynamic,s .................. $640 , 000 
Loads and s t r u c t u r e s  .......... 214,000 
Propulsion .................... 14,270,000 
Operating prclblems ............ 4.829.000 

T o t a l  ....................... $19.953.000 

1966 - 1967 

$880,000 $1,390,000 
110,000 700 , 000 

11,501,000 11,100,000 
1.565.000 1.000 .ooo 

$14.056.000, $14,100.000 
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NASA's r e sea rch  e f f o r t  and support  f o r  t h e  n a t i o n a l  supersonic  t r a n s p o r t  
(SST) program w i l l  cont inue  i n  N 1967 a t  about t h e  same l e v e l  a:; i n  FY 1966, 
but  with ia s u b s t a n t i a l  s h i f t  i n  emphasis. 
i t s  c o n t r a c t o r s  w i l l  by then be ca r ry ing  t h e  major a c t i v i t y  i n  pro to type  
conf igu ra t ion  development, s t r u c t u r a l  design,  and development of t h e  Eirst- 
genera t ion  engines .  
systems and m a t e r i a l s  f o r  advanced engines ,  expand i t s  o p e r a t i o n a l  r e sea rch ,  
c a r r y  major r e s p o n s i b i l i t y  i n  n o i s e  and son ic  boom resea rch  and rlake nva i l ab le  
i t s  unique f a c i l i t i e s  and t e c h n i c a l  resources  as needed dur ing  p ro to type  
development. 

The Federa l  Avia t ion  Agency and 

NASA w i l l  main ta in  a major e f f o r t  on advanced prDpulsion 

A l a r g e  p a r t  of t h e  reques ted  funds w i l l  be used i n  t h e  f i e l d  of pcopul- 
s i o n  f o r  cont inuing  c o n t r a c t  r e sea rch  on engine components and m a t e r i a l s  
s t a r t e d  i n  FY 1'365 and 1966. :In FY 1967, however, t h e  con t r ac t ed  r e sza rch  
program w i l l  b e  reduced and a t  t h e  same time, t h e  in-house e f for t :  w i l l  be 
increased  t o  provide r e sea rch  :information r equ i r ed  f o r  second-gerterat ion SST 
engine develo?m,ent. 

Compressor and fan  component r e sea rch  w i l l  be d i r e c t e d  toward reduced 
weight and increased  performance through u t i l i z a t i o n  of such conc:epts a s  
supersonic  inf low compressors and v a r i a b l e  geometry f e a t u r e s .  
s t u d i e s  w i l l  De toward more e f f e c t i v e  cool ing  and stress a l l e v i a t i a n t e c h n i q u e s ;  
promising coiiEigurations of r o t a t i n g  elements w i l l  be f a b r i c a t e d  and eva lua ted  
experiment:al:L,g. Combustor r e sea rch  w i l l  inc lude  cons ide ra t ion  of' adviinced 
annular  arid mi;: l- type combustor cans,  as w e l l  a s  i n t e g r a t i o n  of combiistor and 
t u r b i n e  st:ato:c t o  permit increased  t u r b i n e  i n l e t  temperatures .  1,ubric:ation 
systems, llubr i can t s ,  bear ings ~ and seals r e sea rch  w i l l  a l s o  i n v e s t i g a t e  
var ious  means of increas ing  ope ra t ing  tempera tures ,  wi th  emphasis on inc reas ing  
t h e  f a t i g u e  I i f e  of t h e  bear ings  themselves.  

Turbinc: 

I n l e t  r e sea rch  w i l l  be continued t o  provide design informat ior  app . i cab le  
t o  both two-dimensional and three-dimensional types .  
dynamics and in:Let c o n t r o l  systems w i l l  r e c e i v e  p a r t i c u l a r  a t t e n t  ion.  Because 
of t h e  l a r g e  e f f e c t  of e x i t  nozzle  performance on o v e r - a l l  f l i g h t  
e f f i c i e n c y ,  the e f f o r t  i n  this! a r e a  w i l l  be increased  t o  determine performance 
limits and t o  f i n d  more effect: ive methods f o r  nozz le  cool ing.  

In l e t - eng ine  flow 

The eng;inc: m a t e r i a l s  r e sea rch  w i l l  be aimed g e n e r a l l y  a t  meta ls  wit:h 
higher  h e a t  czipabi l i ty  and longer f a t i g u e  l i f e .  Chromium, n i c k e l  and c o b a l t  
a l l o y s  wi l . 1  be i n v e s t i g a t e d  al.ong wi th  coa t ings  t o  e l i m i m  t e  ox ida t ion  a t  
higher  operat::ing temperatures .  Methods f o r  e x p l o i t i n g  meta l  phase change and 
supe ra l loy  p u r i f i c a t i o n  w i l l  he  explored t o  achieve  t h e  long l i f e  des i r ed  i n  
a c0mmerci.a 1 supersonic  t r a n s p o r t  engine.  

I n  t h e  f i e l d  of a i r f r ame  s t r u c t u r e s ,  s t r u c t u r a l  dynamics problems eluch a s  
v i b r a t i o n  and f l u t t e r  w i l l  r ece ive  inc reased  emphasis. 
cont inued on e s t a b l i s h i n g  t h e  c h a r a c t e r i s t i c s  of a p p r o p r i a t e  t i t an ium a l l o y s  
and o the r  mat:erj.als under r e a l i s t i c  loads and temperature  environments, f o r  
t h e  SST. 

Stud ies  w i l l  he 

EE 19-8 



I n  t h e  supersonic  t r a n s p o r t  ope ra t ing  problems f i e l d  s imula t ion  and f l i g h t  
s t u d i e s  w i l l  be  rnade of t h e  low-speed approach and landing problems of 
proposed conf igu ra t ions  t o  de f ine  t h e  ranges of a i r p l a n e  c h a r a c t e r i s t i c s  
accep tab le  t o  the  p i l o t  and t o  devise  means of achiev ing  t h e s e  c h a r a c t c r i s t i c s .  
Following f u r t h e r  d e f i n i t i o n  of t h e  handl ing q u a l i t i e s  requirements for 
normal ope ra t ing  condi t ions  f o r  low-speed approach, a d d i t i o n a l  r e s t r a i r t s  of 
adverse weather ope ra t ion  w i l l  be considered by a n a l y s i s  and ground s imula t ion .  

I n  t h e  f i e l d  of a i r f r ame  aerodynamics , t h e  opt imiza t ion  of performance, 
s t a b i l i t y ,  and c o n t r o l  c h a r a c t e r i s t i c s  over t h e  e n t i r e  opera t ing  speed range 
of t he  SST wi1.Z be pursued. This  cont inuing  e f f o r t  w i l l  be c l o s e l y  a s soc ia t ed  
with t h e  wind tunnel  and r e l a t e d  i n v e s t i g a t i o n s  c a r r i e d  out  i n  t h e  development 
of t h e  SST pro to types  , and wi th  p a r a l l e l  i n v e s t i g a t i o n s  of son ic  boom 
genera t ion  and propagat ion.  

V/STOL A i r c r a f t  

1967 .- 1965 1966 

Aerodynamics ................... $1,533,000 $740,000 $1 , 600 , 000 
Loads and s t r u c t u r e s  .......... 99 , 000 8 , 000 200,000 
Propulsi.on ..................... 449 , 000 314,000 1 , 000,000 
Operat ing problems ............ 906.000 938.000 , 2,200 .ooo 

Tota l  ....................... . $5.000.000 

A major part: of t h e  inc rease  i n  funding i n  FY 1967 w i l l  r e s u l t  Erom 
s t u d i e s  of a new VTOL r 'esearch a i r p l a n e  capable  of providing more accu ra t e  
information on t h e  in f luence  of a l l -wea the r  landing opera t ion  c a p a b i l i t y  on 
t h e  design of high-performance t a c t i c a l  V/STOL types .  A f e a s i b i l i t y  s tudy  
w i l l  be initiat:ecl t o  determine t h e  c h a r a c t e r i s t i c s  r equ i r ed  of such a research  
a i r p l a n e  and to  i d e n t i f y  e x i s t i n g  convent ional  high-performance a i c c r a f t  which 
could be modified t o  provide t h e  v e h i c l e  needed. Wind tunnel  s t u d i e s  w i l l  be 
undertaken t o  determine t h e  e f f e c t i v e n e s s  of t h e  modi f ica t ions  proposed. 
Actual  modificati.on of t h e  e x i s t i n g  v e h i c l e ,  which t h e  A i r  Force hils agreed 
t o  provide from i.ts inventory ,  may begin.  Related f l i g h t  s t u d i e s  of t he  
requirements far p i l o t  d i sp l ays  t o  e f f e c t  s a f e l y  such VTOL a l l -weather  landing 
ope ra t ion ,  begun i n  FY 1966, w i l l  cont inue using t h e  NASA B e l l  20413 h e l i -  
cop te r ;  a f l i g h t  i n v e s t i g a t i o n  of an  advanced landing approach a i d  fo r  STOL 
a i r c r a f t  , r e c e n t l y  i n i t i a t e d  using a convent ional  t r a n s p o r t  a i r p l a n e ,  w i l l  
be extended i n  FY' 1967 t o  more r e a l i s t i c  approach condi t ions  fol lowing 
procurement of a s u i t a b l e  STOL a i r c r a f t .  

A s u b s t a n t i a l  i nc rease  i n  e f f o r t  i s  expected on shor t -haul  (p r imar i ly  
commercial) t r a n s p o r t  r e sea rch ,  based i n  l a r g e  p a r t  on a n t i c i p a t e d  recomenda-  
t i o n s  made a s  a r e s u l t  of cu r ren t  NASA-sponsored f e a s i b i l i t y  s t u d i e s  by t h r e e  
U.S.  a i r c r a f t  manufacturers.  
i n v e s t i g a t i o n s ,  s imula t ion ,  and f l i g h t  s t u d i e s .  

This  r e sea rch  w i l l  inc lude  w i n d  tunnel  
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Other wind tunnel  research  s t u d i e s  w i l l  cont inue aimed a t  providing b a s i c  
information on such e f f e c t s  as  aerodynamic i n t e r f e r e n c e  and hot  gas ing;estion 
f o r  r ep resen ta t ive  m i l i t a r y  f i g h t e r  and t r a n s p o r t  V/STOL configurat ions . 
Basic p r o p u l s i ~ x ~  s t u d i e s  w i l l  be  increased  s u b s t a n t i a l l y ,  emphasizing I esearch 
leading  t o  engines having high r a t i o s  of thrust- to-weight  and thrust-tc8- 
volume . 

F l i g h t  tind sirnulator research  w i l l  a l s o  cont inue t o  provide more d e t a i l e d  
information 011 t h e  design requirements f o r  s a t i s f a c t o r y  handling q u a l i t  i e s  of 
V/STOL a i r c r a f t ,  inc luding  h e l i c o p t e r s .  I n  a d d i t i o n  t o  t h e  NC-130C boundary 
l aye r  c o n t r o l  STOL a i r c r a f t  and t h e  X-14A and YHC-lA va r i ab le - s t ab i l i t j p  VTOL 
research  a i r c r i3 f tY  t h e  new X-22A t i l t - d u c t  and XV-SA fan-in-wing VTOL 
a i r p l a n e s  w i l l  be u t i l i z e d  t o  provide information on more r e a l i s t i c  corlfigu- 
r a t i o n s  and t o  provide c o r r e l a t i o n  wi th  wind tunnel  and s imula tor  predj  c t i o n s .  

Based i n  paz t  on requirements of t h e  m i l i t a r y  s e r v i c e s ,  it i s  planncd t h a t  
t h e  wind tunnel  and f l i g h t  effor i :  on compound h e l i c o p t e r s  s t a r t e d  i n  1566 
w i l l  be increased;  such programs w i l l  u s u a l l y  be conducted j o i n t l y  w i t t  t h e  
se rv i ces .  S p e c i f i c  eva lua t ion  of s t r u c t u r a l  dynamics and handl ing qual i t y  
advantages o r  problems a s soc ia t ed  with t h e  promising h inge le s s  r o t o r  ccncept 
w i l l  cont inue us ing  t h e  NASA XEI-51N research  h e l i c o p t e r .  

Hyu er son ic  Ram j e t  Exp er imen t 

1965 1966 1 5  67 

Propuls ion . . . . . . . .. . . . . ... ., " .  . $2,712,000 $5,000,000 $2,COO,OOO 

A f e a s i b i l i t y  s tudy  and design competi t ion i s  near ing  completion between 
t h e  Garrett: Corporation, t h e  General E l e c t r i c  Corporat ion,  and t h e  Marcuardt 
Corporation, t:o determine an  optimum conf igu ra t ion  f o r  a l i q u i d  hydrogen 
fue led  ramijet engine capable  of being operated between Mach 3 and 8. 
speed regime, us ing  a conve r t ib l e  combustion arrangement, both subsonic and 
supersonic  combustion systems can be s tudied .  

I n  t h i s  

Upon completion of t h e  cu r ren t  phase I s t u d i e s ,  a n  eva lua t ion  w i l l  Ee made 
t o  select  one o r  more of  t h e  s tudy phase c o n t r a c t o r s  t o  cont inue with 
d e t a i l e d  design,  experimental  wind tunnel  v e r i f i c a t i o n ,  f a b r i c a t i o n ,  a r d  
proof tes t  of 1:he s e l e c t e d  concepts.  This  second phase of t h e  program is  
expected t o  r e q u i r e  29 months fior completion. 

Since t h e  research  ramjet  must be designed f o r  t h e  most severe a n t i c i p a t e d  
opera t ing  c:oncl:itions , s t r u c t u r e s  must be capable  of withstanding stagna t i o n  
p res su res  approaching 5,000 psi. and a c t i v e  cool ing  concepts must be deb i s ed  
t o  maintain st:i:uctural in tegr i t :y  a t  s t agna t ion  temperatures of 4,700°R. 
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XB-70/SST F l i P h t  Research Pro i e c t  

1967 ._ 1965 1966 - 
Aero d:ynamic s --- $5,146,000 - - .. 
Loads and s t r u c t u r e s  --- 600,000 - - .. 
Propuls ion --- 850 , 000 - - .. 

.................. .......... .................... 
Opera t ing problems ............ --- 2.700.000 ~.2.OOO.OOi:, 

$9 .29 6.000 2 2  -000. OOQ --- ....................... -.- - Totill 

NASA, by v i r t u e  of i t s  s t a t u t o r y  r e s p o n s i b i l i t y  f o r  a e r o n a u t i x a l  r e sea rch  
and technology w i t h i n  t h e  United S t a t e s  Government, has  t h e  r e spons i1 ) i l i t y  
t o  provide t h e  r e sea rch  information and advanced technology needed f o r  design,  
development con t ruc t ion ,  and f l i g h t  test  of t h e  p ro to type  supersonic  t r a n s p o r t  , 

The use of  the USAF XB-70 a i r c r a f t  as  a r e sea rch  t o o l  w i l l  be sctp1)orted 
j o i n t l y  by t ' a e  USAF and NASA. 
v a l i d a t e  it:; b a s i c  aerodynamic t h e o r i e s  and experimental  r e s u l t s  obtained i n  
ground f ac i :L i t i e s  t o  account f o r ,  a s  examples, e f f e c t s  of v e h i c l e  s i z e  
(Reynold:; Ninnber) on s k i n  f r i c t i o n  and h e a t  t r a n s f e r  , e f f e c t s  of e l a s t i c  
s t r u c t u r e  deEo:rmation on aerodynamics and t h e  e f f e c t  of h e a t  soak on t h i s  
deformation, eEfects  of v e h i c l e  i ne r t i a  combined wi th  low damping (h:.gh 
a l t i t u d e )  on v e h i c l e  c o n t r o l  requirements,  e f f e c t s  of  v e h i c l e  s i z e  on s o n i c  
boom generat: ion and propagation, i n l e t  c o n t r o l  system requirements and many 
o t h e r s .  A1:L oE t h e s e  problems have-and w i l l  cont inue t o  be t h e  s u b j t x t  of 
major r e sea rch  e f f o r t s  i n  a n a l y s i s  and ground based f a c i l i t i e s ;  t h e  >:B-70 
program w i l l 1  provide v i t a l  guidance and assessment of  t h e  soundness of t h e s e  
programs ,, az;:;uring t h a t  major programs such as  t h e  supe r son ic  transpcirt  w i l l  
proceed on i t  sound b a s i s .  

It w i l l  provide NASA wi th  t h e  a b i l i t y  t o  

The NASA p o r t i o n  of t h e  XB-70 program i s  being conducted i n  two d j s t i n c t  
phases.  The f i r s t  phase,  which began i n  FY 1963, c o n s i s t e d  of i n s t a l l a t i o n  
of instrumeri1:at:ion i n  t h e  two XB-70A a i r c r a f t  during manufacture and t h e  
a c q u i s i t i o n  of c e r t a i n  data of i n t e r e s t  t o  NASA during t h e  USAF f l i g h t  t es t  
program. T h e  second phase, beginning i n  FY 1966, c o n s i s t e d  of con t inua t ion  
and expansion of t h e  i n i t i a l  program and t h e  i n i t i a t i o n  of r e s e a r c h  bhich 
could not be accommodated during t h e  i n i t i a l  USAF f l i g h t  program. I r  t h e  
f i r s t  phase o f  t h i s  program, 
t h e  instrumexitation and da ta  a c q u i s i t i o n  r equ i r ed  f o r  t hose  measurements of 
i n t e r e s t  t o  NASA. The major c o s t ,  t h a t  of ope ra t ing  t h e  a i r c r a f t ,  was 
funded by t h e  United S t a t e s  Air Force. I n  t h e  second phase,  which w i l l  be 
g r e a t l y  a c c e l e r a t e d  i n  FY 1967, NASA w i l l  fund t h e  c o s t s  a s s o c i a t e d  k i t h  
NASA's r e s e a r c h  program u t i l i z i n g  t h e  XB-70 a i r c r a f t .  

NASA funded on ly  t h e  c o s t s  a s s o c i a t e d  k i t h  

This program i s  ob ta in ing  r e s u l t s  which a re  important t o  t h e  f e d e r a l  
Aviat ion Agency i n  i t s  r o l e  a s  manager of  t h e  United S t a t e s  Supersonic 
Transport  program. The FAA i s  kept  informed on t h e  p rogres s  of the program 
on a cont inuing b a s i s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF T.,UCKING AND DATA ACQUISITION TRACKING ANI) DATA 
ACQUI.SITI0N PROGRtB 

PROGRAM OBJIXTIVES AND JUSTIFICATION : 

The purpose of t h i s  program is t o  provide t r a c k i n g  and d a t a  acquj .s i t ion 
support  t o  meet t h e  requirements of f l i g h t  p r o j e c t s .  Responsive ant1 e f f i c i e n t  
support  i s  provided f o r  a l l  NASA p r o j e c t s ,  and as mutually agreed,  f o r  p r o j e c t s  
of t h e  Ibepartment of Defense, o t h e r  government agenc ie s ,  u n i v e r s i t i c  s ,  p r i v a t e  
corporat.ionr; , i n t e r n a t i o n a l  o r g a n i z a t i o n s ,  and o t h e r  c o u n t r i e s  engag ed i n  
mutual researc:h endeavors. 

Suppclrt is provided f o r  manned and unmanned f l i g h t s ;  f o r  s p a c e c r s f t ,  launch 
v e h i c l e s ,  sclunding rocke t s ,  and r e sea rch  a i r c r a f t ;  f o r  Earth o r b i t a l  and sub- 
o r b i t a l  m i s s i c m s ,  l una r  and p l ane ta ry  mis s ions ,  and space probes,  

Types of support  provided include t r a c k i n g  t o  determine t h e  pos i t i on  and 
t r a j e c t o r y  of v e h i c l e s  i n  space,  a c q u i s i t i o n  of d a t a  from s c i e n t i f i c  expe r i -  
ments and or. t he  engineering performance of s p a c e c r a f t  and launch v e h i c l e  
systems, t ransmission of commands from ground s t a t i o n s  t o  s p a c e c r a f t ,  
communication of information between v a r i o u s  ground f a c i l i t i e s  and mission 
c o n t r o l  c e n t e r s ,  and processing of t h e  d a t a  acquired from t h e  space veh ic l e s .  
Without t h i s  v i t a l  support ,  t he  space r e sea rch  program would not: be poss ib l e .  

Tracking and d a t a  a c q u i s i t i o n  support  i s  provided by a world-wide network 
of ground s t a t i o n s  ( including Department of Defense s t a t i o n s  and instrumented 
s h i p s ) ,  and by gene ra l  purpose f a c i l i t i e s  i n  launch areas. These s t s t i o n s  a r e  
l i nked  toge the r  by a network of ground communications which provides t h e  reall- 
time information necessary f o r  c r i t i c a l  d e c i s i o n s .  F a c i l i t i e s  al.so a r e  
provided t o  process i n t o  meaningful form t h e  l a r g e  amounts of dat:a which are 
c o l l e c t e d  from f l i g h t  p r o j e c t s .  

Tracking 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  are used f o r  support. of 1:urrent 
missions.  At: .the same time, they must be augmented t o  meet t h e  requ:irements 
of  missions i n  t h e  immediate f u t u r e .  Concurrently,  planning must proceed f o r  
p r o j e c t s  which a r e  even f u r t h e r  i n  t h e  f u t u r e ,  and equipment and tecliniques 
must be developed t o  a s su re  a sound t echno log ica l  approach f o r  t h e  siipport 
of t h e  more complex mission requirements of  t h e  next  gene ra t ion .  

The Resea:rch and Development appropr i a t ion  provides  funds f o r  ( a )  t h e  
ope ra t ion  arid maintenance of t h e  world-wide f a c i l i t i e s ,  (b) t h e  prociirement 
of equipment: arid modif icat ions t o  adapt t h e  f a c i l i t i e s  f o r  new and ctianging 
f l i g h t  p r o j e c t  requirements,  and (c) t h e  development of advanced trac:king 
and d a t a  a c q u i s i t i o n  equipment and techniques.  The subsequent s e c t i o n s  
desc r ibe  p1.m:; and r e l a t e d  funding requirements t o  cont inue t h e  Trac:king and 
Data Acquisit icm program i n  each of t h e s e  a r e a s  during FY 1967. 
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SUMMARY OF RESJURCES REQUIREMENTS: 

1967 , 

Operat ions.  ..................... $95,254,000 $129,600,000 $199,000,000 

Supporting research  and 

- 1965 1966 

Equipment ....................... 144,482,000 87,665,000 66,500,000 

technology .................... 13,500.000 13.800,OOO 13,800.000 

Tota l  ......................... $253,236.000 $231.065.000 $279,300.000 - 
D i s t r i b u t i o n o f  Program Amount bv I n s t a l l a t i o n :  

1965 1966 -- .!967 

Marshall  Space F l i g h t  Center . .  $2,000,000 $1,500,000 $1,500,000 
Goddard Space F l i g h t  Center . . .  179,252,000 155,950,000 199,600,000 
J e t  Propuls ion Laboratory ..... 55,769,000 53,500,000 55,600,000 
Wallops S t a t i o n . . . . . . . . . . . . . . .  5,100,000 5,835,000 6 ,400,000 
F l i g h t  Research Cen te r . . . . . . . .  1,900,000 1,880,000 2,100,000 
Langley Research Center . . . . . . .  2,200,000 2,000,000 2,100,000 
NASA Headquarters ............. 7,015,000 10,400,000 12,000,000 

BASIS OF FUNDSEQUIREMENTS : 

Operat ions 

1965 1966 __I 1967 

Manned space . € l igh t  network.. ... $23,118,000 $37,000,000 $60,000,000 
S a t e l l i t e  network.. .............. 25,063,000 29,000,000 33,700,000 
Deep space network.. ............ 19,040,000 26,500,000 32,800,000 
Other ins t rumenta t ion .  ........... 5,930,000 6,600,000 7 , 000,000 
Communication:;. ................. 17,478,000 24,000,000 57,000,000 
Data procer;:;irig. ................ 4.625.000 6,500,000 8,500,000 

T o t a l ,  .......................... $95,254,000 $129,600,000 $199,000,000 

Manned Space F l i g h t  Network Operations 

The Manned Space F l i g h t  Network, o r i g i n a l l y  configured t o  supp 'or t  t he  
Mercury program::, i s  now a c t i v e l y  suppor t ing  the  Gemini missions.  The network 
f o r  Gemini. support  c o n s i s t s  of seven primary land  s t a t i o n s  locate'd a t  Cape 
Kennedy, F l o r i d a ;  Bermuda; Grand Canary I s l and ;  Carnarvon, A u s t r a l i a ;  H a w a i i ;  
Guaymas, Mexi.c:o; and Corpus C h r i s t i ,  Texas; two s h i p s  , t h e  Rose Knot Victory 
and the  Coastal  Sentry Quebec; and s i x  secondary land s t a t i o n s  loca ted  a t  
Kano, N ige r i a ;  Tananarive,  Madagascar; Canton I s l a n d ;  Poin t  Arguel lo ,  
C a l i f o r n i a ;  White Sands, New Mexico; and Egl in  A i r  Force Base, F l o r i d a .  
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Concurrently wi th  providing f u l l  ope ra t iona l  support  f o r  t he  G e m m i  
program, the  Manned Space F l i g h t  Network is being augmented f o r  t h e  Apollo 
program. N o t  only a r e  s i g n i f i c a n t  equipment add i t ions  being ma.de t o  e x i s t i n g  
s t a t i o n s ,  bu t  land s t a t i o n s ,  s h i p s ,  and instrumented a i r c r a f t  a r e  being added 
t o  t h e  network. 

The Manned Space F l i g h t  Network, as p r e s e n t l y  planned f o r  Apollo: w i l l  
cons i s t  of 'ten s t a t i o n s  wi th  30-foot antennas,  t h r e e  s t a t i o n s  wi th  85-foot  
antennas , one t r a n s p o r t a b l e  s t a t i o n  wi th  a 30-foot antenna,  f i v e  s h i p s ,  eigh.t 
instrumented a i r c r a f t ,  and t h r e e  Deep Space Network s t a t i o n s  wi th  85 - foot  
antennas f o r  backup during luna r  missions.  S t a f f i n g  of s t a t i o n s  and t r a i n i n g  
of ope ra t ing  personnel a r e  wel l  under way t o  a s su re  t h a t  t h e  network w i l l  be 
ready t o  support  Apollo missions beginning i n  e a r l y  1966. 

A s ignif i .cant  i nc rease  i n  ope ra t ions  c o s t s  w i l l  occur  i n  FY 1967 as the  
network w i l l  be requi red  t o  suppor t  both the  Gemini program and increased  
a c t i v i t y  i n  th.e Apollo program. Approximately one-half  of t h e  increase  w i l l  
be f o r  t h e  ope ra t ion  and maintenance of t h e  Apollo ins t rumenta t ion  s h i p s  and 
a i r c r a f t  which a r e  under t h e  r e s p o n s i b i l i t y  of t he  Nat ional  Range Divis ion of 
t he  Department of  Defense. Also i n  FY 1967, most of t h e  new s t a t i o n s  being 
constructed f o r  support  of t h e  Apollo program w i l l  become o p e r a t i o n a l .  
e x i s t i n g  s t a t i o n s ,  manning l e v e l s  w i l l  increase due t o  Gemini/Apollo f l i g h t  
a c t i v i t y  and t h e  more advanced equipment requi red  f o r  t h e  Apollo pro gram. 
Addi t ional  funds w i l l  a l s o  be requi red  f o r  computer p r o g r a m i n g .  network 
engineer ing ,  and l o g i s t i c  support  a s soc ia t ed  wi th  t h e  new equipnients and t h e  
inc reas ing  l e v e l  of f l i g h t  a c t i v i t y .  

A t  

S a t e l l i t e  Network Operations 

The S a t e l l i t e  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 he  Space 
Tracking and D<ata Acquis i t ion  Network (STADAN) managed by t h e  Goddarcl Space 
F l i g h t  Center ,  and the  o p t i c a l  camera t r ack ing  s t a t i o n s  operated by t h e  
Smithsonian Astrophysical  Obsenratory (SAO) . The STADAN s t a t i o n s  provide a 
t r ack ing  and d a t a  a c q u i s i t i o n  ground system which t r a c k s ,  determines the  
s t a t u s  of each s a t e l l i t e ,  commands t h e  s a t e l l i t e  func t ions ,  and acqui res  
s t o r e d  or rei3l-time d a t a  from t h e  s a t e l l i t e .  The o p t i c a l  camera t r ack ing  
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 r e c i s i o n  o r b i t a l  de te rmina t ion  on 
c e r t a i n  s:ate:lllites of s c i e n t i f i c  i n t e r e s t  as w e l l  as backup support: t o  STADAN' 
during launch and e a r l y  o r b i t  t r ack ing  of a l l  s a t e l l i t e s .  

The STADAN s t a t i o n s  ope ra t e  on a 24-hour day, seven-days per  week b a s i s .  
The workload of t he  network w i l l  cont inue t o  inc rease  i n  FY 1967. Not only 
w i l l  more sat:ellites be supported,  but  they w i l l  be more complex and c a r r y  
more experiment.s which w i l l  r e s u l t  i n  an even g r e a t e r  i nc rease  i n  the  con t ro l  
func t ions  and d a t a  output  t o  be handled by the  s t a t i o n s .  Impacting the  work- 
load  i n  FY 15167 w i l l  be i n i t i a l  f l i g h t s  of the  Appl ica t ions  Technology 
S a t e l l i t e  and t h e  B i o s a t e l l i t e  p r o j e c t s ,  and a d d i t i o n a l  f l i g h t s  of t h e  O r b i t -  
i ng  Geophysical Observatory,  t he  Orbi t ing  Astronomical Observatory,  and t h e  
Orbi t ing  So la r  Observatory.  
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Increased ope ra t iona l  c o s t s  i n  FY 1967 are due t o  t h e  h ighe r  s t a f f i n g  
l e v e l s  and l o g i s t i c  support  r equ i r ed  t o  meet t h e  g r e a t e r  workload anc t o  
ope ra t e  f a c i l i t i e s  which are being i n s t a l l e d  a t  Goldstone, C a l i f o r n i a ;  
Rosman, North Carol ina;  and Toowoomba, A u s t r a l i a  f o r  support  of the 
Applicat ions Technology S a t e l l i t e  p r o j e c t .  

Deep Space Network Operations 

The Deep Space Network's primary func t ion  is t o  provide t r ack ing  and d a t a  
a c q u i s i t i o n  support  f o r  unmanned luna r  and p l ane ta ry  space f l i g h t .  The n e t -  
work provides t r ack ing  d a t a  which are used t o  determine and make mid-course 
co r rec t ions  t o  s p a c e c r a f t  t r a j e c t o r i e s ,  acqu i r e s  engineering t e l e m e t r y  d a t a  
concerning performance of t h e  s p a c e c r a f t  as r e q u i r e d ,  t r ansmi t s  oommands t o  
t h e  s p a c e c r a f t  t o  execute t h e  above func t ions ,  and records the  s c i e n t i f i c  
d a t a  which a r e  acquired from the  s p a c e c r a f t .  Three s t a t i o n s  i n  t h e  nztwork, 
one each i n  Australia, Spain,  and C a l i f o r n i a ,  w i l l  provide a backup c 3 p a b i l i t y  
f o r  t h e  Apollo manned luna r  missions.  

The c o n t r o l  c e n t e r  f o r  t h e  Deep Space Network i s  t h e  Space F l i g h t  Operations 
F a c i l i t y  (SFOF) loca t ed  a t  t h e  J e t  Propuls ion Laboratory i n  Pasadena , C a l i f o r n i a .  
The SFOF r ece ives  information t r ansmi t t ed  v i a  ground communications f:rom 
s t a t i o n s  of t h e  Deep Space Network, processes  t h e  d a t a ,  and d i s p l a y s  1:he 
r e s u l t i n g  information so  t h a t  mission d i r e c t o r s  and a s soc ia t ed  projecl: personine:. 
can analyze real- t ime mission performance, make c r i t i c a l  dec i s ions  coiicerning 
func t ions  which must be executed by t h e  s p a c e c r a f t ,  and t r ansmi t  insti :uctions 
t o  t h e  s t a t i o n s  f o r  commands t h a t  must be s e n t  t o  t h e  spacec ra f t .  

The f l i g h t  missions of  t h e  Lunar O r b i t e r ,  Surveyor, and Pioneer p r o j e c t s  
w i l l  cont inue through FY 1967. I n  a d d i t i o n ,  a Venus f ly-by mission i t :  
scheduled f o r  launch i n  l a t e  FY 1967. To meet t h e  f l i g h t  schedule ,  t he  Deep 
Space Network and t h e  SFOF must support  two o r  more missions simu1tant:ously. 

A t  t he  beginning of FY 1967, t h e  Deep Space Network w i l l  c o n s i s t  of two 
o p e r a t i o n a l  8 5 - f O O t  antenna f a c i l i t i e s ,  S-band equipped, a t  each of  tl-e t h r e e  
l o n g i t u d i n a l  locat ions required t o  maintain continuous s u r v e i l l a n c e  of a 
l u n a r  o r  p l ane ta ry  mission. 
f l i g h t  mission requirements.  S t a t i o n s  with heavy workloads w i l l  r e q u i r e  
a d d i t i o n a l  work s h i f t s .  
w i l l  become ope ra t iona l  during the  f i r s t  p a r t  of FY 1967, and w i l l  r e c u i r e  
s i n g l e - s h i f t  :s taff ing.  The SFOF a l s o  w i l l  r e q u i r e  a d d i t i o n a l  s t a f f i n g  and 
computer capac i ty  t o  handle t h e  p ro jec t ed  workload i n  FY 1967. 

S t a f f i n g  a t  a l l  s t a t i o n s  w i l l  i nc rease  t c  meet 

The prototype 210-foot antenna f a c i l i t y  a t  Gcldstone 

Other Instrumentat ion Operations 

1nstrunientatj.on systems a r e  operated i n  support  of sounding rocket  programs 
conducted a t  Por t  C h u r c h i l l ,  Canada, and Wallops S t a t i o n ,  V i r g i n i a ,  and f o r  t he  
f l i g h t  research programs a t  t h e  F l i g h t  Research Center,  C a l i f o r n i a .  
purpose tr'acki.ng, te lemetry,  d a t a  a c q u i s i t i o n ,  recording,  t iming,  p l o t t i n g ,  and 
communications systems a r e  provided as w e l l  as s p e c i a l  purpose o p t i c a l  and 
sound ranging ( acous t i ca l )  equipment f o r  s p e c i f i c  missions.  

General 
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The instrunlentat ion requi red  f o r  support  of missions launched Erom Wallops 
S t a t i o n  is  opera ted  by NASA c o n t r a c t o r s  and by o t h e r  government agencies  
such as t h e  Ckather Bureau, t he  Nat ional  Bureau of Standards,  t h e  U.S. Navy, 
t h e  U.S. A i r  E'orce, and t h e  M i l i t a r y  Sea Transpor ta t ion  Serv ice .  
requi red  i n  F Y  1967 r e f l e c t  approximate c o s t s  which a r e  being experienced i n  
t h e  cu r ren t  year  with a s l i g h t  i nc rease  f o r  a d d i t i o n a l  engineer ing e f f o r t  
needed i n  the  a reas  of d a t a  a n a l y s i s  and computation, ins t rumenta t ion  
development, t r a j e c t o r y  determinat ion and impact p r e d i c t i o n ,  and q u a l i t y  
assurance.  

Funds 

E f f e c t i v e  January 1 , 1966, management r e s p o n s i b i l i t y  f o r  t he  For t  Clnurchill  
f a c i l i t y  w a s  t r a n s f e r r e d  from the  U.S. A i r  Force t o  t h e  Nat ional  Research 
Council of Canada. Ins t rumenta t ion  a t  For t  Church i l l  i s  con t r ac to r  opera ted  
and i s  funded j o i n t l y  by the  Nat ional  Research Council and NASA a s  a cIDoperative 
e f f o r t .  Costs t o  NASA w i l l  cont inue i n  FY 1967 a t  about t he  same l e v e l  as 
the  cu r ren t  year . 

The F l i g h t  Research Cen te r ' s  Aerodynamic Test  Range inc ludes  t h r e e  s i t e s  
l oca t ed  i n  the  Nevada and Eas te rn  C a l i f o r n i a  a rea .  The s i t e  a t  Edwards A i r  
Force Base i s  s t a f f e d  by NASA personnel augmented by some con t r ac to r  p lxsonne l ,  
The Ely and Beat ty  s i t e s  i n  Nevada a r e  c o n t r a c t o r  opera ted .  Among the  program:; 
t o  be supported i n  FY 1967 w i l l  be t h e  Lunar Lander Research Vehicle ,  the 
L i f t i n g  Reentry Research Vehicle ,  t h e  space sc i ences  experiment program us ing  
t h e  X-15, t he  XB-70 f l i g h t  program, and va r ious  s m a l l  a i r c r a f t  research  
p r o j e c t s  inc luding  the  s t u d i e s  on laminar flow. 

Communications Operations 

NASA's t r ack ing  s t a t i o n s  and c o n t r o l  c e n t e r s  a t e  l inked  toge the r  by a 
s i n g l e  ope ra t iona l  communications system opera ted  by t h e  Goddard Space F l i g h t  
Center .  Communications switching c e n t e r s  have been e s t a b l i s h e d  at. major 
l o c a t i o n s  such a s  Goddard, London, and A u s t r a l i a ,  t o  maximize circ:uit  sha r ing .  
Requirements i n  most cases  a r e  being met by providing a l t e r n a t e  vciice/data 
c i r c u i t s  i n s t e a d  of  s t r a i g h t  vo ice  c i r c u i t s ,  thereby reducing the  t o t a l  
number of c i r c u i t s  needed. 

I n  t h e  e a r l y  Mercury miss ions ,  cons iderable  r e l i a n c e  w a s  p laced on high 
frequency rad io  communications. A s  a r e s u l t  , network communications wi?re 
l imi t ed  anld not of s a t i s f a c t o r y  r e l i a b i l i t y .  Although t h i s  s i t u a t i o n  has  
improved wi th  Gemini, i t  i s  s t i l l  not  p o s s i b l e  t o  t ransmi t  s u f f i c i e n t  - l o i ce ,  
t e l eme t ry ,  and t r ack ing  d a t a  from remote s t a t i o n s  t o  t h e  Mission Control  
Center o r  t o  provide s u f f i c i e n t  r e l i a b l e  vo ice  up-data and commands from 
the  Control  Center  t o  the  spacec ra f t  i n  r e a l  time. 

I n  t h e  Apollo program, the  increased complexity of t h e  missions and t h e  
number of v e h i c l e s  t o  be supported have d i c t a t e d  the  requirement f o r  v e s t i n g  
complete r e s p o n s i b i l i t y  f o r  r ea l - t ime  mission c o n t r o l  d i r e c t l y  i n  a c e n t r a l l y  
loca ted  f a c i l i t y .  
s i t e s  must have s u f f i c i e n t  communications wi th  t h e  c e n t r a l  faci1it :y i n  terms o f  
both r e l i a b i l i t y  and capac i ty  t o  provide f l i g h t  c o n t r o l  func t ions  throiigh remote 
ope ra t ion  froin the  c e n t r a l  l oca t ion .  

To achieve the  requi red  c e n t r a l i z e d  c o n t r o l  , t h e  remote 
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The FY 1!)67 budget r e f l e c t s  t h e  c o s t  of  providing t h e  q u a l i t y  and volume 
of  c ~ m m u n i ~ i a t i i ~ n s  s e r v i c e  necessary t o  meet t h e  requirements of the Apollo 
program. 
s e r v i c e s  provided by communications s a t e l l i t e s  as w e l l  as through conventional 
c i r c u i t s .  
t r a c k i n g  s t a t i o n s :  Carnarvon, A u s t r a l i a ;  Canary I s l a n d ;  Ascension; and the  
t h r e e  Apollo i n s e r t i o n / i n j e c t i o n  s h i p s .  F i s c a l  year  1967 a l s o  r e f l e c t s  the 
c o s t  of l e a s i n g  t h e  approximately seventy vo ice /da ta  c i r c u i t s  , twenty-four 
t e l e t y p e  c i r c u i t s ,  and two wideband channels r equ i r ed  f o r  Apollo. 

Connnunications requirements w i l l  be m e t  through t h e  l e a s i n g  of 

Conmunications service v i a  s a t e l l i t e  w i l l  be provide,d t o  s i x  

Data Processing Operations 

Information. received i n  t h e  form of t r a c k i n g  and te lemetry f:com s a t e l l i t e s  
and space probes must be processed i n t o  a form t h a t  i s  u s e f u l  t o  botn those 
performing the  r e a l - t i m e  c o n t r o l  of t he  space v e h i c l e  and those r e s p m s i b l e  
f o r  analyzing t h e  s c i e n t i f i c  d a t a  acquired by t h e  s p a c e c r a f t .  

Tracking d a t a  are processed t o  provide o r b i t a l  elements which a r e  used t o  
supply s t a t i o n s  with p r e d i c t i o n s  on f u t u r e  passes  of  t h e  s p a c e c r a f t  and t o  
provide p o s i t i o n  information t h a t  can be used by t h e  s c i e n t i f i c  experimenters 
to determine where i n  t h e  t r a j e c t o r y  t h e  s c i e n t i f i c  measurements w e r l ?  made. 

Telemetry d a t a  must be processed t o  s e p a r a t e  t h e  information from t h e  
v a r i o u s  s c i e n t i f i c  experiments aboard t h e  s p a c e c r a f t ,  t o  conso l ida t e  
information from each experiment, t o  apply t h e  necessary s c a l i n g  f a c t o r s  and 
c a l i b r a t i o n s  of t h e  measuring instruments ,  and t o  c o r r e l a t e  t hese  meiisurernents 
with t h e  p o s i t i o n  d a t a  mentioned above. Processed d a t a  presented t o  the  
experimenters a r e  t h e  primary o b j e c t i v e  of t he  s p a c e c r a f t  missicns which 
a r e  undertaken t o  explore and understand space.  

The increasled number of s p a c e c r a f t  t o  be supported i n  FY 1967, i n  
conjunct ion with the  g r e a t e r  number of experiments c a r r i e d  pe r  s a t e l l i t e ,  
p a r t i c u l a r l y  i n  t h e  observatory s a t e l l i t e s  , w i l l  r e s u l t  i n  a l a r g e  i r c r e a s e  
i n  t h e  te lemetry d a t a  processing workload. Funds a l s o  w i l l  be r equ i r ed  i n  
FY 1967 to handle t h e  p ro jec t ed  inc reases  i n  computer programming anc 
o r b i t a l  computations a s soc ia t ed  wi th  such complex upcoming p r o j e c t s  i.s t he  
Orb i t ing  Astronomical Observatory. 

Equipment 

1967 . 1965 1966 - 
Manned space f l i g h t  network.. ... $98,348,000 $50,300,000 $26,500,000 
S a t  e l  1 i. t e network ............... 17,995,000 15,800,000 14,500,000 
Deep space network.. . . . . . . . . . . . .  15,168,000 9,900,000 10,500,000 
Other i.nsti:umentation.. ......... 4,300,000 4,065,000 4,500,000 
C0mmuni.c a t  ions .................. 4,755,000 5,100,000 7,500,000 
Data processing. .  ............... 3,916,000 2,500,000 - 3,000 ,000, 

T o t a l . . . , .  .................... $144,482,000 $87,665,000 $66,500,000. .- 
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Manned Space F l i g h t  Network Equipment 

The Manned Space F l i g h t  Network is  now support ing t h e  Gemini Program i n  
t h e  a reas  of t r ack ing ,  t e l eme t ry ,  command, and communications. Procurement 
and manufacture of equipment needed t o  m e e t  t h e  g r e a t l y  increased relquirementx 
f o r  support  of t he  Apollo Saturn I B  and Sa tu rn  V programs were i n i t i a t e d  i n  
FY 1964 and continued i n  FY 1965 and 1966. 
t o  inco rpora t e  a d d i t i o n a l  c a p a b i l i t i e s  i n  the  network f o r  support  of t he  
Apollo luna r  missions and t o  meet c o s t s  of  i n s t a l l i n g  equipment a t  t h e  
s t a t i o n s  and i n t e g r a t i n g  hardware and f a c i l i t i e s  as a compatible,  u n i f i e d  
network. 

Funds are r equ i r ed  i n  FY 1967 

The augmentation of t h e  network f o r  Apollo w i l l  provide t h e  grountl 
instrumentat ion suppor t  necessary t o  f u l f i l l  t h e  p r e s e n t l y  defined Apollo 
program requirements; however, s p e c i f i c  mission d e f i n i t i o n  and a s soc ta t ed  
t r ack ing  and d a t a  a c q u i s i t i o n  requirements d e f i n i t i o n  are cont inuing e f f o r t s ,  

During t h e  past  year ,  t h e  A i r  Force nego t i a t ed  and awarded t h e  c o n t r a c t  
for modif icat ion and equipping of t h e  e i g h t  Apollo/Range Instrumentat ion 
A i r c r a f t .  'Chese a i r c r a f t ,  i n i t i a l l y  au tho r i zed  i n  FY 1965, w i l l  provide 
vo ice  coxmunic4stions with t h e  a s t r o n a u t s  and t e l eme t ry  coverage during 
i n j e c t i o n  of t h e  Apollo s p a c e c r a f t  i n t o  t h e  t r a n s l u n a r  t r a j e c t o r y  and during 
t h e  r e e n t r y  i n t o  t h e  e a r t h ' s  atmosphere. The nego t i a t ed  va lue  cf t h e  
c o n t r a c t  i s  s u b s t a n t i a l l y  g r e a t e r  than f o r e c a s t .  The FY 1967 budget includes 
funds t o  cover t h e  addi t iona ' l  c o s t s  of t h i s  c o n t r a c t .  

Fiscal1 year  1967 funds are a l s o  r equ i r ed  f o r  a d d i t i o n s  t o  t h e  memclry 
capac i ty  of Ithe o n - s i t e  d a t a  processing equipment. A review of  f l i g h t  c o n t r o l ,  
command, and d i s p l a y  requirements has  ind ica t ed  t h a t  t h e  memory capac i ty  must 
be expanded by 50 pe r  cen t  t o  cover t h e  rendezvous, l u n a r  l and ing ,  ar.d Earth 
r e t u r n  phases of t h e  l u n a r  missions.  Equipment and mod i f i ca t ions  t o  provide 
t h e  necessary augmentation of memory capac i ty  w i l l  be incorporated a t  13 
land stat:ion:; f o r  Apollo support .  

Equipment: must be added t o  t h e  e x i s t i n g  network c o n t r o l  c e n t e r s  tcs enable 
o p e r a t i o n a l  c o n t r o l  of t h e  network during non-mission pe r iods  and siniulations , 
and t o  provide t h e  c a p a b i l i t y  t o  assess network performance during mission 
pe r iods .  Fundo r equ i r ed  i n  FY 1967 a r e  p r imar i ly  f o r  equipment t o  be i n s t a l l e d  
f o r  Apo1l.o support  i n  t h e  Manned Space F l i g h t  Network c o n t r o l  cent:er a t  t he  
Goddard Spacx: F l i g h t  Center.  

A review of  a i r f i e l d  c a p a b i l i t y  by t h e  A i r  Force has i n d i c a t e d  t h a t  
add i t ions  ant1 modif icat ions t o  c e r t a i n  e x i s t i n g  commercial a i r f i e l d s  w i l l  be 
required i n  support  of t h e  e i g h t  Apollo Range Instrumentat ion Aircraf t .  A 
d e t a i l e d  o n - s i t e  survey by t h e  A i r  Force i s  underway t o  determine the  ex ten t  
of modif icat ions r equ i r ed  a t  s e v e r a l  l o c a t i o n s .  F i s c a l  yea r  1967 funds w i l l  
be r equ i r ed  f o t  t h e s e  a d d i t i o n s  and mod i f i ca t ions .  
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During FY 1!367, f a c i l t i e s  w i l l  be completed and equipment w i l l  be 
i n s t a l l e d  i r r  nea r ly  a l l  of t he  network s t a t i o n s .  
from t h i s  e f f o r t  a r e  those  f o r  systems engineer ing;  f o r  t h e  shipment of equip-  
ment t o  t:he network s t a t i o n s ;  f o r  t he  p rov i s ion  of network d e s c r i p t i v e  
documentation, s p e c i f i c a t i o n s ,  and manuals; f o r  t h e  p rov i s ion  of s tandard  
t e s t  equi.pment; and f o r  t he  establ ishment  of spa re  p a r t s  i n v e n t o r i e s  needed 
t o  preclude I.orig per iods  of s t a t i o n  downtime during mission per iods .  

Costs a r i s i n g  d i r e c t l y  

S a t e l l i t e  Network Equipment 

During the past s eve ra l  yea r s ,  t he  primary o b j e c t i v e  of t he  S a t e l l i t e  
Network equiFment program has been t o  achieve a genera l  purpose c a p a b i l i t y  
which w i l l  meet t h e  more complex support  requirements of t h e  advanced 
s c i e n t i f i c  and a p p l i c a t i o n s  s a t e l l i t e s ,  and a t  t he  same time accommodate the  
inc reas ing  workload on t h e  network. The FY 1967 program rep resen t s  a 
con t inua t ion  of equipment augmentations and modi f ica t ions  which were i n i t i a t e d  
i n  p r i o r  years  t o  meet t h i s  ob jec t ive .  It a l s o  inc ludes  funds fcir improvements, 
replacements,  and r ecu r r ing  support  items requi red  t o  maintain tl-e genera l  
purpose c a p a b i l i t y .  

F i s c a l  year  1967 funds a r e  requi red  t o  complete modi f ica t ions  of t he  Range 
and Range Rate t r ack ing  systems a t  four  ope ra t iona l  s i t e s .  I n i t i a t e d  i n  
FY 1966, t hese  modi f ica t ions  involve a frequency change and improvements t o  
i nco rpora t e  gre ,a te r  systems performance ga in .  

For s e v e r a l  :years, a long range program has been under way t o  augment the  
network wi th  high performance te lemet ry  and command l i n k s  t o  m e e t  t he  
expanding wo~:ltload. I n  FY 1967 , a d d i t i o n a l  r e c e i v e r s ,  phase demodulators , 
and record ing  equipment w i l l  be procured t o  provide t h e  number of te lemetry 
l i n k s  needed ;for t he  p ro jec t ed  workload. Ex i s t ing  te lemet ry  l i n k s  w i l l  be 
improved by repl.acing mechanical p o l a r i z a t i o n  switches wi th  more r e l i a b l e  
s o l i d - s t a t e  c:omponents. Telemetry equipment a l s o  w i l l  be procured f o r  t he  
new 40-foolt antenna f a c i l i t y  i n  Alaska. 

Command l i n k s  procured with p r i o r  years  funds have been used ex tens ive ly ,  
and c e r t a i n  def i .c ienc ies  have been i d e n t i f i e d  which n e c e s s i t a t e  c o r r e c t i v e  
a c t i o n  t o  mini.mi.ze ope ra t iona l  complicat ions and t o  prevent excess ive  nain- 
tenance. 1nclud.ed i n  the  FY 1967 program a r e  the  replacement of tube t r a n s -  
m i t t e r s  wi th  s o l i d - s t a t e  t r a n s m i t t e r s ,  replacement of the  rim-mounted 
command antennas on the  40-foot and 85-foot  d i shes  wi th  smal le r  and more 
r e l i a b l e  antennas , and the  replacement of e x i s t i n g  command encoders a t  
s e l e c t e d  s t a t i o n s  wi th  a more f l e x i b l e  programmable encoder. 

I n  FY 1967, new consoles  w i l l  be provided a t  s e l e c t e d  s t a t i o n s  t o  
c e n t r a l i z e  the  switching of subsystems such a s  r e c e i v e r s ,  d a t a  hartdlinl; equip-  
ment, t ape  r eco rde r s ,  command gene ra to r s ,  and t r a n s m i t t e r s .  Centz’a1izt.d 
c o n t r o l  is  necessary t o  minimize s t a t i o n  turn-around time between passes  and 
t o  allow the most e f f i c i e n t  use of the  expanding c a p a b i l i t y  of network 
s t a t i o n s .  
conf igu ra t ion  of subsystems necessary t o  support  a given mission a.nd t o  
monitor remotely the  ope ra t iona l  performance of t hese  subsystems. 

This equipment w i l l  permit t he  s t a t i o n  c o n t r o l l e r  t o  s e l e c t  t he  

RD 20-8 



Cer ta in  p r o j e c t s  t o  be supported by t h e  S a t e l l i t e  Network have s p e c i a l i z e d  
requirements which cannot be f u l f i l l e d  by t h e  gene ra l  purpose network equip- 
ment. 
Alaska and Rosman f o r  Nimbus B support  and f o r  mod i f i ca t ions  t o  t h e  wideband 
telecommunications system. 
Applicat ions Technology S a t e l l i t e  ground support  equipment procured i n  
FY 1965 and 1966. 

F i s c a l  year  1967 funds are  r equ i r ed  f o r  equipment supplements a t  

Funds a r e  a l s o  needed f o r  i n t e g r a t i o n  of  t i e  

The S a t e l l i t e  Network c o n t r o l  c e n t e r  a t  the Goddard Space F l i g h t  Ce.i ter 
must be adapted t o  m e e t  t he  requirements of  f l i g h t  p r o j e c t s .  I n  FJ! 19'57, 
equipment a d d i t i o n s  w i l l  be necessary t o  support  t h e  Nimbus B mission *and 
minor equipment modif icat ions w i l l  be r equ i r ed  f o r  follow-on missj.ons of t h e  
Orb i t ing  Geophysical Observatory, t h e  Orb i t ing  Astronomical Obsenrator:r, and 
the  Explorer s e r i e s .  

To maintain t h e  c a p a b i l i t y  of  t h e  network, a cont inuing t e s t ,  c : a l ib ra t ion ,  
and checkout program i s  r equ i r ed .  FY 1967 funds w i l l  be used f o r  r e p l x e m e n t  
of  t he  l a r g e  d i sh  o p t i c a l  c a l i b r a t i o n  system wi th  a more r e l i a b l e  and l ieavier 
duty u n i t .  Addi t ional  q u a l i t y  assurance equipment w i l l  be procured fo-: t e s t -  
i n g  of ground systems under simulated ope ra t ing  cond i t ions .  
equipment with a near-real- t ime c a p a b i l i t y  f o r  analyzing antenna g1atte;:n 
measurement d a t a  a l s o  w i l l  be procured. A t  t he  p re sen t  t ime, t h e  anteiina 
measurement d a t a  a r e  r e tu rned  t o  Goddard f o r  a n a l y s i s  r e s u l t i n g  i n  sub : ; t an t i a l  
delays i n  determining antenna anomalies. 

F i e l d  cal : .brat ion 

Funds a r e  required on a r e c u r r i n g  b a s i s  f o r  t h e  r e p a i r  and modifica1:ion of 
f a c i l i t i e s  t o  s u s t a i n  c u r r e n t  ope ra t ions  and t o  improve network perforriance 
and r e l i a b i l i t y .  I n  FY 1967, mod i f i ca t ion  of some s t a t i o n  f a c i l i t i e s  w i l l  
be necessary to house equipment a d d i t i o n s .  Also r equ i r ed  a r e  funds f o r  
cab l ing ,  augmentation of s t a t i o n  power systems, mod i f i ca t ion  of a i r -cor tdi t ion-  
i n g  systems, and f a c i l i t y  r e p a i r s  a t  t he  s t a t i o n s .  Funds f o r  procuremcmt of 
spa res  and repla~cement p a r t s  a l s o  are included i n  t h e  FY 1967 r e q u e s t .  

Deep Space Network Equipment 

The FY 1196.7 Deep Space Network equipment program w i l l  be d i r e c t e d  toward 
a s su r ing  t h e  c a p a b i l i t y  of t h e  network t o  m e e t  t h e  pe r iod  of peak loadj.ng 
which i s  scheduled t o  occur i n  calendar  yea r  1967. In  a d d i t i o n ,  a prog,ram 
of r equ i r ed  engineering changes , modi f i ca t ions  , equipment replacement , and 
spa res  provis ioning w i l l  be conducted t o  a s s u r e  t h e  r equ i r ed  l e v e l  of r,et:- 
work performaxice and system r e l i a b i l i t y .  

The major i1:ern of t h e  Deep Space Network equipment c o s t  i n  FY 1967 h i i l l  

be f o r  stat:ion monitoring and c o n t r o l  equipment. The purpose of t h i s  grogram 
i s  t o  implemenl: i i  s i n g l e  s tandardized s e t  of equipment a t  each s i t e  which 
w i l l  s e rve  t h e  needs of m u l t i p l e  f l i g h t  programs. FY 1967 funds a r e  r equ i r ed  
f o r  modific:atj.cn of con t ro l  and monitoring consoles t o  handle d i g i t a l  formats,  
and f o r  procurement of  communications b u f f e r s  and l i n e  p r i n t e r s  f o r  a l l  s i t e s .  
These modifiications , along with p r i o r  yea r  equipment purchases , w i l l  provide 
a c a p a b i l i t y  ~ O K  continuous,  semi-automatic monitoring of equipment performance 
a t  each s t a t i o n .  It a l s o  w i l l  provide real-time d a t a  on t h e  operat ion21 s t a tus '  
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of each s t a t i o n  t o  t h e  Space F l i g h t  Operations F a c i l i t y  so t h a t  the necessary 
dec i s ions  can be made and c o r r e c t i v e  a c t i o n  i n i t i a t e d  when required.  

Low speed e l e c t r i c  motors t o  d r i v e  the  85-foot antennas au tomat i ca l ly  a t  
a s i d e r e a l  r a t e  w i l l  be procured i n  FY 1967 f o r  t h e  o p e r a t i o n a l  antennas. 
This d r i v e  i.s r equ i r ed  f o r  long per iods of  s p a c e c r a f t  coverage a t  planetary 
d i s t a n c e s  when t h e  r o t a t i o n  of t h e  Earth i n  r e l a t i o n  t o  t h e  s p a c e c r a f t  i s  
extremely s l o w .  

The Deep Space Network s tandard conf igu ra t ion  inc ludes  a 10 k i lowa t t  
t r a n s m i t t e r  at  each o p e r a t i o n a l  s i t e .  The only high power t r ans rn i t t e r  i n  the  
network i.s I.ocated a t  t h e  Goldstone Venus research and development s t a t i o n .  
During t h e  l a t e r  months of t h e  Mariner f l i g h t  t o  Mars, t h i s  t r a n s m i t t e r  
insured EL rel . iable up-l ink between t h e  ground and t h e  s p a c e c r a f t .  It i s  
planned to i nco rpora t e  a high power t r a n s m i t t e r  c a p a b i l i t y  a t  t h e  21C -foot 
antenna faci.:.it:y a t  Goldstone. This r e q u i r e s  an augmented power supFly 
which w i l l  be procured wi th  FY 1967 funds.  

Support o:f both manned and unmanned f l i g h t s  by t h e  Deep Space Network 
r e q u i r e s  r e c e i v e r  compa t ib i l i t y  w i th  t h e  Manned Space F l i g h t  Network. 
Improvements and modif icat ions which have been made i n  t h e  r e c e i v e r  systems 
f o r  manned fi:Light support  must: be incorporated i n t o  t h e  Deep Space NE twork. 
These modif icat ions w i l l  l e s s e n  t h e  t i m e  r equ i r ed  f o r  checkout,  sign; 1 
acqu i s i t i on : ,  and frequency changeover and w i l l  provide f o r  a wider tuning 
range. 

The FU 1967 program includes funds f o r  gene ra l  purpose support  which i s  
r equ i r ed  t o  :sustain c u r r e n t  ope ra t ions  and t o  improve network performance 
and r e l i a b i l f i t y .  Included a r e  such items as g e n e r a t o r s ,  power system 
modificat:ion:; , microwave mod i f i ca t ions ,  c a l i b r a t i o n  and tes t  equipmer.t, 
i n t e r f a c e  and i n t e g r a t i o n  equipment, i n t r a s i t e  communications, and cab l ing .  

Fiscal. year  1967 funds are r equ i r ed  t o  cont inue mod i f i ca t ions  of  t h e  Space 
F l i g h t  Operations F a c i l i t y  f o r  m u l t i p l e  mission support .  This Contrcll Center 
a l so  w i l l  be provided with a c a p a b i l i t y  f o r  p a r t i c i p a t i o n  as an integ;ral  net- .  
work element during mission s imulat ions.  Through such p a r t i c i p a t i o n ,  t h e  
SFOF can deliennine network r ead iness  f o r  mission support  and a s s e s s  t.he level. 
of perfoirmance t o  be expected. 
f o r  t r a i n i n g  o.E personnel a t  s t a t i o n s  and t h e  SFOF, thus improving tk.e 
r e l i a b i l i t y  of t h e  e n t i r e  network. 

I n  a d d i t i o n ,  a c a p a b i l i t y  w i l l  be provided 

Other Instrumentat ion Equipment 

A wide v a r i e t y  of f i x e d  arid mobile equipment i s  used t o  provide i1istrument:a- 
t i o n  support  a t  Wallops S t a t i o n  and p o i n t s  o f f  t he  main s t a t i o n ,  and a t  t he  
F l i g h t  Research Center.  This equipment i s  under a continuous preven1:ive 
maintenance program t o  a s su re  t h e  necessary r e l i a b i l i t y  f o r  mission :;upport. 
I n  a d d i t i o n ,  an improvement program i s  undertaken whereby ind iv idua l  sub- 
assemblies or components of major systems a r e  modified o r  replaced t o  improve 
t h e  range, ,speed, accuracy , and f l e x i b i l i t y  of t h e  systems. Thc, reqiiirement 
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f o r  t hese  improvements i s  generated by t h e  l a r g e  number and types of rocke t s  
i n  t h e  cu r ren t  and planned f l i g h t  schedules of  Wallops S t a t i o n  and by the 
high performar.ce c h a r a c t e r i s t i c s  of t he  f l i g h t  p r o j e c t s  supported by t h e  
F l i g h t  Research Center.  

During FY 1967, t h e  F l i g h t  Research Center w i l l  continue t o  update the 
te lemetry systems of t h e  Aerodynamic Test  Range. Equipment which was 
purchased f o r  t h e  Edwards s i t e  i n  FY 1966 w i l l  be i n s t a l l e d  and made 
o p e r a t i o n a l .  S imi l a r  equipment w i l l  be procured and i n s t a l l e d  a t  t h e  Ely 
s t a t i o n .  Display systems w i l l  be updated t o  meet program requirements.  The 
r ada r  a t  t,he Edwards s i t e  w i l l  be o u t f i t t e d  with a s o l i d - s t a t e  p r e c i s i o n  da ta  
system i n  o rde r  t o  decrease maintenance t i m e .  

A t  Wallops S t a t i o n ,  funds w i l l  be r equ i r ed  i n  FY 1967 t o  update t h e  
te lemetry ,system on the 60-foot antenna, t o  modify s u r p l u s  Department of 
Defense r ada r s  t o  meet NASA's requirements,  and t o  modify and integratc? 
range c o n t r o l  systems. Funds a r e  a l s o  included f o r  t h e  procurement o f  non- 
recoverable  hardware required in  support  of t h e  va r ious  missions.  

Communications Equipment 

Funds f o r  I?Y 1967 r e f l e c t  t he  con t inua t ion  of a planned program t o  x s t a l l  
switching equipment a t  major cornmunication f o c a l  po in t s .  With the buil  dup of 
t h e  Madrid complex, a s o l i d - s t a t e  switch w i l l  be i n s t a l l e d  t o  maximize 
c i r c u i t  sharin,z ,and t o  handle t h e  high speed d a t a  t ransmissions requirt!d by 
Apollo. A s o l i d - s t a t e  switch w i l l  a l s o  be i n s t a l l e d  a t  t h e  Je t  Propulsion 
Laboratory (JI?:;) t o  handle t h e  h igh  speed d a t a  from t h e  Deep Space Nebfork,  
and t o  interconnect  c i r c u i t s  with Goddard Space F l i g h t  Center ,  

Funds w i l l  a l s o  be required i n  FY 1967 t o  provide a l i n e  concen t r a t ion  
switch a t  Guam i n  support  of Apollo and f o r  major modif icat ion of t h e  :,witch- 
ing c a p a b i l i t y  ai: Goddard t o  accommodate t h e  i n c r e a s i n g  flow of communi c a t i o n s .  
Expansions of t h e  switching u n i t s  a t  London, Canberra, and H a w a i i  w i l l  be 
required t o  ha1idj.e t he  high speed d a t a  t ransmissions a s s o c i a t e d  wi th  Ago110 . 

Other modii;.cations planned i n  FY 1967 include an upgrading of t h e  Coddard 
and JPL t e l e t y p e  and voice systems. Recurring equipment i t e m s  which a r e  
necessary t o  niaintain and update e x i s t i n g  systems w i l l  a l s o  be r equ i r ec .  
These include s i g n a l  gene ra to r s ,  modulating and demodulating dev ices ,  high 
frequency radicj d a t a  modems, d a t a  q u a l i t y  monitors ,  d a t a  d e t e c t i o n  and e r r o r  
c o r r e c t i o n  equipment, and d i s t o r t i o n  measuring u n i t s .  

Data Processing Equipment 

The o p e r a t i o n a l  d a t a  processing equipment w i l l  continuously r e q u i r e  minor 
redesign,  mod i f i ca t ion ,  and improvement as wel l  as normal maintenance and 
r e p a i r .  Although the  d a t a  processing l i n e s  are made as f l e x i b l e  a:; p o s s i b l e ,  
modif icat ions must  be made t o  t h e  l i n e s  t o  s a t i s f y  requirements of new programs 
as t h e  l i f e t i m e s  and d a t a  t ransmissions of o l d e r  s a t e l l i t e s  t e rmina te .  Funds 
i n  FY 1967 , w i l l  continue t o  provide t h e  components f o r  t hese  modif1Lcatims and 
improvements . 
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I n  FY 1967, an add i t iona l  l i n e  of t h e  high capac i ty  Phase 11 S a t e l l i t e  
Telemetry Automatic Reduction System (STARS) is t o  be procured b:y the  
Goddard Space F l i g h t  Center. 
requirements of t h e  Nimbus B and t h e  Appl ica t ions  Technology Sa t r e l l i t e ,  and 
t o  se rve  as backup t o  o t h e r  l i n e s  which w i l l  be loaded t o  capac i ty  by such 
high d a t a  r a t e  s a t e l l i t e s  as t h e  Orb i t ing  Geophysical Observatory (OGO), Polar  
Orb i t ing  Geophysical Observatory (POGO), t he  Orb i t ing  Astronomical Observatory 
(OAO), and the  I n t e r p l a n e t a r y  Monitoring Platform (IMP). 

This  l i n e  is needed t o  meet t he  d a t a  processing 

Addit ional  te lemet ry  reduct ion  and processing equipment i s  needed t o  provide 
f l e x i b l e , ,  h igh  speed reduct ion  of d a t a  f o r  quick-look a n a l y s i s  by experimenters .  
This i s  of  i i icreasing importance as spacec ra f t  become more complex and have the  
c a p a b i l i t y  o f  opera t ing  i n  va r ious  modes. This r e q u i r e s  t h a t  dec i s i cns  be made 
i n  monitoring experiments and i n  t h e  d a t a  r a t e s  t o  be used. A f l e x i b l e ,  h igh  
speed reduct ion  c a p a b i l i t y  provides ,  i n  r ap id  f a sh ion ,  t h e  information necessary 
t o  make these  dec i s ions .  

Test  equipment, spa res ,  and replacements a r e  needed t o  maintain t t e  va r ious  
d a t a  processing l i n e s .  
l e v e l s  t o  in su re  maximum d a t a  usage and ope ra t ing  e f f i c i e n c y .  

A l l  equipment must be maintained a t  peak opera t ing  

Supporting Research and Technology 

New s y s t e m . .  ................... 
In t eg ra t ed  systems a n a l y s i s ,  

development, and t e s t . . . . . . . . .  
Antenna subsystems .............. 
Receiver and t r a n s m i t t e r  

subsystems .................... 
Data handl ing and con t ro l . . . . . . .  
Data processing and reduct ion . .  . 
Spacecraf t  subsystems ........... 

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

1965 

$1,580,000 

3,025,000 
2,511,000 

2,674,000 
1,729,000 

780,000 
1,201,000 

$13,500,000 

1966 

$1,160,000 

2,690,000 
2 , 150,000 

2,700,000 
2,400,000 

1,480,000 
1,220,000 

$13,800,000 

- 1967 _. 

$500,000 

I1 , 500,000 
1. ,600,000 

:! ,300,000 
:! ,100,000 
:! ,100 ,000 - I., 700 ,OOCL 

,800,000 - 
Supporting Research and Technology (SR&T) i s  the  a c t i v i t y  whereby technology 

of advanced systems, components and techniques is  developed which arc? then 
used t o  implement the  va r ious  networks t o  meet t h e  requirements of new flight: 
p r o j e c t s ,  both manned and unmanned. 
developed a s  wel l  a s  new equipment f o r  ground ins t rumenta t ion  supporr:. Opera- 
t i o n  of development s i t e s  is conducted so  t h a t  t h e  performance and r i ? l i a b i l i t y  
c h a r a c t e r i s t i c s  of new components and subsystems a r e  proven before  the  equip-. 
ment i s  committed t o  t h e  network. 
i s  a l s o  d i r e c t e d  a t  reduct ion  of r i s i n g  ope ra t ions  c o s t s  by inv t?s t ig ,a t ing  
techniques which lead  toward eventua l  s t a t i o n  automation. 

Complementary spacec ra f t  subsys1:ems a r e  

Supporting Research and Techriology e f f o r t  
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With t h e  t rend toward complex, long-duration f l i g h t  p r o j e c t s ,  t h e  FY 1967 
SR&T program w i l l  p l ace  g r e a t e r  emphasis on improvements f o r  i nc reas ing  t h e  
r e l i a b i l i t y  anld l i f e t i m e  of  e x i s t i n g  systems and f o r  determining tect niques 
f o r  e f f i c i e n t  u t i l i z a t i o n  of t h e s e  systems t o  meet upcoming requi remmts .  
The SR&T pro,gram i s  organized i n t o  seven func t iona l  areas of e f f o r t  which 
a r e  descr ibed below. 

New Systems 

E f f o r t  w i l l  begin i n  FY 1967 on a i r c r a f t - b a s e d  o p t i c a l  and infraresd t r a c k -  
i n g  instrument<ation systems which w i l l  be r equ i r ed  i n  support  of f u t t r e  NASA 
f l i g h t  research programs, p a r t i c u l a r l y  atmospheric r een t ry  p r o j e c t s .  F i e l d  
t e s t  and eva lua t ion  of  t h e  Airborne Range and Orb i t  Determination (&,OD) 
system and t h e  S-band in t e r f e romete r  w i l l  be concluded with FY 1966 funding. 

I n t e g r a t e d  Systems Analysis ,  Development, and Tes t  

With network ope ra t ions  becoming a major expense, t h e  e f f e c t i v e n e s s  of  
p re sen t  and planned ope ra t iona l  techniques must be c l o s e l y  examined 2nd 
evaluated.  'chis program w i l l  use  t h e  method t h a t  has  proved e f f e c t i k e  f o r  
equipping t h e  networks, t h a t  i s ,  using experimental  s i t e s  t o  ensure I apid 
t r a n s i t i o n  f i roro concept t o  l abora to ry  model t o  f i e l d  implementation. Areas 
t o  be i n v e s t i g a t e d  i n  FY 1967 include t r a i n i n g ,  s imula t ion ,  and means of 
a s su r ing  r e l i a b l e  support  during c r i t i c a l  phases of a mission such as t h e  
Mars encounter.  

Antenna Subsystems 

A s  workload and mission complexity cont inue t o  i n c r e a s e ,  t h e r e  i s  a 
correspondingly g r e a t e r  dependence upon antenna system r e l i a b i l i t y  s i n c e  a 
backup c a p a b i l i t y  does not  ex is t  a t  most s t a t i o n s .  Consequently, antenna 
subsystem design f o r  servo d r i v e s ,  antenna s t r u c t u r e s ,  and wideband f eeds ,  
must i nco rpora t e  t h e  l a t e s t  improvements i n  t h e  s t a t e - o f  - t h e - a r t  . I r  
r ecen t  y e a r s ,  numerous mathematical t o o l s  have been developed which Ere 
va luab le  i n  i1e:jigning antenna subsystems. 
d e t a i l e d  mathematical models of  t h e  c r i t i c a l  p a r t s  of t h e  system, the 210- 
foo t  Advanced Antenna System ( U S )  a t  Goldstone, C a l i f o r n i a ,  w a s  s u c c e s s f u l l y  
b u i l t  t o  perEoicmance s p e c i f i c a t i o n s  w i t h i n  t h e  o r i g i n a l  budget and schedule 
e s t ima tes .  Ln FY 1967, a c t u a l  ope ra t iona l  t e s t s  of t h e  AAS w i l l  b e  Employed 
t o  eva lua te  and r e f i n e  the  mathematical elements which were used i n  i t s  
design . 

Because of t h e  ex i s t ence  c f  

Receiver and Transmi t t e r  Subsystems 

I n  FY 1967, t h e  r e c e i v e r  e f f o r t  w i l l  c o n s i s t  p r imar i ly  of development of  
a broader d a t a  bandwidth capac i ty  as w e l l  as automatic r a d i o  frequency 
c o n t r o l  f o r  p re - t r ack ing  c a l i b r a t i o n ,  s i g n a l  a c q u i s i t i o n ,  and a c t u a l  mission 
t racking. .  
necessary t o  accommodate t h e  support  requirements of long-durat ion mmned 
Earth o r b i t a l  missions.  

Inc reas ing  t h e  bandwidth of some of t h e  c u r r e n t  r e c e i v e r s  i s  

Automatic r a d i o  frequency c o n t r o l  i s  t h e  f i r  s t  of 
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a series O E  a l t e r n a t i v e s  being eva lua ted  t h a t  show promise of providing 
par t ia l  automation of  ground equipment f o r  some of t h e  c r i t i c a l  contro'l 
func t ions  . 

I n  the  a rea  of t r a n s m i t t e r  subsystems, e f f o r t  w i l l  cont inue on impr~ming 
the  r e l i a b i l i t y  of a 100 t o  400 k i lowa t t  power ampl i f i e r .  

Data Handling and Control  

Future  spacec ra f t  missions w i l l  be cha rac t e r i zed  by inc reas ing  complexity 
and long du ra t ion .  This  r e q u i r e s  t h a t  t h e  networks have increased  ope ra t iona l  
f l e x i b i l i t y  and improved system r e l i a b i l i t y .  Operat ional  f l e x i b i l i t y  is 
becoming p a r t i c u l a r l y  c r i t i c a l  i n  such a r e a s  as antenna r e d i r e c t i o n ,  frequency 
changing, and s h i f t i n g  t o  d i f f e r e n t  demodulation formats .  One of t h e  areas t o  
be inves t iga t ed  i n  FY 1967 w i l l  be t h e  use of computer-to-computer con t ro l  t o  
achieve g r e a t e r  f l e x i b i l i t y  wi th  e x i s t i n g  s t a t i o n  equipment. C r i t i c a l  para-  
meters  of s t a t i o n  s ta tus  which a r e  monitored during a c t u a l  missions w i l l  be 
analyzed, and prel iminary d e f i n i t i o n s  w i l l  be developed f o r  adapt ing c2mputers 
t o  t h e  variouE t a sks .  

Data Processing and Reduction 

E f f o r t  i n  t h i s  area i s  d i r e c t e d  toward more e f f i c i e n t  methods of process-  
i n g ,  reducing,  and d i sp lay ing  extremely l a r g e  volumes of s c i e n t i f i c  d a t a  
which a r e  ga thered ,  u sua l ly  i n  magnetic t ape  form, from t h e  many ( s a t e l l i t e s  
and spacecraf t :  i n  t h e  NASA programs. 

I n  FY 1967:, EL study w i l l  be i n i t i a t e d  t o  determine t o  what ex ten t  t he  
techniques devel.oped f o r  t h e  S a t e l l i t e  Telemetry Automatic Reduction System 
(STARS) can be appl ied  t o  m e e t  f u t u r e  r ea l - t ime  mission c o n t r o l  needs during 
f l i g h t .  The i n i t i a l  s t e p  w i l l  c o n s i s t  of processing s e l e c t e d  d a t a  imrrediately 
so  t h a t  a lini:.ted number of  c r i t i c a l  dec i s ions  can be made by t h e  experimenter 
i n  nea r - r ea l  -*time. 

Spacecraf t  Subsystems 

Spaceborne el lectronic  equipments a r e  c l o s e l y  mated i n  c a p a b i l i t i e s  wi th  
equipment used :€or t he  t r ack ing  and d a t a  a c q u i s i t i o n  networks. 
of component technology and technology f o r  applying information theor], i s  
making possib' le apprec iab le  inc reases  i n  o v e r a l l  support  c a p a b i l i t y  t t  rough 
improvements in spacec ra f t  subsystems. 

The acvancement 

I n  FY 1967, a s tandard  s o l i d - s t a t e  te lemet ry  t r a n s m i t t e r  ope ra t ing  a t  136 
megacycles w i l l  be developed which is  s u i t a b l e  f o r  use i n  a v a r i e t y  of small  
s p a c e c r a f t .  
r e l i a b l e ,  s o l i d - s t a t e  t r a n s m i t t e r s  w i l l  be developed which can be appl ied  t o  
a wide v a r i e t y  of NASA programs. 

13ver approximately a t h r e e  year  pe r iod ,  a family of  s t anda rd ,  

I n v e s t i g a t i o n  of on-board d a t a  handl ing techniques w i l l  cont inue.  In 
FY 1967, is stud:y w i l l  be made t o  d e f i n e  on-board d a t a  handl ing system:; using 
previous ly  developed l o g i c  modules and memory u n i t s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE 0% TECHNOLOGY UTILIZATION TECHNOLOGY UTILIZATIO!J PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The p r imary  o b j e c t i v e  of t h e  Technology U t i l i z a t i o n  program :is t o  provide 
f o r  t h e  widest. p r a c t i c a b l e  and appropr i a t e  disseminat ion t o  indus t ry  of 
information. concerning NASA a c t i v i t i e s  and r e s u l t s  which appear t o  have 
i n d u s t r i a l  a p p l i c a t i o n s  p o t e n t i a l .  The NASA program o f f e r s  U,S. i ndus t ry  
unique o p p o r t u n i t i e s  t o  improve e x i s t i n g  i n d u s t r i a l  techniques iand t o  develop 
new prod.ucta and methods. It is t h e  purpose of Technology Uti1:ization t o  
assist i n  i d e n t i f y i n g  qu ick ly  t h e s e  many o p p o r t u n i t i e s  and t o  i n s u r e  t h e i r  
expedi t ious disseminat ion f o r  t h e  b e n e f i t  of American i n d u s t r y ,  and u l t ima te ly  
t h e  indi.vid.ua1. U.S. c i t i z e n .  Technology U t i l i z a t i o n  a l s o  includes p r o j e c t s  
t o  s tudy arid eva lua te  those  f a c t o r s  which w i l l  improve ou r  understanding of 
t h e  imp1 icat:ions of t h e  space program. 

SUMMARY OF RESOURCES REQUIREMENTS : 

1967 ._ 1965 1966 - 
1dentific:;ition.. ................. $1,235,000 $1,220,000 $1,165,000 
Evaluation. ....................... 645,000 680,000 650,OClO 
D i s s  eminai: ion.  ................... 1,970,OOQ 2,000,000 2,085 ,OCiiO 
Analysis.. ........................ 900,000 850,000 - 900 ,oc:g 

........................... $4,750,000, 24,800.0C!0 Total .  $4,750.000 - .- 
Distribul: ion of Propram Amount by I n s t a l l a t i o n :  

1965 1966 , - 1967 .I 

NASA Headquarters..  ............. $4,750,000 $4,750,000 ~ 4 , 8 0 0 , O ~ ~ o  

BASIS OF FM3I REQUI-NTS: 

I d e n t i f i c a t i o n  

The :Ldentification e f f o r t  is c a r r i e d  ou t  by NASA personnel;  s p e c ] - a l i s t s  
from re sea rch  i n s t i t u t e s ,  u n i v e r s i t i e s  and indus t ry ;  and, by scient ; .s ts  and 
engineers  wor'lting f o r  NASA and NASA con t rac to r s .  
i d e a s ,  innovations,  processes and techniques which appear t o  have p o t e n t i a l  
f o r  non-aerospace a p p l i c a t i o n  and r e p o r t  them quickly t o  NASA Headqiiarters. 
These r e p o r t s  are now coming i n  a t  t h e  ra te  of 1,200 pe r  year  and w.,th t h e  
p re sen t  e m p h a s i s  on t h e  implementation of t h e  New Technology R e p o r t x g  Clause 

These personnel search fox 
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i n  NASA contract:; t h e  r a t e  of r e p o r t i n g  is expected t o  increase .  
i d e n t i f i c a t i o n  e.Efort also inc ludes  t h e  i d e n t i f i c a t i o n  of incremental  advances 
i n  technology, 
i d e n t i f y  t h e s e  incremental  advances i n  technology by reviewing broad a l e a s  of 
space research  and developing s t a t e - o f - t h e - a r t  summaries, c a l l e d  Technology 
Surveys. I h r i n g  FY 1965, c o n t r a c t s  f o r  1 2  surveys were negot ia ted .  Tt.is 
program w i l l  ?>e continued at about t h e  same l e v e l  dur ing  FY 1966 and Fl' 1967. 

The 

Research i n s t i t u t e s ,  u n i v e r s i t i e s  and p r i v a t e  companies 

Evalua t ion  

The t echn ica l  information r epor t ed  t o  Headquarters is forwarded t o  i t  group 
of Research I n s t i t u t e s  and eva lua ted  for novel ty ,  t e c h n i c a l  f e a s i b i l i t y  and 
re levance  t o  non-aerospace indus t ry .  
t h e  I l l i n o i s  I n s t i t u t e  of Technology Research I n s t i t u t e .  Innovations of mer i t  
are then  evaluated i n  d e t a i l  by t h a t  I n s t i t u t e  and one of f o u r  o t h e r  c o n t r a c t o r s :  
Arthur D. L i t t l e ,  B a t e l l e  Memorial I n s t i t u t e ,  Stanford Research I n s t i t i t t e ,  and 
Southwest Research I n s t i t u t e .  The product of t h i s  eva lua t ion  is a flow of 
new i tems,  processes  and techniques having non-aerospace p o t e n t i a l .  These 
processes  #are then made a v a i l a b l e  i n  one of s e v e r a l  pub l i ca t ions :  Tech B r i e f s ,  
Technology U t i l i z a t i o n  Notes, o r  Technology U t i l i z a t i o n  Handbooks. Tech 
B r i e f s  a r e  one t o  two page b u l l e t i n s  about innovat ions ,  publ ished i n  t h i s  
format i n  order  t h a t  t h e  new developments may reach t h e  p o t e n t i a l  u se r  as 
quickly as poss ib l e .  The Technology U t i l i z a t i o n  Reports ,  Notes ard Handbooks 
a r e  more comprehensive pub l i ca t ions  r e s u l t i n g  from in-depth evaluation!; by 
research  c o n t r a c t o r s  and p repa ra t ion  of more complete information on t h e  
s u b j e c t s  covered. Although t h e  c u r r e n t  emphasis on new technolog) r epor t ing  
i s  expected t o  inc rease  t h e  r a t e  of documents coming i n t o  the  system, the 
funding requested f o r  FY 1967 w i l l  permit con t inua t ion  of t h i s  evaluat..on 
e f f o r t  a t  about t h e  same l e v e l  as f o r  FY 1966 and FY 1965. 

A prel iminary review is  conducted by 

Dissemination 

Dissemination a c t i v i t i e s  a r e  focused on e x p l o i t i n g  t h e  normal c.hannels of 
c o m u n i c a t i o n  t h a t  are i n  ex i s t ence  o r  which can be developed. 
techniques of d i sseminat ion  a r e  employed. 
c o n s i s t i n g  of over 8,000 i n d u s t r i a l  companies and ind iv idua l s  who r ece ive  
information i n  some cases  on a l l  Technology U t i l i z a t i o n  pub l i ca t ions ,  *and i n  
o t h e r s  on ly  those  i n  t h e i r  t e c h n i c a l  a r e a s  of i n t e r e s t .  
d i sseminat ion  is  through experimental  r eg iona l  d i sseminat ion  c e n t e r s .  The 
f i r s t  experimental  r eg iona l  program was e s t a b l i s h e d  i n  January,  15162, with  
t h e  Midwest Research I n s t i t u t e  (MRI) at Kansas C i t y ,  Missouri .  MEU ha(3 
employed a broad,  genera l ized  approach i n  disseminat ing ideas  and inno-rations 
t o  over  1,000 i n d u s t r i a l  f i rms  i n  t h e  Midwest a r ea .  
w i l l  cont inue t h e  b a s i c  program and develop new programs f o r  work:Lng more 
c l o s e l y  wi th  the  Midwestern indus t ry  on a problem so lv ing  b a s i s ,  using 
computer suppcrt  from t h e  Aerospace Research Applicat ions Center (ARAC) a t  
Indiana Univers i ty .  This c e n t e r  was e s t a b l i s h e d  i n  January,  1 9 6 3 ,  It o f f e r s  
t h r e e  b a s i c  s e r v i c e s :  (1) I n d u s t r i a l  Appl ica t ions  Serv ice ,  a weekly d i s -  
semination t o  companies of t h e  Technology U t i l i z a t i o n  pub l i ca t ions  w i t 1  
follow-up a p p l i c a t i o n s  engineer ing s e r v i c e ,  (2) S e l e c t i v e  Dissemination Serv ice ,  

Two genera l  
The f i r s t  is by mail ing l ists  

The second f0 .m of 

During FY 1907, M I 1  
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a bi-weekly cornpriter read-out of t he  new add i t ions  t o  t h e  NASA magnetic tapes  
t o  provide companies wi th  c u r r e n t  announcements of items coming i n t o  t k e  
information system; and, (3) Retrospec t ive  Search Serv ice ,  which a r e  responses 
t o  s p e c i a l  t ec l in ica l  ques t ions ,  accomplished by computer search ing  of t h e  
e n t i r e  f i l e  of NASA documents (now t o t a l l i n g  approximately 200,000 i t e n s ) .  
During FY 11964 and FY 1965, s i x  Centers  i n  a d d i t i o n  t o  MRI and ARAC wer-e 
e s t ab l i shed .  ' f i e se  are a t  Wayne S t a t e  Univers i ty  (De t ro i t ) ;  t h e  Univers i ty  
of P i t t sburgh;  Univers i ty  of Maryland; Southeastern S t a t e  Col lege a t  Drirant , 
Oklahoma; t h e  IYorth Caro l ina  Science and Technology ReSearch Center ;  and t h e  
Univers i ty  of ]\Jew Mexico, These Centers  a r e  se rv ing  over 120 member 
companies wi th  more than  3,000 f i rms  r ece iv ing  some degree of s e r v i c e .  F i s c a l  
yea r  1967 fund; will be used t o  support  c u r r e n t  programs a t  t h e s e  Centers  
wi th  appropr i a t e  modi f ica t ions  and improvements; and a l s o  provide suppclrt f o r  
s e v e r a l  pillot p ro j ec t s  wi th  o t h e r  agencies .  I n  a d d i t i o n ,  two new expet imental  
d i sseminat ion  ceii ters are planned. 

Analysis 

I n  r ecogn i t ion  of t h e  much broader impact of NASA programs than simply 
t h a t  of a rnajor one i n  advancing sc i ence  and technology, support  is giiren t o  
a study program to  analyze t h e  impact of t h e  space program on t h e  r eg iona l  and 
l o c a l  economy, and on i n d u s t r i e s ,  p r i v a t e  i n s t i t u t i o n s  and d i f f e r e n t  t]?pcs of 
manpower. The p r i n c i p a l  a i m  he re  i s  t o  have r e sea rche r s  assist i n  chai*acterizj.nf 
NASA's  impact as it has a f f e c t e d  t h e i r  regions and t o  develop ana lyses  which 
l ead t o  consider .a t ion of improved p o l i c i e s  w i t h i n  t h e  c o n s t r a i n t s  of e x i s t i n g  
l e g i s l a t i o n .  Under one g r a n t ,  f o r  example, a s tudy is  being made of tLe 
d i s t r i b u t i o n  o f  subcont rac ts  under t h e  Gemini program, r eg iona l  d i f f  e r m c e s  
i n  t h e  d i s t r i b u t i o n  of NASA and t h e  o t h e r  Federal  expendi tures ,  t h e  rol e of 
Defense/Space programs i n  t h e  n a t i o n a l  economy, and t h e  supply and demand f o r  
s c i e n t i f i c  manpower. These and similar s t u d i e s  w i l l  be conducted during 
FY 1967 t o  enhance NASA's  understanding of t h e  impl ica t ions  of t h e  space 
program. 

A r ecogn i t ion  of t h e  need t o  s o l v e  c r i t i c a l  management problems and 
poss ib ly  t o  develop wholly new techniques f o r  managing such a l a r g e  and complex 
research  and development e n t e r p r i s e  as t h e  NASA l e d  t o  t h e  support  of s tudy  
a reas  t h a t  inclucde t h e  o rgan iza t ion  and management of l a r g e  R&D projecl:s,  t h e  
d i v e r s i f i e d  r o l e s  of t h e  research  d i r e c t o r ,  t h e  government - indus t ry  con t r ac t ing  
system, condi t ions  under which t h e  t r a n s f e r  of new technology t akes  p l x c  i n  
t h e  economy, and top  l e v e l  po l i cy  and decision-making i n  l a r g e  R&I) o r g m i z a -  
t i o n s .  During FY 1967 NASA w i l ' l  cont inue t o  support  a modest proeram of 
research  on such management problems, t h e  s o l u t i o n  of which w i l l  promo1:e 
increased  management e f f i c i e n c y  both w i t h i n  t h e  agency and w i t h i n  those  
i n d u s t r i e s  w i t h  'whom NASA has c o n t a c t s .  
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