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NA.TIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

GENERAL STATEMENT 

The prog;ran of research  and development and suppor t ing  a c t i v i t i e s  of t.he 
Nat ional  Aeronaiitics and Space Adminis t ra t ion is d i r e c t e d  t:oward maintaining 
the  United StiZtas 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 progrtmi elements designed t o  achieve t h i s  o b j e c t i v e  a r e :  

MANNEID :;]?ACE FLIGHT: Extended d u r a t i o n  and rendezvous f l i g h t s  i n .  
e a r t h  01:1>ii:~ and lunar  landing and r e tu rn .  
----- 

SPACE ----- SC'CENCE AND APPLICATIONS : A broad program of s c i e n t i f i c  
s tudy  of the  Ear th ,  Moon, Sun, p l a n e t s ,  stars and i n t e r p l a n e t a r y  
space ,  m d  the development of technology p e r t i n e n t  t o  appl ied 
uses such as meteorological  and communication s a t e l l i t e s .  

ADVANCE]) RESEARCH AND TECHNOLOGY: An e f f o r t  requi red  t o  provide 
the  1:echnological base f o r  t he  f u t u r e  aeronaut ics  and space 
programs. 

TRACK1NGJ.W DATA ACQUISITION: 
suppor t  of t he  ex tens ive  NASA space f l i g h t  program. 

A func t ion  p e r t i n e n t  t o  the 

MANNED SPACE ]?LIGHT 

A major part of the  amount requested f o r  FY 1966 w i l l  be appl ied t o  the  
manned space f l i g h t  program. The broad ob jec t ives  of t h i s  program wh:l.ch re- 
main unchipng1:d are: t o  i nc rease  and broaden our Capabi l i ty  t o  suppor t  men i n  
space and p r o v i d e  them with a space ope ra t ion ' s  c a p a b i l i t y  for scient:l.fic lend 
techno1og:ical purposes. Toward t h i s  end t h e r e  a r e  p r o j e c t s  Gemini and 
Apollo,  ais we11 as s t u d i e s  and suppor t ing  development needed f o r  advanced 
manned f l i g h t  missions.  
two men i n  space €or  per iods of up t o  two weeks; and w i l l  provide f o r  the 
deve lopmeint of spince naviga t ion ,  guidance, rendezvous and docking techniques.  
The ob jec t ives  of Apollo a r e  developing hardware, o p e r a t i o n a l ,  and support  
systems 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  a program of space 
exp lo ra t ion .  T h i s  program has as a s p e c i f i c  goal, i n  t h i s  decade, of achieving, 
manned f l i g h t  t o  the moon, lunar  landing,  l imi ted  lunar  e x p l o r a t i o n  and the  
s a f e  r e t u r n  o f  the men t o  Earth.  The advanced f l i g h t  mission a c t i v i t y  pro-  
v ides  information and suppor t ing  developments p e r t i n e n t  t o  the  ex tens  Lon of 
t he  cu r ren t  manned f l i g h t  programs. 

Gemini w i l l  f u r n i s h  information on the  opera1:ion of 

I n  F Y  1966 t :he Gemini program w i l l  move i n t o  i t s  long d u r a t i o n  mcnnned 
f l i g h t  ph,ase and the i n i t i a l  rendezvous f l i g h t  w i l l  be undertaken. TM.s 
a c t i v i t y  , w i l l  be of d i r e c t  s i g n i f i c a n c e  t o  Apollo. The Apollo program w i l l  
be involved i n  ex tens ive  ground test a c t i v i t y  i n  p repa ra t ion  f o r  the E i r s t  
f l i g h t  tests of t 'he  command and s e r v i c e  modules with the  Sa turn  XB laianch 
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v e h i c l e ,  whic'h w i l l  take p lace  i n  FY 1966, and i n  p repa ra t ions  for latcsr 
f l i g h t  tests o f  t he  Sa turn  V launch v e h i c l e .  I n  the  a r e a  of advanced El ight  
missions p a r t i c u l a r  a t t e n t i o n  w i l l  be g iven  t o  des ign  s t u d i e s  and advanced 
component development t o  extend the  usefu lness  of t he  Apollo s p a c e c r a f t  . 
SPACE SCIENCE-AND APPLICATIONS 

A s i g n i f i c a n t  p a r t  of the  budget requested f o r  FY 1966 w i l l  support  the 
space sc ience  and a p p l i c a t i o n s  program. The ob jec t ives  of the  sc i ence  p a r t  
of t he  program a r e  s c i e n t i f i c  s t u d i e s  of t he  Ear th ,  space about t he  Ea r th ,  the  
Moon, the p l ane t s  and i n t e r p l a n e t a r y  space.  This  program encompasses the  
fol lowing types of f l i g h t  p ro jec t s :  Geophysical sa te l l i t es ,  e a r t h  o r b i t i n g  
s o l a r  and astronomical  o b s e r v a t o r i e s ,  s o f t  landing lunar  probes,  lunar o r b i t -  
ing  s a t e l l i t e s ,  probes t o  the  p l ane t  Mars and probes i n t o  i n t e r p l a n e t a r y  
space .  The b ~ i o a a t e l l i t e  program, d i r e c t e d  toward the  s tudy  of t he  e f f e c t s  of 
space envirorlnierit on b i o l o g i c a l  systems,  w i l l  be continued. I n  the  a I e a  of 
a p p l i c a t i o n s ,  p r o j e c t s  TIROS and Nimbus cont inue t o  r e f l e c t  NASA suppcirt f u r  
the on-going ope ra t iona l  weather s a t e l l i t e  development f o r  t he  Weather Bureau; 
i n  a d d i t i o n ,  the program provides  f o r  t he  technology requi red  f o r  f u t u r e  
ope ra t iona l  systenrs. 
Applicat ions Technology S a t e l l i t e ,  which w i l l  provide information requi red  f o r  
t he  des ign  arid development of f u t u r e  canrmunications , meteoro logica l  artd 
s c i e n t i f i c  sate Llite systems. 

E f f o r t  w i l l  a l s o  continue i n  the  development of t he  

ADVANCED KESI,LCH AND TECHNOLOGY 

The ~€dVii .~C~~d re sea rch  and technology e f f o r t  c o n s t i t u t e s  a cont inuing 
o v e r a l l  progr,sm t o  support  the  c u r r e n t  ae ronau t i c s  and space programs and t o  
assure the  s c i e n t i f i c  and engineer ing  bases  f o r  undertaking f u t u r e  programs. 
The major po:ction of t h i s  work, which looks beyond the  p re sen t  p r o g r a m ,  is 
t o  develop new 'knowledge and technologi'cal advancements app l i cab le  t o  m i s s  ions 
of the  f u t u r e .  This program inc ludes  e f f o r t  i n  the f i e l d s  of spacec ra f t  and 
launch veh ic l e  technology, human factors, e l e c t r o n i c s ,  chemical and nuc lear  
propuls ion ,  ,space power sys rems and ae ronau t i c s  inc luding  supersonic  [trans - 
p o r t  research .  

TRACKING AND-STA ACQUISITION 

A world-wide network of t r ack ing  and d a t a  a c q u i s i t i o n  s t a t i o n s  i s  
e s s e n t i a l  t o  support  the  broad space f l i g h t  program of the  agency. Tlie 
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  dur ing  FY 1966, as i n  p r i o r  year6 ,  w i l l  
be d i r e c t e d  t o  suppor t  t he  planned f l i g h t  programs and provide,  where nec- 
e s s a r y ,  increased  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 .  P a r t i c u l a r  
a t t e n t i o n  w i l l  be g iven  t o  the  suppor t  of t he  Apollo manned space f l i g h t  
program and t o  the  l a rge  observa tory  class of unmanned satell i tes i n  the  
space science program. 
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TECHNOLOGY IJ2 ' r rJZATION 

The technology u t i l i z a t i o n  program provides  f o r  t he  i d e n t i f i c a t i o n ,  
eva lua t ion  and d isseminat ion  t o  the  i n d u s t r i a l  community, t e c h n i c a l  informa- 
t i o n  gained fircjm the  var ious programs f o r  which the re  are p o t e n t i a l  i n d u s t r i a l  
and commercial app l i ca t ions .  Included i n  t h e  program are e f f o r t s  t o  develop 
b e t t e r  me thcds f o r  management: of l a rge  -s cale re sea rch  and d e w  lopment programs, 
t o  improve c u r  understanding of matters r e l a t e d  t o  the  growth of sc i ence  and 
technology Frograms, and t o  t:he t r a n s f e r  of technologica l  advances and innova - 
t i o n s  developed i n  the  NASA program t o  indus t ry  a t  l a rge .  

F I N A N C I N  C; 

The FY 1966 budget t o  support  the  r e sea rch  and development program, dis-8 
cussed i n  data:il i n  t h i s  volume, i s  $4,575,900,000. This compares tci a program 
t o t a l i n g  $4:,:!613,632,000 f o r  FY 1965. 

The ptogriim amounts shown f o r  FY 1964 and FY 1965 i n  t h i s  budget r e f l e c t .  
two s i g n i f  icmi: ad jus tments i n  comparison t o  the  amounts appropriated f o r  
these  two f i s c a l  years .  These are: 1 - Cer ta in  support  s e r v i c e s  (principal1.y 
housekeeping:) ,%re now included i n  the  budget f o r  t he  "Administrative 
Operations" ,appropriat ion;  and 2 - Of the  FY 1965 appropr i a t ion ,  $72,494,000 
has been appl ied  t o  the FY 1964 Apollo program. 

Exptzndi tu res  f o r  t he  cu r ren t  f i s c a l  year  are est imated a t  $3,78;1! ,000,000 
and $4,120,000,000 f o r  FY 1966. 



NA.TIONAL AERONAUTICS AND SPACE ADMINISTRATION 

CONSTRUCTION OF FACILITIES 

GENERAL STATEMENT 

This appropr i a t ion  provides  f o r  t he  des ign ,  construct: ion,  purchase of 
equipment: , modernization of f a c i l i t i e s  , and f o r  advanced des ign  of f s . c i l i t i e s  
planned f:or .Eutur.e a u t h o r i z a t i o n .  The major program elements may be summarized 
as f o ~ ~ o w s :  

PWJNED !;PACE: FLIGHT: These p r o j e c t s  w i l l  support  the  Apollo space-  
c r a f t  mid Sa turn  launch v e h i c l e  development and tes t  e f f o r t s .  
Spccif  i: i t e m s  included w i l l  provide f o r  needed a s t r o n a u t  train:.ng 
f a c i l i t  ie:; , engineer ing  work a reas  and augmentation of suppor t  
f a c i l i t i e : ; .  

---- SCIENTIFIC INVESTIGATIONS I N  SPACE: P r o j e c t s  i n  t h i s  ca tegory  will 
suppor'r a c t i v i t i e s  i n  space sc i ence .  They w i l l  provide f o r  neetled 
improvc:nents i n  t h e  t e s t i n g  of s p a c e c r a f t  and experiments carric!d 
as : ;pac?craf t  payloads f o r  t he  unmanned luna r  and p l ane ta ry  exp .ora- 
t i o n  program, f o r  improvements i n  o t h e r  f a c i l i t i e s  f o r  unmanned 
s p a c e c r a f t  missions and f o r  necessary improvements t o  launch area 
f a c i l i t i e s  Eor the  medium c l a s s  and s m a l l  launch v e h i c l e s .  

A D V I ~ N C ~ D  ----I REISEARCH AND TECHNOLOGY: These estimates cover pro jeces  
f o r  r e sea rch ,  l abo ra to ry  and suppor t ing  f a c i l i t i e s  f o r  t he  
Elelctronics Research Center , and f o r  con t r ac to r  t e c h n i c a l  f ' a c i l  i t i e s  
used i n  research  p e r t i n e n t  t o  l a r g e  advanced l i q u i d  -fueled engine 
sys  terns, 

AIRCRAFT TECHNOLOGY AND SUPPORTING OPERATIONS: Es t imates  f o r  these  
p r o j e c t s  inc lude  f a c i l i t i e s  t o  suppor t  the V/STOL and advanced (air - 
c r a f t  programs and f a c i l i t i e s  f o r  t r ack ing  and d a t a  a c q u i s i t i o n .  

The appropr i a t ion  f o r  FY 1965 w a s  $262,880,500. The same m o u n t  w a s  
authorized f o r  1965. $74,700,000 i s  reques ted  f o r  FY 1966; a decrease  ofi 
$188,180,500 from t he  1965 appropr i a t ion .  To ta l  expendi tures  f o r  cons t ruc-  
t i o n  of f a c i l i t i e s  a r e  e s t i v a t e d  t o  be $406,000,000 i n  FY 1966, a decrease  o.E 
$118,000,000 from the  $524,000,000 es t imated  f o r  FY 1965. 

The bucget r eques t  con ta ins  $78,000 t o  provide f a l l - o u t  s h e l t e r s  f o r  
s e l e c t e d  new f a c i l i t i e s .  The amount has been determined i n  c o n s u l t a t i o n  
with the Department of Defense based on DOD p o l i c y  and c r i t e r i a .  

The fcrmat f o r  r e f l e c t i n g  f a l l - o u t  s h e l t e r s  i n  each of the p r o j e c t s  i n  
the  budget r eques t  v a r i e s .  The reason  i s  t o  d i s t i n g u i s h  among those 
f a c i l i t i e s  i n  which p rov i s ion  f o r  f a l l - o u t  p r o t e c t i o n  i s  e i t h e r  i nhe ren t  i n  
the s t r u c t t . r e ,  p rov i s ion  is  requi red  , or , because of p r o h i b i t i v e  c o s t s  and 
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hazardous areas p rov i s ion  f o r  f a l l - o u t  p r o t e c t i o n  would n o t  be d e s i r a b l e .  

This vol.~unc! con ta ins  material i n  suppor t  of t he  reques ted  a u t h o r i z a t i o n  
and appropriation for FY 1966 ,, 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ADMINISTRATIVE OPERATIONS 

- GENERAL STATEMENT 

The Adri in  is t:rat ive Operia t i o n s  a p p r o p r i a t i o n  provides  f o r  per  sonIiel , 
t r a v e l ,  and o t h e r  suppor t ing  expenses of NASA i n s t a l l a t i o n s  inc ludin i ;  
Headquarters engaged i n  t h e  conduct of Research and Development p rogi-ams . 
These i i i s ta  Llat ions a re  i n s t i t u t i o n a l l y  adminis te red  by t h e  Associatr: 
Adminis t ra tor  who has  prime r e s p o n s i b i l i t y  f o r  t h e  &D programs condiicted 
a t  each i n s i s s l l a t i o n .  The Assoc ia te  Adminis t ra tor  f o r  Manned Space I ’ l igh t  
i s  r e s p o n s i b l e  f o r  t h e  Kennedy Space Center ,  Manned Spacecraf t  Centei-, and 
t h e  Marshal l  Space F l i g h t  Center .  Goddard Space F l i g h t  Center ,  t h e  I’acific 
Launch Oper,ations O f f i c e ,  and Wallops S t a t i o n  a r e  under t h e  i n s t  i t u t  ional 
cognizance o f  t he  Assoc ia te  Adminis t ra tor  f o r  Space Science and Appl i c a t i o n s .  
The Associa L e  .4dminis t ra tor  f o r  Advanced Research and Technolog), i s  in- 
s t i t u t i o n a l l y  respons ib le  f o r  t h e  Ames Research Center ,  t h e  E l e c t r o n i c s  
Research Ce i t e r ,  t h e  F l i g h t  Research Center ,  Langley Research Cen te r ,  t he  
L e w i s  Research Center ,  and t h e  Space Nuclear Propuls ion Of f i ce .  Healiquarter!; 
r e p o r t s  d i r z c t l y  t o  t h e  Assoc ia te  Adminis t ra tor ,  and t h e  Western Operations 
Off ice  r e p o r t s  t o  t h e  Deputy Assoc ia te  Adminis t ra tor  f o r  I n d u s t r y  A €  € a i r s .  
I n s t a l l a t i o n  d e s c r i p t i o n s  and funding requirements  a r e  grouped 3.n t h i s  vclumc? 
i n  accordance with t h e  prime miss ions  of the i n s t a l l a t i o n s .  

Manpower 

W i t h  t h e  except ion o f  a n  i n c r e a s e  o f  300 p o s i t i o n s  f o r  t h e  E l e c t r o n i c s  
Research Center ,  t h e r e  i s  no planned i n c r e a s e  i n  manpower a t  o t h e r  N4SA 
i n s t a l l a t i o n s  during FY 1966. The fol lowing t a b u l a t i o n s  indicaiie t h e  d i s -  
t r i b u t i o n  of  NASA personnel  by program and t h e  numbers of personnel  by c e n t e r :  

Personnel  D i s t r i b u t i o n  

1‘366 -.- 1965 - 1964 - 
Direc t  Perscncel  by Program 

Manned S p 2 . c ~  F l i g h t  

Gemini . . . . . . . . . . . . . . . . . . . . . . . .  
Apollo . . . . . . . . . . . . . . . . . . . . . . . .  
Advanced miss ions .  . . . . . . . . . . . .  

Space Scienc:e and App1icat:ions 

Physic: arid astronomy. . . . . . . . .  
Lunar 2nd p l a n e t a r y  e x p l o r a t i o n .  
Sustain:-ng u n i v e r s i t y  program. . 

1,141 1,402 1 , 385 
8,266 8 , 835 8,857 

343 
10) 585 
-- 343 

1 0 )  580 
.- 343 

9,750 -- -- 

1,234 1,292 1,297 
296 388 382 

68 73 73 
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1964 - 1965 
P 

1906 -.- 
Space Science and App l i ca t ions  (cont  Id) 

Launch veliii: l e  deve lopmen t ........... 
Launch veliii: le procurement ........... 
Bioscience.  .......................... 
Meteuro 1o;;ical- s a t e l l i t e s  ............ 
Communication s a t e l l i t e s .  ............ 
Appl ica t  ions technclogy s a t e l l i t e s .  .. 

317 
346 
236 
3 12 

76  

21 14 
21 34 
P 39 
C 06 

65 

340 
324 
240 
297 
127 
56 

2,982 
103 113 -- 

3,143 3 7 2 3  -- 
Advanced Rt!.;eilrc:h and Techno logy 

1,268 
1,389 

906 
2 14 
529 
530 
42 5 
275 

1, .!66 
1 , ,324 
1, 325 

.!19 

524 
30 9 
319 

7,375 
300 

1\89 

d L  1 -00 

Basic resea:rc:h. . . . . . . . . . . . . . . . . . . . . . .  
Space vehic  Le systems . . . . . . . . . . . . . . .  
E1ectron:;cs systems. . . . . . . . . . . . . . . . . .  
Human fac::oir systems. .  ............... 
Nuc 1 car - e Leo ti r: i c  s y s t e m  s . . . . . . . . . . . . .  
Nuclear ~:i~cIret:s .  . . . . . . . . . . . . . . . . . . . . .  
Chemical ~ ) r o p u l s i o n . .  ................ 
Sola r  and chemical power. ............ 
A e r o n a u t x s ,  . . . . . . . . . . . . . . . . . . . . . . . . . .  

1,259 
1,366 
1 , 040 

211 
490 
524 
40 9 
3 18 

1 467 
7,084 

802 

-L 

A c q u i s i t i c g  ......... 

50 -- 50 _- 50 .............. 
Sub .. tot  : a 1 . cl i r e  c t po s i t ions ........ 21,659 --- 21,933 

-.- 20,563 

Support  Per s o m e  I. ---- 
'540 

5 ,  333 
4,l+39 

1,155 -- 

Direc to r  arid t j ts!ff . .  . . . . . . . . . . . . . . . . . . . .  
Adminis t:rat:-ion. . . . . . . . . . . . . . . . . . . . . . . . . .  
Research and development suppor t  . . . . . .  
NASA-wide support .  . . . . . . . . . . . . . . . . . . . .  

472 
4,411 
5 , 499 
1,039 

537 
4,432 
5 ,521  
1,051 - 

11.541 11. '567 Sub - t CI t a 1 r;u p po r t po s i t ions  . . . . . . . . .  11.421 

33,500 T o t a l ,  permanent pos i t i ons .  . . . . . . . . . . . .  31 , 984 33,200 

600 ;500 .-.- Sub-total . :  o t h e r  p o s i t i o n s . .  . . . . . . . . .  5 15 

34,100 -.- --.- 
T o t a l ,  a l l  p o s i t i o n s . .  . . . . . . . . . . . . . . . . .  32 , 499 
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Personnel  Requirements 

196( j  -- 1965 - 1 9 6 4  

Manned Space F l i g h t  

Kennedy !$pace (Center. ........... 
Manned Spacecr a f  11 Center .  ....... 
Marshall  Space F l i g h t  Cen te r . . . .  

Space Science 2nd Appl ica t ions  

Goddard :;pace F 1  ight  Center .  .... 
P a c i f i c  ]Launch Operat ions Off i ce  
Wallops S t a t i o n .  ................ 

Advanced Research ---a and Technology 

A m e s  Researzh Center . .  .......... 
E l e c t r o n i c s  Research Center . .  ... 
F 1 igh t R e  search  Center .......... 
Langley l iesearch Center.  ........ 
Lewis Rcsearch Center . .  ......... 
Space Nucle.sr Propuls ion Off i ce .  

Supporting A c t i v i t i e s  

Headquar t e r  s . NASA. ............. 
North Eas t e rn  Operations Off ice .  
Western Operations Of f i ce . .  ..... 

Permaneii t 
P o s i t i o n s ,  o ther  than 

pl3s i t ions.  ............ 
permanent.. ................... 

TOTAL. ............................ 

1 , 5 9 2  2 ,045 2 , OLt5 
4 , 1 7 1  4 ,686 4 , 6 8 6  

7 - 489 7 , 489 
13 ,265 14 ,220 14,2;10 - A- 7 , 502 

3 , 6 1 0  3,677 3,657 
22 1 9  1 9  

5 1 8 
4 , 2 1 4  

-.- 5 16 518 
4 , 2 1 4  __-- -- 4,148 

2 , 2 0 1  2 ,185 2 ,  1t15 
25 250 51iO 

6 0 5  605 605 
4 ,279 4 , 2 3 8  4,  2:18 
4 , 8 5 1  4 , 8 1 5  4 , 8 j  5 

2 , 0 9 1  2,1.56 2,1586 
32 - 0 - -. 0 - 

375 40 1 -- 40 1 
2,557 2,557 -- 2 , 498 

3 1 , 9 8 4  33 , 2,oo 33,5C#O 

6CO .--- 600 
_I- 
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Funding 

The FY 1966 funding r e q u e s t  f o r  Adminis t ra t ive  Operat ions i s  $ 3 6 . 3  
m i l l i o n  l e s s  than  t h e  FY 1965 estimate. This  decrease i s  p r i m a r i l y  dlie 
t o  t h e  i n i t i a l  procurement of major automatic  d a t a  process ing  equipmeit  
i n  FY 1 9 6 5 ,  Nhere t h e  procurement o f  such equipment was more economic31 
than continued r e n t a l .  The estimate i n  FY 1966 f o r  t h e  procurement oE 
a d d i t i o n a l  equipment i s  s h a r p l y  reduced from FY 1965.  The object.  c lass i -  
f i c a t i o n  d e s c r i p t i o n  o f  resources  reques ted  i s  t a b u l a t e d  below: 

ANALYSIS OF IZESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION 

(Thousands of  Dollars:  

11. 
1 2 ,  
2 1 .  
2 2 .  
2 3 .  
2 4 .  
25 .  
2 6 .  
3 1 .  
3 2 .  
4 0 .  

Personnel  :ompensat ion. ............ 
Personnel  'belief i t s .  ................ 
Trave 1 i i  Id t r a  n s p o r  t a t i 0x1 of pe r s on s 
Traxxpo:: t a  t ion of t h i n g s .  .......... 
Rents,  c:,mnunications and u t i l i t i e s .  
P r i n t i n g  a:nd reproduct ion  .......... 
Other s e r v i c e s . .  ................... 
Suppl ies  and m a t e r i a l s .  ............ 
Equipmen:. .......................... 
Lands and s t r u c t u r e s . .  ............. 
1nsui:anc:e c la ims and indemnit ies .  .. 

1 9 6 4  - 
288 , 0 8  1 

2 0 , 2 4 1  
18 ,536 
5 , 400 

47 , 230 
4,387 

70  , 952 
2 4 , 2 0 3  
22 ,236 
10 ,339 

5 

1965 - 
3 3 6 , 6 9 6  

23 :, 490 

5 , 6 7 5  
5 3 , 1 9 1  

4:, 683 
93,, 037 
22  ,, 968 
7 9 , 1 5 2  

5 , 8 1 1  
18 

2 1 :, 000 

1906 
e_- 

345 , ;!07 
2 4 ,  :.93 
: ~ l , o o o  

5 , 0 4 9  
49  , !156 

4 ,  ti69 
1 0 8 ,  (123 

23,1.40 
2 3 ,  109 

1 9  
5 , 2 3 5  

T o t a l . .  ................................. 5 1 1 , 6 1 0  645,721. 509,400 

O f  t h e  M4!j.7 m i l l i o n  shown f o r  FY 1 9 6 5 ,  $22.5 m i l l i o n  i s  i n c  tudcd a s  
t h e  comparati:re c o s t  of items formerly provided from t h e  Research and 
Development appi-opriat ion and which a r e  being budgeted a s  p a r t  of t h e  
Adminis t ra t ive Operat ions r e q u e s t  f o r  t h e  f i r s t  t i m e  i n  FY 1966. I n  FY 1966, 
$24.8 m i l l i o n  i s  requested f o r  t h e s e  i t e m s  which a r e :  housekeeping support  of 
t h e  Merritt I r , l and  Launch A r e a  a t  t h e  Kennedy Space Center ,  NASA, and a t  the 
White Sands F i s s i l e  Range; the  c o s t  a t  t h e  J e t  Propuls ion Laboratory o f  t h e  
l ea se  of a d m i r i s t r a t i v e  a i r c r a f t  and c e r t a i n  c o n t r a c t  a d m i n i s t r a t i o n  c o s t s ,  

- Personnel  Compensation and B e n e f i t s  

The cos t  of providing for. personnel  compensation and h e n e f i t s  i s  
est imated t o  he $9.2 mill-ion more i n  FY 1966 than  i n  FY 1 9 6 5 .  This  increased  
c o s t  i s  d i r e c t  13, r e l a t e d  t o  t h e  i n c r e a s e  of 7 0 4  manyears of employment, i n  
FY 1966 over  EY 1965.  Of t h i s  i n c r e a s e ,  5 4 4  manyears are due t o  the  c o s t  of  
t h e  f u l l  year fclr t h e  1 , 3 0 0  i n c r e a s e  i n  NASA's s t r e n g t h  i n  FY 1.965. The 
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balance,  o r  :L60 manyears, i s  t h e  manyears de r ived  from t h e  300 a d d i t i o n a l  
p o s i t i o n s  p1iXnnl.d f o r  t h e  E l e c t r o n i c s  Research Center i n  FX 1966. 

Other Costs  

The E71 1966 r eques t  f o r  t ravel  and o t h e r  suppor t ing  expenses shows a n e t  
reduct ion  of $45.5 m i l l i o n  from t h e  FY 1965 estimate. This  n e t  r educ t ion  
inc ludes  (a decrease  of approximately $56 m i l l i o n  i n  t h e  procurement oE ADP 
equipment, which is only p a r t i a l l y  o f f s e t  by i n c r e a s e s  i n  u t i l i t i e s ,  
o t h e r  s e r v i c e s ,  and s u p p l i e s  and materials.  I n  gene ra l ,  t h e s e  inc reases  
a r e  t h e  r e s u l t  of a d d i t i o n a l  f a c i l i t i e s  being completed and becoming 
o p e r a t i o n a l ,  a 'nigher level of  average employment, and t h e  p a r t i a l  re , ; to ra-  
t i o n  i n  FY 1'366 of  i t e m s  which were de fe r r ed  i n  FY 1965 when NASA absorbed 
t h e  c o s t  of the "Government Bnployees S a l a r y  Reform A c t  of 1964", approved 
i n  August 196$ (PI; 88-426). 'The s p e c i f i c  i nc reases  as they  r e l a t e  t o  each 
i n s t a l l a t  ion a r e  explained i n  t h e  i n s t a l l a t i o n  p r e s e n t a t i o n s  containell  i n  
t h i s  volume. 

A0 vii 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

-- S W R Y  OF RESEARCH AND DEVELOPMENT BUDGET €= 
AS RECONCILED - TO FINANCING SCHEDULE 

F i s c a l  Year F i s c a l  Year F i s c a l  Year 
1s 66 - .-- --- 1964 1965 

Budget Ac t:ivi. I_- CY :: 

1. Manned Space F l i g h t :  
{ a )  &mini.. . . , . . . , . . $428,900,000 $308,400,000 $242,100,000 

( c ) Atfvanc ed mission 
{b)  A ~ o : ~ ~ c I . .  . . . . . . . . . . 2,272,952,000 2,606,778,000 2,9!)7,L'85,000 

s t u d i e s .  . . . . . . . 2 1 , 200 , 000 26 , 000 , 000 10, c 00 OUO 

2 .  Sc ien t  i i i i c :  I nves t  i g a  t i oris 
i rl Space : 
(a )  Physics  and 

a I; t r on m y .  . . . . . . 182 546 , 000 224 , :io0 , 000 
{ti) 1,iinar and p l ane ta ry  

expI.ora t ion.  . . . ,, 267,445,000 281,803,000 294,f115,OOO 
( c )  I):,o:;cience.. .... .,, 2 1,479,000 37 , 700 , 000 40 , (100 , 000 
(cl) 1;iunch vehic  l e  

189,118 , 000 

d w e  lopment . . , . 125,100,000 107,900 , 000 9 7 , :loo , 000 

3. Spac.e App:Lications.. . . . ,, 100,451,000 73,165,000 !~4,600,01:)0 

4.  Spac:e lkchnology..  . . . . . +, 298,692,000 283,600,000 235,~~00,000 

5 .  Aircrafl: Technology.. . . 2 1  , 795,000 35,240 , 000 1+2 > 00,O~')O 

6. Support::.ng A c t i v i t i e s :  
(a) 7::rac:ki.ng and d a t a  

( t i  ) Si1 s t:ai. n i n g  
a c q u i s i t i o n . .  . . , 194,347,000 

uri ivers i  t y  
program. . . . . . . . 
ut:l.I.izatio~i. . . . , 

274 , 750 , 000 246 , 2 00 , 000 

40,000,000 46 , 000 , 000 46 , 000 , 000 
( c: ) ?txhno logy 

3,500,000 4,750 , 000 - .--A 5 000,000 

Tota l  Budget Plan..  . . , $3.97 4.979. 000 $4,268 , 632,000 >4,5 75 .!100,000 - 

SUM 1. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

- SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET P x  
AS RECONCILED TO FINANCING SCHEDULE 

F i s c a l  Year F i s c a l  Year F i s c a l  Year 
1911j6 --.-- 1964 1965 - 

Financing: 

Appropriat i  on. .............. $3 . 926,000,000 $4 . 363 . 594 . 000 $4 . 57 5 ,')OO . 000 
Transferred to -  

"Construction of 
f a c i  L i t i e s "  (77 S t a t .  

-20,046,300 - .- - - - -  439) .................... 
Operations" (77  S t a t .  
439) -15,685,000 - -.- 

"Administ:rative 

- ._ - - _ -  ..................... 
Appropriation 

( a d j  I s t e d ) .  ......... 3,890,268,700 4,363,594,000 4,575,!~00,000 

Transfer  red t o  "Construct i on 

P r i o r  yea r  funding appl ied  - 
a v a i l a b l e  Erom adjustments  

of f a c i l i t i e s "  i n  FY 1965 - 1,411,000 -..- -I- 

t o  FY 11963 budget plan. .  .. 2,785,300 

"Construct:ioi~ of 
f a c i  l l i  t i e s  .. funds ....... 17,293,000 

-_.- -I- 

Transfers  fimn p r i o r  y e a r s  

-I- --- 
Reprograming t o  p r i o r  year  

Compara t i.ve ixans f e r  t o  
budget plan.  .............. 72,494,000 -72,494,OOO --- 

--- 
----I 

"Administrative Operations" -6,451,000 -22,468,000 

Total. fj.nanci.ng of 
budget: p:Larn. .......... .$3,97 4.9 . 79 -000 $4,268 .. 632,000 $4 ~ 575 .. C,lOO .. 000 

SlM 2 



NATIONAL AERONAUTICS AND SPACE ADMINISTlUTXON 

FISCAL YEAK 1966 ESTIMATES 

IiEIXAHCH AND DEVELOPMENT 

BUDGET PIAN 13Y PkCOGKAM BY COGNIZANT OFFICS 

BLJDGET 
ACTIVITY 

IklANTJED SPACE FLIGHT.. . /. $2,713,052,000 $2 ,941 .178 .CN $3,249.,485.',;c;O 

242 : 100,000 
l b  ~ ~ p 0 1 j . 0 .  ............... 2,272,952,000 2,606,778,000 2,997.385,:)OO 
IC Aclvaricetl miss ion  

la (kminL., .............. 418,900,000 308,400,000 

s tuciies ............. 21,200,000 26,000,000 10 ,000  , id00 

SPACE !;CII<NCE AND 
--e--- 

A1'PL:iCA'CIONS. ......... $746,879,000 $73 1.48 6 .  C)oo $79 7 , 5  15.1:)Oo 

2a 
2b 

PI-~ysi.c:s arid astronomy, 
I,unai arid p l a n e t a r y  

cxp .o ra t  i on .  ........ 
! ~ ~ s t i  :.n:-ng u n i v e r s i t y  

picll:rttm. ............. 
Launc 11 v e h i c l e  

dex~elopment .......... 
Launc 11 vel1 i c l e  

prccur' ement .......... 
liiosc ;.encc.. .......... 
Fietecr ol .ogica L 

s a t e l l i t e s . .  ........ 
C: omm I i i c:a t ions 

sat  cl1.i t e s  .......... 
App 1ic:at.ions techno1o;:y 

s a t e l l  i t e s . .  ........ 

148,623,000 136 ,814 ,  OOG 

205,762,000 206,150,000 215, 61.5, (.:)ti0 

40,000,000 46,000 , OGO 4 6 , 0 0 0 ,  ( N O  
2d 

111,900,000 96,500,000 63 , 6 0 0 ,  (330 
JC 

129,986,000 
21,479,000 

154,672,000 
28,700 000 

1-94, 500 , 1.)00 
31,50Ot0O0 2 C 

3 
63 ,177 ,000  6 31,200,000 42 , 700,000 

8 ,413 ,000  8 , 0 5 5 ,  C/O0 2,800, (~00 
:i 

17,539,000 23,395,000 28 ,700 ,  (:t00 

4 B a s i c  r e sea rch . .  ...... 22,653,000 21,23 1, C O O  2 2 , OOCJ , ( 100 
4 Space v e h i c l e  systems, 45,714,000 44,495,COO 3 5 , GOO , ( 100 

A Ehrnar; f a c t o r  systems..  1.3,200,000 13,320,COO 14 , 900,('100 

systems. ............ 45,963,000 42 ,492 ,000  2 7 , 0 0 0 ,  L O O  
4 h u c  t e a r - r o c k e t s . .  ..... 79,176,000 56 ,731 ,000  58,000,000 

4 E l e c t i o r i c  systems..  , , 28,700,000 25,422,000 34,400,  (100 

4 huc Lez r - e l e c t r  i c  

I Chemical p r o p u l s i o n . .  , 46,000,000 63 ,792 ,000  3 0 , 0 0 0 ,  ('00 

http://2,941.178.CN


BUDGET 
ACTIVITY FY 1964 FY 1965 N 1'366 

ADVANCEPRESEARCH AND 
TECHNOLOGY (Cont'd).. 

4 Solar and chemical 
power . . . . .  ......... $14,000,000 $13,745,000 $14,200,000 

5 Ae:ron,autics . . . . . . . . . . 21,795,000 35,240,000 42,200,000 

6a TMCKINSAND DATA 
A C Q U I S I T I O N . . .  ....... $194.347.000 $274.750.000 $246,200 .OOO 

6c TECHNOLlGD UTILIZATION. $3,500,000 $4,750.000 $5.000.000 

TOTAL PLAN ............ $3.974.979.000, $4.268.632. 94.575.900.000 
Funds f o r  the procurement of launch vehic les  are s t a t i s t i c a l l y  distributed 
to unmanned f l i g h t  programs ( e . g .  Physics and Astronomy, Space Vehicle 

* 
systems). 

762-047 0 - 6 5  - 3 SUM 4 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

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

( In  thousands of dollars) 

M E S  ELECTRON1 C S  F L l G i l T  L ANCLEY LEWIS SPACE NUCLEAR WESTERN 

C E l r T E R  CENTEF ; r t ! C E  S T A T I C N  C E C T i i l  CENTER CENTER CENTW CENTER O F F I C E  OFFICE 

J. F. KENNEDY NANNED MARSHALL GODDARD F A C I F I C  LAUNCH 
SPACE CENTER, SFACECRAFT SPACE FLIGHT SPACE F L I G H T  OPERATIONS WALLOPS RESEARCH RESEARCH RESEARCH RESEARCH RESfARCH PRO FUL 5 I O Y  h E ACJQV AR TERS CPER AT I3NS PROGRAM OFFICE TOTAL 

- -- NASA C E U l i R  

Office of Manned Space Fl ight  

1964.................. 

1966.................. 
- , . rv  
L7UJ... . . . . . . . . . . . . . . .  

Office of Space Science and 
Applications 

1964.................. 
1965.................. 
1966.................. 

Off ice  of Advanced R-seirch ar.4 
Technology 

1964.................. 
1965.................. 
1966.................. 

Office of Tracking and Data 
Acquisit ion 

1964.................. 
1965.................. 
1966.................. 

Office of Technology U t i l i z a t i o n  
and Pol icy  Planning 

1964.................. 
1965.................. 
1966............,..... 

- I C  2,713,052 49,881 1,356,036 1,266,424 206 I 2  

Z , Y 4 1 , 1 7 8  48,622 1,397,050 1,437,356 275 75 
3,249,485 69,345 1,465,040 1,656,600 500 200 

746,879 
731,486 
797,515 

317,201 
316,468 
277.700 

194,347 
274,750 
246,200 

1,819 3,256 780 235,148 
4.808 7,254 675 183,408 
4,225 17,800 13,440 227,712 

3,702 31,821 8,252 
1,750 28,511 8,127 
3,235 18,035 9,300 

3,500 
4,750 
5,000 

2,900 132,817 
2,000 195,201 
1,500 173,400 

25,843 
90 1,390 35,085 

4,500 28,305 

14,404 
17,724 
16,945 

5,100 
5,450 
5,900 

2,017 2,975 35,091 34 7 
2,900 600 54,100 200 
3,700 300 53,550 250 

44 
85 
100 

- 8,447 
1,873 9,190 
5,200 16,530 

87,202 160,097 
108,994 132,568 59,806 197,323 

51,860 196,730 105,375 147,468 

35,168 197,522 

38,741 99,759 60,355 25,026 26,694 
32.548 115,825 44,995 34,322 21,603 
42,776 61,595 48,900 33,638 21,546 

1,800 2,450 7,210 42,070 
2,200 2,200 7,300 59,799 
2,000 2,500 7,960 53,000 

3,500 
4,750 
5,000 

Total  Budnet Plan 

1964............. ..... 
1965.................. 
1966.................. 

60,355 158,029 229,208 
210,066 214,170 

100,836 258,625 48,900 205,463 222,264 

51,700 1,252,994 1,331,925 376,423 5,100 40,322 - 10,291 78,376 300,256 3 976 9 79 

4,575,900 73,570 1,486,075 1,684,575 410,912 10,400 45,450 
4,268.632 53,430 1,406,054 1,468.542 387,011 90 6,840 52,884 1,873 11,475 97,454 313,748 44,995 

5,200 18,630 

n 
2 

N 
W t- 

SUM 5 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

F I S C A L  YEAR 1966 ESTIMATES 

DISTRIBLITION OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY INSTALLATION AND F I S C A L  YEAR 

( I n  thousznds of dol lars )  

N 

6 
4 

"3 
(9 

I 

0 

__________ . 

J. F. KENNEDY ?:AhiNt3 M A R S i i A L L  GCGGARD P A C I F I C  L A U N C H  APES E L E C T R O N I C S  F L I G H T  L A N G L E Y  L E W I S  S P A C E  N U C L E A R  WESTERN 
PROGRAM T O T A L  S P A C E  CENTER, SFPCECRPC! S P A C E  F L I G U T  S F A C E  FLIGHT G F E R A T I O N S  W A L L O P S  RESEARCH RESEARCH R E S E A R C H  RESEARCH RESEARCH P R O P U L S I O N  HEADQUARTERS O P E R A T I O N S ,  

N A S A  CEL!T ER C E I i T C R  CENTER C , F F I C E  STAT!:? C C 4 T  K CE' l iE?  *E!<jCK ci:1;i( C i h T i R  D F F I C t  U F F I  CE 1' 
- 

Gemini 

Apollo 

Advanced mission scudies  

O F F I C E  OF SPACE SCIENCE 
AND APPLICATIONS,  TOTAL 

Phys ics  and astronomy 

Lunar and p lane tary  
e x p l o r a t i o n  

Sus ta in ing  u n i v e r s i t y  
program 

Launch v e h i c l e  development 

Launch v e h i c l e  procurement 

Bioscience 

Meteorological  s a t e l l i t e s  

Cormnunication s a t e l l i t e s  

Appl i c g t i o n s  teck~e lcg ;  
s a t e l l i t e s  

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

L Y  b4 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
1966 

1964 
1965 
- ^ * -  
LYOO 

1964 
i965  
1966 

1964 
1965 
1966 

1964 

1966 

1964 
1965 
1966 

196'. 
1965 
1966 

. n , r  , ..n 1 -_  - -  

2,713,052 49,881 1,356,036 1.266.424 206 75 i . U i 7  Z . Y  I 5  ?,n91 367 

3,249,485 69,345 1,465,040 1.656.600 ~ 500 7nn 2, ,uu 
600 54,100 200 

>3,550 250 
- - -  7,961,178 LR,c22 1,3?7,C!5cI 1 ~ I . 27  .-,,-<- 9 9 '  L I J  I:, 2,900 I)-?? 

3UU 
?, 7-n 

418,900 418,900 
308,400 308,050 
242,100 241,700 

350 
400 

2,272,952 49,481 933,486 1,257,179 206 75 2,975 29,293 257 

2,997,385 68,945 1,221,940 1,651,300 500 200 2,000 300 51,950 250 
2,606,778 48,172 1,080,800 1,429,406 275 75 1,200 600 46,050 200 

21,200 400 3,650 9,245 
26,000 450 8,200 7,950 
10,000 400 1,400 5,300 

2,017 5,798 
1,700 7.700 
1,700 1,200 

90 

746,879 1,819 3,256 780 235,148 25,843 44 35,168 197,522 87,202 160,097 
731,486 4,808 7.254 675 183,408 90 1,390 35,085 85 - 108,994 132,568 59,806 197,323 
79 7,515 4,225 17,800 13,440 227,712 - 4,500 28,305 100 51.860 196.730 - 105,375 147,468 

148,623 
136,814 
172,100 

205,7 62 
206,150 
215,615 

40,000 
46,000 
46,000 

111,900 
96,500 
63,600 

129,986 
i54,67 2 
194,500 

21,479 
28,700 
31,500 

63,177 

42.700 

8,413 
8,055 
2,800 

". -,.- 
.I 111.1  --,--- 

17,::: 
23,395 
28,700 

983 

1,050 

836 
3,025 
3,175 

1,783 

- 

1,020 
2,300 
2,600 

1,867 
4,429 

14,000 

2 34 
475 

1,000 

135 

200 

.. 

.,I 2" 

- 

195 
20 
20 

505 
535 
300 

- 

13,000 

80 

1 ?c) 

1 m,. 
I L "  

123,753 
107,473 
133,585 

1,084 

900 
1,111 

250 
925 
550 

23,326 
19,960 
23,025 

250 
250 
2 50 

62,346 
_.7 c _ . r  
L 7 , J I J  

sn, 73n 

7,661 
1,415 
1.500 

i6.4iu 
22,699 
28,182 

- 

90 

1,390 
4,500 

605 
1,764 
2,255 

15,382 
16,054 
8,600 

9,856 
17,267 
17,450 

44 
85 

100 

2,333 
2,280 
1,730 

20,146 
43,050 
37,300 

115 
5.50 
300 

11,930 
13,106 
11.700 

444 
420 - - -  
J J U  

200 
300 
200 

150 

109,497 
91,317 
47,600 

87,875 
106,006 
149.130 

20,047 
21,168 
26,660 

9,521 
10,667 

9,500 

39,940 
45,965 
45,965 

1,055 
i ,825  
1,100 

6,019 

lm/,lrI 
12,485 

9,896 
9,209 

11,550 

: 77 
1,035 
2,130 

552 
6,340 
I ,  uu0 

300 

476 
334 
650 

57,257 
30,304 
45,015 

60 
35 
35 

1,243 
1,499 
1,250 

1,061 
396 
518 

s 
0 I 

N 
(9 c- 

SUM 6 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

DISTRIBVTION OF RESEARCH AND DEVELOPMEW BUDGET PIAN BY INSTALLATION AND FISCAL YEAR 

(In  thousands of dol lars)  

m 

E 
3 

v3 
(D 

I 

0 
c- , *  0 

N 
(0 c- 

J. F. KENNEOY MAYNEO MARSH A L L  GOODARO P A C I F I C  L A U N C P  AMES E L E C T R O N I C S  F L I G H T  L A N G L E Y  L E W I S  S P A C E  N U C L E A R  WESTERN 
PROGRAM 101 AL S F A C E  CENTER, SPACECRAFT S P A C E  F L I G H T  S P A C E  F L I G H T  O P E R A T I O N S  W A L L O P S  R E S E A R C H  RESEARCH R E S E A R C P  R E S E A R C h  R E b E A R C h  P R O P U L S I O N  H E A D Q U A R T E R S  O P E R A T I O N S  

N A S A  CENTER C E N T E R  CENTER O F F I C E  S T A T I O N  CENTER CENTER C E k I E R  CENTER CEYTER 3 F F I C E  C F F I C E  1' 

3,702 31,821 8,252 14,404 8.447 38,741 99,759 An, 355  --, 3 9  n?r  -_ "  25,591,  
1.173 , ) L I V  44,555 34.3L.l 21.6U3 1.13U La. 311 8 . 1 2 1  17 ,721 ,  

3,235 18 , 035 9.300 - - 16 , 945 5 , 200 16 , 533 ~ 48.900 33,638 21 546 
- n  - . n  - - -  ..-- 
AL.JL1" l l > ) . O L >  

n ."A 
- - -  i964 317,201 

* ,"J >LU,LtOO 

1966 277.700 
.n,- .... . I n  

OFFICE OF ADVANCED RESEARCH 
A U n  mD"lnYrn-7 m m * r  ...." * I " L Y . Y Y " " I .  L"10Y 

42,776 61.595 
~ 

Basic Research 1964 22,653 
1965 21,231 
1966 22,000 

986 235 1,692 1,466 3,464 7,831 6,979 
916 257 1,881 30 1,861 2,234 8,260 5,792 
9 20 260 1,900 200 30 1,920 2,750 8,220 5,800 

Electronic systems 

Human factor systems 

Space vehic le  systems 1964 45,714 629 13,569 878 1,942 1,403 15,257 3,186 3,282 5,568 

1966 35,000 855 4,490 930 2,655 1,180 13,461 1,770 6,519 3.140 

.J,L,T 2,399 1,U72 8,848 463 4,087 2,834 
1965 25,422 475 3,469 2,797 3,650 1,873 1,103 6,390 44 5 2,493 2,727 
1966 34,400 880 4,525 3,035 3,390 5,000 1,400 9,120 580 3,270 3,200 

1965 44,495 730 16,744 956 2,922 2,020 9,659 2,326 5,700 3,438 

1964 78,700 L,"9 /. ,656 3 - 7 ,  

1964 13,200 1,900 235 3,820 1,342 1,835 137 3,931 
1965 13,320 445 220 4,113 2,000 3,204 230 3,108 
1966 14,900 900 300 4,680 1,500 4,450 200 2,870 

Nuclear-electric  systems 

Nuclear rockets  

Chemical propulsion 

Solar and chemical power 

Aeronautics 

1964 45,963 94 263 1,320 - 41,719 685 1,882 
1965 42,492 100 290 1,142 400 37,038 1,186 2,336 
1966 27,000 100 400 1,200 1,000 1,600 - 22,700 

1964 79,176 
1965 56,731 
1966 58,000 

7,153 
1,280 
1,300 

- 11,330 60,355 338 - 10,450 44,995 6 
7,800 48,900 

1964 46,000 3,542 375 1,144 31,205 3,194 6,540 
1965 63,792 3,592 550 1,480 45,227 8,760 4,183 
1966 30,000 500 5,100 800 1,980 8,095 8,825 4,700 

- 
1964 14,000 
1965 13,745 
1966 14,200 

1964 21,795 
1965 35,240 
1966 42,200 

1,429 2,170 105 710 6,403 630 2,553 
2,000 2,425 191 690 4,309 1,009 3,121 
1,000 3,075 170 740 5,000 1,109 3,106 

4,630 9,481 1,852 1,386 L1,LtLtO 

4,967 4,037 8,864 13,566 3,806 
4,15G 12,420 11,105 12,700 1,825 

, ,,, 

, A  ,-.-.A 
V L , " , "  

7 - 7 "  OFFICE OF TRACKING AND 1964 194,347 2,900 132,817 - 5.100 1. ROO 7 . h ~  . ,--- 
k i n  R.LVIJIDIIIULY l Y O 3  L l 4 , / 3 U  2,000 195,201 - 5.450 2,200 2.200 7,900 59,799 

1966 246,200 1,500 173.400 - 5.900 2.000 2.500 7,900 53,000 

Tracking and data acquis i t ion  1964 194,347 
1965 274,750 
1966 246,200 

2,900 132,817 - 5,100 1,800 2,450 7,210 42,070 
37,777 2;OOO 195,201 -. s f.<n ._" L>L"" 

1,500 173,400 - 5,900 2,000 2,500 7.900 5-3. on9 
- _ _ _  
I Y l l l l  

I ,  I"" 
0 *fir. 
L.LI,I I  9 ?nn 

OFFICE OF TECHNOLOGY 1964 3,500 3,500 
UTILIZATION AND POLICY 1965 4,750 - - 4,750 
PL4rnrnP. l o 5 5  

Technology u t i l i z a t i o n  1964 3,500 
1965 4,750 
1966 5,000 

3,500 
4,750 
5,000 

TOTAL BUDGET PLAN 60,355 158,029 229,208 1964 3,974,979 51,700 1,362,994 1,301,925 376.423 
1965 4,268,632 53,430 1,406,054 1,468,542 387,011 90 6,840 52.884 1.873 11.475 97.454 313,748 44,995 210,066 214,170 

- 5,100 40,322 10,291 78,376 300,256 

73.570 1,486,075 1.689.575 410,912 - 10.400 45,450 5,200 18.630 100.836 258,625 48,900 205,463 222,264 

- l/Amount for  Western Operations Office  includes funds for the Jet  Propulsion Laboratory a s  shcwn i n  the Research and Development program j u s t i f i c a t i o n  ( V O l .  11) 
SUM 7 



Ni4TIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

--- SlJWARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN AS 
RECONCILED TO FINANCING SCHEDULE 

F i s c a l  Year F i s c a l  Year F i s c a l  Year 
19866 

PI- 
19 64 1965 

Budget A c t i v i t y  

1. Manned Space F l i g h t  ........ $496,841,600 $213,481,500 $27,825,000 

3. Space Appl ica t ions  ......... 3,933,000 

5. A i r c r a f t  Technology.. ...... 2,585,000 4,452,000 

2. 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  Space ................. 16,698,700 5,765,000 8,377,000 

4. Space Technollogy.. ......... 60,949,700 23,812,000 20,435,000 
762,000 

6. Support ing Act ivi t ies . . . . . .  134,442,300 15,370,000 17,301,000 

-e- --- 

T o t a l  Budget P lan . .  ...... $7 15,450,300 $262,880,500 - $74,700,000 

F i n a n c a ;  : 

Appropr'j.at:ion.. .......... $680,000,000 $262,880,500 $74,7'00,000 
Trans f e r r e d  from : 

"Resc::irch, development, 
arid operat ion" 
( 7 7  !;tat. 439). ..... 
opt'riat ions" 

20,046,300 --- -..- 
"Admj.nistrat ive 

- - -  - - -  ( 7 ' 7  S t a t .  439). 13,300,000 -. . .... 
Appropr ia t ion  

713,346,300 262,880,500 74,;1'00,000 ( a d j u s t e d ) .  ..... 
Trans fe r  Erom "Research, 

deve:Ll3pmnent, and 
opera t ion"  i n  FY 1964 
(76 S t a t .  731, 7 5  S t a t .  - - -  - - -  3.55, an,d 77 S t a t .  439). 2,104,000 -I 

Total f inanc ing  of 
budget p l an  ........ 971 5,450,300 $262,880,500 974,700,000 

SUM 1 



IllATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

!ilMl4KY OF CONSTRUCTION OF FACILITIES BUDGET PIAN 
BY BUDGET X ~ c v I R  SHOWING LOCATION TOTAIS INCLUDED IN EACH ACTIVITI: 

F i s c a l  Year 
1966 

-I- 

F i s c a l  Year 
1965 

F i s c a l  Year 
19 64 

1. MANNED SIP.AC;E FLIGHT. ...... $27,825,000 $213,481,500 $496,841,600 

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

Manned Spacecraft  Center 
Marshall Space F l i g h t  

Center................ 
Michould Plant. .  ......... 
Miss i s s ipp i  Test  

Facility.............. 
Various Locations. ...... 
F a c i l i t y  Planning and 

Iksign................ 

280,520,300 
36,142,000 

85,377,200 
24,443,000 

7,2!1)5,000 
4,400,000 

30,08 1,000 
9,058,000 

14,999,700 
6,313,500 

4,7 ;76,000 
300,000 

2,121,000 
6,133,000 

96,163,300 
44,877,000 

54,182,000 
28,166,100 

2 ,8UO, 000 --- 
2 .  SCIENTIFIC INVESTIGATIONS 

I N  SPACE................ $8,377.000 

2 ,7149 ,000 

$5,765,000 $16,698.700 

96,000 Ames Research Center..,. 
Goddard Space F l i g h t  

Center................ 
Jet Propu.lsion Laboratory 
John F. K.ennedy Space 

Center,  NASA.......... 
Vari ou €1 1,oca t i ons ....... 
Wallops; Station..... .... 
Faci li t:y Planning and 

Design...... .......... 

2,4100,000 --- 13,164,500 
3,243,200 

500,000 
2,895,000 

1,741,000 

629,000 
--- 1,300,000 

1,048,000 

880,000 

-- - 170,000 
5,000 

20,000 

3. SPACE AP'PLJCATIONS........ $3,933,000 

Goddarcl Space F l i g h t  
Center.  ............... 3,933,000 

S1.M 2 



F i s c a l  Year 
1966 

-, 

F i s c a l  Year 
1965 

Fiscal Year 
1964 

$20 435,000 2, $23,812,000 SPACE T E C X N O ~ .  ............ $60,949,700 4.  

5 .  

6 .  

3,100,000 Ames Rc!:;earch Center. ...... 11,464,000 

Langley Research Center.. .. 9,872,700 
k w i s  Ilzstcarch Center.. .... 20,468,000 

Various Locations. ......... 10,135,000 

Elec t ron ic s  Research 
Centctir. ................... 4,820,000 

Nuc l e a r  Rocket Deve loprnent 
S ta t f lm.  ................. 4,190,000 

FacX lirty 'Planning and --- Desiign. .................. 

10,050,000 
3,253,000 
1,555,000 

10 :, 000,000 
7 !,* 568,000 

867,000 

--- 
5,854,000 

2,000,000 

-I $762,000 $4.452.000 AIRCRAFT TEICHNOTX)(ZY.. ........ $2,585,000 

2,630,000 

1,322,000 
500,000 

--- Ames Research Center....... 20,000 
F l i g h t  Research Center.. ... 2,495,000 
Lang1e:y Research Center.... 70,000 
Lewis Research Center.. .... 
F a c i l i t y  Planning and 

Design................... 

--- 
--- 

SUPPOBTING ACTIVITIES........ $134,442,300 

682,000 

80,000 

$17,30 1,000 
-I 

9 15,370,000 

1,29 1,000 
725,000 

Goddard Space F l i g h t  Center 84,000 

John F. K.ennedy Space Center, 
J e t  Propuls ion Laboratory.. --- 

Various, Locations.. ........ 129,803,300 
Wallops8 S ta t ion .  ........... 555,000 

NASA. . . . . . . . . . . . . . . . . . . . .  4,000,000 

Faci l i t  y Planning and --- Design.. ................. 

1,955,000 
10,279,000 

1,120,000 
15 ,56 1,000 

-I 1,740,000, 

TOTAL PIAN.. ..................... 9262.880,%0 wt 

SUM 3 



IJATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

---- smmmr OF CONSTRUCTION OF FACILITIES BUDGET PLAN BY LOCATION 

Lot a t i  on ----- 

Ames Research Center..  .......... 
Elec t ron ic s  ILesearch Center.. ... 
F l i g h t  Resea:rlch Center. ......... 
Goddard Space F l i g h t  Center..  ... 
Jet Propulsion Laboratory.. ..... 
John F. Kennedy Space Center ,  

Langley Researc'h Center..  ....... 
L e w i s  Research Center.. . . . . . , . . .  
Manned Spacecraf t  Center........ 
Marshall  Spalce F l igh t  Center.. .. 
Michoud Plant................... 
Miss i ss ippi  Test Faci l i ty . . . . . .  . 
NUC rear Rocket Development 

Station....................... 
Various Locations............... 
Wallops Station................. 
F a c i l i t y  Planning and Design!/. . 

NASA.....................*roo. 

Tota l  Plan.................... 

F i s c a l  Year 
1964 

$11,580,000 
4,820,000 
2,495,000 
17,181,500 
3,243,200 

284,690,300 
9,942,700 
20,468,000 
36,142,000 
30,08 1,000 
9,058,000 
96,163,300 

4,190,000 
184,820,300 

575,000 

$715.450,300 

- l/Amounts appropriated i n  f i s c a l  year  1964 and 

F i s c a l  Year 
1965 

$5,730,000 
10,050,000 

1,791,000 
3,620,000 

--- 

89,073,200 
4,575,000 
2,055,000 
24,443,000 
14,999,700 
6,313,500 
54,182,000 

--- 
44,299,100 
1,749,000 

$262,880,500 

F i s c a l  Year 
1966 

$2 ,749 ,000 
10,000,000 

2,400,000 
--- 
- - -  

8 , .59 5 ,000 
8,:;!.50,000 

8 6 7,000 
4,400,000 
4, '7 76,000 
.300,000 

2,121,000 

21,1694,000 
1,1348,000 
7,500,000 

$74 700,000 d 

1965 are r e f l e c t e d  by loca t ion ,  

A geographic loca t ion  of NASA i n s t a l l a t i o n s  i s  shown on the  following page. 
I n s t a l l a t i o n s  f o r  which cons t ruc t ion  p r o j e c t s  are requested i n  the  f i s c a l  
year  1966 budget are i d e n t i f i e d .  

SUM 4 



NASA INSTALLATIONS 

LEWIS RESEARCH CENTER 
I 

cn 
C 
zz 
Ln 

PLUM BROOK 
STATION (LEWIS) 

\ 

* AMES RESEARCH 
CENTER 

i 

ELECTRONICS RESEARCH 

PACIFIC LAUNCH 
OPERATIONS OFF1 

WESTERN OPNS 
OFFICE 

FLIGHT CENTER 

WALLOPS STATION 
JET PROPULSION 
LABORATORY 
(CONTRACTOR) NASA HEADQUARTERS 

RESEARCH CENTER 
v \  I * MANNED * KENNEDYSPACECENTER 

FLIGHT RESEARCH 
CENTER 

MARSHALL SPACE 
FLIGHT CENTER * MICHOUD PLANT 

* I n s t a l l a t i o n s  f o r  which 
cons t ruc t ion  projeccs are 
requested i n  FY 1966 budget. 

I 
' I  SPACECRAFT CENTER 

(MSFC) 

* MISSISSIPPI TEST FACILITY 
( MSFC ) 

I 
NUCLEARROCKET 
DEVELOPMENT 
STATION I NASA-AEC) 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

ADMINISTRATIVE OPERATIONS 

SUMMARY OF OBLIGATIONS BY INSTALLATION 

F i s c a l  Year F i s c a l  Year F i s c a l  Year 
1966 

-I 

19 64 1965 

MANNED SPACE: FlaIGHT 

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

Manned Spac:ec:raft Center. .  .... 
Marshall  Spac:e F l i g h t  Center..  

SPACE SCIENCE: AND APPLICATIONS -- 
Goddard Space F l i g h t  Center..  . 
P a c i f i c  Launch Operations 

Office... . . . . . . . . . . . . . . . . . . .  
Wallops Station.. . . . . . . . . . . . . .  

ADVANCED RESEARCH -- AND TECHNOLOGY 

Ames Research Center.......... 
E lec t ronics  Research Center... 
F l i g h t  Research Center..  ...... 
Langley Research Center , . . . . . .  
L e w i s  Research Center. . . . . . . . .  
Space Nuclear Propulsion 

Off ice  ...................... 
SUPPORTING ACTIVITIES ---- 

Northeastern Office........... 
Western Operations Office. .  ... 
NASA Headquarters. ............ 

TOTAL ........................ 

$34,959,000 $61,616,000 $62,697,000 
68,634,000 91,201,000 89,658,000 
124,443,000 140,458,000 137,387,000 

62,466,000 85,923,000 69,591,000 

1,037,000 835,000 804,000 
9,715,000 11,442,000 9,800,000 

29,886,000 31,698,000 32,300,000 
730,000 3,600,000 7,622,000 

9,514,000 9,750,000 9,600,000 
52,642,000 57,258,000 61,783,000 
61,694,000 70,97 1,000 63,880,000 

1,472,000 1,725,000 1,;338,000 

379,000 --- --- 
4,924,000 5,989,000 6,337,000 
49,115,000 73,255,000 56,103,000 

$511 ~ 610.000 $645.72 1.000 $609 -400 E 000 

SUM 1 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ADMINISTRATIVE OPERAnONS 

NUMBER OF POSITIONS BY LOCATION 

F i s c a l  Year F i s c a l  Year F i s c a l  Year 
1.966 

-I 

1964 1965 

MANNED SPACE: FLIGHT --- 
John F. Kermedy Space Center,  

NASA....,..................... 
Manned Spacecraf t  Center. ....... 
Marsha1.1 Space F l i g h t  Center..  .. 

SPACE SCIENCE: -- AND APPLICATIONS 

Goddard SFWE! F l i g h t  Center. .  ... 
P a c i f i c  Launch Operations Off ice  
Wallops Stztti.on.. ............... 

ADVANCED RESEg:CH AND TECHNOLOGY 

Ames Research Center..  .......... 
Elec t ron ic s  Research Center..... 
F l i g h t  Re s,c:arch Center. ......... 
Langley Reseairch Center. .  ....... 
Lewis Researc:h Center..  ......... 
Space NucI.c!ar Propulsion Office.  

SUPPORTING OPEFATIONS -- 
North Eastern Office. .  .......... 
Western Operaltions Office. .  ..... 
NASA Headquarters ............... 

TOTAL......................... 

1,625 
4,277 
7 , 679 

3,675 
22 

530 

2 , 204 
25 

6 19 
4,330 
4,859 

112 

33 
376 

2,133 

32.499 

2,082 
4,811 
7,658 

3,725 
22 

530 

2,205 
2 50 
6 19 

4,308 
4 , 847 

116 

, 406 
2,221 

33.800 

2,082 
4,,811 
7,658 

31 , 725 
22 

530 

2,205 
5 50 
6 19 

4,308 
4,847 

116 

406 
-, 2 , 2 2 1  

SUM 2 
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NATIONAL AERONAUTICS AND SPACE AD13TNISTRATION 

FISCAL YEAR 1966 ESTIMATES 

COWUT'ATION OF PERSONNEL COSTS BY INSTALLATION AND FISCAL YEAR 

( I n  thousands  of d o l l a r s )  

p e r s o n n e l  compensat ion:  
permanent p o s i t i o n s  
pay above t h e  s t a t e d  annual  r a t e  
Lapses  ( d e d u c t )  

Net c o s t  of  permanent p o s i t i o n s  
Other  p e r s o n n e l  compensat ion 

T o t s  1 per  s o m e  1 compensat ion 
Reimbursable  
NASA funded 

T o t a l  p e r s o n n e l  b e n e f i t s  
Reimbursable  
NASA funded 

In 
W 
I 

0 

l- * 
0 

NASA funded 

T o t a l  Personnel  C o s t s  
Reimbursable  
NASA funded 

OFFICE FISCAL YEAR 1964 ACTUAL 

$3,551 
31 

-498 - 
I 

$?,e% 

33 ,378  
d l  

--- 
3 , 3 7 8  

$231 ---  
231 

$3,609 

3,609 
- - -  
- 

$4,071 
16  

-231 - 
$3,862 

293 

$4,155 

4,151 

- 
_ - -  

e r s o n n e l  compensat ion:  
permanent p o s i t i o n s  

Lapses  (deduct )  
pay above rile .tats: ;n:.u;l 

$289,440 
2,334 

2 5 , 3 1 6  

22,102 
$266,458 

$288,560 
479 

288,081 

$20.262 
21 

20.241 

$308.822 
500 

308,322 - 

$320,264 
1,260 

-9,592 

$311,932 
25.277 

1,647 -,.,. 1 $136 : 
- J 7 >  - 

),042$132  - - -  --- 
3,042 1 3 7  

_- -  - - -  
1,389 l o  

0 & j i  --- 
0,431 14 7 

--- 

10,220 $2,799 10 
78 - -39 -1.411 

20,259 $1,398 72 

20,700 - - -  $1.470 - - -  
20,700 1 ,470  

$1,500 _--  $110 - - -  

441 - 

1.500 110 

22,200 1 L , > ~ G  

20,220 $5,716 2 2  
78 - -10 -1.527 

:2n,7nFi i 54.211 

--- 
20.729 I 4 ,368  

$1,503 - - -  
1,503 332 

- - -  

$22.232 sc.700 

22,232 4,700 
- - -  I --- 

I -̂,. *,,A 

S 1 1 . 6 / /  I ?JU,-'7" 

4,107 

i34.497 - - -  
34,497 

$2.294 

2,294 

36.791 

36,791 

--- 

- - -  

;44,456 
163 

-2.48t 

313,365 

13,365 
--- 

$868 ---  
868 

$14.233 

14,233 
--- 

$19,652 
70 

-1,556 

$18,166 
2.251 

320.417 1 - - -  
20,417 

$1,364 

1,364 

21,781 

21,781 

- _ -  

- - -  

32,481 

$2.308 
21 

2,287 

i35.263 
495 

34,768 

$36,939 
134 

-376 - 
$36,697 

2 . 2 0 4  

$38.901 
510 

38,391 

$2,750 
43 

2,707 

$41.651 
5 5 3  

41,095 

72,921 

34,926 

4,926 

$77.852 

77,847 

- - -  

5 1 

$74,262 
298 

-1.565 

I l l  
$5 ,671  837,421. $43,611 1 

2 2  I 175 1 173 
-219 -122 -216 

$25,652 
99 

-1,272 

$24,479 
1.418 

$25.897 

25,89;  
- - -  

$1,831 - - -  
1,834 

$ 2 7 . 7 3 1  

27,731 
- - -  

$1,389 
6 - 10 

$1.385 
6 

$1 I 391 

1,391 

$109 

109 

$1.500 

1,500 

- 
- 

- - -  

- --- 

- - -  

15 1 
-6  

$5,571 $37,383 $43,565 - 647 1 1.443 I 2,045 $42,131 $72,995 
5.554 8.352 

$47.685 - - -  381.347 3 

47,685 81,344 

$3,164 - - -  $5,475 --- 
3,164 5,475 

$50,849 1 $86,822 3 

50.81 1 8 6 , 8 i S  

I 

$6,218 $38,826 345,610 - - -  - - -  _ _ -  
6,218 38,826 45,610 

3 331.209 
513 1 

$291 

291 

$4,446 

- --- 

_ - -  
4,446 I - 

$4,078 
15 
-1 - 

$'.,002, 
286 I - 

3 4 , 3 7 8  

4 , 3 7 8  

j;G: I 
- - -  
304 

34.682 _-- 

336,696 

323.533 
4 3  

23.490 , 

$360,742 
556 

360,186 

$323,102 
1: 284 

j -4.058 

$320,928 
24.995 

I >j4j 9 i 3  
??I?  

345,207 

$24.243 
50 

24,193 

$370,166 
766 

369,400 

I ,  

-- -  
3,314 

48,924 

48,924 
_ _ -  

- 

$ 2 5 , 6 4 5  
99 

- 3 5 5  - 
.. 

I . . C  .."I. 
? L , * > " 7  

! L77 

$26.822 

- 
--- 

26,872 

$1.415 
6 

- 3  

$i,4iB 
5 

- 
- 

$1,424 

I,&?$ 

$111 

---  

i43,61( 
17: 
-9 (  

$43,69 
2 

$45.63 

45,63 

- 
. ^ .  

-- 

$3.33 

3.32 
_ -  

$36,936 
137 

$3b,  88 1 
2.376 

$39.257 
71: 

> O , J . r  
I I n  c , ,  

$2.76( 

2.711 

$42.02 

5(  

41.26 I 76 

N 

i 
c 
N 

E 
3 

i T o t a l  p e r s o n n e l  compensat ion 

j NASA funded 
Reimbursable  

$1,912 1 - - -  ..-- - - -  1,912 

$28.734 

28,734 
- - -  - - -  I --- 

I I I 

SUM 4 
I I I 
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KATIO::N, A ~ R O : I A C T I C Y  A:JD S P A r r  ADMIXISTRATIOX 

FISCAL YEA% 1966 ESTIMATES 

DISTRIBUTION OF PIIRSONWL POSITIOhC BY INSTALLATIOK AND FISCAL Y i A R  

1 , 5 9 1  116 
726 47  .. 

-1 
I 

- 1  

wa"c i Y , I  

' , A i l  
__ 

14 - 

51 
102 
24 3 
302 
206 

I 
99 

3 

&i 
1 Oh 
150  

94 
3 

1 , i 8 7  
91 

33 

8; 

~ 

1 ,592  

1 ,625  

I O l A L  t.XiEPTED TOSITIO:.S " 
c i - c r a l  I 'C I  r d a l ;  i o r i t i o , s :  

GS-16 
G Z - i S  
6:-14 
6s -13  
GS-12 
G S - 1 1  
GS-10 
GS-9 
65-8 
GS-7 
GS-6 
F4-5 
G S - 4  
GS-3 
GS-2 

TOTAL GEXZTUIL SCliEDLXE POSITIOFS 
TOTAL WAGE BOARD POSITIONS 
TWCAL PERlWNENT POSITIONS 

GRrlhV TOTAL POSITIONS - FY 1964 
OTHER TEWORARY POSITIONS 

1_6 

4 
351 
658 
94 2 
996 

I 
422 

4 
288 

72 
3 7 9  
507 
LO2 

68 
5,949 

n75 

7,502 
177 

7.679 

- 

S 
3 
2 

1 

1 
1 
7 
1 
I 
1 
25 

25 

25 

- 
- 

6 - 

15  
29 
$1 
58 
57 

50 
2 

- 36 

137 
219 
3% 
357 
411 

448 
2 

15 

I 5 5  
294 
536 
512 
398 

1 2  
372 

9 
200 

58 
1 7 7  
206 
149 
2 
3,044 

4 ,851  
8 

4 ,859  
~ 

3 - 

20 
20 
23 

7 
3 

2 

2 

7 I, 

11 
3 

109 

11 2 

112 

- 
- 

3 - 

10 
4 1  
51 
53 
42  

7 
i 
5 

14 

35 
9 
-1 
372 

175 
I 

376 

i? 

- 

- 
~ 

3 

1 
1, 
49  
62 
82 
44 

8 
1 
6 

13  
6 5  
39 
1 2  
1 

398 

401 
5 

406 

- 

- 
- 
- 

- 158 

3h5 
271 
is0 
123  

70 
4 

70 
22 

14 b 
223 
7 ,I, 
122 

73 
A 
1 ,894  

39 
2 ,091  

4 1  
2 ,133  

~ 

- 170 

39 
384 

207 
132  

71 
10 
74 
28 

149 
223 
213 

9 1  
35 

9 
1 , 9 6 7  

1 9  
2 ,156  

65 

302 

- 
~- 

~ 

2,221 ---- 
1 I 6 9  

I 384 

I -  ' 79 

~ 302 
208 1 132 
71 

1 10 
I 74 

1 .38 
L I ,  

I 223 
' 1 ,  

.- 

I 
4 
1 
3 
3 

2 
1 
5 
1 
1 

22 

22 

22 

- 

- 
- 

- ,  - 
5 , 112 
8 , 146 

19 193 
25 1 153  
27 ~ 139 

3 2 

190 
34 7 
53s  
480  
467 

2,463 
3,477 
3 ,663  

23 
2.463 

3.179 

391 
8 

223 
79 

7 50 
226 
103 

5 
3 ,304  

3.610 

~ 

266 

22 ~ 180 

1 , 6 9 3  
670 

1 , 9 7 1  
1 , 2 9 0  

24,730 

31,984 

32,499 

i . a i h  

1 5 5  

515 

4 1  ~ 119 

4fi , 171 
32 1 119 
1 6  ~ 58 

254 1.384 

516 ' 2 ,201  
14 3 

b , 35 

12 13 

261 ~791 

- -  
530 2 ,204  

27 215 
I1 69 
21 179 
25 153 

5 15s 
L A  
336 

796 
371 
219 

5 
3 ,828  

4 , 1 7 1  
106 

4 , 2 7 7  

__ 
308 

2.672 

4 ,279  
51 
4 ,330  

263 
605 

14 
619 

- 
- 65 

3 ,675  
~ 

29 

17 
9 1  

150 
219 
169 
151  

5 
14 5 

105 
34 

110 
106 

52 
6 

1 ,366  
790 

20 
L , L " J  

- 

- 

._ - 
2,185 

~ " " n r  

15  

9 
62 

382 
369 
269 
1 

1 3 1  
3 

- 

i n 8  

35 

15 
222 
398 
736 
664 
594 

479 
1 

332 
6 3  

- 54 

4 1  
390 
663 

1 ,040  
1,052 

899 
1 

412 
4 

279 
75 

391 
516 
223 

6,055 

- 

69 

l-38J 
7 ,489  

169 
I ,  " ," - ,?" 

__ 

40  

21 
190  
383 
554 
568 
502 

380 
9 

- I 

1 
4 
8 

27 
42  
31 

2 
21 

21 
9 

49 
26 

8 

249 
__ 268 

1 2  
;;o 

- 

- 

518 
- 

10 - 

1 6  
50 

20 
14  

4 

1 
11 
38 
34 

2 

240 

250 

2:; 

50 

- -  

- 

- 

38 

1 6  
129 
222 
318 
372 
421 

443 
2 

191  
69 

175 
152 
135 

8 
2,653 

4,218 
70 

- 

__ 

- 
4.3:; 

35 

1 7  
155 
319 
537 

398 
1 2  

358 
11 

212 
58 

129 

146 

3 ,032  

4 , 8 1 5  
32 

- 

490 

180 

Iq 

~ 

4 , 8 4 7  

3 

3 
1 6  
20 
33 

5 
3 

- 

4 
4 

1 6  
8 
1 

113  

116 

- 

- 

- .._ 
L LO 

439 

183  
1 ,694  
2,707 
4 ,217  
4,024 
3,454 

3 1  
2 ,495  

59 

6 

3 
13  
31 
49 
54 
56 

40 

20 
16  
22 
24 
8 

336 
263 
h05 

14  
613 

- 

_. 

- 

GS-12 
GS-11 
GS-IO 
GS-9 
GS-8 
GS-7 
CS-6 
GS-5 
GS-4 
GS-3 
GS-2 

TOTAL GEVERAL SCHEDULE POSITIONS 

155 
103  

180  
112 

38 
3 ,365  

272 
1 ,677  

48 
3,72: 

170 

_ _  

~ 

x 1 2  
26.051 1.929 4.329 

- 
1 9  

1 9  
1 

22 

- 

- 

TOTAL WAGE BOARD POSITIOWS 3 101 

GRdl;U T Z A L  POSiTiSi iS  - Ff i;65 33 ,800  2.O82 

TOTAL PERMANENT POSITIONS 33 ,200  2 ,045  
600 37 

~~ 
DTHER TEWGRARY POSITIOI!S 

322 
4 ,686  

125 

__ 

L,Bli 
__ 

35 

15 
222 
398 
736 
664 
5911 

479 
1 

63 

- 

_ll_l A>* 

m 

15  - 439 - 8 0  - - 

I 
4 

I 

1 
4 
8 

27 
42 
31 

2 
7 1  

- 

L L  

9 

26 
8 

249 

518 
12 

530 

/1/ 

__ 
~ 268 

79 

1 7  
97 

I50  

1R2 
157 

5 
165 

- 

2 1 0  

~" 
I L  

33 
L i _ l  

L u 0 
.^, 
46 

1 ,366  
790 

2 ,185  
~ 

20 
2,205 

I1 - 

4 6  
110 
114 

55 
19 

9 

L L  

21 

65 
16 

539 

,Y 

- 

550 

5 50 --_ 

6 

1 
13  
31 
49 
54 
54 

40  

- 

~~ 

L I, 

16 

24 
8 

336 
26) 
605 

14 
619 

1' 

- 

.~ 

18 

1 6  
129 
222 
314 
372 
671 

44 9 
2 

61 

- 

.". 
L J L  

L I J  

1 li 
._"  
135 

8 
2.653 

4,238 
70 

4,308 

- 
e 7  

2_ 

35 

1 7  
155 
319 
537 
4 90 
395 

12 
358 
11 

58 

- 

".^ 
'L' 

L L Y  
IC" 
. - -  
146 
10 

3,032 
1 ,748  
4 , 8 1 5  

32 
4 ,847  

__ 

~ 

3 

1 
I 6  
20 
33 

5 
3 

- 

6 
LO 

I 

113 

116 

I16  

- 

- 

3 - 
1 

1 5  
49 
42 

h h 

8 
1 

13  

39 
12 

398 

401 
5 

406 

n? 

0, 

i 

,- - 

4 1  
390 
663 

1 ,066  
1 , 0 8 1  

909 
1 

433  
4 

76 
--" i l l  

21 
190 
383 
554 
568 
5112 

380 
9 

103  

1 R i i  
112 

38 
3 ,365  

272 
3.677 

4 8  
3,725 

. c c  I , ,  

L," 

1 R i  9 

2.767 108 
1 ,724  62 

GS-13 
GS-12 
G S - 1 1  
GS-10 
GS-9 
GS-8 
i s - :  

~ GS-6  

, is-4 
b 2 - J  

4 ,799  382 
4 , 1 0 1  369 
3 ,475  269 

31 1 
2,541 131  

3 59 

738 47 
.., L I Y  . --" 

I , , , "  

5 
1 

m cn 1 

._ 
19 

19 
3 

22 

- 

i / L  

j?* 
174 224 

4,329 i a,-= 
4.686 7.489 

125 I 169 
4 , 8 1 1  I 7,658 

i l l  

I :, " - "  

1 ' 69 .- 

322 , m o  

0 91 
35 

1 ,968  
19 

2 ,156  
65 

__ 

~- 

2,221 

GS-3 
i s - 2  

TOTAL GbNEML SCHEDULE POSITIONS 
TOTAL WAGE BOARS POSITIONS 

ljo 
26.451 

~ .- 
1.929 

101  
2 ,045  

37 

~~ 

~~~~ 

2 ,082  

TOTAL PEPMNENT POSITIONS 

GRAND TOTAI. POSITIONS - N 1966 
OTHER TEI.LPORARY POSITIONS 

a / T o t a l  Excepted Positions i n c l u d e  two (2 )  Special Ungraded and twelve (12)  P.L. 313 positions. 

SUM 5 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1966 ESTIMATES 

ADMINISTRATIVE OPERATIONS 

--- ANA'LYSfS OF REQUIREMENTS FOR PASSENGER-CARRYING MOTOR V E H I C U C  

The appropr i a t ion  language provides  f o r  t he  purchase of 30 passenger 
motor v e h i c l e s ,  of which 6 are f o r  augmentation t o  t h e  f i s c a l  yea r  1965 ending 
inventory  and 24 are f o r  replacement. A l l  v e h i c l e s  scheduled f o r  replacement 
meet, o r  w i l l  meet, the  c r i t e r i a  e s t a b l i s h e d  by t h e  General Se rv ices  
Administraticln f o r  replacement of v e h i c l e s  due e i t h e r  t o  age,  mileage,  annual  
maintenance c o s t s ,  o r  a combination of t hese  f a c t o r s .  

A summary a n a l y s i s  and planned procurement by c l a s s  of v e h i c l e  i n  f i s c a l  
yea r  1966 i s  a s  fol lows:  

Medium S t a t i o n  
T o t a l  Sedans Sedans Wagons Ambulances, Buses, 

On hand July 1, 1965.. 183 1 47 113 11 11 

Tota l  t o  be procured: 30 - 7 15 - 8 

(For replacement).  . . (24) - (4) (15) (-) (5)  

(Disposed - riot - u M. replacedl  *.. . . . . . (3) - 122 <1) 

On hand June 30, 1966. 186 1 48 112 11 14 

1 6 2 - 0 4 1  0 - $ 5  - 4 .SUM 6 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF AIZJAIBCED RESEARCH AND TECHNOLOGY BASIC RESEARCH PROGRAE.! 

PROGRAM OBJQULVES AND JUSTIFICATION : 

The purpose of t h e  Basic Research Program is  t o  i n i t i a t e  and adminis te r  
fundamental research i n  t h e  phys ica l  and mathematical s c i ences  which w i l l  
provide an understanding of phenomena which a r e  important t o  t h e  development 
of cu r ren t  and f u t u r e  a i r c r a f t  and s p a c e c r a f t .  
ou t  i n  NASA's Research Centers  w i th  some c o n t r a c t  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  and  o t h e r  Government 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  i n t o  t h e  na tu re  
of t h e  atomic nucleus and i t s  i n t e r n a l  ene rg ie s  t o  mcre appl ied  r e sea rch  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  t o  supersonic  t r a n s p o r t s  o r  e n t r y  v e h i c 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  wi th  cu r ren 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  i n c r e a s e  man's knowledge and under-  
s t and ing  of t h e  phys ica l  laws of n a t u r e  and of t h e i r  mathematical express ion ,  
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 .  

This b a s i c  r e sea rch  11-s c a r r i e d  

Engineers today mus t  f r equen t ly  use materials which are inadequete  t o  
meet t h e  s p e c i a l  requirements of p a r t i c u l a r  a p p l i c a t i o n s .  
must  "over design", adding more weight t o  a s s u r e  adequate performance. Thus 
t h e  goa l  i n  m a t e r i a l s  research  is  t o  o b t a i n  cons t ruc t ion  m a t e r i a l s  which are 
s a f e r ,  l i g h t e r  i n  weight ,  more temperature  r e s i s t a n t ,  and allow cheaper 
cons t ruc t ion .  

A s  a r e s u l t  they 

In  t h e  e l ec t rophys ic s  a r e a ,  superconduct iv i ty ,  cha rac t e r i zed  by zero  
e l e c t r i c a l  r e s i s t a n c e  of some m e t a l s  a t  temperatures  nea r  abso lu t e  ze ro ,  i s  
being s t u d i e d  t o  l e a r n  more about t h e  mechanisms of t h e  e l e c t r o n  movement 
w i t h i n  t h e  c r y s t a l  s t r u c t u r e  and t o  d iscover  i n  t h i s  way new m a t e r i a l s  which 
e x h i b i t  t h e s e  same c h a r a c t e r i s t i c s  a t  somewhat h igher  temperatures .  Many 
app l i ca t ions  a r e  awai t ing r e s u l t s  of t h i s  r e sea rch ;  f o r  example, superconducting 
devices  such as a cryogenic gyroscope which w i l l  r o t a t e  f o r  long per iods  of 
t i m e  wi th  ncb power requirements ,  us ing  extremely s m a l l  bu t  very  powerful 
magnet 8 .  

I n  f l u i d  phys ics ,  ref inements  i n  magnetohydrodynamic a c c e l e r a t o r s  may 
l ead  t o  a l abora to ry  f a c i l i t y  which, as a wind tunnel  of extreme speed,  w i l l  
permit more r e a l i s t i c  s imula t ion  of r e e n t r y  cond i t ions  p r e v a i l i n g  around space 
v e h i c l e s  re:t.urning t o  t h e  Ear th  o r  e n t e r i n g  t h e  atmosphere of o t h e r  p l a n e t s .  
Research i n  t h i s  f i e l d  is a l s o  lead ing  t o  an understanding of t h e  p r i n c i p l e s  
of e l e c t r i c .  p ropuls ion  dev ices ,  plasma flows i n  atomic power gene ra to r s ,  and 
such fundanwnt:al phenomena as t h e  i n t e r a c t i o n  of t h e  s o l a r  wind w i t h  t h e  
Ear th  ' s magnet:osphere . 
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I n  a p p l h d  mathematics, another  important p a r t  of t h e  Basic  Research 
Program, new and improved mathematical techniques a r e  being developed which 
w i l l  e n a b l e  complex phys ica l  phenomena t o  be represented  more e a s i l y  and more 
a c c u r a t e l y  and to be s tud ied  wi th  g r e a t e r  accuracy and speed on e lec t i -onic  
computers, 'Ifliese techniques w i l l ,  i n  t ime,  lead  t o  t h e  s o l u t i o n  of many 
important physical  and mechanical problems of t h e  kind t h a t  now a r e  extremely 
time consuming o r  even impossible t o  so lve  wi th  present  a n a l y t i c a l  and 
numerical met:hods . 
SUMMARY OF RE!;OlJRCES REQUIREMENTS : 

19 66 
PI- 

1964 1965 

Supporti.ng research  and 
technology. ........................ $22,653,000 $21,231,000 $22,000,000 

To ta l .  .............................. $22,653 .OOO $21,231,000 $22,OC!O ,000 -.- 

D i s  t r i b u  t i c , r i o  f Propram Amount bv Ins  t a 1  l a t  ion : 

Marshall  Space F l i g h t  Center . .  .... $986,000 
Goddard Spac:e F l igh t  Center.  ...... 23 5 ,000 
J e t  Propu.1.sj.on Laboratory.  ........ 6,443,000 
Ames Researc:h Center . .  ............ 1,692,000 
Electroni.c:s Research Center.  ...... 
Fl igh t  Research Center .  ........... 
Langley Eksearch Center . .  ......... 1,466,000 
Lewis Research Center .  ............ 3,464,000 

Western Operations Off ice . .  ....... 536,000 

--- 
--- 

NASA Headquarters ................. 7,831,000 

BASIS OF FUNCiE:QUIREMENTS : 

$916,000 
257,000 

5,792,000 
1,881,000 

30,000 
1,861,000 
2,234,000 
8,260,000 

e-- 

--- 

Supporting Research and Technology 

1964 1965 

Flu id  physics ....................... $7,887,000 $7,830,000 

Mater ia l s  r e sea rch . . . . . . . . . . .  ....... 9,582,000 8,156,000 
Electrophysics  ...................... 3,986,000 3,940,000 

$920,000 
260,000 

5,8010,000 
1,90~0,000 

200,000 
30,000 

1,920,000 
2,750,000 
8,220,000 

--I 

1966 

$8,000,000 
4,100,000 

PI- 

8,600,000 
Applied mathematics. . . . . . .  .......... 1 198,000 1 1305 ; 000 1.30,O .OOO 

Tota l . .  ........................... $22,653,000 $21.231.000 $22,00!0,000 

Flu id  Physics 

-,- 

The ob jec t ive  of b a s i c  research  i n  f l u i d  physics  i s  an understanding of 
t h e  fundamental processes  determining t h e  behavior of l i q u i d s  and gasels. 
Emphasis i s  placed on the  s tudy of processes  r e l a t e d  d i r e c t l y  o r  i n d i r e c t l y  
t o  problems a n t i c i p a t e d  i n  t h e  development of f u t u r e  spacec ra f t  and a i r c r a f t .  
For example, problems of Eluid physics  a r e  involved i n  t h e  e ros ion  of Ielectrodtzs 
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and i n s u l a t o r s  i n  magnetogasdynamic propuls ion  devices  where gas temperatures  
reach 50,000 degrees Fahrenhei t .  
chemical ly ,  i n t e r a c t  wi th  s t r u c t u r a l  materials, and undergo molecular and 
atomic d e c o m p s i t i o n s ,  causing s i g n i f i c a n t  a l t e r a t i o n s  of t h e  flow f i e l d  and 
of t h e  thermal and mechanical s t r e s s e s  i n  exposed s t r u c t u r e s .  Similaa: problems 
a r e  encouiite-red i n  t h e  ho t  gas cap surrounding space v e h i c l e s  during iltmosphere 
e n t r y  and re: ;J l t  i n  dangerous s t r u c t u r a l  s t r e s s e s  and severe  c o n t r o l  iind 
communications problems. The success fu l  s o l u t i o n  t o  t h e s e  and simi1a;i: problems 
which s t and  i n  the  way of minimum weight ,  long l i f e  spacec ra f t  system:; depends 
i n  l a r g e  measurle on a product ive  f l u i d  physics  research  program. 

A t  t hese  temperatures  gas mixtures  r e a c t  

During 1 3  1966 research  w i l l  cont inue  on t h e  h igh  temperature  p r o p e r t i e s  
of t h e  gases  'known t o  make up t h e  E a r t h ' s  atmosphere and of o t h e r s  be l ieved  
t o  be present  i n  t h e  atmospheres of Mars and Venus. These p r o p e r t i e s  ,, which 
w i l l  be obtai:ned a t  t h e  Ames Research Center  and under c o n t r a c t ,  a r e  ci!ssentia:l. 
t o  t h e  p r e d i c t i o n  of flow cond i t ions  about a v e h i c l e  and hence t o  t h e  structuiral .  
and aerodynamic des ign  of i n t e r p l a n e t a r y  s p a c e c r a f t .  For example, t h e  thermal 
r a d i a t i v e  pro:per t ies  of a i r  and carbon d ioxide  n i t rogen  mixtures ,  s i m ~ l a t i n g  
t h e  composition of t h e  Venusian and Mart ian atmospheres, show l a r g e  var ia t ion t i  
a t  c e r t a i n  wirie lengths  i n  e lec t romagnet ic  spectrum. Much must be l e a n e d  
about t h e  c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  i n  t h e  u l t r a v i o l e t  wave lengths ,  
be fo re  spacecxaf t  des igners  can proceed wi th  confidence wi th  t h e  des ign  of 
p l ane ta ry  laritleirs 

Another important h igh  temperature  c h a r a c t e r i s t i c  of c e r t a i n  gases  is  
t h e i r  tendenclr to become ionized .  Gases i n  t h i s  s t a t e  are c a l l e d  plasmas and 
research  on p'tasma phenomena has  become an important f i e l d  of f l u i d  physics .  
To understand t h e  p r i n c i p l e s  involved is e s s e n t i a l ,  f o r  example, t o  t h e  design 
of e lec t romagnet ic  gas  a c c e l e r a t o r s  and c e r t a i n  energy conve r t e r s .  In FY 1966, 
plasma physic::; research  w i l l  be  focused on fundamental problems of plasma 
s t a b i l i t y  which are impeding t h e  development of a number of plasma prclpulsive 
devices .  
and construct.:Lon of a hyperve loc i ty  plasma tunnel  f o r  model t e s t i n g  under 
r e e n t r y  condi t ions .  This  is  t h e  only technique so f a r  discovered tha t  has t h e  
p o t e n t i a l  of complete s imula t ion  of t h e s e  cond i t ions  i n  a continuous r , t r eam.  
Such a f a c i l i t y  would become a powerful t o o l  f o r  m a t e r i a l s  and structwral 
research .  T h e  Langley, Lewis and Ames Research Centers ,  a s s i s t e d  by some ou t -  
s i d e  c o n t r a c t s ,  a r e  conducting t h e  plasma physics  research  program. 

Suc:c:essful s o l u t i o n  of t h e s e  problems may a l s o  l ead  t o  t h e  des ign  

Another I-mportant o b j e c t i v e  i n  f l u i d  physics  research  dur ing  FY 1966 is 
an unders t ancli-ng; of t u r b u l e n t  boundary l a y e r  behavior  on hypersonic  a i  r c r a f  t . 
Accurate precli.ct:ions of  boundary l a y e r  behavior  a r e  e s s e n t i a l  t o  r e l i a b l e  
p r e d i c t i o n s  of a i r p l a n e  performance. The p resen t  unce r t a in ty  i n  understanding; 
of hypersonic boundary l a y e r s  must be overcome be fo re  t h e  f e a s i b i l i t y  of 
hypersonic c r u i s e  a i r c r a f t  can be  assessed  wi th  confidence.  Hypersonic 
tu rbu len t  boundary l a y e r s  w i l l  be  s t u d i e d  a t  t h e  Langley and Lewis Research 
Centers ,  espec:ially under t h e  h igh  h e a t  t r a n s f e r  cond i t ions  expected cln 
a i r p l a n e  su r faces  and i n  engine i n l e t s  and nozz les .  
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Elec t rophys ics  

Elec.trophysics inc ludes  experimental  and t h e o r e t i c a l  i n v e s t i g a t  j ons of 
t h e  react ioru;  of e l e c t r o n i c ,  atomic and nuc lear  s t a t e s  of s o l i d s ,  l ic luids  ancl 
gases  whi.ch arc? inf luenced  by t h e  s t a t i c  o r  dynamic fo rces  of g r a v i t a t i o n a l ,  
nuc lea r ,  magnetic and e l e c t r i c  f i e l d s .  Information from t h i s  research  i s  
gene ra l ly  a p p l i c a b l e  t o  engineer ing advances i n  such f i e l d s  as space power, 
r a d i a t i o n  e f f e c t s  and e l e c t r o n i c  communications. 

Researc:h is under way t o  determine and exp la in  t h e  mechanisms of energy 
t r a n s f e r  w i t h i n  t h e  atomic l e v e l s  of s o l i d s  and gases .  This w i l l  l ead  t o  
new sources  f o r  t h e  s t imu la t ed  emission of coherent  e lectromagnet ic  hiaves 
( l a s e r s )  i n  t h e  reg ion  from gamma ray  t o  mi l l ime te r  wave l eng ths .  
a b i l i t y  olf such s i g n a l  sources  would s u b s t a n t i a l l y  advance our  c a p a b i l i t i e s  i.n 
e l e c t r o n i c  comniunication and nav iga t ion  f o r  spacec ra f t .  This research  is  
being con.duct:ecl a t  t h e  Massachusetts I n s t i t u t e  of Technology, Stanford Uni- 
v e r s i t y ,  Uni.versity of Michigan and Johns Hopkins Un ive r s i ty ,  under bIASA 
c o n t r a c t s .  

The ava i l - .  

Theore t i ca l  and experimental  r e sea rch  i n  superconduct iv i ty  research  is  
being conduct.ec1 t o  inc rease  t h e  c r i t i c a l  temperature  and magnetic f i e l d  
s t r e n g t h  of stuperconductors.  Superconducting c o i l s  o f f e r  a supe r io r  method 
wi th  respec t  t o  weight ,  volume and power requirements f o r  ob ta in ing  s t r o n g  
magnetic f i e l d s .  These f i e l d s  may conceivably be used t o  s h i e l d  spacec ra f t  
from harmful scilar p a r t i c l e  r a d i a t i o n  and a l s o  t o  conf ine  properly the  flow 
of ion ized  gases i n  magnetohydrodynamic and c o n t r o l l e d  thermonuclear e l e c t r i c  
power genera tors .  Other p o t e n t i a l  uses  of superconductors a r e  f o r  e l e c t r i c  
power t ransmiss ion  l i n e s ,  f o r  computers, and f o r  r o t a t i n g  e l e c t r i c a l  motors 
and gene ra to r s .  The research  is be ing  c a r r i e d  out  by t h e  Lewis Research 
Center ,  t he  J e t  Propuls ion Laboratory,  and t h e  Univers i ty  of Chicago. 

One outs tanding  accomplishment i n  t h e  Basic  Research Program during 
FY 1965 w a s  the  genera t ion  of a c o u s t i c  energy i n  s o l i d s  and l i q u i d s  by high 
i n t e n s i t y  pulsed l i g h t  from a l a s e r .  This a c o u s t i c  wave has  a frequency 
thousands of t imes h igher  than t h a t  of u l t r a s o n i c  sound waves produced by 
previous methods. 
probe f u r t h e r  t h e  behavior  of e l e c t r o n s  and ions  which form t h e  s t r u c t u r e  of 
s o l i d  s t a t e  devices  such a s  semiconductors,  t r a n s i s t o r s  and l a s e r s .  It may 
a l s o  be p o s s i b l e  t o  adapt a c o u s t i c  energy t o  i n d u s t r i a l  nondes t ruc t ive  t e s t i n g  
techniques.  

Coherent a c o u s t i c  energy may become a new research  t o o l  t o  

In  FY 1566, t h e  e x i s t i n g  program w i l l  be continued. Addit ional  emphasis 
w i l l  be placed on explor ing  nuc lea r  r e a c t i o n s  t o  ob ta in  a b e t t e r  understanding 
of t h e  fo rces  binding t h e  n u c l e i .  Such knowledge not  only w i l l  exp la in  b e t t e r  
t h e  r eac t ions  of primary s o l a r  r a d i a t i o n s  impinging on spacec ra f t  s t r u c t u r e s ,  
but a l s o  provide new information about t h e  secondary r a d i a t i o n s  a r i s i n g  from 
t h e  primary r eac t ions .  This  information may be h e l p f u l  t o  s p a c e c r a f t  des igne r s .  
Also,  a more i n t e n s e  e f f o r t  w i l l  be made t o  explore  t h e  energy t ransformat ions  
i n  t h e  l a t t i c e  s t r u c t u r e  due t o  app l i ed  e l e c t r i c  and magnetic fo rces .  The 
r e s u l t s  may l ead  t o  g r e a t l y  improved e l e c t r o n i c  c i r c u i t  components f o r  space 
naviga t ion  and connnunication systems. 
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Materials Research 

The r o l e  of b a s i c  r e s e a r c h  i n  materials is t o  g a i n  a n  understanding of 
t h e  b a s i c  phys i ca l  and chemical n a t u r e  of s o l i d s .  
understanding that NASA can cont inue  t o  meet i t s  growing needs f o r  improved 
materials . 

It i s  only  through such 

The program is  broad i n  scope and ranges  from b a s i c  s t u d i e s  of tlie 
e l e c t r o n i c  and atomic n a t u r e  of matter t o  i t s  a p p l i c a t i o n  i n  a i r p l a n e s  and 
space v e h i c l e s .  It d e a l s  w i t h  t h e  thermodynamics of chemical r e a c t i o n s  
involved i n  the  product ion  and u t i l i z a t i o n  of materials, and wi th  t h e  physical. 
meta l lurgy  and chemistry of complex a l l o y s ,  ceramics ,  and polymers film which 
many devices  used i n  f l i g h t  programs are cons t ruc ted .  
s t u d i e s  of t h e  b a s i c  mechanisms by which materials d e t e r i o r a t e  i n  s e r v i c e .  
One example is  t h e  s tudy  a t  Ames Research Center on t h e  mechanism by which 
a b l a t i v e  m a t e r i a l s  d e t e r i o r a t e  upon r e e n t e r i n g  t h e  E a r t h ' s  atmosphere. It i s  
t h i s  breaking dawn of t h e  a b l a t i v e  material t h a t  provides  t h e  hea t  prlotection 
t o  spacec ra f t .  When t h e  a b l a t i o n  process  is  completely understood,  i t  w i l l  be  
p o s s i b l e  t o  u t i l i z e  c u r r e n t  a b l a t i v e  materials more e f f i c i e n t l y  and t o  develop 
b e t t e r  a b l a t i v e s  f o r  f u t u r e  spacec ra f t .  

The program inlcludes 

Encouraging r e s u l t s  dur ing  t h e  p a s t  year  i n d i c a t e  t h a t  t h e  entirle Mate r i a l s  
Research Program w i l l  show s u b s t a n t i a l  p rog res s  in FY 1966. One a s p e c t  of 
t h i s  program should be p a r t i c u l a r l y  product ive :  t h e  understanding of t h e  
e l e c t r i c a l ,  chemical and phys ica l  n a t u r e  of su r faces .  This  understanlding is 
v e r y  important  i n  problems involv ing  almost  a l l  phases of materials blehavior, 
and is f i n d i n g  f r equen t  a p p l i c a t i o n  i n  t h e  development of space v e h i c l e s  and 
h i g h  speed a i r c r a f t .  For example, t h e  20 year  backlog of s c i e n t i f i c  knowledge 
and expe r i ence  i n  ox ida t ion  r e s i s t a n t  high temperature  a l l o y s  w i l l ,  i n  FY 1966, 
be a p p l i e d  t o  t h e  s p e c i f i c  problem of des igning  s t a t o r  and t u r b i n e  b lades  f o r  
t h e  engines  o f  t h e  Mach 3 supersonic  t r anspor t .  These engine components w i l l  
be  ope ra t ing  a t  temperatures  300 t o  400 degrees  Fahrenhei t  h igher  than those  
i n  c u r r e n t  engines ,  a temperature  r e g i o n  where ox ida t ion  becomes a severe 
p r  ob1 em. 

Another a s p e c t  of materials r e s e a r c h  which is  progress ing  w e l l  and 
should f i n d  p r a c t i c a l  a p p l i c a t i o n  i n  FY 1966 is t h a t  of d i s p e r s i o n  s t rengthened  
materials. 
t h e  i n t r o d u c t i o n  of v e r y  small hard p a r t i c l e s  t h a t  r e t a r d  s l i p p i n g  between 
t h e  metal crystals. In t h e  p a s t ,  r e s e a r c h  on t h e s e  materials has r e s u l t e d  
i n  an accumulation of s c i e n t i f i c  knowledge on t h e  mechanism by which such 
p a r t i c l e s  s t r e n g t h e n  metals. 
r e s u l t  in a d i s p e r s i o n  s t rengthened  n i c k e l  t o  be eva lua ted  i n  FY 1966 f o r  t h e  
s t r u c t u r e  of t h e  supersonic  t r a n s p o r t  a i r p l a n e .  This  material should has t en  
t h e  f i n a l  des ign  of t h i s  a i r p l a n e .  

These are metals o r  a l l o y s  which have been s t rengthened  through 

A clear p i c t u r e  is almost  a t  hand and w i l l  

App 1 i e d  Mat hematic s 

Research in a p p l i e d  mathematics i s  concerned w i t h  t h e  development of 
improved mathematical  techniques €o r  t h e  s o l u t i o n  of phys ica l  problems. The 
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problems which may arise in aerospace science or engineering usually require 
the solution of non-linear differential equations. 
are desired for planning experiments and predictive evaluation of results, 
because this is often the most feasible and economical way. 

Fast and simple solutions 

While substantial progress has been made in this direction, there remain 
many problems in the physical sciences which await mathematical formulation 
and solution. One of these is the problem of three bodies, that is, the 
question of solving the mathematical equations representing motion of, say, 
a lunar satelI.it:e or space probe moving under the influence of gravitational 
fields of two or more large masses, each having relatively large effects. 
Since a lunar probe or satellite is thus influenced by the Earth, MOOCI, and 
Sun, while any planetary probe will be critically influenced by some planet 
as well as the Sun, it is clear that the three body problem will recur for 
many future spac.e missions. Already special cases of the three body problem 
have been solc,ed to a satisfactory degree, and it is planned in FY 1966 to 
expand the wcrk into the more general cases which are involved in space flight. 

Efforts will also be made to find mathematical methods, both analytical 
and numerical, which could be used in determining the orbits of lunar satel- 
lites to a high degree of accuracy. The mathematical methods for determining 
and programming such an orbit are still untested and uncertain and preliminary 
considerations h.ave shown that many types of lunar orbits will be highly 
unstable. 

Similarly,, there will also be efforts to improve the mathematical 
analysis of spacecraft and aircraft structures. Problems in this field include 
those of the strength of plates and shells for such structures, and of deter- 
mining the requirements or limitations of modern aircraft to fly optimum 
tra j ec t or ies be tween two airports . 
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RESEARCH AND DEVELOPhENT 

FISCAL YEAR 1966 ESTIMATES 

- OFFICE OF --- ADb'ANCED FXSEARCH AND TECHNOLOGY SPACE VEIlICLE SYSTEMS PROCUM _- 

PK0GRN.f OBJECTIVES --- AhrD JUSTIFICATION: 

The o b j e c t i v e s  of the Space Vehicle Systems Program are t o  i d e n t i f y  and 
so lve  t h e  c r i t i c a l  des ign  problems a s s o c i a t e d  w i t h  space v e h i c l e  launch and 
a s c e n t  through t h e  atmosphere, f l i g h t  through space ,  e n t r y  i n t o  t h e  atmosphere 
of earth o r  c t h e r  p l a n e t s ,  and landinz .  The program seeks  t o  advance the 
s t a t e - o f - t h e - a r t  on a broad f r o n t  t o  permi t  t h e  conception and developnent 
of advanced v e h i c l e s  and a t  t h e  same t i m e  t o  so lve  c r i t i c a l  t e c h n i c a l  problems 
that may a r i s e  dur ing  tile course  of development of p r e s e n t  gene ra t ion  space 
v e h i c l e s .  

The space v e h i c l e  du r ing  launch and a s c e n t  through t h e  atmosphere must 
cope s u c c e s s f u l l y  w i t h  a wide v a r i e t y  of problems which inc lude  ,:round-wind 
loads ,  mecharical  v i b r a t i o n ,  i n t e n s e  a c o u s t i c  n o i s e ,  severe g u s t s  and wind 
g r a d i e n t s  alcif t , p r o p e l l a n t  sloshin: , c o n t r o l  f o r c e s ,  and many others. The 
h ighes t  p o s s i b l e  s t r u c t u r a l  e f f i c i e n c y  i s  r e q u i r e d  t o  ach ieve  minimun weight 
wh i l e  a s s u r i r z  no s t r u c t u r a l  f a i l u r e .  F l i g h t  throug!i space t akes  p l a c e  i n  a n  
environment cif h i g h  energy charged p a r t i c l e  r a d i a t i o n s ,  meteoro ids ,  high 
vacuum, cold sFace and una t tenuated  thermal r a d i a t i o n  from t h e  sun ,  and i s  
f u r t h e r  c!iar:.cterized by a cond i t ion  of ze ro  g r a v i t y ,  a l l  of which m u s t  be 
understood arid d e a l t  w i t h  by proper  s t r u c t u r a l  and system des izn .  Beturn 
t o  e a r t h  (or exp lo ra to ry  miss ions  t o  t h e  s u r f a c e s  of o t h e r  p l a n e t s )  i s  charac- 
t e r i z e d  by ?i.$ti speed atmosphere e n t r y  wi th  i t s  i n t e n s e  hea t ing  whicl. must 
be w e l l  understood and a c c u r a t e l y  p red ic t ed  and f o r  which adequate  thermal 
p r o t e c t i v e  s t r u c t u r e s  must be devised. Research must be  c a r r i e d  ou t  i n  
aerothermodymamics, s t r u c t u r e s ,  and i n  t h e  s e v e r a l  d i s c i p l i n e s  a s s o c i a t e d  
w i t h  t h e  space environment by means of a v a r i e t y  of l a b o r a t o r y  f a c i l i t i e s  
and by c a r e f u l l y  s e l e c t e d  f l i g h t  experiments t o  provide  t h e  d e t a i l e d  techno- 
l o z i c a l  ltn0~~~1.eclge r e q u i r e d  f o r  t h e  des ign  of advanced space  v e h i c l e s .  

Major p rogres s  vas made du r ing  t h e  p a s t  year  i n  a number of important 
areas. S i g r i f i c a n t  h i g h l i g h t s  i nc lude  fmo atmosphere e n t r y  f l i g h t s ;  one, 
P r o j e c t  F i r e  which measured t h e  hea t ing  environment a t  38,000 f e e t  p e r  second, 
and t h e  o t h e r ,  a Scout launched experiment which measured t h e  behavicir of 
a n  advanced a b l a t i v e  hea t  s h i e l d  material i n  t h e  hea t ing  environment a t  
28,000 f e e t  pe r  second. A pre l imina ry  f l i g h t  program a t  t h e  F l i g h t  Fesearch 
Center of a s i m p l i f i e d  l i g h t  weight test  v e h i c l e  of t h e  M-2 l i f t i n g  tiody 
c o n f i g u r a t i o n  was s u c c e s s f u l l y  completed and a n  ex tens ion  of t h i s  prcjgram 
w a s  imp1emerit:ecl by a c o n t r a c t  f o r  t h e  c o n s t r u c t i o n  of two a l l  m e t a l  ?[-2 and 
HL-IO t e s t  v e h i c l e s  w i t h  h igher  and more rea l i s t ic  planform loadings .  The 
Explorer XXII:I meteoroid s a t e l l i t e  was s u c c e s s f u l l y  o r b i t e d .  An important 
secondary experiment t o  measure launch v e h i c l e  s t r u c t u r a l  response  t c l  s eve re  
wind g r a d i e n t s  a l o f t  w a s  s u c c e s s f u l l y  c a r r i e d  o u t  du r ing  the Explorer XI11 l aurch .  
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Subst:ant::ialt p rog res s  was a l s o  made i n  ground based r e s e a r c h  and included 
t h e  gene ra t ion  of new s t r u c t u r a l  and aerodynamic concepts f o r  p l a n e t a r y  
e n t r y  probes ilnd t:echniques f o r  u se  i n  determining t h e  p r o p e r t i e s  and compo- 
s i t i o n  of t h e  aemosphere of Mars, new high v e l o c i t y  p a r t i c l e  impact r e s u l t s  
c o n t r i b u t i n g  to our knowledge of t h e  meteoroid hazard,  and l a r g e  scalci 
measurements of tlie a c o u s t i c  n o i s e  f i e l d  genera ted  by t h e  high v e l o c i t y  
hydrogen exhaiis't firom a nuc lea r  rocke t .  

During the coming year  emphasis w i l l  be p laced  on f u r t h e r  advancjmg the  
technology of 1 i f t i n g  e n t r y  f ' l i gh t  through t h e  extended M-2 and HL-10 f1i:;ht 
test program ,and through augmented l a b o r a t o r y  r e s e a r c h  on hea t  pro tec i . ion  
systems and fin o t h e r  areas. Coro l l a ry  f l i g h t  experiments t o  measure 
t u r b u l e n t  bou1ldiIry l a y e r  hea t  t r a n s f e r  and t o  determine t h e  performance of 
advanced a b l a t i v e  hea t  s h i e l d  materials w i l l  be  undertaken. Emphasis w i l l  
cont inue  on de termina t ion  of t h e  meteoroid hazard,  and a major mi l e s tone  
i n  t h a t  progr,am is expected w i t h i n  t h e  coming year  w i t h  t h e  Sa tu rn  l a m c h i n g s  
of Pegasus s p a c e c r a f t  w i t h  their 2000 square  f e e t  of meteoroid detect:i.on area,, 
Augmented e f h r t  w i l l  be g iven  t o  r e s e a r c h  on the  e f f e c t s  of high energy 
r a d i a t i o n  on spiace v e h i c l e  materials, components, and subsystems i n  tlie 
Langley Research Center ' s  new Space Radia t ion  E f f e c t s  Laboratory w i t h  i t s  
600 m i l l i o n  e l e c t r o n  v o l t  cyc lo t ron .  

Emphasis w i l l  a l s o  be p laced  dur ing  t h e  coming year  on acce1erat: i .q 
progress  i n  . t h e  development of c r i t i c a l  des ign  c r i t e r i a  f o r  space veh:i.cles 
incorpora t in ; ;  t le  most r e c e n t  r e s u l t s  of ground based r e s e a r c h  and f l i g h t  
experiments i n  8order t o  provide  i n d u s t r y ,  t h e  NASA, and o t h e r  Government 
agencies  w i t h  v i t a l l y  needed t e c h n i c a l  gu ide l ines .  

SUMMARY OF €US S01JRCES REQUIRENENTS: ---- 

1906 ---- 1964 1965 

Support in:: research  and technology.. $24,951,000 $24,559 ,000 $24,00(1,000 
P r o j e c t  FIXE.... .................... 7,037,000 2,811,000 500,000 

L i f t i n g  body f l i g h t  and landing  

P r o j e c t  Pegasus (Saturn-launched 

Smal l  space v e h i c l e  f l i g h t  

Scout launched meteoroid 

Scout r e e n t r y  p r o j e c t , .  ............. 305,000 750,000 5,000,000 

tes ts . .  ........................... 1,200,000 1,500,000 1,000,000 

meteoroid experiment).  ............ 9,900,000 13,690,000 2,50O,OOO 

experiments. ...................... I ,  959,000 1,010,000 2,000,000 

experiments 362,000 175,000 --- ....................... ---- 
T o t a l . .  ........................... $45,714,000 $44,495,000 $35,000,000 

-. 
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196 4 --- 1964 1965 

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

Manned Spacec ra f t  Center.. . . . . . . . ,  $629,000 

Coddard Space F l i g h t  Center..  ..... 878,000 
Je t  Propulsion Laboratory ......... 4,577,000 
Ames Research Center.. . . . . . . . . . . . .  1,942,000 
F l i g h t  Research Center. .  .......... 1,403,000 
Langley 1tEsearcli Center . . . . . , . . , . .  15,257,000 
L e w i s  Rescarcli Center..  ........... 3,186,000 
NASA Headquarters..  ............... 3,2H2,000 

. Marshall Space F l i g h t  Center.,  .... 13,569,000 

Western Ore ra t ions  Of f i ce  ......... 991,000 
BASIS OF FUND IIEGIKEMENTS: 
-ll-.._l___ 

$730,000 $855,000 
16,744,000 ~+,490,000 

956,000 930,000 
3,438,000 3,140,000 
2,9 22 , 000 2 , 655 , 000 
2,020,000 'L ,180,000 
9,659,000 13,461,000 
2,326,000 1,770,000 
5,700,000 6 , 51 9,000 

Supporting liesearch and Technology 

1965 1966 - --__- 1964 

Spacecraf t  ~iel.othermodynami(.s.. ..... $5,452,000 $5,242,000 $5,346,000 

Launch vehi .c: le  aerotticrmodyriamics. .. 826,000 1,264,000 1,300,000 
Spacecraf t  1.oads and s t r u c t u r e s . .  ... 4,495,000 5,209,000 5,560,000 

Launch v ehi.cl(: loads  and s t r u c t u r e s .  3,7 20,000 3 , 350,000 3,41f ,000 
Space vchic '-e ei-tvironincntal f a c t o r s .  7,506,000 6,745,000 7,1011,000 

800 000 7211 000 
Advanced spac(3 v e h i c l e  concepts. .  ... 2,371,000 1,949,000 55CI ,000 
Space veh ic  ! e  clesi;n c r i t e r  La.. 581,000 ------.-s?- ----L-- ..... 

' l o t a l ,  ............................. $24,95 1,000 $24,559,000 - -  $24,000,000 - --__- 

Spacec ra f t  Aerothermodynamics 

The purpI3sc of this r e s e a r c h  i s  t o  provide  informat ion  on aerodynamic 
hea t ing  and lica t p r o t e c t i o n ,  ildvanced c o n f i g u r a t i o n s ,  and landing and recovery.  
T h i s  informal: ion suppor ts  e x i s t i n g  v e h i c l e  development programs and provides  
new concepts f o r  f u t u r e  space v e h i c l e s .  

l'wo S U C C ~ S  s € u l  f l i g h t  research pro:;rams added m a t e r i a l l y  t o  the iiero- 
dynamic hea t ing  technology dur ing  t h e  p a s t  year.  One of these  prosrains was 
P r o j e c t  I: CRE ,ghicli measured t h e  atmospheric e n t r y  hea t ing  a t  a speed o f  
38,000 f e e t  per  second where r a d i a t i v e  hea t ing  i s  an  important problein. T h i s  
experiment p-cwided h ighly  s i i g i i f i c a n t  new f l i g h t  d a t a  f o r  c o r r e l a t i o i i  w i t h  
r e s u l t s  oE ground based r e s e a r c h  and t h e o r e t i c a l  p r e d i c t i o n s  w h i c  11 haTie con- 
t a ined  cons ide rab le  u n c e r t a i n t y .  I n  the o t h e r  f l i g h t ,  an a b l a t i v e  h e a i t  s h i e l d  
experiment w a s  flown on a Scout rocke t  a t  a n  e n t r y  v e l o c i t y  of 28,000 f e e t  pet- 
second. A l a r g e  spread i n  the p r e d i c t i o n s  of hea t  s h i e l d  perfornlance had been 
obta ined  Eroin ground based f a c i l i t i e s .  These f l i g h t s  , by provid ing  a ichor 
p o i n t  d a t a ,  are c o n t r i b u t i n g  g r e a t l y  t o  a b e t t e r  understanding of' t e s t  d a t a  
obta ined  i n  ground based f a c i l i t i e s .  
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In t h e  f i e l d  of manned e n t r y  v e h i c l e s ,  r e s e a r c h  cont inues  on t h e  l i f t i n g  
body concept. This  p r i n c i p l e  provides  maneuverabi l i ty  dur ing  e n t r y  and t h e  
p o s s i b i l i t y  of convent ional  h o r i z o n t a l  l anding  on land. S i g n i f i c a n t  p rogres s  
w a s  made i n  t h e  p a s t  year  a t  Langley and Ames Research Centers  i n  d e f i n i n g  
c o n t r o l l a b l e  conf igu ra t ions  and i n  so lv ing  t h e  s t a b i l i t y  problems. During 
FY 1966, g,round based r e s e a r c h  w i l l  emphasize h igh  speed performance, s t a b i l i t y  
and c o n t r o l ,  l reh ic le  h e a t  p r o t e c t i o n ,  and problems a s s o c i a t e d  w i t h  abclrt and 
emergency lartclirtgs . 

A pre l iminary  f l i g h t  i n v e s t i g a t i o n  a t  t h e  F l i g h t  Research Center of a 
l i g h t  weight tes t  v e h i c l e  of t h e  M-2 l i f t i n g  body conf igu ra t ion  has been 
s u c c e s s f u l l y  completed. During t h e  coming yea r  heavier  test  v e h i c l e s  of bo th  
the  M-2 and €a,-1.0 des igns  w i l l .  be  cons t ruc t ed  and flown t o  s tudy  approach ;and 
landing  problems a t  weights  more r e p r e s e n t a t i v e  of ope ra t iona l  v e h i c l e s .  

Research has cont inued a t  t h e  Manned Spacecraf t  Center over  t h e  past year  
i n  an  e f f o r t  t o  provide  o the r  s a f e  and r e l i a b l e  means of recuver ing  manned 
spacec ra f t .  Landing of heavy s p a c e c r a f t ,  i n  t h e  o rde r  of 10,000 pounds, would 
now r e q u i r e  t h e  use  of m u l t i p l e  parachutes  t o  provide  a descen t  speed low 
enough t o  a s s u r e  t h e  s a f e t y  of s p a c e c r a f t  and a s t ronau t s .  These systems are 
heavy, r e q u i r e  l a r g e  stowage volumes, and are d i f f i c u l t  t o  make re l iable .  
Research has 1.ead t o  a s i n g l e  l a r g e  parachute  (capable of recover ing  c" 10,000 
pound spacecraft:) w i t h  g r e a t l y  increased  r e l i a b i l i t y .  During FY 1966 t h i s  
program wi .11  emphasize f u r t h e r  r educ t ion  i n  weight of t h e  s i n g l e  parachute  
system and w i l l  cont inue  r e s e a r c h  on o t h e r  concepts ,  such as s t e e r a b l e  para-  
chu te s ,  pairac:liut:e r e t r o - r o c k e t  systems and l i g h t  weight v a r i a b l e  drag  devices .  

Spacecraf t  Loads and S t r u c t u r e s  

The purpose of t h i s  r e s e a r c h  program i s  t o  p r w i d e  new concepts  and new 
ana ly t i ca l .  and experimental  t o o l s  f o r  t h e  s t r u c t u r a l  des ign  of spacec ra f t .  
The program encompasses: advanced s t r u c t u r a l  concepts ,  new appl ica t ic ins  of 
materials ,, ds:finit:ion of l oads ,  techniques f o r  ana lyz ing  and t e s t i n g  s t r u c t u r a l  
response and :;ti:uctural f a i l u r e ,  p r o t e c t i o n  a g a i n s t  e n t r y  hea t ing  and t h e  
hazards  of s ~ ~ c t : ,  s t o r a g e  of cryogens dur ing  long pe r iods  of space f l i g h t ,  and 
p r o t e c t i o n  of components a g a i n s t  v i b r a t i o n a l  environments and landing  impact. 

In t h e  area of advanced s t r u c t u r a l  concepts ,  a number of concept:; have 
been generatczd which are s u f f i c i e n t l y  promising t o  warran t  f u r t h e r  eva lua t ion  
i n  FY 1960. 
f o r  servicing; 031 rendezvousing ope ra t ions  between space s t a t i o n s  and s p a c e c r a f t .  
The a i r l o c k  i s  capable  of compact s t o r a g e  and expansion by v i r t u e  of t h e  
a p p l i c a t i o n  o f  e l a s t i c  foam as p a r t  of i t s  s t r u c t u r e .  A gas - t igh t  l i n e r  p reven t s  
l o s s  of intei:na:L a i r  pressure .  T e n s i l e  loads  due t o  p r e s s u r e  a r e  c a r r i e d  by 
a k n i t t e d  sti:iicture. P r o t e c t i o n  a g a i n s t  t h e  space  environment i s  achieved by 
a r e f l e c t i v e  ou te r  s h i e l d  and t h e  meteoroid p r o t e c t i o n  c h a r a c t e r i s t i c : :  of t h e  
foam inner: l a y e r s ,  

One example i s  a n  expandable a i r l o c k  system which could he used 

During t h e  many ope ra t ions  of space v e h i c l e s ,  e l e c t r o n i c  and s t r u c t u r a l  
components a re  sub jec t ed  t o  high frequency v i b r a t i o n s .  This  i s  an imlhortant 
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and complex prdDlern occas iona l ly  r e s u l t i n g  i n  mission f a i l u r e  bu t  more o f t e n  
causing s e r i o u s  weight p e n a l t i e s  r e s u l t i n g  from overdesign. Methods of pre-  
d i c t i n g  space veehicle loads  and load  t ransmiss ion  through s t r u c t u r e s  itre 
inadequate ,  ixs  ,are c u r r e n t  methods of i s o l a t i n g  v i b r a t i o n s  and of proof t e s t i n g  
s p a c e c r a f t  t o  ensure  a g a i n s t  f a i l u r e  r e s u l t i n g  from v i b r a t i o n s .  Research a t  
t h e  Goddard :Space F l i g h t  Center and Langley Research Center w i l l  conccmtrate 
on t h e s e  prol~leins i n  FY 1966. 

The importance of hydrogen as a f u e l  f o r  f u t u r e  space missions i:; w e l l  
recognized. 
hydrogen and o ther  cryogens i n  space f o r  pe r iods  g r e a t e r  than  a f e w  weeks w i l l  
be continued i n  FY 1966. This  r e sea rch ,  under way ,a t  t h e  L e w i s  Reseai:ch Center 
and Marshall  Space F l i g h t  Center ,  i s  emphasizing t h e  important  probleris of 
thermal and meteoroid p r o t e c t i o n ,  s e l e c t i o n  of materials, and the  des.;gn and 
f a b r i c a t i o n  of cryogenic tanks.  

The c u r r e n t  program t o  meet t h e  requirements  f o r  s t o r a g e  of 

Launch Vehicle Aerothermodynamics 

The Launch Vehicle Aerothermodynamics program i s  concerned w i t h  .':he s tudy  
of new launch v e h i c l e  concepts  and wi th  t h e  s o l u t i o n  of hea t ing ,  aeroclynamic, 
and r e l a t e d  problems of c u r r e n t  and f u t u r e  launch v e h i c l e s .  Among thf: impor- 
t a n t  s p e c i f i c  problems are base hea t ing  from rocke t  exhaust  and t he gcmeratioi-t 
and propagat  ion of i n t e n s e  a c o u s t i c  no ise .  

One o b j e c t i v e  of t h i s  program i s  t o  develop f e a s i b l e  concepts  f o r  recove;c'- 
a b l e  launch v e h i c l e s .  A t t en t ion  w i l l  be  given t o  methods f o r  r ecwer l r  of 
p re sen t  types of v e h i c l e s  u s ing  a u x i l i a r y  devices  and t o  advanced types of 
v e h i c l e s  des  igned t o  have f l i g h t  c h a r a c t e r i s t i c s  a p p r o p r i a t e  t o  recwtzry.  

Another cu r ren t  o b j e c t i v e  of t h e  program i s  t o  f i n d  s o l u t i o n s  t o  t h e  base: 
hea t ing  prob Lems of l a r g e  mult i -engine launch v e h i c l e s .  Research has shown 
t h a t  a c o n t r i b u t i n g  cause of t hese  problems i s  t h e  burning of the  f u e l - r i c h  
exhaust  gases  from t h e  turbopumps i n  t h e  base  region.  
f u r t h e r  i n  t h e  Zorning year.  Research w i l l  a l s o  cont inue  on theo re t i c i t l  and 
experimental  'ne thods of p r e d i c t i n g  the  amount of r a d i a t i v e  and convec 1:ive baslit 
hea t ing  cont:ributed by t h e  rocke t  j e t s ,  t h e  r e c i r c u l a t i o n  and burning of 
unburned gases f r o m  t h e s e  j e t s ,  and t h e  burning of en t r a ined  waste gases .  Thi? 
work include:; t;le development of inexpensive experimental  methods of cletermin.inF; 
base  hea t ing  3n models and t h e  es tab l i shment  of a p p r o p r i a t e  s c a l i n g  l i t w s .  

This  w i l l  be explored 

I n  the  a r e a  of r e s e a r c h  on n o i s e  gene ra t ion  and propagat ion ,  comprehensive 
measurements v e r e  made f o r  t h e  f i r s t  t i m e  dur ing  t h e  p a s t  year  of t he  acous t i c -  
n o i s e  fielld : ;merated by t h e  high v e l o c i t y  hydrogen j e t  exhaust  from i t  nucleai: 
rocke t  (KIWI:). These and similar experiments w i l l  p rovide  importan 1: i n f o r -  
mation f o r  t h s  s t r u c t u r a l  des ign  of nuc lea r  powered space v e h i c l e  sys1:ems and 
components an'3. (of test  s t ands  and surrounding bu i ld ings .  
n o i s e  genera t ion  w i l l  cont inue  i n  FY 1966 w i t h  emphasis on provid ing  1-mproved 
understanding oE t h e  mechanism of n o i s e  product ion  i n  h igh  v e l o c i t y  jets. 

l iesearch on rocke t  

I n  a re:Lated f i e l d ,  t h e  e f f e c t s  of atmospheric cond i t ions  on t h e  propaga-t 
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t i o n  of no ise  a r e  under study. It has been found t h a t  temperature  inve r s ions  
and l o c a l  winds cause focusing of sound waves from rocke t  test  s t ands  which can 
r e s u l t  i n  s t r u c t u r a l  damage a t  d i s t a n c e s  from t h e  test s i te  normally considered 
safe .  Research i s  cont inuing  on sound propagat ion under a v a r i e t y  of atmos- 
p h e r i c  conditiclns quick ly  and a c c u r a t e l y  so t h a t  s t a t i c  tests of l a r g e  boos te r s  
can be scheduled with less f e a r  of bu i ld ing  damage o r  d i s tu rbances  t o  communities. 

Launch Vehicles Loads and S t r u c t u r e s  

The purpose of t h i s  program i s  t o  d e r i v e  and eva lua te  advanced s t r u c t u r a l  
concepts and new materials a p p l i c a t i o n s  f o r  launch v e h i c l e s ;  t o  d e f i n e  t h e  
loading t o  which t h e  s t r u c t u r e s  w i l l  be subjec ted ;  t o  improve a n a l y t i c a l  and 
experimental  methods of determining s t r u c t u r a l  response t o  loads ;  and t o  
develop means of proof t e s t i n g  launch v e h i c l e s  t o  ensure a g a i n s t  f a i l u r e .  

Ground winds t o  which l a r g e  launch v e h i c l e s  are sub jec t ed  on the  launch 
pad c o n s t i t u t e  a major des ign  load  f o r  t hese  s t r u c t u r e s .  Experimental 
r e sea rch  w i t h  s ca l ed  models i n  low speed wind tunne l s ,  conducted by t h e  
Langley and Pmes Research Centers ,  and r e l a t e d  r e sea rch  a t  Marshall  Space F l i g h t  
Center ,  h a s  Frclduced important  information on t h e  n a t u r e  of t hese  loads  and 
the s t r u c t u r a  1 response of launch v e h i c l e s .  Approximate methods f o r  p r e d i c t i n g  
loads on f u l l  s c a l e  v e h i c l e s  have been developed. During the  coining year  t hese  
a n a l y t i c a l  mett-ods, and the  sca l ed  model r e s u l t s ,  w i l l  be eva lua ted  and com- 
pared w i t h  f u l l  s c a l e  tests. 

A seconc. important  o b j e c t i v e  of t h i s  program i s  an  understanding of the 
dynamic loads imposed on launch v e h i c l e s  dur ing  powered f l i g h t .  These loads ,  
caused by wind shear, t h r u s t  vec to r ing ,  f u e l  s l o s h ,  and aerodynamic flow 
i n s t a b i l i t i e s ,  have caused s t r u c t u r a l  f a i l u r e  i n  launch v e h i c l e s .  Research 
on launch v e h i c l e  s t r u c t u r a l  dynamics w i l l  cont inue a t  the Langley and Ames 
Research Centers and t h e  Marshall  Space F l i g h t  Center i n  FY 1966. Typical  of 
t he  problems considered i s  t h a t  of reducing the  s t r u c t u r a l  loads  caused by 
s losh ing  of rocke t  f u e l  i n  tanks dur ing  launch. Promising r e s u l t s  are being 
obtained w i t h  a technique u t i . l i z i n g  f l e x i b l e  b a f f l e s  which i n h i b i t  s losh ing .  

Space Vehicle Environmental Fac to r s  

The object . ive of t h i s  r e sea rch  program i s  t o  provide understanding and 
d e t a i l e d  t echn ica l  knowledge of t h e  space environment and i t s  e f f e c t s  on 
s p a c e c r a f t  arid t h e i r  systems t o  i n s u r e  proper  and e f f i c i e n t  des ign  and 
opera t ion .  The r e sea rch  inc ludes  high energy space 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 hazard,  hard vacuum, thermal r a d i a t i o n  e f f e c t s  and 
temperature  c.ontro1, and t h e  bzhavior  and con t ro l  of f l u i d s  i n  ze ro  g rav i ty .  

The high energy r a d i a t i o n  environment i s  de t r imen ta l  t o  equipment and 
hazardous t o  mam. A major r e sea rch  program i s  t h e r e f o r e  being conducted t o  
determine the  e f f e c t s  of charged p a r t i c l e  r a d i a t i o n  on space v e h i c l e  equipment, 
t o  understand t.he damage mechanisms involved,  and t o  develop rad ia t ic ln  shield. ing 
techniques.  
Space Radia t ion  E f f e c t s  Laboratory w i l l  g r e a t l y  enhance the  c a p a b i l i t y  f o r  

The completion i n  FY 1966 of t he  Langley Research Center ' s  new 
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r e sea rch  on :cadiation e f f e c t s  i n  materials, components, and subsystem:;. 
I n v e s t i g a t i o n s  under way t o  determine the  s h i e l d i n g  e f f e c t i v e n e s s  of va r ious  
materials a g a i n s t  space r a d i a t i o n  w i l l  continue.  
p e n e t r a t i o n  r e s u l t s  r e c e n t l y  obtained by r e sea rche r s  i n  i n d u s t r y  and a t  t h e  
Oak Ridge Nat ional  Laboratory under c o n t r a c t  have compared favorably  wi th  
t h e o r e t i c a l  lcalcu'lations, l ead ing  t o  g r e a t e r  confidence in t h e s e  methods. 
Theore t i ca l  and experimental  l abo ra to ry  r e sea rch  is  being pursued t o  develop 
new sh ie ld ing  concepts  involving e l e c t r o s t a t i c  and e lec t romagnet ic  phenomena 
which may r e s u l t  .in apprec i ab le  sav ings  i n  weight f o r  f u t u r e  space veh ic l e s .  

Experimental r a d i a t  ion 

Meteoroid pene t r a t ion  of p re s su r i zed  cabins ,  p r o p e l l a n t  tanks ,  O:I: t h e  
r a d i a t o r s  of nuclear  power systems could be ca t a s t roph ic .  Erosion of s u r f a c e  
coa t ings  by t h e  smaller p a r t i c l e s  could have s e r i o u s  e f f e c t s  such as c r e a t i n g  
undes i r ab le  (changes i n  t h e  temperature  balance.  Current i n f  ormat:ion on t h e  
meteoroid environment and on the  mechanism of hyperve loc i ty  impact by meteori.t:ic: 
p a r t i c l e s  i s  s e r i o u s l y  l i m i t e d ,  and t h e r e f o r e  a broad r e sea rch  program inc1ud:Lng 
both l abora to ry  and f l i g h t  experiments i s  under way. 
t h e  meteoiroid h.azard, a second satel l i te  of t h e  S-55 c l a s s ,  Explorer  XXIII, WijlS 

success fu l ly  o r b i t e d  during t h e  p a s t  year .  A major mi les tone  is  expected 
during the  coming year  wi th  the Saturn launchings of Pegasus spacecra:ltt,  
w i t h  their  2,000 square f e e t  of meteoroid d e t e c t i o n  area. I n  a d d i t i o n  t o  
f l i g h t  expe r inen t s ,  meteors e n t e r i n g  the  Ea r th ' s  atmosphere are being s tud ied  
using r a d i o  r e f l e c t i o n  techniques by Harvard College Observatory unde:i: con t r ac t , ,  
Laboratory s tudie:; w i l l  be continued t o  o b t a i n  an  understanding of t h e  physic::; 
of hyperve loc i ty  impact. Prel iminary d a t a  on p a r t i c l e  s i z e  e f fec . t s  have been 
obtained by the Ames Research Center which may exp la in  e x i s t i n g  d i sc repanc ie s  
found i n  :Eli:%ht between impact experiments us ing  microphones and p e n e t r a t i o n  
experiments u s i n g  t h i n  w a l l  d e t e c t o r s  such as p res su r i zed  c e l l s .  Laboratory 
t e s t i n g ,  however, i s  s t i l l  l i m i t e d  by t h e  i n a b i l i t y  t o  s imula te  nieteo:i:oid 
p a r t i c l e s  s i z e s  arid v e l o c i t i e s  i n  t h e  most c r i t i c a l  ranges of t h e s e  quantitiei::. 
Emphasis w i l l  consequently be given t o  the  development of promising technique,:; 
f o r  achiev in;? b'e t ter s imula t i o n  . 

I n  t h e  program to d e f i n e  

The zero-gravi ty  f l u i d  behavior  program involves  r e sea rch  on the  e f f e c t  
of weight lessness  on the  s t a t i c  and dynamic behavior  and h e a t  transfei:  phenomena 
of l iquid:;  and vapor. Problems of s epa ra t ing  and p o s i t i o n i n g  of l i q u t d s  and 
vapors ,  l i q u i d  pumping, and ven t ing  of vapors  are common t o  s p a c e c r a f t  systems 
such as p r o p e l l a n t  tanks and water supply tanks.  Drop tower tests a t  the  
Lewis Research Center have produced a good understanding of t h e  behav Lor of 
f l u i d s  and vapors  i n  s t a t i c  equi l ibr ium cond i t ions  of weight lessness .  E f f o r t s  
t o  understand t h e  dynamics of f l u i d s  under low a c c e l e r a t i o n s  and t o  improve 
t h e  c a p a b i l i t y  for e x t r a p o l a t i n g  small s c a l e  r e s u l t s  t o  f u l l  s c a l e  systems are 
cont inuing.  F l igh t  experiments of f l u i d s  under we igh t l e s s  cond i t ions  are being 
conducted t o  s t Jdy  behavior  which t akes  p l ace  more slowly than can be s tud ied  
i n  t h e  s h o r t  t e s t  t i m e s  provided by our drop tower re sea rch  f a c i l i t i e s .  

Current  ev idtmce shows t h a t  s p a c e c r a f t  material proper . t ies  can undergo 
s e r i o u s  de t r l inenta l  changes when exposed t o  t h e  extreme vacuum of space. In 
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t h e  high vacimm technology area, t h e  over-all o b j e c t i v e  i s  t o  advance our  
l abora to ry  c a p a b i l i t y  t o  s imula te ,  main ta in ,  and measure t h e  v e r y  low pressurle 
o r  d e n s i t y  a s s o c i a t e d  w i t h  space vacuum and thus  achieve  a more d e f i n i t i v e  
r e sea rch  i2nd development c a p a b i l i t y  f o r  t e s t i n g  space v e h i c l e  materia Ls, 
components and systems. Research w i l l  be  focused on producing c l e a n e r  deep 
vacuum condi t ions  i n  chambers by cap tu re  of most gas  molecules ,  and ol i  improvin:; 
of vacuum ins t rumenta t ion .  

An important  and complex s p a c e c r a f t  des ign  cons ide ra t ion  i s  t h a t  of 
maintaining zomponent and cab in  temperatures  w i t h i n  narrow l i m i t s .  Wliere t h e  
s o l a r  hea t  i . ipu t  remains cons t an t  o r  i s  c y c l i c ,  pas s ive  thermal coa t ings  can 
be used eEfectiveLy. Where t h i s  i s  n o t  t he  case ,  such as i n  int-erpLxnetary 
f l i g h t ,  a c t i v e  systems which are  a b l e  t o  a l te r  t h e  thermal c h a r a c t e r i s t i c s  of 
t he  v e h i c l e  are r equ i r ed .  Research i s  being c a r r i e d  ou t  on t h e r m a l  c J a t i n g s  
which chanze t h e i r  abso rp t ion  o r  h e a t  e m i s s i o n  c h a r a c t e r i s t i c s  a u t o m t i c a l l y  
w i t h  changes i n  temperature ,  o r  which v a r y  t h e i r  c h a r a c t e r i s t i c s  t h ro igh  
a p p l i c a t i b n  (of e l e c t r i c  o r  magnetic f i e l d s .  Major advances have been made i n  
pas s ive  coa t ings  which are s t a b l e  i n  t h e  u l t r a v i o l e t  space environment. The 
r e s i s t a n c e  oE t h e s e  coa t ings  t o  high energy r a d i a t i o n  i s  s t i l l  q u e s t i m a b l e  
and w i l l  r e q u i r e  Eurther research .  The a b i l i t y  t o  ground test therma 1 perforiilaiice 
of s p a c e c r a f t  i s  hampered by our i n a b i l i t y  t o  s imula te  adequate ly  t h e  s o l a r  
spectrum in Laboratory f a c i l i t i e s .  The program t o  improve t h i s  c a p a b i l i t y  
inc ludes  the deve Lopment o f  improved c a l i b r a t i o n  and s p e c t r a l  i n t e n s i t y  
monitor ing tlzchniques , as w e l l  as improved methods of thermal ba lance  measure-  
ment and computat ion. 

Advanced Space-Vehicle Concepts 

This  program looks beyond t h e  p r e s e n t  gene ra t ion  of s p a c e f l i g h t  )rejects 
and a t t empt s  t o  d e f i n e  problems of the  next  gene ra t ion  of s p a c e c r a f t .  P o t e n t i a l l y  
a t t r a c t i v e  missions f o r  f u t u r e  NASA s p a c e f l i g h t  programs are analyzed w i t h  t h e  
o b j e c t i v e  of i d e n t i f y i n g  those  where major advances i n  technology w i l  L be 
r equ i r ed  o r  where  f e a s i b i l i t y  w i l l  depend upon new innuvat ions .  

During the p a s t  year  s t u d i e s  of t h i s  type have been made i n  a number of 
important  a r eas .  These have inc luded ,  f o r  example, r ecove rab le  launc ' i  v e h i c l e s  
and a l t e r n a t ?  approaches t o  recovery which emphasize s i m p l i f i c a t i o n  t ' 2  reduce 
boos te r  c o s t s ,  advanced l o g i s t i c  s p a c e c r a f t  of t h e  l i f t i n g  e n t r y  type ,  l a r g e  
o r b i t i n g  teLescopes i n  a s s o c i a t i o n  wi th  manned o r b i t i n g  l a b o r a t o r i e s ,  new 
probe and prDbe lander  concepts  f o r  determining t h e  atmosphere of Mars,  and 
v e h i c l e s  iand techniques f o r  manned Mars e x p l o r a t i o n  missions.  

The s t u d i e s  of launch v e h i c l e  s i m p l i f i c a t i o n  have produced i i  po t i ?n t i a l ly  
a t t r a c t i v e  cmcep  t involv ing  the  placement of t h e  more complex arid c o s t l y  
e lements ,  su-h a s  s t e e r i n g  c o n t r o l s  and high energy,  l i q u i d  f u e l ,  uppizr st.age 
r o c k e t s ,  i n  the s p a c e c r a f t  i t s e l f ,  which would be recovered,  and reducing t h e  
lower vehicll? s t a g e s  t o  t h e  s imples t  p o s s i b l e  conf igu ra t ion  which could be 
economically d iscarded  a f t e r  use.  

The :s tudies  of unmanned p l a n e t a r y  probes have produced s e v e r a l  promising 
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new concepts  of s p a c e c r a f t  and techniques f o r  t h e  d i r e c t  measurement of t he  
s t r u c t u r e  and composition of t h e  atmosphere of Mars, which w i l l  be  a prereq-  
u i s i t e  t o  the conf iden t  des ign  of more complex unmanned spacecraEt  intended 
f o r  s o f t  l anding  3n t h e  s u r f a c e  of Mars. 

The manned Mars mission s t u d i e s  r e s u l t e d  i n  t h e  d iscovery  of a dramatic  
technique f o r  reducing markedly t h e  t o t a l  p ropu l s ive  requirements  f o r  t he  
Mars t r i p .  The technique involves  s e l e c t i o n  of a p a r t i c u l a r  Earth-Mars 
t r a j e c t o r y  which passes c l o s e  enough t o  t h e  p l a n e t  Venus t h a t  t h e  s p a c e c r a f t  
t r a j e c t o r y  i s  bent  sha rp ly  by the  p l a n e t ' s  g r a v i t a t i o n a l  f i e l d  as i t  lpasses by. 
This  "swing-by" maneuver a l te rs  the  s p a c e c r a f t ' s  d i r e c t i o n  of approach t o  
e i t h e r  Mars o r  t he  Ea r th  i n  such a way t h a t  t h e  s p a c e c r a f t  i s  moving ,nore 
n e a r l y  i n  the same d i r e c t i o n  as the  t a r g e t  p l a n e t  a t  the  approach. T h e  r e s u l t  
i s  a much reduced r e l a t i v e  approach v e l o c i t y  and hence a much lower d e c e l e r a t i o l  
requirement f o r  t h e  Mars o r  Ea r th  landing.  

I n  FY 1966 research i n  t h i s  program w i l l  examine i n  cons iderably  g r e a t e r  
depth  t h e  v e h i c l e  and systems des ign  problems t o  i d e n t i f y  f u r t h e r  t h e  techno- 
l o g i c a l  nleeds and r e s e a r c h  requirements  i n  s p e c i f i c  problem areas SUCII  as 
landing  systems, hea t  p r o t e c t i o n ,  communications, and aerodynamics. P a r t i c u l a r  
emphasis will be :given t o  unmanned Mars atmosphere probe technology, ,idvanced 
maneuverable e n t r y  v e h i c l e s  f o r  near  e a r t h  f l i g h t  a p p l i c a t i o n ,  arid recoverable  
launch v e h i c l e s .  

Space Vehicle Design C r i t e r i a  

Several  f a i l u r e s  of space v e h i c l e s  r e s u l t i n g  from inadequate  des  ign and 
t e s t i n g  procedures  have c l e a r l y  ind ica t ed  t h e  need f o r  engineer ing  des ign  
c r i t e r i a  €or  t he  guidance of t h e  des igne r s  of f u t u r e  space v e h i c l e s .  The b a s i c  
o b j e c t i v e  of t h i s  program i s  t o  develop and d isseminate  such c r i t e r i a ,  and thus  
t o  improve r e l i a b t l i t y  of space v e h i c l e s  and reduce c o s t s  of f u t u r e  sl,ace 
programs through t h e  uniform a p p l i c a t i o n  t o  des ign  of up-to-date  t echn ica l  
knowledge. 

The products  of t h i s  program are des ign  cr i ter ia  monographs f o r  iise by 
NASA and . industry i n  t h e  engineer ing  des ign  of f u t u r e  space v e h i c l e s .  
monographs provide  a n  important  means of ensur ing  t h e  a v a i l a b i l i t y  t o  engineers  
of a n  appropr i a t e  formula t ion  of t h e  la tes t  knowledge, based on both ope ra t ing  
experience and research.  It i s  expected t h a t  t hese  des ign  c r i t e r i a  documents 
w i l l  have an  important e f f e c t  i n  reducing o r  e l imina t ing  many causes  of p o t e n t i a l  
f a i l u r e  of f u t u r e  v e h i c l e s .  

These 

The program encompasses p r e p a r a t i o n  of c r i t e r i a  i n  several areas of 
des ign ,  inc luding  s t r u c t u r e s ,  p ropu l s ion ,  and guidance and c o n t r o l ;  and i n  the 
terrestrial  and space environments which g ive  r i s e  t o  des ign  problems., 
work i s  p r e s e - i t l y  being c a r r i e d  ou t  a t  s i x  I n s t a l l a t i o n s ;  a t  t h e  Jet  Propuls ion 
Laboratory; and, through cont r i lc t s ,  a t  t h e  U. S. Weather Bureau, six aerospace  
companies:, and (me u n i v e r s i t y .  FY 1966 funds w i l l  p rovide  f o r  cont inuing  and 
expanding t h e  c o n t r a c t  program necessary  t o  a c c e l e r a t e  completion of i t rgent ly  
needed critei: ia , 

The 
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Severa l  c r  i t e r i a  monographs p e r t a i n i n g  t o  t h e  s t r u c t u r a l  dynamic des ign  
problems of h i f  Eeting and f l u t t e r  were d isseminated  t o  i n d u s t r y  and oi:her 
Federa l  agenc: ie:; i n  FY 1965. Curren t ly  about f o r t y  a d d i t i o n a l  c r i te r1 .a  
monographs, dea'tirig w i t h  o t h e r  des ign  problems and w i t h  t h e  n a t u r a l  erivironmerit, 
are i n  variou.; :stages of p r e p a r a t i o n ,  

Pro j ec  t F IRE 

1906 --- 1964 1965 

Spacec ra f t  and suppor t  s e r v i c e s .  . . $7,037,000 $2,811,000 -- $5OCl,OOO 

A t  l a  s (Launch v e h i c l e  
( - - - ' )  Procurement Program) ............ (1 ,786,003)  (972 ,000)  - A-. 

Tota 1 (inc. lud ing  launch 
vehic  l e  s)  . . . . . . . . . . , . . . , . . . . . . ($8,823,000) ($3,783,000) ($5OC ,000:) 

This pro.jec:t i n v e s t i g a t e s  t h e  hea t ing  environment around a n  Apoll o shapecl 
spacecraft:  dur ing  r e e n t r y  a t  speeds nea r  37,000 f e e t  p e r  second. F l i g , l i t  tes ts  
are r equ i r ed  i:o provide  c r i t i c a l  anchor p o i n t  d a t a  f o r  v a l i d a t i n g  r e s u l t s  from 
l a b o r a t o r y  test f a c i l i t i e s  and t o  provide guidance f o r  a p p l i c a t i o n  of  t h e o r e t i c s 1  
as w e l l  as experimental  r e e n t r y  da t a .  

The FIRE: I s p a c e c r a f t  was s u c c e s s f u l l y  flown on Apr i l  14, 1964. It provided 
t h e  f i r s t  f l i g h t  measurements of t o t a l  hea t ing  and r a d i a t i v e  hea t ing  e t  a 
v e l o c i t y  of 38,00C1 f e e t  p e r  second on a l a r g e  s i z e  body. The d a t a  de f ined  t h e  
g ross  1ieat:ink; 1cwVE:ls i n  t h i s  s eve re  environment and provided a necessery  i n t e r -  
p r e t a t i o n  of i:e:;ults from ground based f a c i l i t i e s  and t h e o r e t i c a l  p r e d i c t i o n s .  

A second r e e n t r y  (FIRE 11) i s  planned near  t h e  end of FY 1965. In  view 
of t h e  succe~;:; of t h e  f i r s t  f l i g h t ,  t h e  r e e n t r y  sequence has been a l t c r e d  t o  
provide  addit.:.onal in format ion  t o  complement t h e  r e s u l t s  i n  hand, includin,; 
measurements a t  maximum heating:. The t r a j e c t o r y  has a l s o  been shif teci  s l i g h t l y  
t o  favor  measuri.n:, important sources  of gas r a d i a t i o n  w i t h  a s p e c i a l  I-iigh 
r e s o l u t i o n ,  :,i:oundi based t r a c k i n g  spec t rograph  t o  a i d  i n  a more complc t e  
understanding, of t h e  r e e n t r y  hea t ing  environment. 

FY 1966 :iunds are r equ i r ed  t o  complete ope ra t ions  f o r  FIRE I1 anc t o  
ana lyze  arid ~ m b ~ . i s ~ h  t h e  r e s u l t s .  Under t h e  management of t h e  Langley Research 
Center ,  t h i s  p r o j e c t  employs 1:epublic Avia t ion  Corpora t ion  as a prime cont:ract:or 
f o r  t h e  reent:i:y pa.ckage, Ling-Temco-Vought as c o n t r a c t o r  f o r  t h e  veloc i t y  
paclcage, amd General Dynamics/Astronautics as systems i n t e g r a t i o n  c o n t r a c t o r  
and launch v e h i c l e  s u p p l i e r .  
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Scout Reentry P r o j e c t  

1966 --.- 1964 1965 

Spacecraf t  and support..  . . . , . . .. . . $305,000 $750,000 - $5,00C1,000 

Scout (Launch vehic  le 
Procurement Program) .....,...... (1,000,000) (1,000,000) (. - - - : I  

Tota 1 ( i n c  luding launch 
v e h i c l e s )  ..................... ($1,305,000)($1,750,000)($5,000,000) 

The performance of a r e e n t r y  hea t  p r o t e c t i o n  system i s  determined by a 
complex i n t e m c  t ion  of t he  phys ica l  and chenilcal p r o p e r t i e s  of materiztls a t  
high tempera tm?s  and t h e  c h a r a c t e r i s t i c s  of t h e  heated a i r  surroundirtg t h e  
spacecraf t .  
any e x i s  t:Lng ;round based f a c i l i t y ,  t he  proper  combination of a l l  parzimeters 
known t o  be O E  importance i n  the performance of a h e a t  p ro t ec t ion  sysl.em during 
atmosphere r een t ry .  This  p r o j e c t  i s  designed t o  provide a series of J ' l i g h t  
experiments,  l i t  i l i z i n g  the  Scout launch veh ic l e ,  which w i l l  o b t a i n  dat.a essent:iz 1 
t o  current: mi jor  f l i g h t  p r o j e c t s  and w i l l  l ead  t o  more r e l i a b l e  in te r r l re ta t ior i s  
of test resul- t s  from ground based f a c i l i t i e s .  

I t  i s  no t  p r e s e n t l y  p o s s i b l e  t o  reproduce s imultaneously I, i n  

The !;cou t r e e n t r y  m a t e r i a l s  payload "Reentry D", w a s  s u c c e s s f u l l y  flown 
i n  August 1904. 
hea t  s h i e l d .  Ground based f a c i l i t i e s  v a r i e d  i n  t h e i r  p r e d i c t i o n s  of t.he 
performance o f  :he h e a t  s h i e l d  and none of t h e  f a c i l i t i e s  a c c u r a t e l y  Elrediotecl 
t he  actual.  pe-cforniance of t he  material. 
anchor p o i n t  €or t he  ground based f a c i l i t i e s  and a l a r g e  ground based program 
i s  now under way t:o determine why the  material behaves as i t  does and why the  
f a c i l i t i e s ;  do no t  p r e d i c t  t he  material performance more accu ra t e ly .  

The material flown w a s  a candida te  material f o r  t h e  I'pollo 

The f l i g h t  provided a n  important  

Scout: experiment "Reentry E" w i l l  be flown e a r l y  i n  FY 1966 with a pheno1. i~ 
nylon heat: shie:!d material. 
hea t  s h i e l d  o u i t e r i . a l  based on l abora to ry  experiments,  b u t  has not  beer. flown. 
The m a t e r i a l  :;litma g r e a t  promise for c e r t a i n  types of f l i g h t s  such as t h e  
b a l l i s t i c  o r  near b a l l i s t i c  atmospheric en t ry .  

Phenolic nylon i s  probably the  b e s t  understood 

Next, two d i f f e r e n t  payloads p l u s  back-up payloads w i l l  be b u i l t ,  us ing  
d i f f e r e n t  e1a:;ttnneric materials. Elastomeric  materials appear promising f o r  
t h e  long f l i g l i t  t i . m e  of t h e  l i f t i n g  body e n t r y  and f o r  t he  low dens i ty  pay'loadi 
r equ i r ed  f o r  Mars missions.  
may c a r r y  s imulated f l a p s  in order  t o  s tudy the  reg ion  around t h e  f l a g .  

The payloads w i l l  be  b lunted  cones and orle pay1oa.d 

Another c r i t i c a l  problem t o  be i n v e s t i g a t e d  i n  t h i s  series i s  t h e  d e t e r -  
minat ion of t .ransi  t i o n  Reynolds number and t u r b u l e n t  hea t ing  rates. 
Reynolds number of t r a n s i t i o n  from laminar t o  t u r b u l e n t  flow decreases  w i t h  
increased speed up t o  low hypersonic speeds,  and then inc reases  r a p i d l y  a t  

'I he  
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higher  speeds, ,  At. these h i g h e r  f l i g h t  speeds (20,000 f e e t  p e r  second) t h e r e  
i s  great u n c e r t a i n t y  as t o  t h e  Reynolds number a t  which t r a n s i t i o n  occurs.  
Few f l i g h t .  d a t a  on t u rbu len t  tieatin;: rates e x i s t .  A f l i g h t  experiment w i l l  be 
made t o  provide a check of tile semi-empirical  t u rbu len t  hea t ing  t h e o r i e s  a t  
high ve1oc i t i .w .  A s lender  cone w i l l  be flown a t  20,000 f e e t  p e r  second. Two 
payloads and one back-up are requi red .  

L i f t i n g  Body F l i g h t  and Landing Tests 

F l i g h t  .veliic l e  and support  s e rv i ces .  $1,200,000 $1,500,000 $'L 000 000 - - 2 - . L  --- 

The l i f t i n g  body conf igu ra t ion  as a f u t u r e  spacec ra f t  promises b e t t e r  
maneuverabi l i ty  on Ear th  r e e n t r y  than Apollo and Gemini and has t h e  c a p a b i l i t y  
of convent ional  a i r p l a n e  type ho r i zon ta l  landing. 

During the  p a s t  yea r ,  t h e  l i g h t  weight l i f t i n g  body g l i d e r  f l i g h t  program 
w a s  completed,, 
c o s t  of $20,000 by t he  F l i g h t  Research Center. 
a l i g h t  weight v e h i c l e  could be landed success fu l ly .  

This  l i f t i n g  body t e s t  v e h i c l e  has been b u i l t  a t  an approx€mat:e 
The f l i g h t s  demonstrated t h a t  

Also duxing FY 1965, a f ixed  p r i c e  c o n t r a c t  w a s  s igned wi th  Norair Divis ion 
of Northrop Corporation t o  b u i l d  two m e t a l ,  l i f t i n g  body g l i d e r  conf igura t ions :  
one, t h e  Langley HL-10 and the  o the r  t he  Ames M-2. These v e h i c l e s  w i l l  be 
c a r r i e d  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 
then re leased  t o  g l i d e  back t o  Earth.  These v e h i c l e s ,  which r ep resen t  d i f f e r e n t  
concepts of l i f t i n g  bodies ,  are being b u i l t  t o  s tudy t h e  problems a s soc ia t ed  
wi th  f l y i n g  a t  high subsonic speeds and landing  a v e h i c l e  which has planform 
loading equiva len t  t o  what could be expected from a n  a c t u a l  space v e h i c l e .  
During FY 1966, t he  f l i g h t  tes t  program w i l l  begin wi th  f l i g h t s  of t he  M-2 
scheduled i n  the  F a l l  of ca lendar  year  1965. F i r s t  f l i g h t  of t he  HL-13 w i l l  
be about s ix  rronths l a t e r .  

The funds i n  FY 1966 w i l l  provide f o r  f l i g h t s  t h a t  w i l l  inc lude  p i l o t  
f a m i l i a r i z a t i o n  with the  v e h i c l e ,  and s t u d i e s  of e f f e c t s  of c e n t e r  of g r a v i t y  
change and v a r i a b l e  planform loadings.  

-- Pro jec t  Pegasus (Saturn-Launched Meteoroid Experiments) 

Space c r  a :E t ia nd support .  . . . . . . . . . . . 
1964 1965 

$9,900,000 $13,690,000 - $2 , 500 ,,ooO --- 
To determine the  s e v e r i t y  of t he  meteoroid hazard t o  s p a c e c r a f t ,  d i r e c t  

measurements a r e  r equ i r ed  i n  t h e  space environment t o  o b t a i n  a c t u a l  peiietra t i o n  
r a t e s  i n  spacczraf  1: mate r i a l s .  The Explorer XVI (Scout launched experiment) 
has provided .'_he f i r s t  s t a t i s t i c a l l y  s i g n i f i c a n t  p e n e t r a t i o n  rates i n  .':bin 
m a t e r i a l s .  



These experiments,  t o  be launched i n t o  near  Ear th  o r b i t s  on devel opment 
f l i g h t s  of Saiiui:n I launch v e h i c l e s  , w i l l  expose t o  meteoroid pene t ra t  i on  an  
area almost 1.00 t i m e s  that of t h e  Scout launched experiments.  This  w i l l  permit  
measurements of t he  frequency of p e n e t r a t i o n  of metal  su r f aces  as t h i c k  as 
0.016 inches ,  approaching nominal v e h i c l e  w a l l  th icknesses  used i n  prcipel lant  
tanks f o r  Apol.10 and o t h e r  p r o j e c t s .  FY 1966 funds w i l l  permit  t h e  launching 
of t he  t h i r d  spacec ra f t .  

The E’ega.sur; s p a c e c r a f t ,  ope ra t ing  a few hundred mi l e s  from the  Ea r th ,  
w i l l  provide it good measure of the  p e n e t r a t i o n  power of meteoroids i n  the  
near-Earth environment. While i t  i s  gene ra l ly  assumed t h a t  t he  meteoroid 
hazard decreases  i n  s e v e r i t y  wi th  i n c r e a s i n g  d i s t a n c e  from the  Ea r th ,  no t  
enough i s  knciwn about t he  var i .a t ion  i n  meteoroid f l u x  with d i s t ance  from the  
Ear th  t o  pern1j.t t ak ing  t h i s  f a c t o r  i n t o  account i n  spacec ra f t  design. Some 
t h e o r i e s  alscl  i n d i c a t e  t h a t  t h e r e  may be focusing f a c t o r s ,  and thus  p o i n t s  of 
severe ly  increased  hazard,  between t h e  Ear th  and the  Moon. The assumptions i n  
t hese  t h e o r i e s  a r e  suf f ic ien t1 .y  unce r t a in  t h a t  i t  i s  not  poss ib l e  t o  say 
whether d r  not. t hese  a r e a s  of increased  hazard a c t u a l l y  exist. 

Upon a n a l y s i s  of t he  f l i g h t  data from the  Ear th  o r b i t i n g  Pegasus space- 
c r a f t ,  i t  i s  planned t o  proceed wi th  t h e  s tudy of t h e  systems requirement f o r  
conducting s i m i l a r  experiments i n  a h igh ly  e l l i p t i c a l  o r b i t  t o  de f ine  the  
meteoroid pene t r a t ion  hazard i n  the  reg ion  of space between the  Ear th  and the  
Moon. Funds provided i n  E’Y 1966 w i l l  be used f o r  p r o j e c t  d e f i n i t i o n  s t u d i e s  
and prel iminary design of the  experiment. 

Small Space Vehicle F l i g h t  Experiments 

19615 _--- 1964 1965 

Behavior and handling of cryogenic  
p rope l l an t s  a t  zero G.,........... $1,050,000 $255,000 --- 

Wind-shear measurements.............. 117,000 25,000 $9 5 1,000 

Reentry derection................... 63,000 80,000 -L- 

Meteor s~~lation... . . . . . . . . . . . . . . . .  640,000 650,000 325,1 000 

Material 15 c ’ x r  e l a t i o n  and s t r u c t u r e s  
tests............................ --- --- 1,580;,, 000 

Meteoroid p e n e t r a t i o n  probe.. ....... 89,000 --- --- --- 

Totall... ......................... $1,959,000 $1,010,000 $ ~ ~ ~ ~ o ~ o ~ o  - 
The o b j e c t i v e  of t h i s  cont inuing  p r o j e c t  i s  t o  provide f o r  selectc!d f l i g h t  

experiments us ing small rocke t  launch v e h i c l e s  t o  v e r i f y  r e s u l t s  obtained i n  
ground based f i a c i l i t i e s  and t o  i n v e s t i g a t e  problems which can only be s tud ied  
under environmt~ntal. condi t ions  which occur i n  a c t u a l  f l i g h t .  Current  and 
r e c e n t l y  comp1.e t e d  experiments inc lude  the  fol lowing : 



Behavior and Handling of Cryogenic P rope l l an t s  a t  Zero G 

Work on t h e  handling of f u e l s  and o the r  f l u i d s  under we igh t l e s s  tconditiotis 
i s  being pursued i n  f l i g h t  experiments t o  s tudy  behavior which takes  [place 
more slowly than can be provided f o r  i n  drop towers o r  o t h e r  ground b,ised 
f a c i l i t i e s .  Data from p evious experiments i n  t h i s  p r o j e c t  have e s t a b l i s h e d  
the  r a t e  i3t which hea t  w i l l  be t r a n s f e r r e d  from t h e  tank w a l l s  t o  the  co ld  
f l u i d ,  causing boi l -of f  and r e s u l t a n t  waste of f u e l .  In FY 1966 f l i g i t  
experiments w i l l  be conducted t o  extend t h i s  i n i t i a l  understanding t o  more 
complex problems of dynamic behavior  of f l u i d s  such as f l u i d  pumping, tank 
spinning o r  tumbling, and dynamics a t  engine r e s t a r t .  

5 

Wind Shear Measurements 

Measurernlznts of t he  s t a t i s t i c a l  d i s t r i b u t i o n  of wind v e l o c i t i e s  in the  
v i c i n i t y  of major rocke t  launching bases  ( t o  provide c r i t e r i a  f o r  des ign  of 
launch vehic:.es t o  wi ths tand  the loads  r e s u l t i n g  from wind shear  f o r c e s )  are 
being obtrtined Eor a l t i t u d e s  up t o  70,000 f e e t  us ing  Nike boos te r s  w i th  smoke 
producing nose cones. 

Meteor Simulat ion 

Experiments a r e  being conducted t o  provide  ~ d a t a  a t  v e l o c i t i e s  up t o  
90,000 f e e t  F e r  second on the  luminous e f f i c i e n c y ,  hea t  t r a n s f e r ,  a b l s t i o n  r a t e ,  
and i o n i z a t i o n  e f f i c i e n c y  of s imulated meteors of known mass, composition, 
material, shape and s i z e .  From t h e  r e s u l t s  of t hese  tests, the  gross  hea t ing  
experienced b y  n a t u r a l  meteors can be determined and meteor ic  e n t r y  pl-enomena 
can be e s  tab1 istied. 

Materials Cor re l a t ion  and S t r u c t u r e s  T e s t s  

The factclrs known t o  a f f e c t  t h e  performance of a b l a t i o n  materials a r e  
hea t ing  rate,  shear stress, stream composition, du ra t ion ,  en tha lpy  and*'s ize .  
It i s  poss ib l e  i n  e x i s t i n g  ground based f a c i l i t i e s  t o  s imula te  s imultaneously 
some but  no t  a l l  of t h e s e  f a c t o r s .  Resu l t s  of f l i g h t  experiments i n  the  p a s t  
year  have ind ica t ed  a s t rong  need f o r  b e t t e r  comparison between r e s u l t s  of 
f l i g h t  test  and r e s u l t s  from ground based f a c i l i t i e s  f o r  v a l i d a t i o n  of t he  
ground based data .  

The planned f l i g h t  experiments w i l l  r e q u i r e  two payloads p l u s  a b,nck-up 
payload. The ma te r i a l s  flown would be s t rong  e l a s tomer i c  materials s u i t a b l e  
f o r  Mars ent ry .  The planned f l i g h t  experiments have been formulated i n  such 
a way as t o  conplement and extend information gained from t h e  ground b(2sed 
f a c i l i t i e s  and o the r  f l i g h t  experiments.  



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADL'ANCED RESEARCH AND TECHNOLOGY ELECTRONIC SYSTEMS PROGRAM, 

PROGRAM OBJEi=.VES AND JUSTIFICATION : 

The o b j e c t i v e  of t h i s  program is  t o  provide t h e  necessary advances i n  
technology t o  a s su re  t h e  a v a i l a b i l i t y  of r e l i a b l e  and e f f i c i e n t  e lectronic:  
components f o r  f u t u r e  ae ronau t i ca l  and space f l i g h t  miss ions .  Research is  
conducted in ti-e l abora to ry  on t h e  problems of guidance,  con t ro l  , communica- 
t i o n s  , t r a c k i n g ,  i n s t rumen ta t ion ,  and d a t a  process ing  systems.  Small f l i g h t  
experiments are used t o  confirm r e s u l t s  of l abora to ry  research  and, i n  some 
c a s e s ,  t o  o b t a i n  s o l u t i o n s  t o  problems which cannot be s t u d i e d  adequately i n  
t h e  l abora to ry .  

SUMMARY OF RXSOURCES REQUIREMENTS : 

1966 . - 1964 1965 

Supporting research  and 
technology ..................... $26,380,000 $23,322,000 $30,000,000 

Small f l i g h t  p r o j e c t s  ............ 2,320,000 2,100,000 - 4,400,000. 

T o t a l . .  ........................ $28,700,000 $25,422,000 $34,400,000. - 
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 :  

Manned SFlacecraft Center .  ...... 
Marshall  Space F l i g h t  Center . . .  
Goddard Space F l i g h t  Center .  ... 
J e t  PropL Is ion  Laborator) .  ..... 
Ames Res ea1 ch Center .  .......... 
Elec t ron ic s  Research Cen te r . . . .  
F l i g h t  Research C e n t e r . . . . . . . . .  
Langley Research Center .  ....... 
Lewis Research Center . .  ........ 
NASA Headquarters . .  ............ 
Western Operat ions Off ice . .  .... 

BASIS OF FUND FJQUIREMENTS: 

$1,079,000 
4 ,644,000 
3,274,000 
2 , 806,000 
2,399,000 

1,072,000 
8 , 848,000 

463,000 
4,087,000 

28,000 

--- 

$475,000 
3,469,000 
2,797,000 
2,727,000 
3,650,000 
1,873,000 
1,103,000 
6,390,000 

445,000 
2,493,000 --- 

$880,000 
4,525,000 
3,035 ,,OOO 

3,390,000 
5,000,000 
1,400 000 
9,120,000 

580,000 
3,270.,000 

3,200 ;, 000 

--- 

Supporti.ng Research and Technology 

1966 - --- i964 1965 

Guidance s y s t e m s  ................. $4,723,000 $4,800,000 $6,200,000 
Control  systems ................... 6 , 596 , 000 5,660,000 6,000,000 

Tracking and d a t a  a c q u i s i t i o n  .... 2,897,000 2 , 750,000 3,800,000 
............... 5 , 156,000 3,960,000 5 , 900,000 Communications.... 
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1964 1965 - 1966 

Data handl ing  and process ing . .  ... $3,102,000 $3,040,000 $4 , 100 ,0001 
Ins t rumenta t ion . .  ................ 3,906,000 3,112,000 - 4,000,000; 

....................... $26,380,000 $23.322.000 $30,000,000~ 
-, 

Tota l . . .  

Guidance Systems 

The guidance system re sea rch  program is  d i r e c t e d  towards t h e  d e r i v a t i o n  
of informaticln necessary  t o  understand and design s imple ,  r e l i a b l e  and l i g h t -  
weight s enso r s ,  r e f e rence  elements ,  and a s soc ia t ed  components which make up 
a guidance system. The program emphasizes technique and component research  
i n  i n e r t i a l ,  o p t i c a l ,  and e lec t romagnet ic  phenomena f o r  a p p l i c a t i o n  t 2  
sens ing  and r e fe rence  func t ions .  
a means f o r  implementing guidance equat ions  and process ing  nav iga t iona l  d a t a .  
T ra j ec to ry  a n a l y s i s  provides  the  framework f o r  examining energy requirements ,  
e r r o r  ana lyses ,  and sensor  and d a t a  process ing  t r a d e - o f f s  f o r  any s p e - i f i e d  
space  mission.  

D i g i t a l  computer technology i s  expl3red as 

The o b j e c t i v e  of r e sea rch  i n  i n e r t i a l  components i s  t o  develop l o n g l i f e ,  
h igh  performance , low power devices  f o r  f u t u r e  s p a c e c r a f t  guidance andl 
a t t i t u d e  c o n t r o l  systems. Typical  uses  inc lude  f l i g h t  pa th  cor rec t io i i s  , 
a u t o p i l o t  c o n t r o l ,  and o r b i t  plane de te rmina t ion .  I n i t i a l  i n v e s t i g a t i o n s  
i n  one a r e a ,  f o r  example, have demonstrated t h e  f e a s i b i l i t y  of t h e  "f : r ic t ion-  
l e s s "  e l e c t r o s t s t i c a l l y  suspended gyro (ESG) ; t h e  follow-on program by 
Honeywell, In:. , under t h e  d i r e c t i o n  of J e t  Propuls ion  Laboratory w i l l  begin 
t h e  development and t e s t i n g  o f  f l y a b l e  pro to types .  

One o b j ( x t i v e  of t h e  r e sea rch  on o p t i c a l  devices  is t o  improve the  
performance oE automatic  space nav iga t ion  equipment, such as e l e c t r o - o p t i c a l  
s t a r  t r a c k e r s  and s t a r  mappers. But i nc reas ing  emphasis i s  being plac.ed on 
t h e  sea rch  f o r  new techniques which w i l l  make on board guidance systenis,  
p a r t i c u l a r l y  of manned v e h i c l e s ,  l e s s  dependent on complex automatic  c I r  
remotely ope]-ated systems. Thus, f o r  example, f o r  manned space f l i g h t  , t h e  
inco rpora t ion  of manually opera ted  s e x t a n t s  i n t o  t h e  nav iga t ion  cornput a t i o n  
loop could sj.gn:tfi.cantly reduce computer complexity and t h e  s i z e  and k e i g h t  
of o v e r a l l  nav iga t ion  equipment. Research a t  t h e  Ames Research Centex , 
u t i l i z i n g  space f l i g h t  s imula t ion  techniques ,  i s  expected t o  l ead  to t h e  
development of s imple hand-held. s e x t a n t s  and t h e  techniques f o r  u s ing  them. 

I n  t h e  f i e l d  of d i g i t a l  computer r e sea rch ,  emphasis i s  c u r r e a t l y  on the  
problems cf d e w  loping sniaL?, l i g h t  weight ,  high performance computers f o r  
on board app l i cE t ions .  Some o f  the most promising r e s u l t s  of t h i s  research  
s o  f a r  a r e  ccniirg from exp lo ra to ry  work on new computer concepts d t  the Jet: 
Propuls ion  Lakoratory.  Included i n  t h i s  program are the development of a 
prototype magre t ic - log ic  computer and i n v e s t i g a t i o n s  of s e l f  -organizing 
computer techniques.  This work w i l l  cont inue a s  p a r t  of the FY 1056 rzsearch  
progran: i n  guidance computers. 

RD 15-2 



The lderivat ion  of guidance equat ions and guidance system requireinents i s  
based on the  a n a l y s i s  of t r a j e c t o r i e s  r e l a t e d  t o  t h e  va r ious  mission objec-  
t i v e s .  P a s t  work i n  t h i s  area has  e s t a b l i s h e d  b a s i c  t r a j e c t o r i e s  t o  ':he moon 
and nearb:y p l a n e t s .  Continuing s t u d i e s  a t  Marshal l  Space F l i g h t  Centc.r, Ames 
Research Center ,  .Jet Propuls ion Laboratory,  E lec t ron ic s  Research Centi?r,  and 
Langley Research Center ,  a r e  now seeking  s i m p l i f i e d  guidance equation:; f o r  
u se  wi th  t h e s e  t r a j e c t o r i e s ,  and explor ing  new t r a j e c t o r y  problems suc:h as 
those  associat:ed wi th  low l e v e l ,  long du ra t ion  t h r u s t i n g  systems typic:al of  
e l e c t r i c  o r  n ~ c l e a r  propuls ion .  

Control  Systems 

Research i n  t h i s  program e s t a b l i s h e s  t h e  technology and des ign  rchquire- 
ments f o r  coni:rol systems of aerospace v e h i c l e s ,  Problems s tud ied  inc lude  
those  of manned arid automatic  f l i g h t  c o n t r o l  , spacec ra f t  a t t i t u d e  s t ak l i l i za -  
t i o n ,  and the  development of improved research  techniques.  Along w i t f  t h e  
appl ied  resea.rch,  a program of  t h e o r e t i c a l  and b a s i c  r e sea rch  i s  c a r r j  ed out 
i n  r e l a t e d  f i e l d s .  S p e c i f i c  o b j e c t i v e s  inc lude :  improvements i n  disFllays 
f o r  manned vehicles development of adapt ive  automatic  c o n t r o l s  , econcmical 
methods f o r  long l i f e  s a t e l l i t e  s t a b i l i z a t i o n  and more accu ra t e  p o m t i n g  
techniques foi- o p t i c a l  communication devices .  

Resea.rct i n  recent  years  on t h e  problems of des igning  c o n t r o l  systems 
intended f o r  USE' by man i n  c o n t r o l l i n g  s p a c e c r a f t  and high speed a i r c r a f t  has 
emphasized t h e  need f o r  t h e  a p p l i c a t i o n  of mathematical  techniques t o  t h e  
d e s c r i p t i o n  cS human response c h a r a c t e r i s t i c s .  Mathematical d e s c r i p t i o n s  o f  
t h e  human ope ra to r  f o r  complex c o n t r o l  t a s k s  a r e  now under develo-ment a t  
Langley Research Center  Massachusetts I n s t i t u t e  of Technology, and t h e  
Univers i ty  of Michigan. 

I n  t h e  f i e l d  of a t t i t u d e  s t a b i l i z a t i o n ,  a dominant problem during t h e  
coming year  w i l l  be t h e  development of systems f o r  long term servLce 
s a t e l l i t e s  (e .g . ,  communications, me teo ro log ica l ,  and nav iga t ion  s a t e l l i t e s )  
which r e q u i r e  cons t an t ,  o r  f r equen t ,  a t t i t u d e  r e o r i e n t a t i o n .  Present  a c t i v e  
methods u t i l i z i n g  gas j e t s  a r e  not s a t i s f a c t o r y  because of f u e l  requir 'ments.  
Pass ive  s t a b i l i z a t i o n  systems, which u t i l i z e  n a t u r a l  fo rces  a s  energy sources , 
appear promising. Gravi ty  g rad ien t  a t t i t u d e  s t a b i l i z a t i o n  systems f o r  
s a t e l l i t e s  have be'en s tud ied  ex tens ive ly  a t  Ames Research Center .  This 
p r i n c i p l e  ) u t i l i z e s  t h e  E a r t h ' s  g r a v i t y  both t o  e s t a b l i s h  an a t t i t u d e  r2ference  
and a s  a source of power f o r  a l i g n i n g  t h e  v e h i c l e  i n  t h e  d e s i r e d  a t t i t u d e .  
An a p p l i c a t i o n  of t h i s  p r i n c i p l e  i s  p r e s e n t l y  being considered f o r  use on t h e  
Appl ica t ions  Technology s a t e l l i t e .  Fu r the r  development of passivc,  schl2mes 
f o r  con t ro l  purpost2s w i l l  cont inue dur ing  FY 1966. * 

The i i m e s t i g a t i o n  and des ign  of s u i t a b l e  components f o r  electronic:  
systems i s  an important p a r t  of t h e  c o n t r o l  systems research  program. 
E l e c t r i c a l ,  e l e c t r o n i c ,  and mechanical components of a wide v a r i e t y  arc? 
included.  For example, a b rush le s s  DC motor has  been developed by the  
Sperry Company f o r  t h e  Goddard Space F l i g h t  Center .  The DC motor,  7dhi.e 
optimum f o r  a p p l i c a t i o n  t o  s a t e l l i t e  e l e c t r i c a l  power systems,  has mot been 
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used because brushes wear r a p i d l y  i n  t h e  vacuum of space.  The b rush le s s  
des ign  has shown high r e l i a b i l i t y  when opera ted  i n  a vacuum and motox 
e l e c t r i c a l  o.Efici.encies of 60 pe rcen t ,  as much a s  twice t h a t  a v a i l a b l e  i n  the  
conventic~nal.  DC motor,  a r e  ob ta inab le  over  a wide ope ra t ing  range. 

I n  t h e  cont inuing  program t o  r e f i n e  research  techniques i n  the  con t ro l  
systems f i e l d ,  s i g n i f i c a n t  progress  was made dur ing  t h e  pas t  year  on t h e  
problem of process ing  t h e  l a r g e  amounts of da t a  gathered from ground based 
simulaticln experiments.  NASA sponsored research  by B o l t ,  Beranek & Bewman 
has produced a technique of us ing  a d i g i t a l  computer on l i n e  w i t n  the  
experiment t o  process  d a t a  immediately and d i s p l a y  s i g n i f i c a n t  r e s u l t s .  '['his 
w i l l  al low the  experimenter t o  modify h i s  experiment i n  l i g h t  of r e s u l t s ,  
expand h i s  comprehension of t h e  problem, and e f f e c t  s i g n i f i c a n t  reduct ions i n  
c o s t ,  E f f o r t s  t o  apply these  techniques t o  NASA f l i g h t  c o n t r o l  ; imulators  
w i l l  cont inue  j n  F i s c a l  Year 1966. 

Communicat ions  

The o b j e c t i v e  of the  NASA research  program i n  communications i s  t o  
provide t h e  technology f o r  i nc reas ing  t h e  d a t a  t r a n s f e r  c a p a b i l i t y  of space-  
c r a f t  by providing advanced techniques and components a p p l i c a b l e  t o  space- to-  
ground commur.ications. Advanced s a t e l l i t e s  and deep space probe:; r e q J i r e  
s m a l l e r ,  l i g b t e r ,  more powerful and more r e l i a b l e  equipment than  i s  p resen t ly  
a v a i l a b l e  in orde r  t o  t ransmi t  information without  unduly consuming space-  
c r a f t  payload weight .  P a r t i c u l a r l y  c r i t i c a l  a r e  t h e  requirements imp3sed on 
a communications system by manned o r  unmanned space probes t o  Venus, :4ars 
and beyond 

To improve t h e  a b i l i t y  t o  t r ansmi t  information from a s p a c e c r a f t ,  
research  i s  underway t o  improve t h e  e f f i c i e n c y  and power handl ing c a p I b i l i -  
t i e s  of microwave devices .  Microwave tubes t o  be employed as amp1ifi:rs i n  
t h e  t e n  wat t  range w i l l  be  a v a i l a b l e  i n  ca lendar  year  1966. Ef f ic ien ' :  tubes  
i n  the  20-100 wat t  range a r e  c u r r e n t l y  under experimental  i n v e s t i g a t i o n  by 
t h e  Langley Research Center .  It i s  expected t h a t  r e s u l t s  of t h i s  pro:;ram w i l l .  
provide space q u a l i f i e d  tubes wi th  good e f f i c i e n c y  by ca lendar  year  1967. 
S tud ie s  will be undertaken i n  FY 1966 f o r  even more powerful t ubes ,  5110-1000 
w a t t s ,  t o  me2t system requirements of t h e  mid-sevent ies .  

During FY 1965, s t u d i e s  were i n i t i a t e d  on the  propagat ion of s u b -  
mi l l ime te r  w a v e s .  Deta i led  da t a  on propagat ion through t h e  E a r t h  ' s  a8:mospherri 
i n  t h i s  po r t ion  o.E t h e  spectrum i s  not  a v a i l a b l e  and must be obta ined  be fo re  
deep space-to-ground communication systems ope ra t ing  a t  t h e s e  frequenc:ies 
can be designed.  During FY 1966, work i n  t h i s  a r e a  w i l l  a l s o  inc lude  com- 
ponent deirelopmtenl: and system s t u d i e s .  It i s  expected t h a t  t h e  weight. and 
s i z e  of t h e s e  components w i l l  be l e s s  than  those  of corresponding mici*owave 
components , dJe t o  t h e  s h o r t e r  wavelength involved,  and t h a t  s y s t e m  o p e r a t -  
i ng  a t  t hese  frequencies  w i l l  have increased  d a t a  handl ing  c a p a b i l i t y  The 
bulk of t h e  r2search w i l l  be iinder t h e  program d i r e c t i o n  of t h e  Electronic<;  
Research Cent 2 r .  



One of t h e  most important developments i n  t h e  o p t i c a l  technology f i e l d  
f o r  applicat:-on t o  communications i s  t h e  l a s e r .  A program t o  determine t h e  
e f f e c t s  of tlie atmosphere on o p t i c a l  f requencies ,  such as a t t e n u a t i o n ,  re-  
f r a c t i o n ,  EEtlirig, phase d i s t o r t i o n  and p u l s e  shape d i s t o r t i o n ,  i s  underway. 
This prograri~ wi 11 c o n t r i b u t e  t o  t h e  understanding of t h e s e  e f f e c t s  and permit 
t h e  devcJlopn,cmt of more e f f i c i e n t  techniques f o r  propagat ion of energy 
th rough  r h c  atmosphere a t  o p t i c a l  f requencies .  

rh in  f i l m  and n i i c roe lec t ron ic s  research  performed t o  d a t e  has  achieved 
r e l i a b l c  t h i n  f i l m  and semi-conductor i n t e g r a t e d  components and c i r c u i t s  of 
l e s s  s i 7 e  anti weight than  thc convent ional  approach. Continuing e f f o r t s  t o  
enhance t k c  r e l i a b i l i t y  O F  e l e c t r o n i c  c i r c u i t s  i s  requi red  as wel l  as 
tc-ctiniqi_es t c ,  Echieve a family of low power devices .  Research 011 methods 
t o  ach i i  ve rricLopower devices  through t h e  use  of s e l e c t e d  components and 
I - C ~ ~ J S ~ C :  c i r c ~ i t  des ign  was i n i t i a t e d  i n  FY 1965 by Langley Research Center  
and wil l  be cont inued i n  FY 1966. I n  a d d i t i o n  t o  t h e  low power requirements ,  
cnipliasis will a l s o  b e  placed on small s i z e ,  low weight ,  improved r e l i a b i l i t y  
and increasec r e s i s t a n c e  t o  r a d i a t i o n .  

Applicat ions of i n i c roe lec t ron ic  devices  t o  subsystems of t h e  Satiirn V 
v e h i c l e  have been i n i t i a t e d  a t  t h e  Marshal l  Space F l i g h t  Center .  Se lec ted  
e l e c t r o n i c  subsystems w i l l  be cons t ruc ted  us ing  microe lec t ronic  components, 
and flown piggy back on developmental f l i g h t s  t o  determine perfoi-mance 
c a L a b i l i t i e s  a n d  s tudy p o t e n t i a l  r e l i a b i l i t y  improvements. This  program w i l l  
cont inue i n  F Y  1966.  

Tracking and Data Acquis i t ion  

The Dbjective of research  i n  t h i s  a r e a  i s  t o  improve accuracy i n  t h e  
de te rmina t ion  o €  the  o r b i t a l  parameters of a s p a c e c r a f t ,  and t o  enhame 
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 ground based t r a c k i n g  systems. 1niprovl.d 
accuracies of  orb i t a 1  parameters are  necessary f o r  t h e  understanding of 
geophysical cha ra l z t e r i s t i c s  and v a r i a t i o n s  i n  t h e  E a r t h ' s  g rav i t a t ions31  
f i e l d .  

Laboratsry experiments were i n i t i a t e d  i n  FY 1965 on t h e  use of o i ) t i ca l  
methods f o r  t h e  a c q u i s i t i o n  of d a t a  from a s p a c e c r a f t .  Since such a system 
would e l imina te  t h t  need f o r  a t r a n s m i t t e r  aboard t h e  s p a c e c r a f t ,  i t  iJould 
i n c r e a s e  r e l i a b i l i t y  of t h e  o v e r a l l  system and decrease  s p a c e c r a f t  weLght. 
Resul t s  t o  d a t e  have demonstrated t h e  f e a s i b i l i t y  o f  d a t a  t r a n s f e r  th.:ough 
t h e  d i s t o r t i o n  of  t h i n  Mylar membrances coated wi th  r e f l e c t i n g  mater i i i ls .  
This e f f o r t  will be  continued i n  FY 1966 t o  improve e f f i c i e n c y  and i n i r e s t i -  
g a t e  t h e  use 3f o t h e r  phenomena such as molecular s t r u c t u r e  a s  modula1:ion 
mechanisms. 

DurLng ? Y  1!365, research  i n  t h e  use  of o p t i c a l  t r a c k i n g  techniqut:s was 
concent ra ted  l a r g e l y  i n  l a s e r  component development and system s tudie : ; .  
E f f e c t i v e  u s e  of  t h e  very narrow beams c h a r a c t e r i s t i c  o f  laser devices  
r e q u i r e s  ext::?iwIy accura te  p o i n t i n g  and p o s i t i o n  c o n t r o l .  S tudies  oli 
techniclut?:; f o r  t e l ec t ron ica l ly  sens ing  and c o n t r o l l i n g  t h e  p o s i t i o n  of t h e  
l a s e r  bean hirre been i n i t i a t e d .  This  work w i l l  be  cont inued i n  FY 1906. 
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Research on microwave antennas t o  achieve increased  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  i s  concent ra ted  i n  t h e  improvement of  s p a c e c r a f t  antennas ,and 
t h e  a r r ay ing  of pa rabo l i c  d i s h  antennas t o  o b t a i n  a l a r g e  e f f e c t i v e  a p e r t u r e  
f o r  ground based s t a t i o n s .  
conducted by t h e  Langley Research Center  and t h e  Goddard Space F l i g h t  Center .  
A proto type  model of a n ine  foo t  diameter  s p a c e c r a f t  antenna e rec t ed  Erom a 
one foot  cdiaineter folded package has  been developed by Goodyear A i r c r 8 i f t  
Corporat ion under t h e  d i r e c t i o n  of t h e  Je t  Propuls ion Laboratory.  This  
research  w i l l  be  cont inued i n  FY 1966. I n  a d d i t i o n ,  f e a s i b i l i t y  s t u d i e s  a r e  
planned in FY 1966 of t h e  u s e  of l a r g e  antennas p laced  i n  space as sa i : e l l i t e s  
of t h e  Earth f o r  t r ack ing  and d a t a  a c q u i s i t i o n  as w e l l  as f o r  r a d i o  a:;tronomy 
purposes ,  

The r e sea rch  on antenna a r r ay ing  i s  be ing  

Data Handling and Processing 

The v a r i z t y  and number of on-board and ground based da ta  process:.ng 
a p p l i c a t i o n s  w e  inc reas ing  r a p i d l y  a t  t he  p re sen t  t i n i e .  Concomitant. ly wi th  
s Jch broadening of a p p l i c a t i o n ,  marked changes i n  equipment and techn:.ques 
a r e  occurr ing .  They include improved means of d i r e c t  , r a p i d  ( " r ea l  t! me") 
connunicatioii  between computers and use r s ;  h igher  capac i ty ,  f a s t  d a t a  
s!:orage u n i t s  ("Memories") ; and g r e a t e r  use of da t a  processing sys tems  t o  
enhance iixin':; c a p a b i l i t y  t o  make complex l o g i c a l  d e c i s i o n s .  

I n  FI' 1966 work w i l l  cont inue on the  "continuous f e r r i t e "  p l a t e  nieciory. 
Fecent ly ,  l a rge  s i n g l e  p l a n e s ,  each conta in ing  many elements ,  have been 
f ab r i ca t ed  s u c c e s s f u l l y  by Radio Corporat ion of America. The problem of 
re p r  od uc i b  i 1 j. i: y of per  f e c t p 1 nne s , re 1 i a  b l e  i n t e r  conne c t ions and the  e s ign  
c r  assoc ia ted  n i~-croe lec t ronics  r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .  Both ae ro -  
snace and grcrunci based da ta  handl ing c a p a b i l i t i e s  w i l l  be augnentecl s i g n i f  - 
i c a n t l y  as these  very high capac i ty ,  smal l  , rap id  , d i g i t a l  memories. become 
genera 1 1 y ava :- l ab  1 e . 

The resc?i3r(:h on systems and techniques  f o r  t h e  process ing  of TV s i g n a l s ,  
both on-boarcl t h e  s p a c e c r a f t  and on t h e  ground, has  been concent ra ted  i n  two 
primary a r e a s  r e c e n t l y :  I n  t h e  one, advanced equipment has  evolved f o r  
ground t e s t i n g  of va r ious  e l e c t r o n i c  conf igu ra t ions  and f o r  swi tch ing  TV 
e l e c t r i c a l  s i g n a l s  among va r ious  media; o sc i l l o scopes  , magnetic t a p e s ,  o p t i c a l  
e lements ,  and so aln. I n  t h e  o t h e r ,  t h e o r i e s  have been evolved, and some 
equipment made and s u c c e s s f u l l y  t e s t e d ,  u t i l i z i n g  advanced concepts  i n  t h e  
s u b s t a n t i a l  reduct ion  of t h e  number of d a t a  t h a t  must be t r ansmi t t ed  from 
spacec ra f t  t o  ground t o  ensure accu ra t e  r e c r e a t i o n  of t he  scene a t  t he  view- 
i n g  t e rmina l .  F lyable  pro to types  are  be ing  designed a t  Goddard Space F l i g h t  
Center .  

Research on techniques t o  improve t h e  e f f i c i e n c y  of computer u t i l i z a t i o n  
has  l ed  t o  t h e  development and a c q u i s i t i o n  of equipment t o  enable  s imul tane-  
ous,  d i r e c t ,  "real- t ime" ope ra t ion  of computers by a number of users .  Some 
of t h e s e  devices  a r e  now i n  use a t  Langley Research Center  and Lewis Research 
Center  both as c p e r a t i o n a l  equipment and as research  t o o l s  t o  s tudy  problems 
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r e l a t e d  t o  sha r ing  of l a rge  computer f a c i l i t i e s  among a number of  u s e r s .  
Problenis ass oci-ated with cooperat ive s o l u t i o n  of d i f f i c u l t  computing p rob lem 
through C: i r e  c : t  coimnunicatio:is between the  computer and s c i e n t i s t  i i i l l  a l s o  be 
s t u d i e d .  Su(:cc!ssful so! u t ion  o f  these  problems w i l l  reduce requirements for 
adclitiona.1 pi-ograclming s p e c i a l i s t s  and con t r ibu te  t o  more e f f i c i z r i t  use o i  
j a rge  cor.iputationa1 cor rp lcxes .  These e f f o r t s  w i l l  cont inue i n  F f  1966. 

Reduction of the amowt of d a t a  t ransrai t ted from space veh ic l e s  t o  e a r t h  
i s  a continL.i.nE, g o a l  of r e sea rch  i n  d a t a  compression techniques.  One approach, 
under i n v e s t j g a t i o n  a t  J e t  P iopuls ion  Laboratory,  i s  a system known as  
'Prev ious  E l ~ m ~ n t :  Coding" for  u s e  i n  video d a t a  process ing .  In this schene,  
the p i c t u r e  taken by the  spacecrafC camera i s  d iv ided  i n t o  elements which 
a r e  c l a s s iF ied  and coded according t o  t h e i r  r e l a t i v e  b r igh tness  ("gray level":)  , 
The elements a r e  au tomat ica l ly  scanned and compared with adjacen-  e l e n e n t s .  
The s p a c e c r a f t  then t r ansmi t s  the coded b r igh tness  l e v e l s  and the number of 
contiguous elements which a re  of the same shade. For p i c t u r e s  with l a rge  
f e a t u r e s  of s i r i l a r  tona l  q u a l i t y ,  t h i s  r e s u l t s  i n  an apprec i ab le  sav ing  of 
communicatiors channel capac i ty  compared t o  the o r i g i n a l  technique of t r a n s  - 
m i t t i n g  the b r igh tness  of each i nd iv idua l  p i c t u r e  element.  Reduction; of 2 
t o  1 i n  d a t a  b i t  t ransmiss ion  requirements by t h i s  technique are p red ic t ed .  
Research 011 t h i s  and o the r  techniques w i l l  cont inue i n  FY 1966. 

In s  t rumen t a t ion  

Ins t rumenta t ion  and measurement are fundamental t o  success fu l  acliieve- 
ment of b,asic s c i e n t i f i c  ob jec t ives  and t o  the  technologica l  advancemc?nt c f  
engineer ing  sc i ences .  A s t r o n g  and vigorous program t o  in su re  t imely a v a i l -  
a b i l i t y  oE inst ruments  and measurement techniques f o r  planned and a n t  ic ipated 
space and a e r o n a u t i c a l  missions i s  e s s e n t i a l  t o  t he  u l t ima te  success  a>f such 
inissions.  

For d e n s i t y  measurements of the upper atmosphere,  remote sens ing  devices  
have been d e - e l o p e d  a t  Langlev Iiesearch Center ,  based on the  backscati:er of 
electroinagne t i c  r a d i a t i o n .  F l i g h t  tes ts  us ing  sounding rocke t s  have success  - 
f u l l y  demons :rated the  f e a s i b i l i t y  and s u b s t a n t i a t e d  a n a l y t i c a l  predic:t ions.  
Fur ther  deve l ~ p m e n t s  using s t r o n g e r  r a d i a t i o n  sources  and improved serising 
methods w i l l  3e t e s t e d  i n  subsequent Cl ights  t o  extend the  technique t o  
h igher  a l t i t ude : ; .  During FY 1356 research  on r a d i a t i v e  sens ing  methotls w i  L l  
be extended ix inves t i g a t c  thr! remote measurement of o the r  a t imsphere 
c h a r a c t e r i s  tf-cs such a s  pressi i re ,  temperature ,  and wind v e l o c i t y  whict cou!d 
lead t o  more .accurate d a t a  f o r  weather f o r e c a s t i n g .  

A 1  though viicuum pumping sys  terns have advanced s i g n i f i c a n t  Ly th ro t  gh the 
in t roduc t ion  of i on  pumping, the accuracy with which vacuum can be me: surecl 
i s  s t i l l  orders  of magnitude below the des i r ed  level..  Absolute measuring 
methods do not: e x i s t  f o r  very low pres su re  and a r e  urgent ly  needed. The 
development 01- nass  spectroniet e r  techniques f o r  measuring gas compositions,  
by the Nat ional  Research Corporat ion,  has progressed t o  a po in t  where the 
use of i n t ense  ].on sources  and more advanced e l e c t r o n i c  count ing systems 
should mak.e i 1. poss ib l e  t o  inc rease  the  s e n s i t i v i t y  of t hese  arialyt i c  devic e s  
by s e v e r a l  o rders  of riagnitude. Knovledge of t he  q u a l i t a t i v e  and c luant i ta -  
t ivc!  coinposit on c f  gas res idues  i n  evacuated chambers can then bi? used t o  
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analyze p o s s i b l e  sources  of system l i m i t a t i o n  and t o  i n v e s t i g a t e  new 
techniques f o r  measuring v e r y  l o w  pressures .  These developments w i l  ~ be 
pursued Eurther i n  FY 1966. 

Spacecraf t  s u b j e c t  t o  r a d i a t i o n  frcm the  sun o u t s i d e  t h e  E&r th ’  ; 
atii’osphc r e  require  e Erect jve  tempei-ature c c n t r o ?  over broad port ions cf t’ie 
electrn1,1.3@rii’tic spec t rur l ,  inc!udir,g the  f a r  i n f r a r e d .  The developrile it  of 
s o l i d  s t a t e  physics  has proc‘uced new sens ing  cvaterials respondirig t o  r a d i a -  
t i o n  i n  these eskendel ranges.  Measuring appara tus  i s  being dezignecl by the 
ITava1 Ordnance Laboratory a t  Corona, C a l i f o r n i a ,  t o  enable  accui a t e  i?valuati,:‘s , 
i y i  t!ie f a i -  i n f r a r e d ,  of 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  o f  o:a te r ia !s .  X e s u l t s  
of t h i s  wor.c will lead t o  t h e  development of more e f f i c i e n t  coa t ings  f o r  
s p a c e c r a f t  terlperature c o n t r o l .  This program w i l l  ccn t inue  i n  T’J’ 1956.  

Recent progress  i n  the  des ign  of ivicrominiature ccmponents has  7ro- 
duced neii p o s s i b i l i t i e s  i n  e l e c t r o - o p t i c a l  imaging concepts .  S o l i d  s t a t e  
image conver te rs  which do not  r e q u i r e  e l e c t r o n  beam scanning s e e n 1  f e  i s i b l e  
and may f i n d  a p p l i c a t i o n  no t  only f o r  TV b u t  a l s o  i n  o t h e r  fielc!s su:h a s  
hor izon  *;ensing and s o l i d  s t a t e  s p e c t r a l  analyzing.  Advances i n  pho:o 
m u l t i p l i e r  13esign and a s s o c i a t e d  e l e c t r o n i c  c i r c u i t s ,  by .4vco Corpor i t i o r  
and the  Cnddard !:pace F l i g h t  Center ,  have produced improved devices  €or 
count ing impinging low energy e l e c t r o n s .  These devices  w i l l  be used i n  the 
Direct  ’ieasurerient Explorer  S a t e l l i t e .  F u r t h e r  work w i l l  be done i n  FY 1966 

B i o e l e c t r m i c  ins t rumenta t ion  has  b e n e f i t e d  from t h e  developmeni: of 
min ia ture  devices  and c i r c u i t s  f o r  measuring c a r d i o v a s c u l a r  and nervi! signal: ;  
through t h e  use of  implants  i n  l i v e  s u b j e c t s .  Microe lec t ronic  t echn .ques 
c o n t r i b u t e  ‘ t o  t he  des ign  of t h e s e  devices  , but  power requirements  r e : ; t r i c t  
a p p l i c a t i o n s  i n  many cases. To a l l e v i a t e  t h i s  r e s t r i c t i o n ,  r e s e a r c h  i s  
underway t o  reduce power consumption and develop a l t e r n a t e  power s o u x e s .  
E f f o r t s  t o  r e p l a c e  b a t t e r y  power s u p p l i e s  by e i t h e r  body genera ted  Fower o r  
power radia1:ed t o  t h e  implanted sens ing  device  from o u t s i d e  are  unde : 
i n v e s t i g a t i o n  st  Ames Research Center and Republic 

- S m a l l  F l i n h t  P r o i e c t s  

1964 

Radio a t t e x s t l i o n  measurements 

Horizon d e f i n i t i o n  r e s e a r c h  

GEMINI opl: i c , a l  communications 

(RAFl:l ............................ $450,000 

(SCANNER) ........................ 1,800,000 

experiment.  ...................... 70,000 

T o t a l .  ........................... $2,320,000 

Avia t ion  Corporat ton. 

1965 

$9O0,000 

1,200,000 

--- 
$2.100,000 

1966 _ _  - 

$:) ,400,000 

~ ,000,000 

RD 15-8 



Radio At tenuat ion  Measurements (RAM) 

The o b j e c t i v e  of t h i s  p r o j e c t  is  t o  i n v e s t i g a t e  t h e  i n t e r a c t i o n  of 
e lec t romagnet ic  waves wi th  t h e  p lasma shea th  which engu l f s  a spacec ra f t  
dur ing  r een t ry  i n t o  t h e  Ea r th ' s  atmosphere and causes  r a d i o  b lackout .  Ground 
s imula t ion  c f  r een t ry  i s  not adequate t o  gene ra t e  t h e  type  of plasma 
encountered by a r e e n t e r i n g  s p a c e c r a f t ;  t hus ,  a s e r i e s  of f l i g h t s  a r e  being 
undertaken by t h e  Langley Research Center  t o  determine t h e  plasma parameters 
and t h e  e f f e c t  of t h i s  plasma on e lec t romagnet ic  r a d i a t i o n  a t  f requencies  
from VHF t o  X band. These f l i g h t s  a r e  examining aerodynamic shaping,  
magnetic f i e l d s ,  and m a t e r i a l  a d d i t i o n  a s  means of e l i , , , ina t ing  t.he blackout  
phenomena during r e e n t r y .  Prel iminary r e s u l t s  i n d i c a t e  t h a t  m a t e r i a l  
a d d i t i o n  m a y  be t h e  most e f f e c t i v e  and f u r t h e r  experiments usinf:  t h i s  tech-  
nique w i l l  be performed i n  FY 1966. 

Data obta ined  t o  d a t e  have been i n  t h e  18,000 f e e t  pe r  second vl5locity 
regime. Fur the r  experiments w i l l  be  concerned wi th  r e e n t r y  v e l o c i t i e s  of 
28,000 f e e t  per  second and beyond. 

Horizon D e f i n i t i o n  Research (SCANNER) 

Passive hor izon  sensors  a r e  used i n  spacec ra f t  s t a b i l i z a t i o n  an3 guid-  
ance a s  devices  f o r  determining t h e  l o c a l  v e r t i c a l  through accura t e  
d i sc r imina t ion  of t h e  change i n  r a d i a n t  energy between t h e  edge of a 
p l ane ta ry  d i s k  and t h e  space background. 
o b j e c t i v e  of making d e t a i l e d  measurements, from high  a l t i t u d e s ,  of t h e  
n a t u r a l  r a d i a t i o n  g rad ien t s  which d e f i n e  t h e  E a r t h ' s  hor izon .  These d a t a  arc! 
e s s e n t i a l  t o  t h e  development of accu ra t e  hor izon  senso r s .  A secondary ob jec -  
t i v e  i s  t o  develop a f l i g h t  proven technique f o r  ga the r ing  s t a t i s t i c a l  
hor izon  d a t a ,  poss ib ly  i n  Earth s a t e l l i t e  s p a c e c r a f t .  The p r o j e c t  i ;  an 
ex tens ion  of cu r ren t  l abora to ry  research  on hor izon  c h a r a c t e r i s t i c s .  Two 
experiments w i l l  be performed from s u b o r b 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  T r a i l b l a z e r  I1 launch veh ic l e .  F l i g h t  #l i s  scheduled f o r  Augusl: 1965 
and F l i g h t  # 2  i s  scheduled f o r  October 1965. A backup s e t  of payloali equip-  
ment and ins t rumenta t ion  w i l l  be  provided,  pe rmi t t i ng  a p o s s i b l e  t h i r d  
f l i g h t .  The dual  channel radiometer ,  ope ra t ing  i n  t h e  14-16 and 20-1i.O micron 
bands,  w i l l  provide a s p a t i a l  r e s o l u t i o n  of 2 km, a f i v e - f o l d  inc rease  i n  
r e s o l u t i o n  over t h a t  of radiometers  used i n  e a r l i e r  experiments.  S t a r  
mapping techniques u t i l i z i n g  t e l e scopes  i n  t h e  s p a c e c r a f t  w i l l  be us2d t o  
c o r r e l a t e  t h e  po in t ing  d i r e c t i o n  of t h e  sensor  wi th  observed d a t a .  i,angley 
Research Center  has  p r o j e c t  d i r e c t i o n .  

The SCANNER p r o j e c t  has  t h ?  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY HUMAN FACTOR SYSTEMS PKOGRAE! ---- 

PROGRAM OBJEXT1:VES ---- AND JUSTIFICATION: 

This: p r o g r a ~ t ~  has fou r  major o b j e c t i v e s :  (1) t o  determine man's reac t ions ;  
t o  t h e  novel. erivi.ronments of space and a e r o n a u t i c a l  f l i g h t ,  ( 2 )  t o  d e f i n e  t h e  
e s s e n t i a l .  rc:qui-rements f o r  s u s t a i n i n g  and p r o t e c t i n g  man i n  t h e s e  en\ i ron -  
m e i i t s  , ( 3 )  t:o provide t h e  technology necessary  t o  develop s u i t a b l e  l i  f e  
support  and p r o t e c t i v e  systems, and ( 4 )  t o  d i scover  means of i n t e g r a t i n g  
man's capabl. l i t i e s  wi th  those  of machines t o  o b t a i n  composite systems of 
s u p e r i o r  per:!oirmance. 

The fi1':;t and second o b j e c t i v e s  w i l l  he lp  e s t a b l i s h  t h e  : l i m i t s  csf man's 
usefu lness  i t 1  space o r  on t h e  moon: To what e x t e n t  w i l l  h i s  a b i l i t y  t o  ex- 
p l o r e ,  observe:, and experiment be encumbered by t h e  mechanical devices  and 
r e s t r a i n t . s  riecc?ssary t o  s u s t a i n  h i s  l i f e ?  How w i l l  h i s  judgment and powers 
of percept ion  be a f f e c t e d  by h i s  environment? What l i m i t a t i o n s  must be 
placed on hi:; exposure t i m e  t o  e x t r a - t e r r e s t r i a l  environments t o  avoid both 
immediate arid :long term damage? The second and t h i r d  o b j e c t i v e s  togclther 
w i l l  determine t h e  c o s t s  i n  weight,  and t h e r e f o r e  i n  d o l l a r s ,  of s u s t a i n i n g  
human lifie i n  :;pace: How much food, water ,  and a r t i f i c i a l  atmospherc: must. 
be provided" To what ex ten t : ,  and a t  what c o s t  i n  weight,  can t h e s e  tle manu- 
fac tured  on board t h e  s p a c e c r a f t  from human waste products?  How mucki natural .  
r a d i a t i o n  ciin rnan endure and how can t h e  requi red  s h i e l d i n g  be provi<;ed a t  
l e a s t  weight:? The f o u r t h  o b j e c t i v e  w i l l  determine t h e  e x t e n t  t o  which t h e  
presence of man, w i t h  h i s  unique c a p a b i l i t i e s ,  can compensate f o r  tht:  c o s t s  
of sustainin; ;  him: How can tihe machine systems r e q u i r e d  t:o t ake  him t o  t h e  
moon be made s:impler, more r e l i a b l e ,  and l i g h t e r  i n  weight by  s u b s t i t . u t i n g  
human furlctj.i,n!; fior c e r t a i n  riiechanical f u n c t i o n s ?  How can man's oap : ib i l i t i e s  
as an observer  arid recorder  of information be augmented by machine s ! r s t e m s ?  

Answers t o  a l l  of t h e s e  and many o t h e r  r e l a t e d  ques t ions  are being 
sought i n  this r e s e a r c h  program. The work i s  done by r e s e a r c h e r s  i n  elec- 
t r o n i c s ,  phy; ics ,  engineer ing,  psychology, biology,  and n e a r l y  every  f i e l d  
of medici-ne Many of t h e s e  <ire NASA s c i e n t i s t s  and engineers ;  many riore a r e  
located 1.n u n i v e r s i t y  and i n d u s t r i a l  l a b o r a t o r i e s  and i n  o t h e r  Goverrunent 
agencies  I 

SUMMAKY ---- OF IL~SOUKCES REQUIREMENTS: 

1966 ., - 19 64 1965 

Supporting r e s e a r c h  and 
techno1o;gy. . . . . . . . . . . . . . - . . $13,200,000 $11,850,000 $1.3,000, OOC 
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:.966 -- 19 64 1965 

Small b~ioti~~hhno:logy f l i g h t  
p r o j e c t s . .  .................. --- $1,470,000 $1,900,000 

Tota l . .  ...................... 3 13,200,000 $13,320,000 $14.900, 1300 - 
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 :  

Manned Spacecraf t  Cen te r . .  ... $1,900,000 $445,000 { 900,000 
Marshal l  Space F l i g h t  Center .  235,000 220,000 300,000 
Ames Researlzh Center . .  ....... 3,820,300 4,113,000 4,680,1.)00 
F l i g h t  Research Center . .  ..... 1,342,000 2,000,000 I , 500 ,000 
Langley li2search Center . .  .... 1,834,400 3,204,000 4,450,1.)00 

NASA Heahquarters.  ........... 3,931,300 3,108,000 2 , 8  70,1000 
Lewis Research Center . .  ...... 137,000 230,000 200,1:~00 

BASIS OF FUNiI --- REQUIREMENTS: 

Support ing Research and Techno- 

..966 ----- 1964 1965 

Human re sea rch  and performance. $4,128,000 $3,570,000 $5,000 1000 
Li fe  support  and p r o t e c t i v e  

sys tems. .  ..................... 5,841,000 4 ,  7 50 ;OOO 5,400,000 
Man systems i n t e g r a t i o n . .  2,827,000 2,230,000 2 ,8  50 1:)OO 
Advanced conc2pts.  ............. 404,000 650,000 -- 400.1,)Oo 

...... 

Tota l  $13,200,000 $11,850,000 !; 13 !, 000,000 ---- 
Human tiesearch and Performance 

Long t ecn  manned space f l i g h t  w i l l  expose man t o  h o s t i l e  environriental  
cond i t ions .  The ob jec t ive  of t h i s  r e sea rch  i s  t o  understand t h e  psycliologi- 
c a l  and physiolDgica1 r e a c t i o n s  of man and h i s  organic  systems t c  the:;e con- 
d i t i o n s  and LEI pred ic t  t h e i r  e f f e c t s  on h i s  performance and w e l l  bein);. The 
environmental  phenomena considered range from ze ro  g r a v i t y  t o  so1itar:r  
confinement .and inc lude  e lec t romagnet ic  and p a r t i c l e  r a d i a t i o n ,  magnei:ic 
f i e l d s ,  a c c e l e r a t i o n  fo rces ,  a r t i f i c i a l l y  produced atmospheres,  temperature ,  
humidity,  and v i b r a t i o n .  

During the p a s t  year  no tab le  progress  has been made i n  s e v e r a l  ai-eas (of 
i n v e s t i g a t i o n .  I n  t h e  f i e l d  of rad iobio logy ,  r e sea rch  a t  the  Univers - t y  o f  
C a l i f o r n i a  a n d  the  Ames Research Center has  produced the  f i r s t  meaninE,ful in -  
formation on the  b i o l o g i c a l  e f f e c t s  of t he  proton component i n  r a d i a t - o n  
l i k e l y  t o  be encountered i n  space f l i g h t .  These r e su l t s ,  obtained from ani -  
mal experiments i n  the  Univers i t y  of C a l i f o r n i a  cyc lo t ron ,  showec thai: a t  the 
l e tha l -dose  l eve l  t he  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  
small  animal.; i s  s i m i l a r  t o  that of gamma r a d i a t i o n .  I f  t hese  p re l im-na ry  



r e s u l t s  a r e  c s n f i m e d  wi th  o t h e r  s p e c i e s ,  t he  ex tens ive  knowledge Df );amma 
r a d i a t i o n  e fEec t s  a l r eady  a v a i l a b l e  may become d i r e c t l y  app l i cab le  t o  the  
problems of  r a d i a t i o n  hazards i n  space f l i g h t ,  

During t h e  coming yea r ,  t h i s  work w i l l  be  expanded t o  inves t iga t t :  t he  
e f f e c t s  of l 2 w e r  l eve l s  of r a d i a t i o n  over  prolonged exposure pe r iods ,  and t o  
determine wh2ther t hese  e f f e c t s  a r e  a l t e r e d  by v a r i a t i o n s  i n  temperatiire, 
humidity,  o r  v i b r a t i o n .  

I n  the  f i e l d  of a c c e l e r a t i o n  r e sea rch ,  Ames Research C e n t e r  has :on- 
t inued t o  e x p l o i t  a l abora to ry  technique which may compensate foi  our in- 
a b i l i t y  t o  s imula te  d i r e c t l y  the  e f f e c t s  of long term reduced g r a v i t y  on 
phys io logica l  systems. Each of s e v e r a l  groups of t es t  a n i m a l s  i s  sub jec t ed  
t o  a d i f f e r e n t  l e v e l  of a c c e l e r a t i o n  i n  c e n t r i f u g e s  f o r  a prolongi?d p2r iod .  
Kesultarit phys io log ica l  d i f f e r e n c e s  among groups a re  then analyzed f o r  co r re -  
l a t i o n  wi th  a c c e l e r a t i o n  ( o r  g r a v i t a t i o n a l )  l e v e l .  I f  s i g n i f i c a n t  r e l a t i o n -  
s h i p s  can be e s t a b l i s h e d  between phys io log ica l  phenomena and g ra l r i t a t iona l  
s t ress  a t  a c c e l e r a t i o n  levels  g r e a t e r  than  1 - G ,  i t  may be p0ss ib .e  t o  p r e d i c t :  
by e x t r a p o l a t i o n ,  corresponding e f f e c t s  a t  a c c e l e r a t i o n  l e v e l s  less tnan I - G .  

I n  the  s tudy  of the  e f f e c t  of  a l t e r e d  g r a v i t y  environment OH s m a l l  an i -  
mals,  p re l iminary  r e s u l t s ,  which cannot be f u l l y  i n t e r p r e t e d  a t  t h i s  t i m e ,  
i n d i c a t e  c e r t a i n  changes i n  growth s ize  and body chemistry.  Rat:; cen t r i fuged  
f o r  per iods  6 s  long a s  one year  a t  G loads  ranging from 2 .5  t o  4 . 7  above rior- 
mal, g r a v i t y  d id  not  grow t o  normal s ize .  I n  t he  coming year  r e sea rche r s  
w i l l  t r y  t o  L,erify these  rrends and t o  d iscover  t h e  b io log ica l  mechanisms 
p rodu c ing  t h E ni . 

L i f e  Support and P r o t e c t i v e  Systems 

L i t e  s u p p o r ~  and p r o t e c t i v e  systems a re  those  s y s t e m s  necessary  t o  sus- 
t a i n  human l i f e  and prevent  phys i ca l  i n j u r y  i n  a h o s t i l e  enviromncnt such as 
Lhat encountered by man i n  space.  NASA's r e sea rch  i n  t h i s  f i e l d  tias as  i1.s 
o b j e c t i v e s  t o  develop and denaonstrate new concepts  which w i l l  leicl t c  s y s ~ e m s  
of  l i g h t e r  wcig ;h t  , longez du ra t ion ,  lower power consumption, and g r e a t e r  
f l e x i b i l  i t y  . 

Spac.ecraftr l i f e  suppor t  systems i n  c u r r e n t  u se  are r e l a t i v e l y  heavy, 
short-durat i .on:  systems which r e q u i r e  s t o r e d  gases f o r  a r t : i f i c i a l  atn,ospheres,  
chemical w a s t i e  Lreatment w i t h  waste s t o r a g e ,  and s t o r e d  food and w a t e r .  Sig- 
n i  f i c a n t  reclricfri.ons i n  system weights ,  which may be 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 a n e t s ) ,  ap- 
pear possib1.13 :if t h e  concept of " regenera t ive"  systems can be  proven. A 
regenerat . ive l i f e  support  sy:it:em would produce t h e  p r i n c i p a l  l i f e  S U E  taini.ng 
requirenients 0 . E  man ( food ,  w a t : e r ,  and oxygen) by t h e  r ep rocess ing  of h i s  own 
waste anti me sal,ol.ic p roduc t s ,  

Kesearci on t h i s  p r i n c i p l e  a t  t h e  NASA Langley Research Center  i n  the  
pas t  year  ha; provided the  b a s i s  f o r  a p a r t i a l  r egene ra t ive  system capable  
of suppoi-t in? four men f o r  n i n e t y  days a t  about one h a l f  t h e  cost  i n  weight 
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t h a t  current-  Llperational techniques would involve .  The system would produce 
oxygen from czrbon d ioxide  and f r e s h  water from u r i n e ,  cab in  condensat ion,  
and wash water .  Food would be s t o r e d .  I n  t h e  coming year  a f u l l - s c a l e  
LaboraLory ve.rsion of t h e  system, produced by General Dynamics/Astronautics,  
w i l l  be evaluclttd i n  a se r ies  of experiments a t  t h e  Langley Research Center  
i n  which four  m e n  w i l l  l i v e  and perform space mission t a s k s  i n  a s imulated 
space veh ic l e  f o r  as long as 100 days suppl ied  e n t i r e l y  by s t o r e d  food and 
regenerated w a t c b r  and oxygen. 

Fu r the r  ref inements  of the r egene ra t ive  system concept may r e s u l t  from 
re sea rch  a t  t he  h e s  Research Center  where the  f e a s i b i l i t y  of b a c t e r i a l  re- 
process ing  of metabol ic  products  i s  under s tudy .  A success fu l  system based 

upon t h i s  p r i n c i p l e  would produce food as w e l l  as oxygen and water .  

Man Sys  terns I n t e g r a t i o n  

Research i n  man sys  terns i n t e g r a t i o n  provides  t h e  technology f o r  E f fec-  
t i v e  and re1j.ab.le u t i l i z a t i o n  of t he  human i n  man-machine systems. The pro- 
gram emphasii:es ( 1.) development. of q u a n t i t a t i v e  measures of human performance 
under conclitj~ons which a re  t y p i c a l  of those t o  be encountered dur ing  sero-  
space mission:;, (:!) t he  development of systems des ign  c r i t e r i a  which b r i l l  

a ssure  maximum ut : i . l izat ion of man as an  element i n  the  system, and ( ' 3 )  t h e  
evaluat.ion of rniin-.machine des ign  concepts  i n  the  labora tory .  

Typica l  o f  the problems considered i n  t h i s  program i s  t h a t  o f  d e t e r -  
mining what d i f  E i cu l t i e s  t h e  :tow g r a v i t y  environment may cause man i n  per- 
forming rout.lne crasks onthe s u r f a c e  of t h e  moon. It  i s  not a t  a l l  clclar, 
f o r  example, t ha t  he w i l l  be a b l e  t o  c l imb,  run,  o r  even w a l k  on t h e  nioon 
w i t h  the  s a m e  edsc: t h a t  he docs on Ear th .  Muscles, condi t ioned  t o  mo\?ing 
limbs of a g:i.ren weight on Ear th ,  may over  c o n t r o l  i n  the  1 /6 -g rav i ty  of 
t he  moon; the  reduced f r i c t i o n  between show and s u r f a c e  caused by rediiced 
weight m a y  m i a t e  t r a c t i o n  extremely d i f f i c u l t .  To i n v e s t i g a t e  problem:; of 
t h i s  kind the  Langley Research Center has  developed a technique wi th  which 
the  cond i t ions  ' D f  moving about i n  a 1 /6-gravi ty  environment can be fa: . r ly  
c l o s e l y  s i m u l a t , ~ d . .  The device  c o n s i s t s  of a f l o o r  t i l t e d  up t o  an anj;le oE 
8 0 . 5 O  on which B sub jec t  wa1k:s supported i n  a n e a r l y  h o r i z o n t a l  a t t i t i l d e  b:y 
a s e r i e s  o f  cab le s  a t t ached  t o  head, upper t o r s o ,  h i p s ,  and l egs .  This 
c a b l e s ,  suspended from overhead t r o l l e y s ,  are  p a r a l l e l  t o  t h e  t i l t e d  i loor  
and support  mos t  of t he  s u b j e c t ' s  weight so  t h a t  r e l a t i v e  t o  the  t i l t e d  
f l o o r  h i s  apparen~: weight i s  approximately 1/6 of  normal. During, t he  corn- 
ing  year t h i s  technique w i l l  b e  used t o  examine numerous r o u t i n e  a.nd lion- 
r o u t i n e  t a s k s  man w i l l  be  expected t o  perform on t h e  moon and ident i f : r  
those  t h a t  w i l l  r e q u i r e  s p e c i a l  t r a i n i n g  o r  equipment. 

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  i f  man i ;  t o  b e  
ready t o  so lve  the  next  gene ra t ion  of problems i n  t h a t  f i e l d .  In hum,in fac-  
t o r s  rese .arch,  many of t h e s e  problems are l i k e l y  t o  involve  ways of f l i r ther  
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i n t e g r a t i n g  man i n t o  t h e  o p e r a t i o n a l  systems o f  f u t u r e  a i r c r a f t :  and space- 
c r a f t .  Severa l  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 e c e n t  yea r s ,  some 
showing enough promise t o  warrant  s e r i o u s  s tudy.  The two r e l a t e d  e x m p l e s  
descr ibed  below are  r e p r e s e n t a t i v e  of those  t h a t  make up t h i s  advanced con- 
c e p t s  program. 

The prec:;.sj.on. c o n t r o l  of high speed a i r c r a f t  has ,  under c e r t a i n  circum- 
s t a n c e s ,  aL1ready taxed t o  t h e  l i m i t  man's a b i l i t y  t o  coord ina te  sensory  per-  
cep t ion  wi.th ciot:or response.  The c o n t r o l  t a s k s  of complex s p a c e c r a f t  systems 
of t h e  f u t u r e  could e a s i l y  exceed h i s  a b i l i t y .  Researchers have hypothesized 
t h a t  one 1.imi.t:irig f a c t o r  may be t h e  n e c e s s i t y  f o r  sensory cxes ( v i s u a l  o r  
a u r a l  s igna ls : ,  t o  be t ransmi t ted  t o  t h e  b r a i n ,  t r a n s l a t e d  t.o a motor command, 
and r e - t r a n s m i t t e d  t o  arms, hands, f e e t ,  e t c . ,  b e f o r e  a r e q u i r e d  func t ion  . i s  
executed. If a d i . r ec t  l i n k  could be e s t a b l i s h e d  between, say ,  t h e  eye and 
t h e  system to be c:ontrolled,  t h i s  l i m i t a t i o n  could be circumvented. A concept 
now under s tudy f o r  a device  designed t o  t r a c k  eye motions of as t ronaL.ts  a;s; a 
means of o b t a : i n h g  d a t a  t o  improve t h e  des ign  of instrument  d i s p l a y s  t.as sng- 
ges ted  a poss.ib:Le method f o r  doing t h i s .  

The device  would fo l low t h e  motion of t h e  eye by t r a c k i n g  a beanl of 
l i g h t  refl.ect:ed from t h e  cornea.  The r e s u l t a n t  motion of t.he l i g h t  bcam 
would be c:onvertecl i n t o  e l e c t r o n i c  s i g n a l s  which, i n  t u r n ,  would be recorded 
as a t i m e  hisiioiry of t h e  a s t r o n a u t ' s  eye movements. I f ,  i n s t e a d  of bcing 
recorded,  t h e  s. ignals were used t o  command c e r t a i n  c o n t r o l  o p e r a t i o n s ,  t h e  
a s t r o n a u t  could maneuver h i s  s p a c e c r a f t  us ing  eye movements a lone .  The eye 
t r a c k i n g  tIevi.c:e w i l l  be  developed dur ing  t h e  coming yea r .  I f  i t  proves 
f e a s i b l e ,  a t; x t ly  of t h i s  f u t u r e  a p p l i c a t i o n  w i l l  fo l low.  

A scxond p o s s i b i l i t y ,  even more remote than t h e  f i r s t  a t  t h i s  t i m e  bu t  
s t i l l  i n t e r e s t i n g  as a f u t u r e  a p p l i c a t i o n  of t h e  developing technologJr, i s  
t h e  direct: tran:;mission of c o n t r o l  s i g n a l s  from man t o  machine by ner\ 'e i m  
p u l s e s .  With siich a technique,  machine systems could be c o n t r o l l e d  b:' t h e  
b r a i n  and nervous system d i r e c t l y ,  i n  t h e  same manner t h a t  movements of man's 
limbs are controll ied.  The b a s i s  f o r  this technique would be t h e  d e t e c t i o n  
and transmis:;ion of t h e  magnetic f i e l d  components of nerve impulses. Neuro- 
l o g i c a l  r e s e a r c h  a t  Georgetown Univers i ty  i s  c u r r e n t l y  d e f i n i n g  t h e  complete 
e lec t romagnet ic  c h a r a c t e r  of t h e s e  impulses and, i f  s u c c e s s f u l ,  b i l l  Iirovide 
a s t a r t i n g  p o i n t  f o r  l a te r  s t u d i e s  of c o n t r o l  a p p l i c a t i o n s .  

S m a l l  Biottechnology F l i g h t  Pro- jec ts  

1964 1965 1966 

Small b:iotechno:logy f l i g h t  
p r o j e c t s . .  . . .(, . . . . .. . . . . . /. . . . --- $1 , 470,000 $1,900,000 

I n  many f i ' e l d s  of aerospace technology t h e r e  are problems tk.at cannot be 
solved i n  t h e  labora tory  a t  a l l  b u t  must be solved i n  f l i g h t .  Apparent solu-  
t i o n s  t o  many o t h e r  problems can be found on t h e  ground but  must then be 
eva lua ted  i n  f l i g h t  before  they can be accepted.  This  small-f l ig ,ht  p::ojects 
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program serves these essential purposes for the Human Factors Systems 
research program. 

One problem that is becoming more acute to aerospace medica:. spe-ial- 
j s t s  as more experience i, Sained with man in his new space environmeit is 
that of establishing a new base of reference for many long estab-.ishej 
measures of physiological processes. The specialists are finding; thak clini- 
cal standards for "normal" heart rate, blood pressure, and respii-atioi, ap- 
plicable to humans under no-stress conditions, are not applicable "noms" 
for astronauts functioning for prolonged periods under condition:; of stress. 
The lack of applicable standards obscures the significance of physiol~gical 
data monitored during space flights and prevents accurate assessments of the 
astronaut's well being. A project begun this year by the Flight Resesrch 
Center should ultimately supply the new physiological standards I-equiced. 

The project Involves the collection of physiological data on a Large 
number of individuals who spend long periods of time under stressful zondi- 
tions representative of those encountered in space flight. The subjezts 
chosen for the experiment, by arrangement with the U. S .  Air Force, wzre the 
students of the U. S .  Air Force Aerospace Test Pilots School at 1:dwards Air 
Force Base, California, These are particularly appropriate subjects 3ecause 
their medical histories are well documented, they participate in identical 
training programs involving many hours of high stress flying, and they them- 
selves represent one major source of future astronauts. Each subject will be 
instrumented with small self-contained sensing devices and a minratur? tape 
recorder which will measure and record electrocardiograms, vibrac:ardi~grarns, 
respiration, and voice data. Data will be obtained continuously duriig al.1 
periods of high stress activity throughout the flying careers of each subject. 
Since the prcject is to be a continuing one, successive classes a t  th? School 
will participate and, in time, a statistically significant sample of data will 
become available from which to derive the new standards. 

i 
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RESEARCH ANI) DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF AUVANCED RESEARCH AND TECHNOLOGY NUCLEAR-ELECTRIC SYSTEMS PROGRAM - -- 
PROGRAM OB J E C T ' I V  ES AND JUSTIFICATION : 

The purpc'se of t h i s  r e s e a r c h  i s  t o  provide  t h e  technology needed f o r  
long l i f e  n u c l e a r - e l e c t r i c  power systems s o  t h a t  advanced space miss ions  
which may b e n e f i t  from use of t h e s e  systems can be s e l e c t e d  and undertaken 
wi th  assurance c'f success .  

N u c l e a r - e l e c t r i c  power gene ra t ing  systems and e l e c t r i c  propuls ion  systems 
have been cons iaered  as two complementary p a r t s  of t h i s  s i n g l e  o v e r a l l  pro- 
gram. For f u t u r e  manned deep space o r  i n t e r p l a n e t a r y  miss ions  i n  which the  
h igh  s p e c i f i c  impulse a t t a i n a b l e  from e l e c t r i c  propuls ion  would be uniquely  
advantageous, n L c l e a r - e l e c t r i c  power i s  t h e  only  f e a s i b l e  source  o f  t h e  mega- 
w a t t  power l e k e l s  r equ i r ed  for  l a r g e  e l e c t r i c  t h r u s t o r s .  Researcl? has a l s c  
ind ica t ed  p o t e n t i a l  a p p l i c a t i o n s  of e l e c t r i c  propuls ion  f o r  a t t i t u d e  c o n t r o l  
and s t a t i o n  keeFing where power l e v e l s  of on ly  w a t t s  would be r equ i r ed ,  and 
f o r  s a t e l l i t e  o r b i t  r a i s i n g  and unmanned space  probes where power r equ i r e -  
ments would be i n  t h e  k i lowa t t  range. The lower power requirements f o r  t h e s e  
a p p l i c a t i o n s  ctf e lec t r ic  propuls ion  can aga in  be provided by nucls,ar power 
gene ra t ion  s y s t e m s ,  a l though t h e  power systems descr ibed  under Ch;mical and 
So la r  Power may a l s o  be a p p l i c a b l e .  

Concepts f o r  u t i l i z a t i o n  of l a r g e  nuc lea r  r e a c t o r  power systems inc lude  
p o t e n t i a l  for  s t . a t i ona ry  power p l a n t s  on t h e  moon and p l a n e t s ,  and f o r  ad- 
vanced communication and o t h e r  on board power requirements as w e l l  as f o r  
e l e c t r i c  p ropu l s ion .  I so tope  power r e p r e s e n t s  t h e  nuc lea r  energy con t r ibu -  
t i o n  a t  low power, i n  t h e  w a t t .  t o  k i l o w a t t  range. 

The AEC is developing i so tope  powered systems, and i t  i s  proceeding wi th  
e f f o r t s  i n  t h e  range up t o  250 w a t t s .  NASA i s  r e s p o n s i b l e  f o r  i n t e g r a t i n g  
such power s u p p l i e s  i n t o  s p a c e c r a f t .  Close coord ina t ion  between the  agenci.es 
i s  maintainec t o  i n s u r e  t h a t  t he  AEC work i s  d i r e c t e d  t o  m e e t  NASA's r equ i r e -  
ments and that. t he  r e s u l t s  w i l l  be s u i t a b l e  f o r  e f f e c t i v e  i n t e g r a t i o n  i n t o  the 
s p a c e c r a f t  sys t a n s .  

SUMMARY OF ---- RESOURCES REQUIREMENTS : 

1966 19 64 1965 - 
Supporting r e sea rch  and 

SNAP-8 deve1.opment.. ........... 15,465,000 17 , 000,000 
Space e l ec t r i c :  rocke t  t e s t  

techn~llog,>7. .................. $26,749,000 $23,192,000 $24,000,000 

2 , 000,  OOCl (SEKT) ....................... 3,467 , 000 2,300,000 
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1966 ---- 1964 1965 

Small nuc lea r  e l e c t r i c  
propulsion and power 
f l i g h t  p r c j e c t s  $282,000 - - -  - . - -  . . . . . . . . . . .  --_- 

$27 000 000 . . . . . . . . . . . . . . . . . . . . . .  Tota l  $45,963,000 $42,492,000 - 22- -- 

D i s t r i b u t i o r .  c'f Program Amount by I n s t a l l a t i o n :  

Manned Spticecraft Center ..... $94,000 $100,000 $100 , 000 
Marshall  Space F l i g h t  Center .  263 , 000 29O,OOO $00,  000 
Goddard SFace  F l i g h t  Cen te r . .  1,320,000 1,142,000 1,200 , 000 
J e t  Propuls ion  Laboratory .... 1,882,000 2,336,000 1 , 600 , 000 
Ldngley Research Center .  ..... --- 400,000 -.-- 
L e w i s  Kesearch Cen te r . .  . . . . . .  41,719,000 37,038,000 22,700 ,000 
NASA Headquarters . . . . . . . . . . . .  685,000 1 ,186,000 1 , 000,000 

BASIS OF FUNCl RE:QUIKEMENTS: 

Supporting Kesearch and Technology 

1966 
I_-_- 

19 64 1965 

N u c l e a r - e l e c t r i c  power.. . . . . . .  $15,218,000 $13,225,000 $14 , 000 , (IO0 
E l e c t r i c  p ropu l s ion . .  . . . . . . . . .  11,531,000 9,967 , 000 10 000,000 -1, 

Tota l  ....................... $26,749,000 $23,192,000 $24,000,000 
-I ---- 

Nuclea r -E lec t r i c  Power 

Development. o f  nuc lea r  space power systems f o r  non-propulsive a u x i l i a r y  
power and for  e l e c t r i c  propuls ion  power i s  dependent upon t h e  research  of t h e  
Nuclear Elec t r ic :  Power Suppoiting Research and Technology Program. T h i s  pzo- 
gram provides technology f o r  c:onversion of nuc lea r  energy t o  e l e c t r i c a l  en-- 
e rgy  by power conversion systems such as t h e  l i q u i d  metal Rankine cyc le ,  t h e  
gaseous Brayton cyc le ,  thermionic d i r e c t  conversion and magnetoplasmadynamic 
systems. Component r e sea rch ,  l i q u i d  me ta l  and l i q u i d  meta l  vapor p r o p e r t i e s ,  
space-envirormierit e f f e c t s ,  advanced concepts and miss ion  a n a l y s i s  r ep resen t  
t y p i c a l  a r eas  of r e sea rch .  

The progi'am funding i s  di-vided wi th  approximately 85 percent  fior 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  and 15 percent  spent  i n  support  of t he  
in-house work: at. t h e  NASA c e n t e r s .  

Primary r e sea rch  emphasis has  been on t h e  l i q u i d  metal Rankine c y c l e  in 
which a l i q u i d  metal, vaporized by nuc lea r  h e a t ,  i s  used t o  d r i v e  a turbinc: 
which i n  tu rn  d r i v e s  an e l e c t r i c  gene ra to r .  The Rankine c y c l e  shows g r e a t  
promise as  a h igh  power ( k i l o w a t t s  t o  megawatts) energy conversion system 
because the  e x c e l l e n t  hea t  t r a n s f e r  and high ope ra t ing  temperature cha rac t e r -  
i s t i c s  of l ic ,uid metals can r e s u l t  i n  r e l a t i v e l y  s m a l l  and l igh tweight  
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components even when coupled wi th  l a r g e  nuc lea r  r e a c t o r s .  

Work i s  cont inuing on advanced technology aimed a t  high temperatiire and 
h igh  power systems. Tes t ing  of potassium-vapor t u r b i n e s  w a s  i n i t i a t e d  a t  
General  E l e c t r i c  Company i n  FY 1965. Performance t e s t i n g  and des ign  
eva lua t ion  w L l l  be continued in FY 1965 and endurance t e s t i n g  w i l l  begin i n  
FY 1966. I n  o ther  Rankine-cycle-component r e sea rch ,  a design of a hij:h 
temperature Lig'htweight e lec t ro-magnet ic  pump t o  be used as a l iquid-rnetal  
b o i l e r  feed pump was completed i n  FY 1965. Procurement and t e s t i n g  oif t h i s  
pump w i l l  be i n i t i a t e d  i n  FY 1966. Tes t ing  i s  cont inuing  a t  L e w i s  Reijearch 
Center on the  p2rformance of c e n t r i f u g a l  pumps f o r  l iqu id-meta l  workiiig 
f l u i d s .  1hr:ing F?! 1965, t h r e e  a x i a l  f low inducers  were performance tc!sted; 
t hese  ind1ice:rs would be used f o r  p re s su re  boost  devices  f o r  t he  main condensate 
pump i n  a l i q J id -me ta l  power conversion system. Tes t ing  of a f u l l - s c a l e  
c e n t r i f u g a l  c m d e n s a t e  pump s u i t a b l e  f o r  a one-megawatt power system ld11 be 
s t a r t e d  i n  F1 1966. 

I n  comparison wi th  the l i q u i d  m e t a l  Rankine cyc le ,  a gaseous Bra:iton- 
cyc le  power conversion system may e l i m i n a t e  many of the  problems inhe--ent 
i n  the  use oE high temperature l i q u i d  me ta l s  and can draw upon the  yeairs  of 
t u r b o j e t  e x p e r i a c e  i n  the  development of h igh  e f f i c i e n c y  r e l i a b l e  tu  -bines  
and compressors. Gas-cycle turbomachinery has been designed anc f a b  -icatlnd, 
and i n i t i a l  t e s t i n g  has v e r i f i e d  the  a n t i c i p a t e d  high e f f i c i e n c y  po te i i t i a l  of 
the  Brayton c y c l e .  A broad program of Brayton cycle component deve1ol)ment i s  
now i n  p rogres s ,  emphasizing e f f i c i e n c y  and r e l i a b i l i t y .  Attainment o f  maxi- 
mum e f f i c i e n c i e s  w i l l  compensate f o r  t h e  inhe ren t  Brayton-cycle charac:ter- 
i s t i c  of Largn s i z e  and weight,  r e s u l t i n g  from t h e  f a c t  t h a t  gas  i s  a poor 
hea t  t r a n s f e r  m e d i u m  compared wi th  l i q u i d  m e t a l .  Brayton cyc le  power con- 
ve r s ion  equipineit i s  adaptab le  f o r  use  wi th  e i t h e r  a nuc lear  heat SOUI-ce o r  
a s o l a r  hea t  source,  and Brayton cyc le  system technology i s ,  therefort!, 
j o i n t l y  supported by the  Nucl l$ar-Electr ic  Power and the  So tar ana Cheriical 
Power proi, Trams. 

Another ?base of Nuc lea r -E lec t r i c  Program resea rch  i s  concerned wi th  iIn 
u l t i m a t e  goa 1 oE e l imina t ing  the r o t a t i n g  turbomachinery of dynaaic Kilnkine 
and Brayton cyc le s  by development of methods of d i r e c t l y  conver t ing  miclear  
energy t o  e l rx t  r i c  energy. D i rec t  conversion r e sea rch  emphasizes thc!rmionic 
conversion i n  which nuc lea r  energy i s  u t i l i z e d  t o  hea t  an electrccle  u r i t i l ,  as 
i n  r ad io  tubes,  i t :  g ives  of f  e l e c t r o n s  t o  another  e l e c t r o d e  and theretiy e s t ab -  
l i s h e s  an e l c x t r i c :  c u r r e n t .  In t h i s  concept an e a s i l y  ion ized  element: such 
as cesium i s  introduced between the  two e l e c t r o d e s  i n  o rde r  t o  f ac i1 i t : a t e  t he  
flow of e:lecirrons and prevent  e l e c t r o n  accumulation a t  the  emi t t i ng  e : .ec t rode ,  
Two principa; .  t y p e s  of thermionic d i r e c t  conversion methods are  being in -  
v e s t  igatecl: 

(1) the  thermionic f u e l  element,  i . e . ,  where the  nuc lea r  fue l  i s  
int.r:gira 1. wi th  the  tliermionic conver te r ;  

( 2 )  The out.-of-core conver te r  i n  which the  thermionic  conver te r  assembly 
i s  separa ted  from the  r e a c t o r  wi th  a hea t -  t r a n s f e r  loop 1:r.x sport:inE; 
r e a c t o r  hea t  t o  the  conver te r  emitters.  
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Primary :research emphasis i s  on h igh  temperature  materials develclpment 
( f u e l s ,  insul .a tors ,  e t c . ) ,  because temperatures  beyond our  c u r r e n t  ca l l ab i l i t y  
are  requi red  110 make thermi0ni.c: s y s  t e m s  o p e r a t e  a t  a t t r a c t i v e  performz'nce 
l e v e l s .  1.nasrnuch as  system goa l s  r e q u i r e  a t  l eas t  a 10,000 hour l i f e ,  i t  i s  
necessary t o  determine t h e  dimensional s t a b i l i t y ,  nuc lear  f u e l  r e t e n t  i on ,  
performanc:e and ope ra t ing  c h a r a c t e r i s t i c s  o f  candida te  mater ia . l s  arid concepts  
over  t he  long peri.ods of t i m e  and h igh  temperatures  c o n s i s t e n t  w i th  u l  t i m a t : e  
s y s t e m  rec,uirc?mmt.s, 

During E''; -965 i r r a d i a t i o n  tes ts  equ iva len t  t o  2500 hour f u e l  burnup were 
conducteu on a .arge number of  mixed ca rb ide  nuc lea r  f u e l  specimens;. Longer 
term t e s t s  ecu iva len t  t o  1 0 , O O C )  hours  ope ra t ion  w i l l  be  conducted I-n t h e  NASA- 
P lum d r o t l  L ' . t : , t  A(  aLt ( ' r  f~ , : '' '<{. Long t i m e  l i f e  t e s t s  of e l e c t r i c z l l y  
heated fuelec conve r t e r s  w i l l  cont inue  a t  General  Atomics and Generat Elecl  r i c .  
These t e s t s  complement i n - p i l e  eva lua t ion  of fue l ed  diodes conducted ky the: 
AEC . 

A novel e x t e r n a l l y  fue l ed  thermionic  element,  designed by Republic Avla- 
t i o n ,  t ha t  m a y  have cons iderable  ope ra t iona l  ddvantages,  successfJ l1-?  com- 
p l e t ed  out -of -p i . le  t e s t i n g  i n  FY 1965. Addi t iona l  long term t e s t s  w i l l  be 
performed on 1.h1.s concept.. 

S t i l l  arott1e.r energy conversion process  t h a t  might e l i .minate  r o t a t i n g  
turbomachinery i s  under inves  t . igat ion a t  t he  Je t  Propuls ion Laborst.ory . 11.1 

much the  same manner t h a t  e l e c t r i c i t y  i s  normally generaced. by the  motion (:If 
an e l e c t r i c  concluctor through a magnetic f i e l d ,  a magnetoplasmadyaamic s y s ~ e m  
has been pro~cised i n  which a h igh ly  conduct ive l i q u i d  metal  f lows t.hrcugh i:he 
magnetic f i e l d .  I n  o rde r  L O  h t t a i n  t h e  high f l u i d  flow ve1ocit: ies r equ i r ec i  
f o r  appreciakj-e  power generat i -on,  JPL i s  a t tempt ing  t o  use  the  h igh  p res su re  
of vaporized cesium t o  accelerate  l i q u i d  l i t h ium.  Research, t o  e<t.end 
through F'Y 1966, inc ludes  high temperature  e l ec t r i ca l  i n s u l a t i o n ,  high v e l o c i t y  
l i q u i d  metal r:or.rosion, and l i q u i d  vapor sepa ra t ion .  A low temperature  f eas i -  
b i l i t y  t e s t  k.t.s produced 12  ki . lowatts  o €  powar a t  9 3  percent  of tine thero-  
re t  i c a l  e f f i c  ienc  y . 

Elec t r ic  Propuls ion  

The objec.ti.ve o f  E l e c t r i c .  Propuls ion r e sea rch  i s  t o  provicle the advanced 
technology t h z t  w i l l  lead t o  the development of e l e c t r i c  t h r u s t o r  sys t ens  l o r  
spacecraf- t  prime: and a n c i l l a r y  propuls ion .  These t h r u s t o r s ,  when developed :-in(! 
used i n  conjuncti.on wi th  light-weight power gene ra t ion  systems, o f f e r  the  
p o t e n t i a i  o f  :;ubs t .ant ia1 inc reases  i n  payload and/or  reduct:ion i n  t r a l  e l  
t i m e  ge.neralI.:I p ropor t iona l  t o  the  energy requirements  of a contenplat  ed 
space miss ion  The b a s i s  f o r  t.hese performance improvement:s l i e s  I-n I a i s i n g  
s p e c i f i c  i.mpu Lse from the  few hundred seconds t y p i c a l  of chemical rocke t  
s y s t e m s  t o  sp(?c:.f-i.c impulses up t o  10,000 seconds and above wi th  extrcmely 
low overa 1.1 s:~stie~n weights .  The only known p r a c t i c a l  method o f  accomF i ish,- .  
ing  t h i s  i.s b : r  a n  e l e c t r i c  t h r u s t o r  which conver t s  e l ec t r i ca l  enert;y i n t o  
k i n e t i c  energ:r o f  a propel lant- .  However, because of the  low thrust. l eve l s  
of such systc:ns:,a major requirement t h a t  must be a t t a i n e d  fior e f f e c t : i \ e  ap,-. 



plication is a capability of thousands of hours of reliable operation. Also, 
for prime propulsion applications, attainment of high overall thrustor system 
efficiency i,s of major importance because the total power required for opera- 
tion of the thrustor system, and thus the power plant weight and the mission 
payload capa'bility, is dependent on thrustor system efficiency. 

Electrostatic thrustor systems in which atoms (or heavy particle:;) are 
electrically charged and then accelerated by an electrostatic field, iire 
receiving tbe major emphasis. 
under active investigation. Two of these, the electron bombardment and 
contact ion engines, differ basically in the propellant charge or ionization 
technique employed, whereas the third type, the colloidal engine, accelerates 
charged agglomerates instead of ions. 

Three types of electrostatic thrustors are 

Y 

Work will continue on the ion systems to determine the performance capa- 
bility, durability, clustering and scaling relations required to proceed 
from the present 3 to 30 Kilowatt (KW) range to the hundreds of kilowdtts 
and into the megawatt range that will ultimately be required for inter- 
planetary electric propulsion systems. Both clustering of 3KW ion engines 
and scaling in size up to 30 KW level have been demonstrated this yeair at 
the Lewis Kesearch Center with no major difficulties indicated. Efficiencies 
of 60 to $0 percent have been achieved in the impulse range of 4,000 (seconds 
to 10,000 seconds. 
continued in FY 1966. 

Further scaling into the hundred kilowatt range will be 

The principal effort in the development of the electron bombardmrznt ion 
thrustor has been devoted this past year to cathode life improvement. 
cathode in this type of thrustor charges the propellant by bombarding it 
with electrons. A cesium electron bombardment thrustor, by using cesium as 
the propellant, employs a promising cathode! design concept called the auto- 
cathode. From limited test data, it appears that this cathode may have a 
10,000 hour lifetime capability. The autocathode avoids the erosion (and 
subsequent failure of the cathode caused by ion bombardment by continwously 
replenishing the cathode surface with cesium. 
cathode and new coated filament cathodes will be further evaluated for dura- 
bility and performance. 
inate cathode erosion by using a mercury pool as the cathode, is also under 
investigation . 

The 

In FY 1966, both the aiito- 

Another promising cathode design that would i2lim- 

Contact ion thrustor research during this past year has concentr'sted 
heavily on the ionizer. In these engines the propellant atoms are ioilized 
(charged) by pa:;sFng them through a hot porous tungsten material called an 
ionizer. Tht: ionizer must be capable of remaining porous throughout t.he 
required operating lifetime, and must be capable of ionizing or chargj.ng 
over 99 percent of the propellant atoms. In order to produce such an 
efficient loni3 life porous ionizer, porous tungsten technology must bc! 
further advanced. The Electro-Optical Systems, Space Technology Laboratory 
and Hughes Ke.seiarch Laboratory Companies are presently investigating this 
problem area under NASA contracts. Further efforts will continue into 
FY 1966. 
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The colloidal or heavy particle electrostatic accelerator is still in 
the early research phase. 
promise of greater thrust and because the large number of electrons that can 
be removed fromi each molecule could make it possible to vary the charge-to- 
mass ratio and thereby optimize specific impulse in accordance with mission 
requirements. 

This concept is of interest because it offers 

In another broad category of thrustors, called electrothermal thrustors, 
three types are again under investigation. The resistojet and arc jet 
accelerate an electrically heated propellant by thermal expansion through a 
nozzle. The third type is an arc-jet like device whose performance depends 
upon electromagnetic as well as thermal effects. The principal problem 
areas are in achieving high performance and long life. 
tasks include electrode effects, materials and fabrication, propellant selec- 
tion, storage and feed, understanding of basic energy transfer mechanisms, 
cooling techniques and configuration effects. 

Specific research 

Space Electric Rocket Test (SERT) 

19 64 1965 

Development and flight project.. $3.467.000 

Scout (bunch vehicle 
Procurement Program) .......... (500,000) 

$2.300.000 

(400,000) 

Tota 1 (including launch 
vehicl'es) ................... ($3,967,000) ($2,700,000) ($3,00O,OOOE 

The objective of the Space Electric Rocket Test (SERT) flights is to 
provide information on electric thrustor systems that cannot be obtained in 
ground based facilities and to flight qualify electric propulsion systems 
for mission application. 

On July 20, 1964, the SERT I flight was successfully completed. The 
Lewis Research Center mercury electron bombardment engine operated perfectly 
and demonstrated conclusively that the positively-charged ion beam can be 
neutralized in space. The Hughes cesium contact engine failed to operate 
during the flight because of a high voltage breakdown. This failure did not 
influence the validity of the flight results, but did emphasize the need for 
the continued research in high voltage power conditioning included in the 
Nuclear Electric Systems budget. Flight test data correlated well with 
ground based vacuum facility results thus also confirming the validity of 
established ground cased laboratory practice. 
electric rocket engine flight obviated the need for further SERT I type tests. 

The success of this first 
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The objel-tive of the current phase of the SERT program is the evaluation 
and development of advanced thrustors for satellite attitude control and sta- 
tion keeping, wlhich appear to be the first potential applications for elec- 
tric thrustors. Analysis has indicated that for attitude control of kong 
lived satell:ites, particularly those requiring very accurate attitude stabi- 
lization, the low propellant consumption inherently characteristic of elec- 
tric propulsim would result in considerable weight savings as comparcd with 
the chemical propellants presently in use. Vacuum tank test of several ex- 
perimental thrustor systems are being conducted and compared with chemical 
systems in order to permit selection of the more promising systems foi- 
further development. These systems will be further tested to determilie 
thrust and impulse reproducibility, reliability and operating life. :l:t is 
anticipated that this laboratory evaluation p r o L i m  will be comple.ted 1.n 
FY 1966 and that a flight verification (SERT 111) of the most promising 
systems will be initiated. 

The SERT I1 flight test program has been postponed indefinitely,, pend- 
ing definition of a primary electric propulsion application that would requirt:! 
flight valid,ation of a specific electric propulsion system. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

NUCLEAR ROCKETS PROGRAM 

nis program provides  the  research ,  design and engineer ing da ta ,  t e s t  
hardware, a n d  genera l  technology r equ i r ed  t o  a s s u r e  t h a t  nuc lear  rockc t  
systems can be developed a t  t h e  power l e v e l s ,  opera t ing  times, r e s t a r t :  con- 
d i t i o n s ,  and s p e c i f i c  impulse va lues  t h a t  w i l l  be requi red  i n  advanced space 
exp lo ra t ion  missions.  I n  t h e s e  systems, a nuc lear  r e a c t o r  h e a t s  hydrogen t o  
high temperature.  The high temperature hydrogen gas i s  then acce le ra t ed  
through a j e t  nozzle  producing t h r u s t  a t  h igh  s p e c i f i c  impulse. 

The empihasis i n  the  nuc lear  rocke t s  program is on lay ing  a technologica l  
foundat ion f o r  proceeding with confidence on t h e  development of nuc lear  
rocke t  sys t ans  t h a t  w i l l  be requi red  t o  accomplish heavy payload, high energy 
missions i n  space. 

Nuclear rocket  propuls ion provides  s i g n i f i c a n t  performance advancages 
f o r  p o t e n t i a l  miss ions  beyond Apollo such as luna r  base l o g i s t i c s  opera t ions ,  
very heavy deep space instrumented probes,  and manned exp lo ra t ion  of Ithe 
p l ane t s .  Manned p lane ta ry  expedi t ions  i s  considered among t h e  major i ipplica- 
t i o n s  f o r  nuc lear  rocke t s ;  a nuc lear  rocke t  propel led  Mars spacec ra f t  could 
be one t h i r d  t o  one f i f t h  the  weight of a chemical ly  propel led  spacec ra f t .  

A major p a r t  of t h e  nuc lear  rocke t s  program i s  t h e  r e sea rch  and engineer- .  
ing  on the  nuc lear  r e a c t o r  i t s e l f  s i n c e  t h i s  e n t i r e  f i e l d  is r e l a t i v e l y  new. 
I n  a d d i t i o n ,  emphasis is placed on t h e  s o l u t i o n  of problems a s s o c i a t e d  wi th  
non-reactor  components whose ope ra t ing  requirements tax t h e  a v a i l a b l e  tech-  
nology and on t h e  s tudy  of t he  fundamental h e a t  t r a n s f e r ,  f l u i d  ilow, 
s t r u c t u r a l  design,  and nuc lear  phenomena involved. An e s s e n t i a l  p a r t  of t h i s  
program i s  i n v e s t i g a t i o n  of experimental  ground t e s t  engine systems rtequired 
t o  develop a f u l l  understanding of t he  i n t e r a c t i o n  of components i n  nuc lear  
rocke t  engines and of t he  system performance c h a r a c t e r i s t i c s .  These (data 
form a b a s i s  f o r  eventua l  f l i g h t  system developnent and provide information 
requi red  by mission p lanners  t o  inco rpora t e  nuc lea r  rocke t  c a p a b i l i t i e s  i n  
advanced missions.  

The nuc lear  rocke t s  program i s  a j o i n t  AEC-NASA undertaking. To ensure 
an  in t eg ra t ed  program, the  Space Nuclear Propuls ion Off ice ,  e s t a b l i s h e d  by 
in te ragency  agreement between AEC and NASA, manages a l l  a spec t s  of nul-lear 
rocke t  propuls ion work f o r  t h e  t w o  agencies .  Research and technology work 
is conducted both i n  AEC Labora tor ies  (e.g., t h e  Los Alamos Sc ien t i f i i -  Labo- 
r a t o r y  and t h e  Argonne Nat ional  Laboratory) and NASA Centers  (e .g . ,  t h e  
L e w i s  Research Center and t h e  Marshal l  Space F l i g h t  Center),  a l though t h e  
major por t ion  of  t h e  work is conducted by i n d u s t r y  and some u n i v e r s i t i e s  
under con t r ac t .  
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SUMMARY OF RESOURCES REQUIREMENTS: 

1966 - 1964 1965 

Supporting research and 

KIWI.............................. . 1,700,000 
NERVA.. ........................... 48,820,000 34,261,000 35,000,000 
RIFT............................... 6,645,000 
Nuclear Rocket Development Station 750,000 739,000 1,1100~000 

technology.. .................... $21,261,000 $21,731,000 $22,000,000 --- --- 
--- --- 

Total.... ...................... $79,176,000 $56,731,000 - $58,1:300,000 

Distribution of Program Amount by Installation: 

Marshall Space Flight Center... $7,153,000 $1,280,000 $1,~00,000 
Jet Propulsion Laboratory.. .... 338,000 6 000 
Lewis Research Center.......... 11,330,000 10,450,000 7, '300,000 
Space Nuclear Propulsion 

--- 

Office... .................... 60,355,000 44,995,000 48, '300,000 

BASIS OF FUNDREQUIREMENTS : 

Supporting Research and Technology 

1964 1965 1966 - 
Rocket reactor research.......... $13,615,000 $13,356,000 $15,650,000 
Nuclear rocket engine 
component research............. 6,935,000 6,775,000 4,550,000 

Safety 470,000 5o07000 500,000 ........................... 
Vehicle technology 241,000 1,100,000 1,100,000 

...................... 921,261,000 $21,731,000 $22,,000,000 Total.... - 
The supporting research and technology program satisfies four beisic 

needs: (1) !;upporting data for current projects (NERVA) ; (2) techno1 ogy h. 
the developnicmt of future generations of nuclear rocket engines and \,chicles; 
(3)  feasibil-:ity investigation of advanced nuclear propulsion concepts), and, 
(4) studies of special flight safety considerations of nuclear rockets. 

Rocket Reactor Research 

The ma:jor effort in rocket reactor research is supported by the AEC. It: 
consists prj~icipally of the advanced graphite reactor technology prop,ram 
(PHOEBUS) ai: the Los Alamos Scientific Laboratory aimed at increased reactor 
performance. Also included is preliminary wDrk on fast tungsten based reactors 
and more advanced concepts. 
directed prj-xnarily towards the development and procurement of the jet nozzles 
and hydrogen turbopump systems required for ground testing with the PHOEBUS 
reactors, arid the evaluation of new and advanced nuclear rocket propulsion 
concepts whfch offer potential performance advantages for future spac e missions. 

The NASA program in this area is applied research 
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The KIWI: r e a c t o r  development p r o j e c t  ( f i r s t  g r a p h i t e  based rocke t  
r e a c t o r )  was ccnnpleted by t h e  Los Alamos S c i e n t i f i c  Laboratory with t h e  suc- 
c e s s f u l  ground t e s t i n g  of  t he  KIWI-ME r e a c t o r  i n  August and September of 
1964. The t:txhnology developed i n  t h a t  p r o j e c t  s e rves  as t h e  b a s i s  f o r  t h e  
NERVA r e a c t o r  (MU(-A), t he  f i r s t  power tes t  of which w a s  success fu l ly  run  i n  
September, 1.964. The K I W I  r e a c t o r  technology i s  a l s o  t h e  b a s i s  f o r  t h e  
advanced g r a p h i t e  (PHOEBUS) r e a c t o r  program. 

The PHOIZBIJS program w i l l  provide improved, high power r e a c t o r s  ( t o  
5,000 megawatts nominal power) f o r  nuc lear  rocke ts .  Mission s t u d i e s  i n d i c a t e  
t h a t  c l u s t e r e d  engines of t h i s  power l e v e l  would o f f e r  t he  propulsion capa- 
b i l i t y  f o r  nianned p l ane ta ry  expedi t ions .  

The f i r s t  t e s t  of t h e  PHOEBUS p r o j e c t  w i l l  be conducted by Los Alamos a t  
the  Nuclear Rocket Development S t a t i o n  i n  ca lendar  year  1965 using KIWI sizedl 
r e a c t o r s .  'IL'Iiese t e s t s  w i l l  be run  using j e t  nozz les  developed f o r  t h e  K I W I  
program and modified KIWI hydrogen turbopumps. However, pumps and  j e t  nozz les  
of increased  c a p a b i l i t y  w i l l  be requi red  f o r  l a t e r  tests of t he  l a rge  diameter ,  
high power IVOEBUS r e a c t o r  which w i l l  begin during ca lendar  year  1967. Devel- 
opment of these  nozz les  and pumps is  being i n i t i a t e d  i n  FY 1965 and w i l l  be 
continued i n  FI 1966. Included as p a r t  of the  Rocket Reactor Research budget 
i s  the  c o s t  of hydrogen necessary  f o r  two KIWI s i zed  PHOEBUS r e a c t o r  expe r i -  
ments i n  FY 1966, and f o r  development t e s t s  of t he  pumps and nozzles  mentioned 
above. 

The NASA program i n  FY 1966 w i l l  a l s o  cont inue eva lua t ion  of t h e '  per-  
formance p o t e n t i a l  of thermal,  water  moderated r e a c t o r s  using tungsten 
uranium dioxide  fue l .  Pre l iminary  r e s u l t s  of t h i s  work have ind ica t ed  t h a t  
extremely long opera t ing  t imes may be a t t a i n a b l e  wi th  t h i s  f u e l .  Hip,h 
temperature environmental t e s t i n g  of f u e l  elements i n  flowing hydrogen, 
beginning i n  t h e  second h a l f  of FY 1965, w i l l  be an important s t e p  in 
determining performance l i m i t a t i o n s  of t h i s  f u e l  m a t e r i a l  and w i l l  be con- 
t inued  i n  I?i 1966. It i s  a n t i c i p a t e d  t h a t  t he  work t o  be c a r r i e d  out i n  
FY 1966 and 1967 w i l l  a l low an assessment of t he  r e a l  performance p o t e n t i a l  
of tungsten-uranium-dioxide r e a c t o r s  i n  the  Nuclear Rockets Program. 

Research w i l l  cont inue i n  FY 1966 on advanced nuc lear  propulsiori concepts 
such as the  gas core  nuc lear  rocke t  propuls ion concept i n  which t h e  uranium 
f i s s i o n a b l e  ina t e r i a l  i s  i n  a gaseous r a t h e r  than a s o l i d  form. The o b j e c t i v e  
of t h i s  work i s  p r imar i ly  t o  e s t a b l i s h  f e a s i b i l i t y  and performance p o t e n t i a l .  
Emphasis w i l l  be on eva lua t ion  of promising approaches f o r  containment of 
t he  gaseous nuc lear  f u e l  w i th in  t h e  r e a c t o r .  The approach w i l l  inc lude  
experimental  situdies of t h e  bas i c  f l u i d  mechanics of two concepts U S I  ng simu-. 
l a t e d  propel  laiits and nuc lear  fue l .  Supporting research  on fundament a1 
problems, sulzh as the  e f f e c t s  of temperature on f l u i d  mechanics and on h e a t  
t r a n s f e r  c h a r a c t e r i s t i c s ,  i s  being sponsored i n  s e v e r a l  u n i v e r s i t i e s  (Cathol ic  
Univers i ty ,  Princeton, Case I n s t i t u t e ,  and Georgia I n s t i t u t e  of Technology), 
i n d u s t r i a l  Laboratories,  and NASA Centers.  
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Nuclear Rocket Engine Component and System Research 

The objttct:ive of t h i s  program i s  t o  e s t a b l i s h  t h e  technology r equ i r ed  
f o r  t he  devellopment of non-reactor  components f o r  nuc lea r  rocke t  engines .  
This component r e sea rch ,  when combined wi th  Rocket Reactor Research, w i l l  
e s t a b l i s h  tht? c h a r a c t e r i s t i c s  of f u t u r e  gene ra t ions  of nuc lea r  rocket  engines  
and, i n  a d d i t i o n ,  w i l l  e s t a b l i s h  design techniques and ope ra t ing  data  on 
component:s and engine systems. L e w i s  Research Center conducts t h e  in-house 
work i n  t:hia a r e a  and d i r e c t s  o t h e r  work accomplished under indus t ry  o r  
univers i t :y  c:ont:racts. 

Research :is conducted on: hydrogen flow components and systems, turbo-  
machinery f o r  pumping hydrogen, ins t rumenta t ion  and c o n t r o l s ,  engine system 
a n a l y s i s ,  r a d i a t i o n  e f f e c t s ,  j e t  nozz les ,  bear ings  and seals,  and hyc'rogen 
p rope r t i e s .  

Turbomachinery research  i s  d i r e c t e d  a t  t he  unique problems posecl by 
a p p l i c a t i o n  'to a nuc lea r  rocke t  engine. The program a t  t h e  NASA Plum Brook 
S t a t i o n  i n  IT '1966 w i l l  emphasize r a d i a t i o n  e f f e c t s  t e s t i n g  of var ious  bear-  
ing  mater ia l : ;  and bear ing  conf igu ra t ions ,  s tudy  of nuc lear  rocke t  dynamics 
through system cold flow experimentat ion (B-1 and B-3 T e s t  Stands) ,  ZInd 
turbopump pe.eformance eva lua t ion  i n  real  feed  system conf igu ra t ions  j n the  
B-3 t es t  s t a n d ,  The r e s u l t s  of t h i s  experimental  r e sea rch  should provide 
important: d a t a  t o  t h e  NERVA p r o j e c t  and a b e t t e r  understanding of them behavior  
of nuc lea r  i:ocl<et engine systems under a11 cond i t ions  of opera t ion .  

The experimental  engine dynamics s t u d i e s  c a r r i e d  ou t  i n  the  B-1 t e s t  
s tand  w i l l  map engine performance c h a r a c t e r i s t i c s  and system c o n t r o l  us ing  
NERVA engine hardware. Although no f i s s i o n  power i s  genera ted ,  t h i s  t e s t  
s tand  permits  €u l1  i n v e s t i g a t i o n  under vacuum cond i t ions  of t h e  impoi.tant 
low flow regime encountered during s t a r t u p  of nuc lea r  engines .  The J'irst 
nuc lear  r o c l e t  engine systems dynamics tes ts  were run  i n  t h i s  faci l i1:y near  
t he  end of 17Y 1964 and w i l l  cont inue through FY 1966. Information from these  
experiments will be used t o  des ign  a s a f e  ope ra t ing  map f o r  the  NERVI'\ engine 
con t ro l  system as w e l l  as t o  provide i n s i g h t  i n t o  t h e  des ign  of improved 
engine systems and t h e i r  s t a r t u p  con t ro l .  

The B-:3 turbopump eva lua t ion  s tand  'at t h e  Plum Brook S t a t i o n  w i l l  be reardy 
f o r  use near  t h e  end of FY 1965. I t s  f i r s t  use w i l l  be t o  eva lua te  1:urbopump 
opera t ion ,  inc luding  t h e  e f f e c t  on pump performance of simulated heal: a d d i t i o n  
t o  t h e  irileit such as would be expected from t h e  r a d i a t i o n  i n  a nucleitr  rocke t  
engine. 

Re l i ab le  con t ro l  i s  e s s e n t i a l  f o r  nuc lea r  rocke t  engine systems,,  and i t  
r e q u i r e s  t h a t  both in s t rumen ta t ion  and c o n t r o l  components func t ion  pi-edictab:ly 
i n  t h e  a n t i c i p a t e d  environment under a wide range of ope ra t ing  condi1:ions. 
The e x t e n t  ' t o  which r a d i a t i o n  and low temperatures  w i l l  a f f e c t  t h e  r e l i a b i l i t y  
of t hese  components w i l l  be explored exper imenta l ly  a t  t h e  Plum Brook S t a t i m  
i n  FY 1966. A r e a c t o r  cryogenic  tes t  loop w i l l  become a v a i l a b l e  dur ing  t h e  
year  f o r  t e s t i n g  of nuc lea r  rocke t  d i a g n o s t i c  and c o n t r o l  instrument; t t ion 
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with  r e a l i s t i c  r e a c t o r  r a d i a t i o n  and temperature  s imula t ion .  The most promis- 
i ng  convent ional  instruments  a r e  being modified t o  wi ths tand  t h i s  envtronment 
and w i l l  be t e s t e d  i n  t h i s  r e a c t o r  test loop. A similar loop w i l l  be used 
dur ing  FY 1966 t o  make s imulated tests of NERVA c o n t r o l  a c t u a t o r s .  The 
r e s u l t s  O E  t h e s e  tests w i l l  h e l p  determine what mod i f i ca t ions  must be made, 
i f  any, t o  a s s u r e  r e l i a b l e  ope ra t ion  p r i o r  t o  inco rpora t ion  i n t o  engine tests. 

The r a d i a t i o n  e f f e c t s  program, conducted as p a r t  of engine component 
r e sea rch ,  i s  explor ing  t h e  behavior  of candida te  materials f o r  use i n  nuc lea r  
rocke t  propuls ion systems i n  a combined r a d i a t i o n  and cryogenic  environment. 
A t y p i c a l  problem i s  t h a t  of bear ings ,  seals, and l u b r i c a n t s  requi red  t o  
ope ra t e  i n  t h i s  environment as components of high speed r o t a t i n g  machxnery. 
It has  been found t h a t ,  under those  condi t ions ,  bear ing  l i f e t i m e s  a re  s i g -  
nificant1:y reduced, l u b r i c a n t s  break  down, and convent ional  seal  material  
l o s e s  i t s  r e s i l i e n c y  and s e a l i n g  p r o p e r t i e s .  Tes t ing  equipment has  been 
designed and cons t ruc ted  f o r  use  i n  theplum Brook S t a t i o n  r e a c t o r  which w i l l  
s imula te  o p e r a t i o n a l  loads on these  components whi le  they  are subjec ted  t o  
the  appropr i a t e  r a d i a t i o n  and temperature  environment. This  equipmeni': i s  
being i n s t a l l e d  i n  t h e  r e a c t o r  dur ing  FY 1965 and w i l l  be producing research  
information by FY 1966. Resul t s  of t h i s  research  support  a l l  phases of t h e  
nuc lea r  rocke t s  program, and are e s s e n t i a l  t o  t h e  development of cu r ren t  
systems as w e 1 1  as t o  t h e  planning of advanced systems. A considerabl!e 
amount of d a t a  . w i l l  be obtained on materials which w i l l  be used i n  thd? des ign  
of t h e  high ipowered PHOEBUS r e a c t o r s .  

The ope ra t ing  cond i t ions  of the  K I W I  r e a c t o r  and t h e  NERVA engine have 
r equ i r ed  ex tens ion  of our  present  nozzle  technology. The high powered 
PHOEBUS r e a c t o r  w i l l  r e q u i r e  even f u r t h e r  improvements i n  nozz le  des ign ,  
m a t e r i a l s ,  and f a b r i c a t i o n  procedures.  The f i r s t  tes t  f a c i l i t y  capabl!e of 
h e a t i n g  hydrogen t o  temperatures  and flow rates  adequate  t o  a l low t e s t i n g  of 
reduced s c a l e  nozz le  concepts i n  a h o t  hydrogen stream w i l l  begin opei-ation 
a t  t h e  Lewis  Research Center i n  FY 1965. This  f a c i l i t y  w i l l  a l low expe r i -  
mental  c o n f i m a t i o n  of a n a l y t i c a l  r e s u l t s  f o r  a number of new nozz le  riiaterial:; 
and designs.  
s tud ied  during FY 1966 t o  determine t h e i r  adequacy f o r  advanced h ighe r  power, 
h ighe r  temperature  nuc lear  rocke t  engines.  

Ref rac tory  metal nozzle  and coated nozz le  concepts w i l l  be 

F lu id  proper ty  r e sea rch  is conducted t o  provide b a s i c  d a t a  on propel -  
l a n t s  and f l u i d s  used i n  nuc lear  rocke t s  and i n  h igh  energy chemical irocket 
engines.  For s e v e r a l  years ,  NASA has  supported research  and engineer ing  
development *work r e l a t e d  t o  t h e  use of l i q u i d  hydrogen a t  t h e  Nat iona l  
Bureau of Standards '  Cryogenic Engineering Laboratory.  While t h i s  prl3gram 
i s  funded by t h e  nuc lea r  rocke t s  program, the  r e sea rch  and c o n s u l t a t i o n  
s e r v i c e s  are a v a i l a b l e  t o  a l l  u s e r s  of l i q u i d  hydrogen. The work inc ludes  
the  compilat ion of b a s i c  thermodynamic d a t a  and t h e  eva lua t ion  of commercially 
a v a i l a b l e  senso r s  f o r  use wi th  l i q u i d  hydrogen. These a c t i v i t i e s  w i l l  be con- 
t inued  i n  FY 1966. 

Sa fe ty  

F l i g h t  s a f e t y  ana lyses  of nuc lea r  r o c k e t s  are  being performed unrler t he  
d i r e c t i o n  of Marshall  Space F l i g h t  Center. These s t u d i e s  inc lude  t h e  a n a l y s i s  
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of t h e  o r b i t a l  l i f e t i m e  of nuc lea r  rocke t  p a r t s  and t h e  r a d i a t i o n  l e v e l s  of 
such p a r t s  a f t e r  r een t ry .  Theore t i ca l  r e e n t r y  a n a l y s i s  w i l l  be expanded t o  
inc lude  grouirid t e s t i n g  and f l i g h t  t es t  planning.  These s t u d i e s  when com- 
bined wi th  n u (  l e a r  ana lyses  performed by t h e  AEC w i l l  be used t o  so lve  unique 
o p e r a t i o n a l  problems a s soc ia t ed  wi th  t h e  s a f e t y  of nu( l ea r  rocke t  f l i g h t  
ope ra t ions .  Hydrogen s a f e t y  r e sea rch  a t  t he  U.  S. Bureau of Mines (F i t t sbu rgh)  
w i l l  a l s o  cont inue.  This  work inc ludes  de te rmina t ion  of de tona t ion  and tom- 
bus t ion  l i m i t s ,  a c t i v a t i o n  ene rg ie s ,  k i n e t i c  and thermal energy y i e l d s ,  and 
otl ier da t a  cm gaseous and l i q u i d  hydrogen. 

Vehic 1.e Technology 

% i s  prclgxam i s  provid ing  informat ion  on new concepts  r e l a t i n g  t o  
v e h i c l e  s t a g i n g  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.  

S tudies  of modular v e h i c l e  concepts ,  i n  which each module inc ludes  a 
nuc lea r  rocke t  engine and p rope l l an t  tank, were i n i t i a t e d  i n  FY 1965 and w i l l  
be extended j n  FY 1966. Conceptual des igns  of modular systems of a s i n g l e  
s i z e  t h a t  Cali be c l u s t e r e d  t o  provide a wide range of power a v a i l a b i l i t y  w i l l  
cont inue  t o  tie i n v e s t i g a t e d  i n  FY 1966. S tud ie s  a r e  a l s o  underway of spec- i f ic  
te thnologica l  problems t h a t  w i l l  need engineer ing  s o l u t i o n s  be fo re  nuc lea r  
rocke t  powered s p a c e f l i g h t s  of long d u r a t i o n  w i l l  become f e a s i b l e .  Typical  
of t hese  i s  t h e  problem of long term s t o r a g e  i n  space of l i q u i d  hydrogen. 
Although the l a r g e  tanks of  l i q u i d  hydrogen a s s o c i a t e d  wi th  nuc lea r  propul-  
s i o n  have a reduced surface-to-volume r a t i o ,  compared with chemical propul-  
s i o n  system p r o p e l l a n t s ,  minimizat ion of hydrogen l o s s e s  through evapora t ion  
may be an imp01 tnn t  f a c t o r  i n  determining miss ion  c a p a b i l i t i e s .  Analyses 
a r e  being, per formed t o  determine optimum methods 01 s t o r i n g  l i q u i d  hydrogen, 
t a k i n g  i n t o  c'ic count t he  requirements  f o r  micrometeor i te  p r o t e c t i o n  and the  
e f f e c t s  of  r o l a r  r a d i a t i o n ,  high energy charged p a r t i c l e  r a d i a t i o n ,  and 
nu( I e a r  r a d i a t i o n .  Pre l iminary  eva lua t ions  of super  i n s u l a t i o n ,  s l u s h  hydro- 
gen, and on board r e f r i g e r a t i o n  systems w i l l  be expanded i n  FY 1966. 

NERVA 

1964 

Ihgine  sys  t:ems development. ....... $4,555,000 
Component and  subsystem 

development ..................... 17,330,000 
Ground test: and ope ra t ions  

support .  ........................ 23,090,000 
P rope l l an t s  ....................... 3,845,000 

T o t a l . . . . . .  ..................... $48,820,000 

1965 - 1966 

$4,340,500 $5,000,000 

12,300,000 11,000,000 

13,570,500 14,500,000 
4,050,000 4 ,,500,000 

The o b j e c t i v e  of  t he  NERVA (Nuclear Engine f o r  Rocket Vehicle  Applica- 
t i o n )  project:  i s  t o  develop nuc lea r  rocke t  engine systems t h a t  can be t e s t e d  
i n  ground bas;ecl f a c i l i t i e s  t o  provide  a complete understanding of the  per-  
formance and ope ra t ion  of t h e s e  systems and t h e i r  major romponents under 
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operating conditions corresponding to those of future space missions. The 
work is being carried out at a nominal power level of 1,000 megawatts, cor- 
responding to a thrust of approximately 50,000 pounds with a specific impulse 
over 700 seconds. The emphasis is on developing for this purpose components 
and systems which can lead directly to the later development of operational 
flight engine systems with a high assurance of success. This project is con- 
ducted principally under a joint AEC-NASA contract by the Aerojet-Genc!ral 
Corporation and Westinghouse Electric Corporation. 

Specific technical objectives for the NERVA project are to provide the 
reactor, engine systems, facilities and component technologies. The reactor 
development phase of the NERVA project includes full-scale reactor te:iting 
to determine the suitability of the reactor design for continuing technology 
advancement, for use in obtaining an understanding of engine system opera- 
tion, and for ultimate application in a flight engine system. During FY 1965, 
the KIWI and NERVA (NRX) reactors successfully operated near rated power. 
Tests planned for FY 1966 will further evaluate the operating limits of such 
reactors including definition of the trade-offs among power, operatinj; tem- 
perature, operating duration, and restart characteristics. 

Engine system work includes investigations of engine system transient 
startup characteristics, steady state operating cycles, system dynamics of 
engine throttling and shutdown, and investigation of engine restart cliar- 
acteristics. 

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

Selected engine components will be developed in connection with the 
engine systems evaluation program, but component development will be limited 
to those major components which strongly influence system performance, 
Valves and lines will be facility or "boiler plate" types wherever possible. 
For the ground test program, most components will not be qualified to the 
high degree of reliability necessary for flight operation. However, major 
components such as turbopumps, nozzles with hot-bleed ports, and actuators 
for engine reactor control will be of flight design and will be developed to 
provide satisfactory performance under "flight" operating conditions. 

Significant accomplishments to date in the KIWI and NERVA projects 
include: reactor startup and stable operation using liquid hydrogen 3s a 
coolant; demclnstration of a satisfactory reactor design that avoids tlhe flow 
induced vibration previously encountered; successful reactor operation for 
more than ten, minutes at design conditions; restarting a reactor and achiev- 
ing design pclwer after a prior run at design power; and, automatic startup 
of a reactor from sub-critical conditions, thereby demonstrating the capa- 
bility to start the nuclear rocket automatically as would be required in a 
flight system. Other progress includes improvement in fuel-element quality, 
and advances in nozzle and turbopump technology. 
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Engine System Development 

The o b j e c t i v e  of t h i s  phase of t h e  NERVA p r o j e c t  i s  t o  perform the  engi -  
neer ing ,  f a b r i c a t i o n  and t e s t i n g  of engine systems p r i o r  t o  t h e i r  i n t e g r a t i o n  
i n t o  complete experimental  engines.  The program inc ludes  co ld  flow tc!sts i n  
a non-nuclea-r engine s imula tor  as w e l l  as h o t  f low tests conducted wit:h 
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  t h a t  w i l l  be evaluated i n  the  col!d flow 
s imula tor  tes ts  inc lude  t h e  i n i t i a l  po r t ion  of engine s t a r t u p  wi th  l i q u i d  
hydrogen, f l i m  s t a b i l i t y ,  flow leakage, system p res su re  l o s s e s ,  and c o n t r o l  
response t i m e s .  Cold flow t e s t i n g  of NERVA systems w i l l  be completed during 
FY 1966 and the t e s t  hardware w i l l  be modified f o r  use i n  checkout of t h e  
Engine Test  :Stand i n  Nevada. Also dur ing  FY 1966 h o t  flow engine sys1:em 
tes ts  w i l l  begin i n  one of t he  Reactor Test c e l l s .  I n i t i a l  t e s t s  i n  t h i s  
series w i l l  u t i l i z e  an upward-f i r ing NERVA r e a c t o r ,  no t  configured as a 
f l i g h t  engine,  but w i l l  i nco rpora t e  a h o t  b leed  p o r t  nozz le  and a hydrogen 
turbopump systein dr iven  by r e a c t o r  hea ted  gases  drawn from t h e  b leed  por t .  

Component and Subsystem Development 

Development of components and subsystems inc ludes  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  experimental  r e a c t o r .  
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  hydrogen turbopump system, 
t h r u s t  chamber assembly, and engine con t ro l s .  A r a d i a t i o n  r e s i s t a n t  t u r b i n e  
power c o n t r o l  va lve  r equ i r ed  t o  c o n t r o l  turbopump speed w i l l  be developed. 
Nozzles, p ressure  vessels, turbopumps, c o n t r o l s ,  and a s s o c i a t e d  compoiients 
w i l l  be f a b r i c a t e d  t o  support  t h e  engine t e s t  program. Acceptance antl r e l i a -  
b i l i t y  t e s t i n g  (of t hese  components w i l l  be conducted. 

Ground T e s t  and Operat ions Support 

This  phase of t h e  p r o j e c t  provides  remote handl ing  equipment, ch(!ckout 
and tes t  equipment, and maintenance equipment f o r  a l l  t e s t  ope ra t ions ,  It 
a l s o  provides  ins t rumenta t ion  f o r  d i a g n o s t i c  and c o n t r o l  purposes,  foi- re l ia -  
b i l i t y  antl 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 19h5, t h e  equipment i n  t h e  engine test  and maintenance f a c i l i t i e s  
w i l l  be checked out  and used t o  support  engine systems t e s t i n g .  Addi t iona l  
equipment and engine d i a g n o s t i c  i n s t rumen ta t ion  w i l l  a l s o  be provided4 Tech- 
n i c a l  guidanc'e on ground t e s t  s a f e t y  w i l l  be cont inued and s a f e t y  r e p o r t s  and 
procedures w i l l  be i ssued .  

P r o p e l l a n t s  

Funds picovided 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:iina:rily l i q u i d  hydrogen, r equ i r ed  i n  va r ious  NERVA t e s t i n l :  
programs. 
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Nuclear Rocket Develoment S t a t i o n  Operations 

1964 1965 1966 . 

General s i t e  support . . . . . .  ........... $500,000 $589,000 $8 70,000 
Capi ta l  equipment.. .................. 250.000 150,000 130,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $750,000 

The miss8ion of t he  Nuclear Rocket Development S t a t i o n  (NRDS) i s  t o  pro- 
v ide  a s i t e  f'or ground s t a t i c  t e s t i n g  of the  r e a c t o r s ,  engines ,  and even tua l ly  
v e h i c l e s  asscbciated with nuc lear  rocke t  development. Management of the  
Nuclear Rock.et Development S t a t i o n  is ass igned  t o  t h e  Space Nuclear Propuls ion 
Off ice .  The ma.jor u se r s  of t h e  S t a t i o n  are Aerojet-General Corporation, 
Westinghouse Astronuclear  Laboratory,  and t h e  AEC Los Alamos S c i e n t i f i c  Labo- 
r a to ry .  

Technica.1 support ,  maintenance, housekeeping s e r v i c e s ,  and management 
func t ions  m u s t  be  provided a t  t h i s  s i te.  
sha re  of the  gene ra l  s i t e  ope ra t ions ,  t he  major p a r t  of which is now funded 
by t h e  AEC. 

These funds provide f o r  NASA's 

General S i t e  Support 

General s i t e  support  inc 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'or 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  systems, fu rn i sh ing  of u t i l i t i e s ,  bu i ld ing  ope ra t ing  supp l i e s ,  
f i r e  p ro tec t ion ,  and c a f e t e r i a  s e rv i ces .  Included also a r e  t h e  s e r v i c e s  of 
a support  contxac tor  t o  main ta in  and ope ra t e  plumbing, e l e c t r i c a l ,  ca rpen te r ,  
welding, and machine shops. Funds i n  t h i s  ca tegory  a l s o  cover c o s t s  of a c t i -  
v a t i n g  engine test  f a c i l i t i e s  and of main ta in ing  and ope ra t ing  support  f a c i l -  
i t i e s  and equipment. 9 

C a p i t a l  Equipment 

Cap i t a l  eqpipment funds are used f o r  t h e  procurement of shop equipment, 
warehousing equipment, and o t h e r  p i eces  of major equipment r equ i r ed  f o r  
genera l  suppclrt of S t a t i o n  a c t i v i t i e s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY CIiEMICAL PROPULSION PROGRAM 

PROGRAM OBJEGUVES AND JUSTIFICATION: 

Propuls ion r ep resen t s  one of t h e  g r e a t e s t  l i m i t a t i o n s  i n  c a p a b i l i t y  f o r  
explor ing  space.  
rocke t s .  New propuls ion  devices  such a s  a thermo-nuclear rocket  and va r ious  
e l e c t r i c a l  rocke t s  w i l l  even tua l ly  advance space c a p a b i l i t i e s  s i g n i f i c a n t l y .  
When ope ra t iona l  t h e s e  new types of propuls ion  devices  w i l l  t ake  t h e i r  own 
p laces  i n  a broadened propuls ion  spectrum, but  w i l l  not  r ep lace  all cliemical 
systems. It i s  c e r t a i n  t h a t  most space  f l i g h t  advances made i n  t h e  foresee-  
a b l e  f u t u r e  , w i l l  depend upon chemical rocke t  propuls ion.  The research  and 
experimental  engine programs i n  chemical propuls ion  a r e  devoted to i nc reas ing  
c a p a b i l i t i e s  t o  conduct space exp lo ra t ions .  

Un t i l  now space v e h i c l e s  have been propel led  by chemical 

The technologica l  base f o r  new engine developments i s  provided by a 
planned process  of s c i e n t i f i c  i n v e s t i g a t i o n  progress ing  from concept 
eva lua t ion  through t h e  ga the r ing  of engineer ing d a t a  t o  t h e  demonstration of 
experimental  systems.  To f a c i l i t a t e  t h i s  progress ion  t h e  chemical propuls ion  
programs i n  both l i q u i d  and s o l i d  p rope l l an t  motors have each been d iv ided  
i n t o  two p r i n c i p a l  e f f o r t s :  one i n  r e sea rch  and advanced technology, and 
one i n  experimental  engineer ing.  

Research and advanced technology covers  b a s i c  s t u d i e s  and experiments 
r e l a t e d  t o  launch v e h i c l e  and spacec ra f t  p ropuls ion  such as measiiremeiits 
of chemical and phys ica l  p r o p e r t i e s  of  p r o p e l l a n t s ,  i g n i t i o n  and combustion 
phenomena, c l a s s i c a l  and non-equilibrium thermodynamic processes ,  t he  
examination of new m a t e r i a l s ,  and t h e  processes  of f l u i d  mechanics, g,as 
dynamics, h e a t  t r a n s f e r ,  and s o l i d  mechanics. Analyses a r e  made of t h e  
func t ions  a piece of propuls ion  equipment must perform, t h e  performan1:e 
l e v e l s  t h a t  can be met and, i n  t h e  broad cyc le  e f f i c i e n c y  s e n s e ,  t h e  
condi t ions  under which i t  might b e s t  perform. New methods and des ign  
concepts a r e  assessed .  Future  requirements and new problem a reas  a r e  
i d e n t i f i e d  f o r  f u r t h e r  work. 

The purpose of t h e  experimental  engineer ing  program is t o  br idge  t h e  
technologica l  gap between propuls ion  research  technology and t h e  i n i t i a t i o n  
of miss ion  o r i e n t e d  propuls ion  system developments. The work involves  t h e  
des ign ,  f a b r i c a t i o n  and t e s t  of model propuls ion  systems and of subcotnponents 
t o  demonstrate t h e i r  engineer ing  p r a c t i c a l i t y  t o  meet t h e  a n t i c i p a t e d  r e -  
quirements o €  launch v e h i c l e ,  upper s t a g e  and spacec ra f t  engines .  From such 
experimental  system demonstrat ions w i l l  evolve advanced propuls ion  hairdware 
designs wi th  c l e a r l y  def ined  maximum ope ra t ing  cond i t ions  and enginee iring 
l i m i t a t i o n s .  A d i r e c t  r e s u l t  of t h i s  work w i l l  be a s e t  of pre l iminary  
engineer ing  s p e c i f i c a t i o n s  wi th  design c r i t e r i a  and f a b r i c a t i o n  proce:is 
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s p e c i f i c a t i o i i s .  
ment c o s t s  ail13 schedules ,  f a c i l i t i e s  and equipment requirements ,  e t c .  The 
r e s u l t s  w i l l  f a c i l i t a t e  i n i t i a t i o n  of engine development wi th  minimum 
expendi tures  of funds and time dur ing  the  development phase. 

A byproduct is a r e a l i s t i c  assessment of p o s s i b l e  develop- 

SUMMARY OF RlC@URCES REQUIREMENTS : 

1964 

Supporting research and 
technology ..................... $21,970,000 

M - 1  engine p ro jec t  ............... 24,000,000 
Large s o l i d  motor p r o j e c t . .  ...... * 
Small chemical propuls ion  

f l i g h t  p r o j e c t s . .  .............. 30,000 

Tota l . . . . . . . . . . . . . . . . . . . . . . . . . .  $46,000.000 

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 :  

--- Manned Spacecraf t  Center . . . . . . .  
Marshall  Space F l i g h t  Center . . .  $3,542,000 
Goddard Space F l i g h t  Center . . . .  375,000 
J e t  Propiulsion Laboratory ...... 4,296,000 
Langley Research Cen te r . . . . . . . .  1,144,000 
Lewis Research Center . . . . . . . . . .  31,205,000 
NASA Headquarters.  ............. 3,194,000 
Western Operations Off ice . .  .... 2,244,000 

* Previous ly  U.S. A i r  Force program 

1966 1965 - 

$24,762,000 $30,000,000 
24,000,000 --- 
15,000,000 --- 

$63,792,000 QO-000-000 

BASIS OF FUNDREQUIREMENTS : 

Supporting Research and Technology 

!,~500,000 
$3,592,000 5,100,000 

--- 
550,000 800,000 

4,183,000 4,700,000 
1,480,000 1,980,000 

45,227,000 8 ,,095,000 
8,760,000 8,825,000 

--- _-- 

Liquid rocket  research  and 

Liquid rock e t  experiment a 1 

So l id  rocke t  ,research and 

So l id  rocke t  experimental  

advanced technology ............ 
engineer ing .................... 
advanced technology. ........... 
engineer ing .................... 
Tota l . . . . . . . . . . . . . . . . . . . . . . . . . .  

1964 

$10,527,000 

6,640,000 

2,760,000 

2,043,000 

$21,970,000 

1965 - 1966 

$11,500,000 $13 ,,OOO ,000 

6,075,000 8 ,, 500,000 

4,995,000 5 ,,ooo ,000 

2,192,000 - 3 ,,500,000 

$24.762.000 &,,OOO. - 000 
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Liquid Rocket Research and Advanced Technology 

The l i q u i d  rocke t  r e sea rch  and advanced technology program explores  and 
extends t h e  eng:ineering sc i ence  of propuls ion f o r  launch v e h i c l e s ,  upper 
s t a g e s ,  and :;.pacecraft. 

P a r t  of the program cont inues t o  examine propuls ion concepts f o r  f u t u r e  
launch v e h i c h s  . Two approaches t o  advanced launch v e h i c l e  engines  hiwe been 
pursued. The multi-chamber concept uses  t o  t h e  g r e a t e r  ex ten t  t h e  technology 
developed i n  m i l d i n g  engine equipment p re sen t ly  i n  use.  The continuous 
chamber concept r ep resen t s  a g r e a t e r  depar ture  from p resen t  technology b u t  
may o f f e r  a greaa te r  performance ga in .  The f e a s i b i l i t y  of methods f o r  expand- 
ing  combustion gases  through e i t h e r  a forced  d e f l e c t i o n  o r  a plug nozxle  has  
been proven. Good engineer ing d a t a  requi red  f o r  d e t a i l e d  design a n a l y s i s  
have been accumulated. Hot f i r i n g  of c r i t i c a l  components has  been under- 
taken.  Work r e l a t e d  t o  cool ing  and pumping f o r  engines a t  p re s su res  
s i g n i f i c a n t l y  h igher  than  cu r ren t  p r a c t i c e  is  i n  progress .  

E f f o r t s  t o  improve s p a c e c r a f t  performance by use  of advanced space-  
s t o r a b l e  p rope l l an t  combinations have been expanded. I n v e s t i g a t i o n s  on t h e  
oxygen-difluorilde/diborane combination have cont inued and a new projec:t 
eva lua t ing  oxygen-difluoride/monomethyl hydrazine has  been s t a r t e d .  

Design guides  f o r  p re s su r i zed  gas s t o r a g e  and p rope l l an t  feed systems 
have been publ ished.  
chamber cons t ruc t ion  f o r  use  wi th  h igh  temperature  combustion gases  i:; being 
cont inued.  

Work on p o s i t i v e  expuls ion technology and advanc:ed 

An example of p rope l l an t  technology t h a t  has  reached t h e  applica1I:ion 
s t a g e  is the  development of a s u i t a b l e  c a t a l y s t  f o r  hydrazine.  This  
monopropellamt h a s  h ighe r  performance than hydrogen peroxide,  which WAS used 
i n  t h e  Mercury capsule  and i n  o t h e r  a p p l i c a t i o n s .  This development h a  been 
c i t e d  as one of fou r  major con t r ibu t ions  t o  space technology l a s t  year .  

Combustion i n s t a b i l i t y  cont inues  to  plague engine development programs. 
NASA in-house and con t r ac tua l  work has  been increased  t o  provide more b a s i c  
d a t a  and a blet ter  understanding of t h e  phenomenon. 
techniques a r e  being explored f o r  avoiding t h e  i n s t a b i l i t y  through engine 
des ign  changes. 

A t  t h e  same t.ime 

B e t t e r  rocket t e s t  ins t rumenta t ion  is  necessary and e f f o r t s  alon,; t h e s e  
l i n e s  a r e  prlogressing. The f e a s i b i l i t y  of ins t rumenta t ion  t o  dicignosi-. 
symptoms of t roub le  i n  ope ra t ing  engines and t o  i n i t i a t e  automatic  c o r r e c t i v e  
a c t i o n  has been demonstrated.  Tes t s  on ope ra t iona l  engines  a r e  liortha:oming. 

Work on advanced cons t ruc t ion  m a t e r i a l s  f o r  l i q u i d  rocke t  engines ,  
thermal and cor ros ion  p r o t e c t i v e  coa t ings ,  s t a t i c  and dynamic s e a l s ,  v a l v e s ,  
t h e  flow of gases i n  nozz le s ,  and t h e  dynamic behavior  of p rope l l an t s  i n  t h e  
feed  system o f  engines w i l l  a l s o  r ece ive  a d d i t i o n a l  emphasis i n  t h e  coming 
yea r .  
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Liquid Rocket Experimental Engineering 

This  program i s  focused p r e s e n t l y  on a u x i l i a r y  and space propuls ion.  
The p r o j e c t  inc ludes  an experimental  a u x i l i a r y  engine program t o  support  an 
a r e a  which has been troublesome i n  t h e  mission development programs; ithe 
con t inua t ion  of a program t o  evolve an advanced design f o r  Earth s t o r a b l e  
space propuls ion  systems; and ex tens ion  of t h e  high performance p rope l l an t  
r e sea rch  intended t o  provide sma l l e r ,  h ighe r  energy upper s tages . .  

The program f o r  experimental ly  i n v e s t i g a t i n g  improved space propuls ion  
systems has been focused i n  t h r e e  p r i n c i p a l  areas; advanced Ear th  s t o r a b l e  
p rope l l an t  systems; h igh  energy deep cryogenic  p rope l l an t  systems, and high 
energy space s t o r a b l e  p rope l l an t  systems. 

The advanced Earth s t o r a b l e  p rope l l an t  system program, us ing  t h e  same 
c l a s s  of p r o p e l l a n t s  as t h e  Apollo,  Gemini and Surveyor s p a c e c r a f t  sy:3tems, 
w i l l  cont inue eva lua t ion  of design concepts  t h a t  w i l l  s i g n i f i c a n t l y  extend 
ope ra t ing  l i f e ,  minimize complexity of  components, and improve componsnt 
c a p a b i l i t y .  
Mariner spacec ra f t  design.  

Some of t hese  propuls ion  concepts have been app l i ed  t o  t h e  

The high energy deep cryogenic  p rope l l an t  systems programs a r e  focused 
'Space- on t h e  use  of l i q u i d  hydrogen wi th  l i q u i d  f l u o r i n e  i n  upper s t a g e s .  

c r a f t  p ropuls ion  systems of t h i s  type  can be o p e r a t i v e  up t o  s e v e r a l  weeks 
i n  the  space environment. 
of a modified oxygen-hydrogen engine wi th  f l u o r i n e  as t h e  o x i d i z e r .  IZevised 
des igns  and opera t ing  techniques t h a t  w i l l  f a c i l i t a t e  t h e  r e a l i z a t i o n  of t h e  
f u l l  performance p o t e n t i a l  of t h e  f luorine-hydrogen combination i n  f l i g h t  
type  hardware w i l l  be demonstrated. 
concepts  t h a t  could minimize t o t a l  system weight w i l l  a l s o  be demonstrated. 

The c u r r e n t  program has demonstrated t:he ope ra t ion  

Unique hydrogen tank  p r e s s u r i z a t i o n  

The high energy space s t o r a b l e  p rope l l an t  systems program w i l l  e is tabl ish 
t h e  foundat ion f o r  t h e  f u t u r e  space propuls ion  systems t h a t  must remaln 
o p e r a t i v e  i n  a space environment f o r  months o r  poss ib ly  yea r s .  The pre-  
dominant requirement i s  t h a t  t h e  p rope l l an t  phys ica l  p r o p e r t i e s  permilt long 
term s t o r a g e  i n  space.  One of t h e  a t t r a c t i v e  p rope l l an t  combinations is  
oxygen-dif luoride wi th  l i g h t  petroleum gases  such as methane. This  propellant:  
combination is now being examined t o  e s t a b l i s h  component des igns  t h a t  w i l l  
f a c i l i t a t e  i t s  f u t u r e  use.  

An a u x i l i a r y  propuls ion  system program encompassing monopropellant 
systems and b i -p rope l l an t  systems t h a t  employ both t h e  Ear th  s t o r a b l e  and 
h igh  energy p rope l l an t s  w i l l  be cont inued.  
t h a t  have a p p l i c a t i o n  as r e e n t r y  c o n t r o l ,  spacec ra f t  a t t i t u d e  c o n t r o l ,  
s t a t i o n  keeping systems. e t c . ,  w i l l  be developed. 
m a t e r i a l s ,  coa t ings  and f a b r i c a t i o n  processes  t o  enhance ope ra t ing  liEe and 
r e l i a b i l i t y  is being emphasized t o  improve l i f e  and design margins. 

Design cr i ter ia  f o r  s m a l l  r ocke t s  

The a p p l i c a t i o n  of new 



The o t h e r  p r inc ipa l  a c t i v i t i e s  i n  t h e  program are: (1) i n t e r f a c e  analyses  
t o  eva lua te  t h e  impact of i n t e g r a t i n g  propuls ion  systems i n t o  launch v e h i c l e  
s t a g e s  and s -pacecraf t ;  (2) d e f i n i t i o n  and c l a s s i f i c a t i o n  of t h e  bazarcis 
a s s o c i a t e d  wi th  t h e  use  of advanced p rope l l an t  combinations and oevelopment 
of appropriaLe s a f e t y  procedures and c r i t e r i a ;  and (3) t h e  develcpmeni: of 
s p e c i f i c a t i o n s  fox t h e  des ign ,  manufacture,  and t e s t  of advanced propiilsion 
s y s t e m s .  

Sol id  Rocket Research and Advanced Technology 

This  program provides  an engineer ing  base not  only f o r  t h e  r e l a t  ively 
s imple s o l i d  p rope l l an t  motors , with  a r e  used ex tens ive ly  f o r  app1icai:ions 
r e q u i r i n g  ex t rene  r e l i a b i l i t y  r a t h e r  than extreme performance, bL t al:;o f o r  
hybr id  motors,  d i i c h  may improve performance t o  be compet i t ive  w i t h  1Lquid 
b i - p r o p e l l a n t  systems f o r  some a p p l i c a t i o n s .  So l id  p rope l l an t  mcltor 1)roblems 
t h a t  apply t I 2  motors of launch veh ic l e  s i z e  inc lude  t h e  need f o r  nondi?struc- 
t i v e  t e s t i n g  techniques f o r  i n spec t ion  and q u a l i f i c a t i o n  of loaded m o  : o r s ,  
b e t t e r  understanding of i g n i t i o n  processes  , a b e t t e r  Understanding of 
i n s t a b i l i t y  and t h r u s t  v e c t o r  c o n t r o l  systems,  b e t t e r  methods f o r  com1)ustion 
t e rmina t ion ,  and improved processing techniques .  

Candidate methods f o r  nondes t ruc t ive  t e s t i n g  inc lude  t h e  U S E S  of i n f r a -  
red d e t e c t o r  scanning,  a t t e n u a t i o n  of x- rays  us ing  s c i n t i l l a t i o n  d e t e - t o r s ,  
low frequency u l t r a s o n i c  probes,  and microwave probes.  During FY 1961i, t h e s e  
and o t h e r  te-hniques w i l l  be eva lua ted  f o r  use  i n  t h e  in spec t ion  of loaded 
motors p r i o r  t o  f l i g h t .  

There i s  c u r r e n t l y  a need t o  achieve more accu ra t e  command cu to f f  of 
s o l i d  motor t h r u s t  and t h e  c a p a b i l i t y  f o r  a l i m i t e d  number of s tc ip-re: ; tar t  
c y c l e s .  :Recent advances i n  s t eady  s t a t e  and t r a n s i e n t  combustion therjry 
have shed cons iderable  l i g h t  on t h e  b a s i c  mechanisms t h a t  cont ro l  com1)ustion 
te rmina t ion  phenomena. This  work may l ead  t o  t h e  development of s o l i d  motiors 
capable  oE i n t e r r u p t e d  combustion and a l i m i t e d  number of s t o p - r e s t a r :  
c y c l e s .  

NASA's f i r s t  work i n  hybr id  p rope l l an t  technology was begun i n  F'I 1965 
and w i l l  {continue i n  the  coming yea r .  The hybr id  p rope l l an t  rocket  u , ;ual ly  
u s e s  a s o l i d  f u e l  and a l i q u i d  o x i d i z e r  a l though t h e  r eve r se  combination 
a l s o  f a l l s  i n t o  t h i s  c l a s s i f i c a t i o n .  P o t e n t i a l  advantages of hybrid 
p r o p e l l a n t s  a r c  improved space s t o r a b i l i t y  and t h e  p o s s i b i l i t y  of v a r i a b l e  
t h r u s t  i n  high p rope l l an t  performance systems. 

Research on s teady and non-steady s t a t e  combustion, p rope l l an t  a i d  
metal  i g n i t i o n ,  rheo log ica l  p r o p e r t i e s ,  degrada t ion  mechanisms, t.hermi- 
chemis t ry ,  high energy ox id ize r s  and chemical b inde r s  a r e  a l s o  ccmduc Led i n  
t h i s  p a r t  of t h e  program. These s t u d i e s  a r e  fundamental t o  t h e  tlevelipment 
of both launch v e h i c l e  and s p a c e c r a f t  p ropuls ion  systems and con!-ribuce t o  
the  knowledge of the  b a s i c  d i s c i p l i n a r y  s c i e n c e s .  
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Sol id  prDpel lant  rocke ts  pose a s p e c i a l  problem because of t h e  w:i.de- 
spread use o.E m e t a l l i c  a d d i t i v e s  i n  p rope l l an t  formulat ions which yie:.d 
condensed liqL'i(d and s o l i d  p a r t i c l e s  i n  t h e  exhaust .  The t ransmissior i  of 
r a d i o  beam s igns l s  of c e r t a i n  f requencies  through t h e  exhaust prcducts  during 
f l i g h t  m u s t  be examined. The i n t e r a c t i o n  of t h e  rocke t  exhaust Froducts wi th  
t h e  s i g n a l s  i n  producing d i s t o r t i o n ,  a t t e n t u a t i o n ,  o r  spur ious  no i se  a r i l 1  ?>e 
s t u d i e d .  

The t h r u s t  behavior  of s o l i d  motors i s  very  dependent on the pre t l ic t -  
a b i l i t y  oE t he  ~ourning r a t e  of t h e  p r o p e l l a n t .  I f  t h e  burning r a t e  i:; lower 
than p red ic t ed ,  t h e  p re s su re ,  t h r u s t ,  and impulse w i l l  be lower than  I -equi red .  
Vacuum s t o r a g e  <of spacec ra f t  engines  causes  some p rope l l an t  degrada t ion  t h a t  
i nc reases  bu r n i i g  r a t e s .  Radia t ion  degrades t h e  o x i d i z e r  , which redut:es 
burning rate:; .  These competing degrada t ion  e f f e c t s  decrease  t h e  accui-acy of 
t h e  p red ic t ed  performance. The burning r a t e  dev ia t ions  produced by viicuum 
s t o r a g e  w i l l  De eva lua ted  under t h i s  program and methods t o  a s su re  p r c d i c t a b l c  
performance will be developed. 

So l id  Rocket Experimental Engineering 

The experimental-engineering program was e s t a b l i s h e d  p r i n c i p a l l y  t o  
support  t h e  technology r e l a t e d  t o  sol id-motor  developments. The program 
inc ludes  .work i n  the  a r e a s  of s p a c e c r a f t - a u x i l i a r y  and c o n t r o l l a b l e  mIDtors. 
Increased emphasis w i l l  be app l i ed  t o  these  a r e a s  i n  subsequent f i s c a l  years .  

Present  Ly the  ma jo r i ty  o €  t h e  s o l i d  p rope l l an t  experimental  moto-: 
research  is d i r e c t e d  toward development of important subsystems app1ic:able 
t o  f i r s t  :stage D r  boos te r  func t ions .  One subsystem is  a malfunct ion cletectioi;l 
system f o r  warning of an impending f a i l u r e  i n  the  rocke t  motors i n  t i n e  t o  
permit escap,? of t h e  a s t r o n a u t s .  The program w a s  s t a r t e d  i n  ca lendar  year  
1963. Durin3 1964, a major advance was made i n  d e t e c t i n g  overheE,ting which 
can lead  to '3urn-through of motor cases .  This  new concept g ives  a c!i!ar 
s i g n a l  when t h e  ho t  gases  i n  the  rocke t  motor erode t h e  i n s u l a t i o n  t o  expose 
a s p e c i a l  conductive l i n e r  m a t e r i a l .  During t h e  cu r ren t  y e a r ,  t t , e  concept 
i s  being Ievaluated i n  small s c a l e  motors and during t h e  coming y e a r  t h e  
engineer ing  d e t a i l s  f o r  in t roducing  i t  i n t o  very  l a r g e  motors w i l l  be de f ined .  

A s y s t e m  f o r  producing s t e e r i n g  f o r c e s  i n  l a r g e  s o l i d  rocket motors by 
t h e  injeci:io2 of Liquid i n t o  the  e x i t  cone i s  under engineer ing  i n v e s t i g a t i o n .  
During FY 1 9 5 6 ,  an engineer ing a n a l y s i s  w i l l  be  made t o  determine which 
components of e x i s t i n g  sma l l e r  motors are d i r e c t l y  a p p l i c a b l e  t o  t h e  ' .arger 
motor and which need t o  be f u r t h e r  developed. A d e t a i l e d  engineer ing  design 
w i l l  be made o f  a complete system which can be jo ined  t o  t h e  nozzle  0 :  t h e  
rocke t  motor. In  t h e  coming f i s c a l  y e a r s ,  t h e  design w i l l  be  t ransfoimed in-  
t o  hardware and a complete t h r u s t  v e c t o r  c o n t r o l  system w i l l  be  t e s t e d  by 
s t a t i c  fi.rin,g. 
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Nondestruct ive in spec t ion  equipment and s t anda rds  f o r  t e s t i n g  mo1:or 
c a s e s ,  p rope l l an t  charge and nozz les  are be ing  exper imenta l ly  eva lua ted  under 
t h i s  program. ,An inst rument  f o r  f ind ing  cracks  i n  metal  cases wi th  u:;.tra- 
s o n i c  waves has  been devised ,  and s tandards  f o r  i n t e r p r e t i n g  i t s  s igni l l  
e s t a b l i s h e d .  I n  t h e  cu r ren t  y e a r ,  t h e  method i s  be ing  improved and p i i r t i a l l y  
mechanized, :so t h a t  t h e  very  l a r g e  s u r f a c e  of a high t h r u s t  motor may be 
inspec ted  e f E i c i e n t l y .  Instruments  f o r  i n spec t ing  t h e  c r i t i c a l  p a r t  of the 
p rope l l an t  charge , based upon microwave technology , w i l l  be  brought from t h e  
l abora to ry  s t a t e  t o  breadboard development s t a t u s  dur ing  t h e  coming y e a r .  I n  
f u t u r e  y e a r s ,  t h i s  i n s t rumen ta t ion  w i l l  be  extended t o  f u l l y  mechanized sys -  
t e m s  and t h e  s p e c i f i c a t i o n s  and s tandards  f o r  i t s  use  w i l l  be  estab1i:;hed. 

Current  veh ic l e  systems use many s o l i d  p rope l l an t  motors t o  provide 
retro-pro-puls ion dur ing  s t a g e  s e p a r a t i o n  and t o  cause p o s i t i v e  acce1e::ation 
dur ing  t h e  i n i t i a t i o n  of l i q u i d  engine ope ra t ion .  Other s o l i d  propel’.ant 
motors are used i n  upper s t a g e s  of s m a l l  launch v e h i c l e s  such as Scoul: and 
Delta. Tliis program w i l l  undertake t h e  d e f i n i t i o n  of s t anda rd  classes of 
s o l i d  p rope l l an t  motor systems. Small a t t i t u d e  c o n t r o l  rocke t s  such #IS t h e  
Cap P i s t o l  u x i t s  o r  t he  Subliming S o l i d  w i l l  be  advanced t o  t h e  :,tatu:; of 
demonstrated r ead iness  f o r  a p p l i c a t i o n .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SOLAR AND CHEMICAL POWE11 PROGRAM .- 

PROGRAM OBJElSTIVES --- AND JUSTIFICATION: 

The Solar  and Chemical Power program provides  r e sea rch  and technology 
necessary f o r  t h e  development of new and improved methods of solar and 
chemical power genera t ion  f o r  space a p p l i c a t i o n s  e 

r e sea rch  on a l l  elements of complete systems: (a) t he  energy co l l . ec t ion  equip,.. 
ment such as a so' lar c o l l e c t o r  o r  a r e a c t a n t  supply; (b) the  enesgy conversion 
devices  inc luding  s o l a r  c e l l s ,  thermionic  gene ra to r s ,  turbomachinery, f u e l  
c e l l s ,  eta:.; 
s to rage  device;  and (d)lpower condi t ion ing  and power management ecpipmiznt . 

The program includizs 

(c) t l ie  energy s t o r a g e  u n i t  such as a b a t t e r y  o r  thermal cznerg,y 

A l l  inctive space v e h i c l e s  r e q u i r e  e l e c t r i c a l  power f o r  t he  opera Lion 
of equipment, such as ins t ruments ,  communication and d a t a  processing.  For 
manned spince missions , e l e c t r i c  power i s  a l s o  r equ i r ed  f o r  a d d i t i o n a l  func t ions  
such as l i f e  support  and guidance f o r  c o n t r o l l e d  r een t ry .  
d i s c i p l i n e d  program makes a d i r e c t  and s i g n i f i c a n t  c o n t r i b u t i o n  to a '>road 
c ross  s e c t i o n  of the  n a t i o n a l  space program. 

Thus, t h i s  mul t i -  

SUMMARY OF --- RESOURCES REQUIREMENTS: 

Supporting r e sea rch  and 
technlology.. ...................... $14,000,000 $13.745 .OOO $A, 200 .OOO- 

Total. .  ........................... $14,000,000 $13,745,000 $l-4.20~).0007 ----~ 
D i s t r i b u t i o n  ---- of Program Amount - by I n s t a l l a t i o n :  

Marshall  Space F l i g h t  Center...... $1,429,000 $2,000,000 !~1,00),000 
Goddard Space F l i g h t  Center....... 2,170,000 2,425,000 3,075,000 
Jet Propuls ion Laboratory.. ....... 2 . 381,000 3,121,000 3 . lOij,OO0 
Ames Research Center....,....,.... 105,000 191,000 17 1,000 

Lewis  Research Center............. 6,403,000 4,309,000 5,001),000 
NASA Headquarters........a....*..* 630,000 1,009,000 1 , 100,000 
Western Operations Office... . . . . . .  172,000 

Langley Research Center........... 710,000 690,000 740 , 000 

--- --- 
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BASIS OF FUND FJQUIREMENTS : 

Supporting Research and Technology 

1966 ---.- 1964 1965 

So la r  ~ O W E : I :  genera t ion .  ............... $9,343,000 $8.324 .OOO $ 8 , 5  19,000 
Chemical power genera t  ion.  ............ 4,657,000 5,421,000 -- 5,281,000 

Total  ................................. $14,000,000 $13,745,000 2 10 ,000 
I--_I 

Scrlar Power Generat i o n  

So la r  c:el-ls are  t h e  most common energy conversion devices  cu r re r  t l y  i.isecl 
f o r  long dul-at:Lon space miss ions .  However, such devices  a r e  l i m i t e d  by a 
s u s c e p t i b i l i t y  t o  damage by ion iz ing  r a d i a t i o n  ( i . e . ,  Van Al len  e l e c t r o n s  and 
pro tons ,  and s o l a r  p ro tons ) ,  are r e l a t i v e l y  expensive,  have an uppe r  temper- 
a t u r e  limit of approximately 1.5OoC and r e q u i r e  on board e l e c t r i c a l -  er ergy 
s t o r a g e  f o r  vehic:le ope ra t ion  out  of d i r e c t  s u n l i g h t .  During t h e  pas t  t h r e e  
y e a r s ,  l abo ra to ry  r e sea rch  ai- t h e  Goddard Space F l i g h t  Center ,  t h e  L e w i s  
Research Cen1:eir and t h e  RCA and Space Technology Labora tor ies  has det  e rmi imd 
t h e  e f f e c t  r eve r s ing  t h e  p o l a r i t y  of s o l a r  ce l l s  and t h e  e f f e c t s  c f  add- 
i t i v e s ,  impu-r i t ies ,  r e s i s t i v i t y ,  and j u n c t i o n  depth on t h e  solar c e l l ' s  
r e s i s t a n c e  t:o r a d i a t i o n  damage. The r e sea rch  has  shown t h a t  a contrcl l led 
impuri ty , ,  rwreirsed p o l a r i t y  c e l l  w i l l  have s u p e r i o r  r e s i s t a n c e  t o  daniage by 
r a d i a t i o n .  As a r e s u l t ,  s i g n i f i c a n t  progress  has  been made i n  increz.s ing 
t h e  r e s i s t a n c e  of t h e  s o l a r  cel l  t o  Van Al len  e l e c t r o n s ,  such t h a t  i t  has been 
increased  by a f a c t o r  of 30. 

Untkl ~r~?cent:ly i t  was not: p o s s i b l e  t o  p r e d i c t  accu ra t e ly  t h e  space pe r -  
formance of .so'Lar c e l l s  from measurements made a t  t h e  E a r t h ' s  surfact! .  The 
s o l a r  celtl r~asponds d i f f e r e n t l y  t o  energy of d i f f e r e n t  wave l eng ths  iind, as 
a consequenr:., t h e  conversion e f f i c i e n c y  is a func t ion  of t h e  spectrzi l  
d i s t r i b u t i o n  oE t h e  l i g h t  source .  Because of atmospheric abso rp t ion  and 
s c a t t e r i n g ,  s u d i g h t  a t  t h e  E a r t h ' s  s u r f a c e  has  a d i f f e r e n t  energy d:.stribut:Lor! 
than  sun:Light i n  space.  Work under t h i s  program t o  launch s o l a r  cel:.s t o  high 
a l t i t u d e  a top  ba l loons ,  measure t h e i r  performance above t h e  atmosphere and 
recover  t h e  c e l l s  f o r  use as s t anda rds ,  has  made it p o s s i b l e  t o  e s t i r i a t e  so1e.r 
c e l l  space performance more accu ra t e ly  (- 5%) from te r res t r ia l  measui:emenlts. 
These me;asu'cements of s o l a r  c e l l  performance w i l l  be cont inued i n  orcler t o  
o b t a i n  s tandards  of new c e l b  as they  are  developed. 

+ 

In another  a p p l i c a t i o n  oE s o l a r  energy, t h e  d i r e c t  conversion o I hea t  
energy t o  e l e c t r i c i t y  by t h e  thermionic  process  cont inues  t o  show grc2at promiscl. 
The concept of t h e  thermionic  conve r t e r  i s  s imilar  t o  t h e  concept de:;cribed 
under t h e  Nuc lea r -E lec t r i c  Program except  t h a t  t h e  e l e c t r o d e  t h a t  e m L t s  
e lectron: ;  i s  hea ted  by s o l a r  energy r a t h e r  than  by nuc lea r  h e a t .  Du.:ing the  
p a s t  y e a r ,  3 150-watt s o l a r  thermionic  gene ra to r  f a b r i c a t e d  by t h e  Tliermal 
E l e c t r i c  Engineering Corp. was opera ted  by t h e  Je t  Propuls ion  Labora:ory a t  
an e f f i c i e n c y  of 10.5 pe r  c e n t .  This  genera tor  provides  t h e  hig;hest conversi.ori 



e f f i c i e n c y  tha t  has  been exper imenta l ly  demonstrated t o  d a t e .  I n  conjunct ion 
wi th  a su i ta .h le  s o l a r  c o l l e c t o r ,  a thermionic  gene ra to r  of  t h i s  type,  when 
developed, wou1.d weigh less and be less s e n s i t i v e  t o  r a d i a t i o n  damage than a 
s o l a r  c e l l  syst:em. Thermionic i n v e s t i g a t i o n s  extend from b a s i c  research on 
m a t e r i a l s  arid nietal lurgy , through s u r f a c e  physics  and chemis t ry ,  to engineer ing  
development of thermionic  devices  and s o l a r  c o l l e c t o r s .  

For orh:.tal missions wit:h c y c l i c  per iods  of s u n l i g h t  and darkness ,  i t :  i s  
advantageous: t o  k.eep t h e  thermionic  genera tor  ope ra t ing  dur ing  t'he dark  pe r iod ,  
by supplying hea t  energy s t o r e d  dur ing  s u n l w h t .  
a subs tance  wi th  a high hea t  of f u s i o n  can be used t o  provide heat: t c  t h e  
thermi0ni.c e!:.ements when t h e  system i s  no longer  i n  s u n l i g h t .  The use  of 
thermal enerf;y s t .orage e l imina te s  t h e  need f o r  on board,  high c y c l e ,  l i f e  
b a t t e r i e s ,  and reduces t h e  thermal s t r e s s e s  on t h e  thermionic  gene ra t c r  by 
keeping i t  ho t  a1.l t h e  t ime.  Although s i g n i f i c a n t  progress  has  been made 
toward iden  t: :L f y i ng  s u i t  ab 1 e thermal energy s t o r  age m a t  er  i a l  s and corny' a t  i b  :I. e 
c.ontainer mat:erials, thermionic  conve r t e r s  have not  y e t  been operatec wi th  
i n t e g r a l  theirma1 energy s t o r a g e .  Such work is  r ece iv ing  emphasis dur ing  t h e  
p re sen t  year  arid w i l l  be cont:i.nued dur ing  FY 1966. 

The h e a t  s t o r e d  by melt:i.ng 

The design and performance c h a r a c t e r i s t i c s  of power systems based on 
thermoelectr . ic  conversion of s o l a r  energy are  a l s o  under i n v e s t i g a t i c n .  
Thermoelectr ic  conversion is  an  ex tens ion  of thermocouple technology and is 
based on t h e  p r i n c i p l e  t h a t  a cur ren t  w i l l  flow between t h e  junc t ions  of two 
con tac t ing  niatt?ri.als when t h e  junc t ions  a r e  a t  d i f f e r e n t  temperatures .  An 
example of research  i n  t h i s  area i s  a f l a t  panel  f a b r i c a t e d  by Melpar f o r  t h e  
Goddard Space F l i g h t  Center  wi th  the rmoe lec t r i c  couples  between t h e  l- o t  and 
cold surfacct:;. One s u r f a c e  i s  t r e a t e d  wi th  a coa t ing  t o  produce a high  
equi l ibr ium 1:ernperature when exposed t o  s u n l i g h t  ; t h e  o t h e r  s u r f a c e  i s  given 
a high eniiss:ivity coa t ing  and ope ra t e s  a t  a much lower temperature .  This  
technique show:; promise f o r  space missions i n  toward t h e  sun where temperatures 
would exceed t h e  temperature  3 i m i t a t i o n s  of s o l a r  c e l l s .  

I n  r e s t x r c h  on dynamic systems, t h e  work on t h e  mercury Rankine cyc le  
(Sunflower) solar dynamic syst.em w a s  s u c c e s s f u l l y  concluded wi th  t h e  completior 
of a 4300 hour l i f e  t es t .  While many problems remain t o  be so lved ,  t h e  des ign  
and performance c h a r a c t e r i s t i c s  of t h e  system have been determined and t h e  
b a s i c  f c a s i b  i l l t y  has  been demonstrated.  It is  be l i eved  t h a t  s u f f i c j  e n t  
technology now exists t o  permit system development i f  a mission requj.rement 
ar ises .  

An a l t ( ? r n a t e  approach t o  dynamic power conversion is based on a gas  
(Brayton) cyc le ,  which is  expected t o  have h ighe r  e f f i c i e n c y ,  fewer problems 

w i t h  respect: t o  zero-g s t a r t - u p  and ope ra t ion ,  and longer  l i f e  a s  a r e s u l t  of 
reduced c:ori:os Lori problems. During t h e  p a s t  y e a r ,  a compressor and t urb ine  
were S U C ~ ~ S : ~  EuLl~7 opera ted  on o i l  bear ings  a t  e f f i c i e n c i e s  s l i g h t l y  above those  
s e l e c t e d  f o r  t h e  r e fe rence  system. Work is  i n  progress  on both axial and radial  
turbomachinery t h a t  w i l l  o p e r a t e  on ho t  gas  bear ings .  Successfu l  cor iplet ion 
of t e s t s  on Lhese u n i t s  w i l l  be  a s i g n i f i c a n t  mi les tone  i n  t h i s  work because 
t h e  turbomac:liinery i s  u s u a l l y  t h e  most c r i t i c a l  set of components i n  a dynamic 
system. 
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Chemical Power Generat ion 

Much progress  has  been made as a r e s u l t  of r e sea rch  on problems r e l a t i n g  
t o  b a t t e r i e s  and f u e l  c e l l s .  Data have become a v a i l a b l e  from Gulton I n d u s t r i e s  
and General Ei lectr ic  Company t o  permit t h e  des ign  of e l e c t r o n i c  charge c o n t r o l  
c i r c u i t r y  whicl- senses  t h e  s i g n a l  from an added t h i r d  e l e c t r o d e  :o r e g u l a t e  
b a t t e r y  recharg,ing r a t e .  The t h i r d  e l e c t r o d e  a l s o  r e l i e v e s  t h e  'problem of 
oxygen gas p re s su re  by d i s s o c i a t i n g  excess  oxygen so  t h a t  i t  can recombine 
wi th  t h e  e l e c t r o l y t e .  L i f e  t e s t i n g  of t h i r d  e l e c t r o d e  c e l l s  i s  , s t a r t i n g ,  
and des ign  i d e e s  for m u l t i p l e  c e l l  b a t t e r i e s  are being eva lua ted .  I n  another  
b a t t e r y  imprcwement program, modified c e l l u l o s e  and new p l a s t i c  i na t e r i a l s  have 
been developed as b a t t e r y  s e p a r a t o r s  t o  improve t h e  l i f e  of silv~3r-cadmium 
c e l l s ;  p re l iminary  i n d i c a t i o n s  po in t  t o  a t  least a doubling of' l i f e  a s  a resul t :  
o f  impeding t h e  migra t ion  of s i l v e r  from cathode t o  anode. 

A hreaclioard. model of a c a p i l l a r y ,  low temperature  H2-02 fuel. c e l l  w i th  
pas s ive  moist:ure removal has  completed more than  450 hours of ope ra t ion  on a 
Gemini type power p r o f i l e  a t  t h e  Allis-Chalmers Company and is  s t i l l  on test. 
The bas i c  d e s i p  of t h i s  fuel. c e l l  has  p o t e n t i a l  advantages over  present  
s p a c e c r a f t  f'uel. c e l l  designs because i t  combines f e a t u r e s  of hig'n e f f  ic ie i icy,  
zero-g s t a r t  arid r e s t a r t  c a p a b i l i t y ,  r e l a t i v e l y  low temperature  and low 
p a r a s i t i c .  pcwer. Program o b j e c t i v e s  inc lude  t h e  t e s t i n g  of flig'nt: type  
a u x i l i a r y  hardware , construct i .on of engineer ing  eva lua t ion  models i n  t h e  
2 k i lowa t t  s i z e  f o r  t e s t i n g  at t h e  c o n t r a c t o r ' s  and NASA l a b o r a t o r i e s ,  and 
mod i f i ca t ion  of t h e  system t o  permit c o l l e c t i o n  of water .  Auxi l ia ry  equipment 
t o  permit fccitther lowering of  t h e  s t a r t - u p  temperature  i s  be ing  developed on 
t h i s  cont.rac:l: , wh,ile very  h igh  performance e l e c t r o d e s  s u i t a b l e  f o r  u se  i n  t h i s  
system a r e  tlcirig developed by American Cyanamid Company. These e l e c t  rode:; may 
inc rease  eff::.cFency by 10 per  c e n t ,  which would save chemical and tar.kage 
weight as; w e : - l  as, reduce t h e  s i z e  of t h e  r a d i a t o r .  

I n  a d d i t i o n  t o  t h e  work on power gene ra t ion ,  an important elemer1.t of t h e  
program i s  t:he suppor t ing  research  on condi t ion ing  , d i s t r i b u t i o n  , anc control.  
of e l e c t r i c a . L  power throughout. t h e  s p a c e c r a f t .  High v o l t a g e  arcs ,  s t  o r t  
c i r c u i t s ,  pcn~ei: surges  , swi tch ing  problems , e t c .  cont inue  t o  plague 5 pace 
power Sybtem:; , and i n s u f f i c i e n t  emphasis on t h e s e  problems i s  ind ica t ed .  
Continuing pi:ogress i s  being made i n  improving t h e  r e l i a b i l i t y  , e f f  i c  iency , 
and o t h e r  ioiportant performance c h a r a c t e r i s t i c s  of power converteirs , i n v e r t e r s ,  
r e g u l a t o r s  , .mtl p r o t e c t i v e  devices .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY AERONAIJT I C s  PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION : 

The primary r o l e  of t h e  Aeronautics program is  t o  conduct s c i e n t i f i c  
research  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 .  
Continuing o v e r - a l l  o b j e c t i v e s  a r e :  

1. To E,xercise unbiased t e c h n i c a l  l eade r sh ip  i n  the  gene ra t ion  
of advanced a i r c r a f t  concepts .  

2 .  To seek technologica l  advances which w i l l  permit t h e  
development of improved a i r c r a f t  . 

3 .  To provide research  information to  indus t ry  f o r  t h e  
des ign  of new a i r c r a f t .  

The scope of the  NASA ae ronau t i ca l  research  program inc ludes  work i n  ae ro -  
dynamics , s t r u c t u r e s  , m a t e r i a l s  , and a i r  b rea th ing  propuls ion ,  t h e  opera t ion-  
a l  and s a f e t y  a spec t s  a s soc ia t ed  wi th  these  d i s c i p l i n e s  and, t o  :30me e x t e n t ,  
e l e c t r o n i c s  and human f a c t o r s .  It i s  t h e  evolu t ionary  r e sea rch  in t hese  
t echn ica l  d i s c i p l i n e s  t h a t  provides  t h e  fundamental knowledge needed t o  
understan.d the  complex problems involved i n  t h e  design and cons t - ruc t ion  of' 
advanced airc:rsift .  Understanding of t hese  problems, i n  t u r n ,  a i d s  i n  t h e  
determina.tic8ri of t h e  l i k e l y  d i r e c t i o n  of technologica l  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 - w i n g  XC-14;E.A 
V/STOL t r a n s p o r t  , and the  v a r i a b l e  sweep concept f o r  t h e  F-111 ori .ginated 
seve ra l  years  ago a s  promising concepts a s  a r e s u l t  of NASA resea rch .  I n  
the  years  between t h e  f i r s t  i .nd ica t ion  of t h e  va lue  of t h e  conce.pt: and t h e  
f i r s t  f l i g h t s  of t he  v e h i c l e s ,  NASA aided i n  t h e  d e t a i l e d  formulat ion of 1::he 
concepts anci 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 b i l i t i e s  of p rac t  i.cal veh:i.cle,s 
based on t h e s e  concepts .  

I n  a d d i t i o n ,  NASA has  conducted ex tens ive  wind tunnel  t e s t s ,  s imula tor  
programs, ant1 f l i g h t  i n v e s t i g a t i o n s  using appropr i a t e  t e s t b e d  a i r c r a f t  to 
s u b s t a n t i a t e  p red ic t ed  performance and ope ra t iona l  c h a r a c t e r i s t i c s  of t hese  
veh ic 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. n a t u r e .  
I n  t h i s  regard:,  advanced t e c h n i c a l  development i n  support  of m i l i t a r y  and 0 

c i v i l  a i r c r a f t  procurement cont inues t o  be conducted. This  work is Ferformed 
i n  cooperat ion wi th  Government-sponsored c o n t r a c t o r s  a t  t h e  reques t  of t h e  
cognizant Government agencies .  

Research i n  Aeronautics i n  FY 1966 w i l l  inc lude  s t u d i e s  d i r ec t ed  toward 
improvement of subsonic a i r c r a f t ,  f o r  example, s t u d i e s  of means of inproving 
t h e  e f f i c i e n c y  of t r a n s p o r t  a i . r c r a f t  by delaying t h e  drag r i s e  due t c  
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compress ib i l i t y  e f f e c t s  a t  t r a n s o n i c  speeds;  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  requi red  t o  f a b r i c a t e  r e l i a b l e  l igh tweight  
s t r u c t u r e s  s u i t a b l e  f o r  a long l i f e  under h igh  temperature  cond i t ions  f o r  
supersonic  and hypersonic  a i r c r a f t ;  s t u d i e s  of  a i r  b rea th ing  p r o p u l s i m  
cyc le s  and engine components t o  i n c r e a s e  e f f i c i e n c y  and permit t h e  des ign  of 
e f f i c i e n t  l igh tweight  engines  f o r  V/STOL a i r c r a f t ,  supersonic  t r m s p o r t ,  and 
hypersonic  a i r c r a f t ;  s t u d i e s  of  manned hypersonic  a i r  b rea th ing  v e h i c l e s  
which have t h e  p o t e n t i a l  o f  providing hypersonic  reconnaissance c a p a b i l i t i e s ,  
hypersonic  t r a n s p o r t ,  and recoverable  hypersonic  a i r  b rea th ing  space 3 o o s t e r s ;  
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 inc reas ing  ope ra t ion -  
a 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  
"al l  weather" f l i g h t  condi t ions .  

Experiment a1  research  and development a i r c r a f t  and engineer ing  t e s t  p i l o t  
p ro f i c i ency  d x c r a f t  considered necessary t o  c a r r y  out  and suppo.ri: t h e  aer-o- 
n a u t i c s  e f f o r t  a r e  included under t h i s  program. 

SUMMARY OF RE:SOURCES REQUIREMENTS : 

1964 

Supporting research  and 
techno1og;y ...................... $9,195,000 

X-15A research  a i r c r a f t . .  ......... 900 , 000 
Supersonic t r a n s p o r t  .............. 8,821,000 
V/STOL a i r c r a f t .  .................. 2,879,000 
Hypersonic ramjet experiment ...... ---  
XB-70/SST iili.ght r e sea rch  p r o j e c t .  - - -  

Tota l  ............................ $21,795,000 

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 :  

Ames Research Center .  ........... $4,446,000 
F l i g h t  E.c:search Cen te r . ,  ........ 4,630,000 

Lewis RE search  Center .  .......... 1 . 852 . 000 
NASA H e d q u a r t e r s . .  ............. 1,386,000 

. Langley Research Center .  ........ 9,481,000 

BASIS OF FUKI) REQUIREMENTS: 

1965 

$7,887,000 
1,425,000 

19,953,000 
2 , 850,000 
3,125,000 --- 

$35,240,000 

$4,967,000 
4,037,000 
8,864,000 

13,566,000 
3 , 806 , 000 

Support ing Research and Technolow 

1964 1965 - 

A i r c r a f t  zwrodynamics ............. $1,404,000 $l,348,OOO 
A i r c r a f t  loads and s t r u c t u r e s . .  ... 1,619,000 2,r11,000 
A i r  breath:.ni; p ropuls ion . .  ........ 1,078,000 2 225,000 
Aircraf t  ciperat ing problems. ...... 5,094 .OOO 2,203.000 

T o t a l . . .  ......................... $9,195,000 $7.887.000 

1966 ---- 

$8 , 300, (1100 

16,000,000 
900,000 

2 , 000 , 000 
5 ,000 ,000 

-10,000 .C~Oo 

$42,200,000 I--.- 

$4,150,000 
1 2 , 4 2 0 , 010 0 
11,105,000 
1 2  , 7 00 , (IO0 
1 , 825 , 000 

1966 

$2,000,000 
1. , 950 , 000 
1 , 725 ,000 

&625,C,OO 
$8,300 dc,oO ---- 
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A i  'r c r a f t  Ae rod y nami c s 

The o b j e c t i v e  of research  i n  a i r c r a f t  aerodynamics is t o  improve t h e  
f l i g h t  e f f ic : iency  , performance, s t a b i l i t y ,  and c o n t r o l  e f f e c t i v e n e s s  of a i r -  
c r a f t .  These c h a r a c t e r i s t i c s  s t r o n g l y  in f luence  range,  payload, economic 
f e a s i b i l i t y ,  i l t i l i t y  f l e x i b i l i t y  and s a f e t y  of ope ra t ion .  I n  t h e  cast! of 
very  h igh  speed f l i g h t ,  aerodynamic hea t ing  i s  an a d d i t i o n a l  l i m i t a t i o n  and 
i s  a t a r g e t  :Ew research .  

I n  the  subsonic  speed range,  p a r t i c u l a r  a t t e n t i o n  w i l l  be devoteti dur ing  
FY 1966 t o  aerodynamic means fo r  i nc reas ing  t h e  c a p a b i l i t i e s  of currer t t  and 
f u t u r e  commercial and m i l i t a r y  subsonic  j e t  t r a n s p o r t s .  Theore t i ca l  2nd 
wind tunnel  i nves t iga t ions  w i l l  be made t o  develop new ways t o  increatie 
c r u i s i n g  speeds which w i l l  d i r e c t l y  inc rease  f l i g h t  e f f i c i e n c y ,  and t o  reduce 
landing speeds,  to permit ope ra t ion  i n t o  a i r p o r t s  which have s h o r t e r  I-unways. 
Research w i l  L con t inue  on t h e  low speed s t a b i l i t y  and c o n t r o l  of advanced 
supersonic  c . r J i se  and V/STOL concepts  and an i n v e s t i g a t i o n  w i l l  be in : . t i a ted  
of t h e  talte-off arid landing c l i a r a c t e r i s t i c s  of proposed configurat ions;  f o r  
hypersonic  c :c i ise  v e h i c l e s .  

I n  t h e  supersonic  speed range, refinement of t h e o r e t i c a l  a n a l y s i s  method:; 
and computer programs f o r  p r e d i c t i n g  t h e  aerodynamic parameters  used f o r  t h e  
des ign  of supersonic  a i r c r a f t  w i l l  be  pursued. Basic s t u d i e s  of bountlary 
l a y e r  flows on such a i r c r a f t  w i l l  r ece ive  s p e c i a l  a t t e n t i o n  wi th  a vicw 
toward reducing t h e  d rag ,  flow s e p a r a t i o n ,  and i n t e r f e r e n c e  e f f e c t s .  A b e t t e r  
understanding of s c a l e  e f f e c t s  i n  p r e d i c t i n g  f u l l  s i z e  performance from 
small s c a l e  wind tunnel  experimental  d a t a  w i l l  be sought .  

Ana ly t i ca l  and experimental  r e sea rch  a t  hypersonic  speeds i n  :FY :.966 
w i l l  be  d i r e c t e d  toward refinement of t h e  aerodynamic conf igu ra t ions  : w i t a b l e  
f o r  manned sus t a ined  hypersonic  c r u i s e  a i r c r a f t ,  r eusab le  a i r  b rea th ing  
p rope l l ed ,  f i r s t - s t a g e  boos te r s  and e a r t h - t o - o r b i t  v e h i c l e s .  Various 
combinations of wings,  bod ie s ,  and a i r  i n l e t s  w i l l  be  eva lua ted  i n  tei.ms of  
l i f t  drag r a t i o ,  s t a b i l i t y ,  c o n t r o l ,  and hea t ing  r a t e s  a t  hypersonic  Nach 
numbers where t h e  h igh  s p e c i f i c  impulse of a i r  b rea th ing  propuls ion  s!rstems 
appears  a t t r a c t i v e .  Concurrent ly ,  f e a s i b i l i t y  s t u d i e s  w i l l  be  perforried t o  
h e l p  de f ine  I c r i t i ca l  b a s i c  r e sea rch  problems. An e s s e n t i a l  t a s k  i n  t h i s  
regard  i n  FY 1966 w i l l  be  an assessment i n  depth of  t h e  need f o r  a proto type  
o r  tes t  bed El ight  v e h i c l e  i n  hypersonic  c r u i s e  a i r c r a f t  development. 

The E D  funds requested w i l l  be  used l a r g e l y  a t  t h e  Ames, F l i g h t ,  and 
Langley Research Centers  f o r  c o n t r a c t  s t u d i e s  supplementing t h e  in-hoiise 
program desc r ibed ,  and f o r  necessary  models and ins t rumenta t ion  used :.n 
t h e i r  aerodynamic f a c i l i t i e s .  The requested funds a l s o  inc lude  those  
r equ i r ed  fo r  wind tunnel  and r e l a t e d  i n v e s t i g a t i o n s  i n  d i r e c t  support  o f  t he  
Department oE Defense in t h e  development of advanced weapons systems , such 
as t h e  F-111 and XV-5A a i rc raf t  which w i l l  cont inue  in FY 1966. 
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Loads and S t r u c t u r e s  

Research o n  a i r c r a f t  loads  and s t r u c t u r e s  i s  d i r e c t e d  a t  impruvixkg t h e  
s t a t e  of Icnowledge requi red  f o r  t h e  design of e f f i c i e n t  and r e l i a b l e  itir- 
frames f o r  aihainced f l i g h t  v e h i c l e s .  This  inc ludes  research  r e l a t i n g  t o  t h e  
d e f i n i t i o n  o f  t he  s t r u c t u r a l  environment i n  terms of c r i t i c a l  loads  arid 
tempera tures ,  t he  s t r u c t u r a l  c h a r a c t e r i s t i c s  and s t r u c t u r a l  response under 
t h i s  enviromnlmt and t h e  development and v a l i d a t i o n  of b e t t e r  methodt, f o r  
des ign  ana lyses  f o r  f u t u r e  v e h i c l e s .  

S tud ie s  have been under way i n  FY 1965 t o  de f ine  more adequately the  
r e l a t i v e  importmce of such sources  of a i r c r a f t  loads a s  maneuvers, 
atmospheric t:urbul.ence, l anding ,  e t c .  For example, pas t  research  on 
atmospheric 1:rirbul.ence has  l e d  t o  a gene ra l ly  adequate d e f i n i t i o n  of Epst 
loads f o r  cui:::eiit subsonic  a i x r a f t ,  but  f o r  t h e  s a f e  des ign  of fu ture  super-  
son ic  airc:rafr: more p r e c i s e  information i s  needed on the  c h a r a c t e r i s t l  c s  of 
t he  atmosphei-e, p a r t i c u l a r l y  f o r  g u s t s  of long wave length.  

As aircr,afl: speeds inc rease  s t r u c t u r a l  f a t i g u e  i s  demanding incrc  ased 
a t t e n t i o n .  For t h e  f i r s t  time f l i g h t  speeds a r e  being reached f o r  which 
t h e  e f f e c t x  o.E temperature must. be considered i n  t h e  des ign  of a i r c r a f t  on 
a r o u t i n e  bas . is .  I n  FY 1966 t-he f a t i g u e  c h a r a c t e r i s t i c s  of m a t e r i a l s  wi th  
c racks  a s  we]. 1 ils simple s t r u c t u r a l  specimens embodying va r ious  types  of 
c o n s t r u c t i o n ,  such, a s  welding and r i v e t i n g ,  w i l l  be experimental ly  s tud ied  
a s  po in t s  of stress concent ra t ions  and, t h e r e f o r e ,  sources  of poterit ie 1 
f a i l u r e  due t:o f a t i g u e  under hi.gh temperature ,  c y c l i c  load cond i t ions .  

Experimemtal and a n a l y t i c a l  s t u d i e s  a r e  being conducted of s t r u c t u r a l  
concepts  having poss ib l e  a p p l  i c ,a t ion  t o  hypersonic  c r u i s e  a i r c r a f t  #. 
s t r u c t u r e s  m u s t  be l i g h t  weight.,  must wi ths tand  high temperatures  on t h e  
e x t e r i o r ,  and m u s t .  provide i n s u l a t i o n  t o  p r o t e c t  t h e  low temperature ,  
i n t e r n a l l y  s t o r e d ,  l i q u i d  hydrogen f u e l .  To wi ths tand  the  h igh  teniperaturr:!s 
a s soc ia t ed  wi.t:h hypersonic  f l i g h t ,  r e f r a c t o r y  materials a r e  used which a r e  
i n h e r e n t l y  dense and, t h e r e f o r e ,  must be employed i n  an extremely e f f i c i e n t :  
manner. Skruc tura l  t e s t  specimens of two promising concepts a r e  being 
cons t ruc t ed  wi th  c.ompZetion expected during FY 1965. These s t m c t u r e s  w i l l .  
be intensi.ve1.y t:ested under r e a l i s t i c  hea t ing  and loading c.onditions during; 
FY 1966 to1 eva lua te  t h e i r  s t r e n g t h  and r e l i a b i l i t y  under t h e s e  co.adi t ions.  

S'uch 

A i r  Breathing Propuls ion 

The majcli- p a r t  of t h i s  program i n  FY 1966 w i l l  be d i r e c t e d  t m a r d  the  
s o l u t i o n  of Frotilems a s soc ia t ed  wi th  t h e  Supersonic Transport  and the  Hyper - 
son ic  Ramjet E:xperiment P r o j e c t s .  

The remainder of t h e  research  i n  t h i s  f i e l d  dur ing  FY 1966 w i l l  be 
devoted t o  ob ta in ing  a b e t t e r  understanding of t h e  bas i c  phenomena involved 
i n  t h e  complex systems required f o r  f u t u r e  ae ronau t i ca l  v e h i c l e s .  I n l e t s  
and nozzles  fclr  hypersonic propuls ion  systems w i l l  be i n v e s t i g a t e d  both 
t h e o r e t i c a l l y  and exper imenta l ly ,  p a r t i c u l a r l y  a t  of f -des ign  condi t ions .  
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Supersonic mixing of hydrogen and a i r  and t h e  r e s u l t i n g  combustion of t h e s e  
gases  w i l l  be s tud ied .  A program t o  i n v e s t i g a t e  power p l an t  s t r u c t u r e s  and 
thermal p r o t e c t i o n  systems a s soc ia t ed  with h igh  speed propuls ion  s y s t e m s  
w i l l  r ece ive  increased  emphasis. F a c i l i t i e s  capable  of t r u e  s imula t i sn  of 
a l l  f l i g h t  condi t ions  of i n t e r e s t  a t  hypersonic  speeds and promising lnethods 
f o r  modifying e x i s t i n g  tunnels  t o  o b t a i n  a more r e a l i s t i c  t e s t i n g  environment 
w i l l  be inves t iga t ed .  

S p e c i f i c  m i l i t a r y  programs w i l l  cont inue  t o  r ece ive  wind tunnel  t e s t  
suppor t .  Research leading  t o  t h e  improvement of e x i s t i n g  systems w i l l  be 
conducted on a cont inuing b a s i s .  Typical  of t hese  i s  t h e  t e s t i n g ,  doxmenta-  
t i o n ,  and p o s s i b l e  modi f ica t ion  of t h e  F-111 induct ion  and exhaust systems, 
and t h e  s tudy of the X-22A f u l l  s c a l e  ducted fan .  

Aircraft  Operat ing Problems 

Rese.arcln i n  ithis a r e a  i s  d i r e c t e d  toward improving f l i g h t  s a f e t y  and 
increasi .ng ope ra 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 .  Ob- 
j e c t i v e s  of the  research  program a r e  t o  o b t a i n  improvements i n  a i r c r a i t  
f l y i n g  and h(and1ing q u a l i t i e s ,  i n  ope ra t iona l  techniques during 1 anding and 
take-off  under al’L weather cond i t ions ,  and i n  ins t rumenta t ion  direct1:r 
r e l a t e d  t o  t h e  s a f e t y  of f l i g h t .  Research programs i n  t h e  f i e l d s  tof !;onis 
boom and a i r c r a f t  no i se  a r e  a l s o  included.  

Expe:rimental and a n a l y t i c a l  s t u d i e s  s t a r t e d  i n  FY 1965 t o  o b t a i n  funda- 
mental in fonnat ion  on t h e  genera t ion  and propagat ion of n o i s e  from t h c  
exhaust jets and t h e  compressor and f a n  components of t u r b o j e t  and turbofan  
engines  w i l l  be continued during FY 1966. Theore t i ca l  s t u d i e s  show t h a t  
small  no i se  .cediictions i n  each engine component can be made, g iv ing  a t o t a l  
s i g n i f i c a n t  m i s e  reduct ion .  Experimental engine component s t u d i e s  w:.ll biz 
made i n  the  IJ2ioe Research F a c i l i t y  a t  t h e  Langley Research Center t o  
e s t a b l i s h  t h e  e f f e c t s  of number of b l ades ,  b lade  loading ,  s t a g e  separ i i t ion ,  
e t c . ,  on nois: genera t ion .  1111-et n o i s e  suppress ion  and no i se  propagat.ion in 
duc ts  w i l l  a l s o  be s tud ied .  

The techliiques and procedures requi red  t o  i n s u r e  s a f e  opera t  i on  of 
commercialt t r s n s p o r t  a i r c r a f t  i n  tu rbulence  o r  rough a i r  a r e  being i m r e s t i -  
ga ted .  The ixseairch program covers four  major a c t i v i t i e s  : a n a l y s i s  wj.nd 
tunne l  t e s t s ,  f l i g h t  t e s t s ,  and p i l o t e d  s imula tor  t e s t s .  Tne program i s  
designed t:o :-,;oLat:e t h e  causes  of a i r c r a f t  upse t s  due t o  turbulence  and 
e s t a b l i s h  adacIui3te c o r r e c t i v e  measures. F l i g h t  and l abora to ry  research  w i l l 1  
be c a r r i e d  OUII on a i rbo rne  techniques,  l a s e r  and o t h e r s ,  f o r  de tec t ing ,  
reg ions  of cl-eair a i r  turbulence .  

The hantKLing q u a l i t i e s  of h igh  performance execut ive  type  a i r c r a f t  a r e  
being determined i n  a f l i g h t  t e s t  program i n i t i a t e d  dur ing  FY 1965. The 
primary o b j e c t i v e  of t h i s  research  program is t o  formulate  handl ing qL.ali t  i e s  
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c r i t e r i a  which, i f  m e t ,  w i l l  ensure  s a f e  instrument  f l i g h t  ope ra t ions  wi th  
genera l  aviat: ion a i r c r a f t .  Both s i n g l e  and twin engine a i r c r a f t  r ep rcsen ta -  
t i v e  of  c u r r e n t  product ion models by d i f f e r e n t  manufacturers  w i l l  be i .sed i n  
t h e  f l igh t :  pi:ogram dur ing  FY 1966. 

X - 1 5  Research A i r c r a f t  

1.966 .--.- 1964 1965 

Aerodynamic::; . , . , . . . . . . . . . . . I ,  . $130,000 $78,000 $40,000 
Loads and s t r u c t u r e s . .  ,. . . . . * .  --- 13,000 1.20,000 
Operat ing p.col)lems. . . . . . . . . . . 770,000 1,334,000 .- ;'40 ,000 

Total . .  . . (,.. , . ., . . . . . . . . . . . . ., . $1,425,000 >lOO,OO) - $900.000 

The X-l! i  Research Program, conducted i n  coopera t ion  wi th  t h e  llepzirtment 
of Defense, L:; designed t o  provide d a t a  on manned, maneuverable hyper: on ic  
f l i g h t .  1)uring t h e  course  of t:he f l i g h t  t e s t  program, through calendzir year  
1964, more than  100 f l i g h t s  have been made, inc luding  more than  75 f l i g h t s  a t  
speeds g r e a t e r  than a Mach number of 4 .  Of t h e s e  f l i g h t s ,  more thisn !IO have 
been made a t  Mach numbers above 5. 

The X - 1 5  remains t h e  only  r e sea rch  f a c i l i t y  i n  t h e  world capable  of 
s tudying  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 ,%iven b a s i c  i n s i g h t  i n t o  problems of aerodynamics, s t ruc t .u re s ,  
p ropuls ion  and ope ra t ions  dur ing  hypersonic  f l i g h t .  Of major importarice, 
t h e  X-15 resu l t : ;  have g iven ,  and w i l l  cont inue  t o  g ive ,  confidence ant1 
guidance t:o r~sea i :ch  i n  ground based hypersonic  r e sea rch  f a c i l i t i e s  exlabling 
exp lo ra t ion  :in depth of many hypersonic  f l i g h t  problems. These grountl 
f a c i l i t y  s t u d i e s  i n  t u r n  are d e f i n i n g  probable  hypersonic  f l i g h t  vehic:les 
whose proJecl:?d ope ra t ion  def hies  new re sea rch  problems t o  be explisretl by Ithe 
X-15. 

I n  t h e  l i g h t  of t h e  progress  made i n  t h i s  r e sea rch  program, advantage 
was taken of a r e p a i r  program i n i t i a t e d  i n  X-15-2, as a consequence o!i 
damage sus t a i , i ed  i n  an  emergency landing ,  t o  i n c r e a s e  i t s  pe r fomance  As 
r e b u i l t ,  tihe a i r c r a f t  can provide longer  s u s t a i n e d  f l i g h t  a t  Mach 6.0 and 
can a t t a i n  Miat2h 8.0 f o r  s h o r t  per iods .  
g r e a t l y  t h e  c a p a b i l i t y  i n  h o t  s t r u c t u r e s  r e sea rch ,  enabl ing  nea r  equi:.ibrium 
temperature  130 be reached. The h ighe r  speed enables  s t u d i e s  of hyper:;onic 
propuls ion  systems i n  a t r u e  environment which cannot y e t  be accomplished by 
any ground research  techniques;  t h i s  makes p o s s i b l e  t h e  Hypersonic R a r i j e t  
Experiment: de sc r ibed elsewhere.  

The longer  s u s t a i n e d  f l i g h t  expand:; 

P a s t  success  i n  us ing  t h e  j e t t i s o n a b l e  lower v e n t r a l  f i n  fo r  s t r u c t u r a l  
research  ; a t  l iyplersonic speeds l ead  t o  r e b u i l d i n g  t h e  damaged wing t i p  of 
X-15-2 as a :cemsvable s e c t i o n ,  thus  provid ing  a va luab le  extensicm of t h e  
ear l ier  t e c h n i q i ~ e s  , p a r t i c u l a r l y  i n s o f a r  as enabl ing  s t r u c t u r a l  resea::ch on 
l i f t i n g  s u r f a z e s .  
be  unique as bas ic  des ign  d a t a  f o r  s u s t a i n e d  hypersonic  f l i g h t  vchicllzs.  

Resu l t s  f r n n  t h e s e  42" span instrumented wing t i p s  w i l l  
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I n  a d d i t  ion t o  a cont inuing  program i n  b a s i c  hypersonic  f l i g h t  re!searc:h , 
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  use  t o  spac.e 
s c i ences  a s  ia carr ier  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  urLique 
performance c a p a b i l i t i e s .  For example , r e sea rch  on hor izon  seeke r s  fclr 
s a t e l l i t e s  hila3 been undertaken and information on s t e l l a r  u l t r a v i o l e t  r a d i a -  
t i o n  has  been ga thered  us ing  t h e  X - 1 5  as a carr ier  veh ic l e .  

I n  f i v e  and one-half  years of f l i g h t  t e s t ,  from 1959 t o  December 1964, 
t h e  X-15 program not  only has  con t r ibu ted  t o  t h e  increased  confidence of 
des igne r s  of cur ren t  high performance a i r c r a f t  , such as t h e  YF-12A ant1 SR-71 ,  
bu t  has  focus Sd a t t e n t i o n  on t h e  areas which r equ i r ed  a d d i t i o n a l  r e sea rch ,  
noted above. 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  a r e i s ,  t o  
provide i n f o m a t i o n  f o r  t h e  next  l o g i c a l  s t e p  i n  ou r  f l i g h t  r e sea rch  Ilrogram-.. 
manned, maneiwerable hypersonm c r u i s e  f l i g h t .  

-. Sup e r s on i c  Trans p o r t  

1.966 .--.- 1964 1965 

Aerodynamics. ..................... $1,202,000 $1,514,000 :$1,000,000 
Loads and :3trucl:ures.. .......... 308 , 000 157,000 :‘oo , 000 
Propuls ion  ...................... 1,605,000 16,177,000 13 ,:loo, 000 

1 000,00l ............ 2,105,000 Operating problems.. 5,706,000 

To ta l . . . , . . . . . . . . . . . . . . . .  .,... $8,821.000 $19.953.000 $16,000,000 --- 
The NASA r o l e  i n  t h e  n a t i o n a l  supersonic  t r a n s p o r t  program i s  t o  provide 

t h e  necessary  rcesearch information on a t imely  b a s i s .  During the past. year  
t h e  NASA program on supersonic  t r a n s p o r t  conf igu ra t ions ,  f o r  exarrple, has  
provided information t h a t  shows how s u b s t a n t i a l  improvements i n  payloitd o r  
range can be achieved over what was considered poss ib l e  a year  ago.. l’he 
c o n t r a c t o r  pr3posals  t o  t h e  Federal  Avia t ion  Agency i n  Phase IL A of :.ts 
program r e f l e c t  t h i s  work. Research i n  FY 1966 w i l l  be an extens ion  of work 
i n  progress  l a s t  year  i n  t h e  a r e a s  of propuls ion ,  aerodynamic e f f  ic ier icy,  
dynamic s t a b i l i t y  , no i se ,  son ic  boom, and s t r u c t u r a l  m a t e r i a l s .  

Funding f o r  l?Y 1966, f o r  example, inc ludes  a s u b s t a n t i a l  sun to  c:ontiiiue 
t h e  acce le ra t ed  r e sea rch  program i n i t i a t e d  i n  FY 1965 t o  provide t h e  
technology requi red  f o r  t he  design of advanced power p l a n t s  needed foi- 
f u t u r e  oper.ational supersonic  t r a n s p o r t s  and f o r  follow-on v e h i c l e s .  The 
work i n  t h i s  f i e l d  i n  FY 1966 w i l l  be d i r e c t e d  toward improving engint! 
component performance, r a i s i n g  t h e  p re sen t  l i m i t  on t u r b i n e  i n l e t  tem1)era- 
t u r e s  as ,a means of improving engine t h r u s t  f o r  a given engine size, itnd 
reducing engine weight .  
o f  gas t u r b i n e  engines , namely comprkssors , combustors, t u rb ines  , materials , 
bea r ings ,  se(sls, l u b r i c a n t s ,  and f u e l s .  This  r e sea rch ,  i n  t ime,  w i l l  l e ad  
t o  more r e l i a b l e  imd more e f f  . ic ient  t u r b i n e  engines  having thrust-to-bfeight:  
r a t i o s  considerab:ly above those  of today’s  engines .  

The program w i l l  concen t r a t e  on t h e  key component!; 



I n  t h e  :;upersonic t r a n s p o r t  ope ra t ing  problems area,  t h e  j o i n t  NASA-FAA 
s imula t ion  piiog:cani on supersonic  t r a n s p o r t  a i r  t r a f f i c  c o n t r o l  w i l l  bt! con- 
t i nued  t o  determine t h e  e f f e c t s  of t h e  a i r  t r a f f i c  c o n t r o l  systems on des ign  
requirements  Eo:c t:he a i r c r a f t  and on ope ra t ing  techniques.  The studicts w i l l  
u t i l i z e  va r ious  proposed supersonic  t r a n s p o r t  des igns  i n  a real  t ime,  a i r  
t r a f f i c  conti:ol , environment and i n v e s t i g a t e  p r i o r i t y  requi rements ,  new a i r  
t r a f f i c  c o n t r o l  concepts ,  a i r c r a f t  i n s t rumen ta t ion ,  and p o s s i b l e  navig,ation 
improvements, 'fie c r i t i c a l  na tu re  of t h e  f u e l  r e se rve  problem and thcs 
potential1.y s iwere  a i r  t r a f f i c  c o n t r o l  requirements  are expected t o  pl ace 
heavy demands on t he  nav iga t ion  system f o r  p r e c i s e  c o n t r o l  of f l i g h t  €lath over  
t h e  ground. 

Emphasis during FY 1966 w i l l  a l s o  be placed on s imula to r  s t u d i e s  t o  a i d  
i n  def  inirig t:he aerodynamic c h a r a c t e r i s t i c s  of  t h e  supersonic  t r a n s p o i t  
necessary  t o  rnest t h e  handl ing  q u a l i t y  requirements  a t  h igh  speeds .  I ' i l o t e d  
s imula to r  s t u d i e s  us ing  f i x e d  based and t h r e e  degrees  of freedom moticn 
s imula to r s  w F  L1 be made t o  de f ine  t h e  handl ing  q u a l i t i e s  of r e p r e s e n t a t i v e  
supersonic: t r ,mapor t  des igns  at. o r  near  c r u i s i n g  speed under normal ar.d 
emergency f l ight :  cond i t ions .  

In  a d d i t i o n  t o  t h e  ground based s imula to r  s t u d i e s  of  supersonic  t ransport:  
ope ra t ing  problems, f l i g h t  t e s t s  w i l l  be conducted u t i l i z i n g  spec ia l11  
modified l a r g e  je t :  t r a n s p o r t s  t o  v a l i d a t e  and extend s imula t ion  r e s u l t s ,  ti : )  

d e f i n e  t h e  he igh t  c o n t r o l  requirements i n  f l a r e  and landing ,  and t o  e c a l u a t e  
t h e  requiremcsit:; f o r  a i rwor th iness  t es t  procedures .  These programs w i  11 
u t i l i z e  ai.rcl:aft: a l r eady  owned by t h e  NASA o r  ob ta ined  on s h o r t  te im l e a s e  for. 
t h i s  purpose 4,  

V/STOL A i r c r a f t  

1966 ---- 1964 1965 

Aerodynamic::;. .................... $509,000 $990,000 $s~oo,ooo 
Loads and s1:riict:ures. ........... 560,000 1 ao , ooo 1 00,000 
Propuls ion ,  ...................... 950,000 750,000 2 00,000 
Operating p;roI)lems. 860,000 930,000 -- €100 ,000 .............. 

T o t a l . . .  ........................ $2,850,000 $2,C!OO ,000 -- 
I n  FI' 1966, g r e a t e r  a t t e n t i o n  w i l l  be  given t o  t h e  p o t e n t i a l  use of 

V/STOL aircraEt f o r  c i v i l  app;i .cations.  I n i t i a l  s t u d i e s  o f  t h e  small STOL 
a i r c r a f t  w i l l .  b e  extended t o  a d d i t i o n a l  wind tunne l  i n v e s t i g a t i o n s  anc t o  ti  

f l i g h t  evalua1:ion of a conf igu ra t ion  considered s u i t a b l e  f o r  sho r t -ha i  1 
commercial opt'riltion i n t o  r e l a t  i v e l y  small unprepared a reas .  Spec ia l  
emphasis w i l l .  be given t o  provi.ding research  and o p e r a t i o n a l  informati  on 
r equ i r ed  i.n the development of more s o p h i s t i c a t e d ,  l a r g e r ,  V/STOL s h o r t  -haul 
a i r c r a f t  requ-Lred t o  s a t i s f y  inc reas ing  t r a n s p o r t a t i o n  needs i n  congested,  
h igh ly  deve1cq)ed a r e a s .  



Continued 'high p r i o r i t y  w i l l  be  g iven  t o  wind tunne l  and, i f '  f ea : r ib le ,  
f l i g h t  i n v e s t i g a t i o n s  of high speed j e t  V/STOL types .  For example, s])ecial 
s tudy  w i l l 1  be  made of i n t e r f e r e n c e  and engine hot -gas  r e inges t ion  problems, 
of  p a r t i c u l a r  cfoncern f o r  j e t  V/STOL des igns .  

1nve:;tigatioii of t h e  problems of a l l  weather  landing  f o r  V/STOL i t i r c r a f t  
w i l l  be  cont inued.  
research  h e l i c o p t e r  as a tes t  bed t o  i n v e s t i g a t e  b a s i c  p i l o t  d i s p l a y  i -equire-  
ments dur ing  s imulated zero-zero landings.  An i nc rease  i n  t h e  unders1:anding 
of t h e  f a c t o r s  a f f e c t i n g  minimum and optimum requirements  f o r  V/STQL tiandl ing 
q u a l i t i e s  and c o n t r o l ,  under Visual  F l i g h t  Rules as w e l l  as Instrument F l i g h t  
Rules cond i t ions ,  w i l l  a l s o  be obta ined  through cont inuing  f l i g h t  s t u d i e s  
wi th  two llASA v a r i a b l e - s t a b i l i t y  V/STOL a i r c r a f t  and wi th  t h e  s i x  -degi-ee-o E -  
freedom s i m u l a t x ;  r e l a t e d  information w i l l  be  obta ined  through NATA p a r t i c -  
i p a t i o n  i n  s p e c i f i c  m i l i t a r y  f l i g h t  eva lua t ions  (e .g .  on t h e  XC-142A 1 i l t-  
wing, X-l!)A t i l t - p r o p ,  and XV-!jA l i f t - f a n  v e h i c l e s ) .  

Included w i l l  be  a s tudy  us ing  a h igh  performance NASA 

F l i g h t  and wind tunnel  s t u d i e s  t o  i n v e s t i g a t e  t h e  c h a r a c t e r i s t i c t i  of 
s e v e r a l  new :cotor concepts  having t h e  p o t e n t i a l  of g r e a t l y  improved pc!rform- 
ance f o r  f u t u r e  h e l i c o p t e r s  w i l l  cont inue ;  p a r t i c u l a r  a t t e n t i o n  w i l l  lie given 
t o  t h e  noli-a-cticullated r o t o r ,  s t u d i e d  i n  f l i g h t  wi th  the  NASA XH-5LN 
he1  i cop t  e r  . 

Hypersonic Ramiet Experiment 

1966 .--.- 1964 1965 

P ropu l s ion . .  ...................... --- $3,125,000 $5,000,000 

Tota l  .......................... --- $3,125 .OOOs u ) O O  ,000 

Hypeirsoiiic l i f t i n g  v e h i c l e s  have been s t u d i e d  ex tens ive ly  f o r  a p p l i c a -  
t i o n  t o  va r ious  ea r th - to -ea r th  and e a r t h - t o - o r b i t  miss ions .  Propu'lsion for 
such vehicle:;  cou1.d be by r o c k e t ,  a i r  b rea th ing  engine,  o r  a combinatj.on of 
t h e  two. The milch b e t t e r  s p e c i f i c  impulse ( f u e l  economy) of t h e  a i r  t l reath-  
i ng  engine,  however, i s  an e s p e c i a l l y  a t t r a c t i v e  f e a t u r e  of t h i s  type  of 
engine.  There <is a substantii33. background of fundamental knowledge a p p l i -  
cab le  t o  air brea th ing  hypersonic  propuls ion  concepts which i n d i c a t e s  a 
t h e o r e t i c a l  c a p a b i l i t y  f o r  p o s i t i v e ,  u s e f u l  t h r u s t  t o  o r b i t a l  speeds.  The 
next  e s s e n t i a l  s t e p  i s  an experimental  demonstrat ion of t h e  f e a s i b i l i t y  of  
t h e s e  concept:.; .Ear a p p l i c a t i o n  t o  p r a c t i c a l  f u t u r e  propuls ion  systems. 

Until. vt? ry r e c e n t l y  t h e  des ign  and cons t ruc t ion  of such an experj.menta1 
propuls ion  system would not  have been p o s s i b l e ,  because of  t h e  exis ter tce  of 
l a r g e  gaps i n  e s s e n t i a l  knowledge, such as t h e  necessary  understanding, of 
supersonj.c: cornbus t:ion . Now, however, t h e s e  gaps have been narrowed s t , f  f i - 
c i e n t l y  t o  m a l t e  such an undertaking f e a s i b l e  and t o  permit s e l e c t i v e  j ncreases  
i n  emphasis 011 t h e  s tudy  of component i n t e r a c t i o n  and o v e r - a l l  engine 
func t ioning .  A l s o ,  u n t i l  very  r e c e n t l y ,  t h e  t e s t i n g  of  such a pr0pu1:~ion 
system w a s  ini>o:;sFble due t o  t h e  t e c h n i c a l  i n a b i l i t y  t o  b u i l d  an adequate 
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ground based research  f a c i l i t y  and t h e  l ack  of a f l i g h t  v e h i c l e  capable  of 
sus t a ined  f l i g h t  a t  t h e  requi red  speeds.  The X-15-2, r e b u i l t  a f t e r  i:s 
landing acc iden t ,  now incorpora tes  modi f ica t ions  enabl ing sus t a ined  f l i g h t  
a t  speeds i n  excess of Mach number 6 ;  although t h e s e  modi f ica t ions  we.re made 
s p e c i f i c a l l y  f o r  o t h e r  research  purposes,  t h i s  increased  performance g ives  
NASA the  oppor tuni ty  of us ing  t h e  X-15-2 as a c a r r i e r  v e h i c l e  f o r  hypersonic  
propuls ion  systems and of accomplishing t h e  requi red  research  on these  
systems. The development and f l i g h t  test  of such a research  engine would 
both advance the  technology and provide key information on which t o  b a e  the  
planning of f u t u r e  research .  This  p r o j e c t  seeks  t h e  eventua l  c o r s t r u c t i o n  
of a ramjet  research engine f o r  t h i s  purpose. 

The ramjet p r i n c i p l e  has  been s e l e c t e d  f o r  t h i s  s tudy  because i t  
promises to  'be p a r t i c u l a r l y  app l i cab le  t o  f u t u r e  hypersonic  t r a n s p o r t  a i r -  
c r a f t  and rezoverable  launch v e h i c l e s .  Great advantages i n  reduced weight 
and improved f l i g h t  e f f i c i e n c y  a r e  foreseen wi th  t h e  ramjet  a t  hqpersonic  
speeds.  

The reslearch engine t o  be developed w i l l  u s e  hydrogen as a f u e l  iind w i l l  
employ super,sonic as wel l  as subsonic burning. 
on ramjets  o.perat:ing i n  a speed range from Mach 3 upward i n t o  the hypc!rson:ic 
range.  

It w i l l  provide i n f o m a t i o n  

During the f i r s t  phase of t h e  program, which was s t a r t e d  i n  FY 1965 and 
w i l l  cont inue during FY 1966, s e l e c t e d  c o n t r a c t o r s  a r e  performing independent 
s t u d i e s  t o  e:; t a b l i s h  t e c h n i c a l  concepts and accomplish prel iminary de2,igns. 
These s t u d i e s  c o n s i s t  p r imar i ly  of ana lyses  such as  engine c y c l e ,  :inlt!t aero-  
dynamics, and combustor and nuzzle  aerodynamics, wi th  some small snbst.an- 
t i a t i n g  labora tory  research .  Based on h i s  own s e l e c t e d  concept ,  eisch con- 
t r a c t o r  w i l l  propose complete p l ans ,  inc luding  schedules  and resource  requi re - .  
ments , f o r  tli,? cons t ruc t ion  a i d  ground t e s t  of t h e  s e l e c t e d  propuls ion 
system. 

Eva1uat:ilsn of t hese  proposals  w i l l  provide t h e  b a s i s  for a decigion o'ti 
t he  continua!: ion of t h e  project: through cons t ruc t ion  and f o r  s e l e c t i o n  of a 
s i n g l e  coIitril~:tc>r #, 

XB-70/SST F l i p h t  Research P ro iec t  

1966 .--.- 1964 1965 

Aerodynamic::;. .................... --- -e- $3,(~00,000 
Loads arid nzr i ic tures . .  .......... --- ---  3 ,000,000 

............. --- 4 000 , O O l  Operat irig 11 rob1ems. -..I_ 

Tota l  ........................... $:Lo,ooo ,000 ---- 
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Proposed designs f o r  supersonic  t r a n s p o r t s  and hypersonic  v e h i c l e s  
c e n t e r  around v e h i c l e s  whose ope ra t ing  environment (speed, a l t i t u d e ,  ciuration:) 
a r e  s i g n i E i c s n t l y  f a r  removed from t h a t  which can be reproduced i n  a !;round 
based f a c i l i t y  and whose shee r  s i z e  in t roduces  wholly new problems. ?he B-70  
as a research  too'i provides  NASA wi th  t h e  a b i l i t y  t o  v a l i d a t e  i t s  bas:i.c aero-  
dynamic t h e o r i e s  and experimental  r e s u l t s  ob ta ined  i n  ground f a c i l  i t i i s  t o  
account f o r ,  as  examples, e f f e c t s  of s c a l e  on s k i n  f r i c t i o n  and hea t  t r a n s f e r ,  
e f f e c t s  oE e l a s t i c  s t r u c t u r e  deformation on aerodynamics and the  e f f e c t  of 
hea t  soak on t h i s  deformation, e f f e c t s  of v e h i c l e  i n e r t i a  combined wii:h low 
damping (high a l t i t u d e )  on v e h i c l e  con t ro l  requirements ,  e f f e c t s  of v e h i c l e  
s i z e  on son ic  boom genera t ion  and propagat ion,  i n l e t  c o n t r o l  system rc!quire- 
ments and many o the r s .  A l l  of t hese  problems have been and w i l l  cont:i.nue t o  
be the  s u b j e c t  o f  major research  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 ;  the B-70 program w i l l  provide v i t a l  guidance and assessmerit of the 
soundness of t hese  programs, a s su r ing  t h a t  major programs such as the  Super- 
sonic  Transport  a r e  proceeding on a sound b a s i s .  

The pro,zran i s  being conducted i n  two d i s t i n c t  phases.  The f i r s t  phase,  
which begnn i n  FY 1963, cons i s t ed  of i n s t a l l a t i o n  of ins t rumenta t ion  : i s  t h e  
two XB-7014 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  d a t a  of 
i n t e r e s t  to N A S A  during the  USAF f l i g h t  t e s t  program. The second phase, 
beginning i n  E'Y 1066, w i l l  c o n s i s t  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 sea rch  which could not  be accommodated 
dur ing  t h e  USAF f l i g h t  program. I n  t h e  f i r s t  phase of t h i s  program, IIASA 
funded only the c o s t s  a s soc ia t ed  wi th  the  ins t rumenta t ion  and d a t a  accluisi-  
t i o n  requi red  f o r  those  measurements of i n t e r e s t  t o  NASA. The major c o s t ,  
t h a t  of opera 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  A i r  Force. 
I n  t h e  second phase,  NASA w i l l  fund a l l  of t he  c o s t s  a s soc ia t ed  wi th  i:he 
NASA XB-70/SdT F l igh t  Research Program, inc luding  t h e  c o s t  of o p e r a t i  lg one 
XB-70 a i r c r a f t .  

This  program i s  ob ta in ing  r e s u l t s  which a r e  u s e f u l  t o  t h e  Federa 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; t h e  FAA i s  kept  informed on t h e  progress  of t h e  program 
on a cont inuing  b a s i s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF TRA2K:LNG AND 
DATA ACQUKSIT ION 

TRACKING AND DATA 
ACQUISITION PROGRAM 

PROGRAM OBJEC'IIIIIES AND JUSTIFICATION: 

The purpos~e of t h i s  Program is  t o  provide  t r ack ing  and d a t a  acqui .s i t ion 
suppor t  t o  meet t h e  requirements of f l i g h t  p r o j e c t s .  Responsive and c f f i -  
c i e n t  suppor t  i s  provided f o r  a l l  p r o j e c t s ,  and as mutual ly  agreed,  f o r  pro j -  
ects of t h e  1Iep.arrtment of Defense, o t h e r  government agencies ,  univers:l . t ies,  
p r i v a t e  corpora t ions ,  i n t e r n a t i o n a l  o rgan iza t ions ,  and o t h e r  countr ies ;  engaged 
i n  mutual r e sea rch  endeavors. 

Support i s  provided f o r  manned and unmanned f l i g h t s ;  f o r  spacecr i i f t ,  
launch v e h i c l e s ,  sounding rocke t s ,  and r e s e a r c h  a i r c r a f t ;  f o r  Ea r th  o r b i t a l  
and sub-o rb i t a l  missions,  l una r  and p l a n e t a r y  missions,  and space  probes. 

Types of suppor t  provided inc lude  t r ack ing  t o  determine t h e  posil-ion 
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 E i c  ex- 
periments and on the  engineer ing  performance of s p a c e c r a f t  and launch v e h i c l e  
systems, t ransmiss ion  of commands from ground s t a t i o n s  t o  s p a c e c r a f t ,  com- 
munication of information between va r ious  ground f a c i l i t i e s  and miss ion  con- 
t r o l  c e n t e r s ,  and process ing  of t h e  d a t a  acqui red  from t h e  space  vehi1:les. 
Without t h i s  v i t a l  support ,  t h e  space  r e sea rch  program would n o t  be p t x s i b l e .  

Tracking and d a t a  a c q u i s i t i o n  suppor t  i s  provided by a world-wide ne t -  
work of ground s t a t i o n s  ( i n c l u d i n g  Department of Defense s t a t i o n s  and in-  
strumented 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 a t i o n s  are l inked  toge the r  by a network of ground communications which pro- 
v ides  the  r e a l - t i m e  information necessary  f o r  c r i t i ca l  dec is ions , ,  F a l c i l i t i e s  
a l s o  are provided t o  process  i n t o  meaningful form t h e  l a r g e  amounts O E  d a t 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 data  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 c u r r e n t  
missions.  A t  t h e  same t i m e ,  they  must be  augmented t o  m e e t  t h e  requirements  
of missions i n  t h e  immediate fu tu re .  Concurrent ly ,  planning musc proceed f o r  
p r o j e c t s  which are even f u r t h e r  i n  t h e  f u t u r e ,  and equipment and techniques 
must be  developed t o  a s s u r e  a sound t echno log ica l  approach f o r  t h e  support  of 
t h e  more complex mission requirements  of t h e  n e x t  genera t ion .  

The Research and Development Appropriat ion provides  funds for :  (a) the  
opera t ion  and  maintenance of t h e  world-wide f a c i l i t i e s ,  (b)  t h e  procurement 
of equipment arid modi f ica t ions  t o  adapt  t h e  f a c i l i t i e s  f o r  new and changing 
f l i g h t  p r o j e c t  requirements ,  and (c) t h e  development of advanced t.racking 
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  de- 
t a i l  p l ans  smid r e l a t e d  funding requirements  t o  cont inue  t h e  Tracki.ng and Data 
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Acquis i t ion  Programin each of t h e s e  areas dur ing  FY 1966. 

I n  F'I l965, t h e  Congress au tho r i zed  $261,900,000 f o r  t h e  Traickinl; and 
Data Acqu i s i t i on  Program. 
of $274,750,000 f o r  t h e  program. 
t r ack ing  ,and d a t a  a c q u i s i t i o n  func t ions  and related funding a u t h o r i t y  from 
c e r t a i n  f l i g h t  p r o j e c t s  i n  t h e  Space Science and Appl ica t ions  Program t o  t h e  
Tracking #and Data Acqu i s i t i on  Program. 

A s  i n d i c a t e d  below, NASA has a l l o c a t e d  an ;mount 
This  i s  due t o  t h e  t r a n s f e r  of gene:i:al 

Respsonsibility f o r  t h e  Space F l i g h t  Operat ions F a c i l i t y  (SFOF) al: the 
J e t  Propuls ion Laboratory, Pasadena, C a l i f o r n i a ,  w a s  t r a n s f e r r e d  from t h e  
Lunar and P lane ta ry  Program. This  f a c i l i t y  provides  f o r  t h e  performai~ce of 
c o n t r o l  func t ions  a s s o c i a t e d  wi th  miss ions  supported by t h e  Deep Spac i  
Network. 

Also t r a n s f e r r e d  t o  t h e  Tracking and Data Acquis i t ion  Program w a s  
r e s p o n s i b i l i t y  f o r  providing ground s t a t i o n  suppor t  f o r  t h e  A p p l m a t i m s  
Technology S a t e l l i t e .  
Appl ica t ions  Technology S a t e l l i t e s  Program. 

Funds f o r  t h i s  func t ion  w e r e  formerly inciuded i n  t h e  

SUMMARY OF RESOURCES REQUIREMENTS: 

11366 --- 1964 1965 

Operationso.. . . .  .................... $78,131,000 $102,819,000 $129,300,000 
Equipment ............................ 103,326,000 157,248,000 102,400,000 
Supporting r e sea rch  and technology.. 12,890,000 14,683,000 14,500,000 

Total............................. $194,347,000 $274,750,000 - $246,200,000 

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 :  

Marsh~all Space F l i g h t  Center...... $2,900,000 $2,000,000 $1,500,000 
Godda.rd Space F l i g h t  Center .  ...... 132,817,000 195,201,000 173,400,000 
Jet ProFulaion Laboratory.. ....... 42,070,000 59,799,000 53,000,000 
Wallops S ta t ion . .  ................. 5,100,000 5,450,000 : ,900,000 

2 ,000 $000 F l i g h t  F.esearch Center..  .......... 1,800,000 2,200,000 
Langley Research Center. .......... 2,450,000 2,200,000 2 ,500,000 
NASA Headquarters. .  ............... 7,210,000 7,900,000 i,900,000 

BASIS OF FUEIDING REQUIREMENTS : 

Operat ions 

1966 - 19 64 1965 

Manned space  fl . ight network.. ....... $18,795,000 $24,258,000 $351,100,000 
S a t e l l i t e  network.. ................. 23,464,000 27,340,000 32,, 300,000 
Deep Space Network.. ................ 11,833,000 19,394,000 2?l,700,000 
Other i .nst"~nentation..  ............. 5,736,000 6,100,000 t1,300,000 
Comunica t  ioi;ls ...................... 12,026,000 18,627,000 2:1,800,000 
Data pi:occ?ss i r i g . .  ................... 6,277,000 7,100,000 >!, 100,00(! 

Tota l . .  ............................. $78,131,000 $102,819,000 $12511,300,00(! - 
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Manned Space F l i g h t  Network 

19 64 1965 1966 - --- 
$24,258.000 $35,100,000 

The Maniiszd Space F l i g h t  Network w a s  ready t o  suppor t  t h e  Gemini I ' r og rm 
T h e  va r ious  r equ i r ed  equipments were i n s t a l l e d  a t  t h e  s i :a t ions on schedule.  

and checked out .  
s imula t ions  were conducted t o  v e r i f y  ope ra t ing  procedures and t o  inte1;rate  
t he  s t a t i o n s  i n t o  a cohesive network. Opera t iona l  r ead iness  i s  a.ssurc:d €or  
suppor t  o.E t h e  remaining Gemini launches. 

T ra in ing  of ope ra t ing  s t a f f s  w a s  completed and miss:.on 

The Manned Space F l i g h t  Network f o r  suppor t  o f  Gemini c o n s i s t s  O E  seven 
primary Land s t a t i o n s  a t  Cape Kennedy, F lo r ida ;  Bermuda I s l ands ;  Grand Canary 
I s l ands ;  Carnarvon, A u s t r a l i a ;  H a w a i i ;  Guaymas, Mexico; and Corpus C h c i s t i ,  
Texas; twfo s h i p s ,  t h e  Rose Knot Vic tory  and t h e  Coas ta l  Sent ry  Quebec; and 
s i x  secondary land s t a t i o n s  a t  Kano, Niger ia ;  Madagascar; Canton I s l a i d ;  
Po in t  Arguel lo ,  Ca l i fo rn ia ;  White Sands, New Mexico; and Eg l in  A;r Force 
Base, F lo r ida .  The Madagascar s t a t i o n  r ep laces  t h e  s t a t i o n  which w a s  removed 
from Zanzibar a s  a r e s u l t  of t h e  revolu t ion .  

Bringing, t h i s  world-wide network of s t a t i o n s  t o  t h e  r equ i r ed  s t a t e  of 
r ead iness  fcr t h e  Gemini Program has had, and i s  cont inuing  t o  have, a d i r e c t  
i m p a c t  upon ope ra t ions  c o s t s  due t o  requi red  t r a i n i n g  and i n c r e a s e s  i n  man- 
n ing  l e v e l s ,  l o g i s t i c s ,  and gene ra l  network support .  This  impact i s  causing 
inc reases  i n  FI' 1965, and a d d i t i o n a l  i n c r e a s e s  w i l l  be  r equ i r ed  in  FY 1966# t o  
main ta in  the. c a p a b i l i t y  of t h e  network dur ing  a f u l l  year  of Gemini ope ra t ions .  

Conc.urrent:l.y wi th  provid ing  f u l l  o p e r a t i o n a l  suppor t  f o r  t h e  Gerrini Pro- 
gram, the  Marinad Space Flight:  Network i s  be ing  augmented f o r  t h e  Apollo Pro- 
gram. Not only are s i g n i f i c a n t  equipment a d d i t i o n s  be ing  made t o  e x i s t i n g  
s t a t i o n s ,  b u t  several new land s t a t i o n s ,  s h i p s  and instrumented a i r c r a f t  are 
being added 110 t h e  network. 

The Mariiietl Space F l i g h t  Network, as p r e s e n t l y  planned f o r  Apollci, w i l l  
c o n s i s t  of ti5n 30-foot antenna s t a t i o n s ,  t h r e e  85-foot antenna s ta t ic ins ,  two 
p o r t a b l e  s t a t i o n s  wi th  l6- foot  antennas,  f i v e  s h i p s ,  and instrumentetl  a i r -  
c r a f t .  Of t hese  f a c i l i t i e s ,  t h e  t h r e e  85-foot  antenna s t a t i o n s ,  t h r c e  of 
t he  30-foot antenna s t a t i o n s ,  a l l  of t h e  sh ips ,  and t h e  a i r c r a f t  w i l . .  be  new,, 
A l l  of the  Escilities, inc luding  t h e  Gemini s t a t i o n s  which w i l l  be  modif ied 
f o r  Apollo, a r e  scheduled t o  become o p e r a t i o n a l  dur ing  t h e  p e r i c d  from mid- 
1966 through mid- 1967. S t a f f i n g  and t r a i n i n g  of ope ra t ing  personnel  must 
begin n i n e  t o  twelve months i n  advance of t h e  ope ra t iona l  d a t e s  t o  a s s u r e  
t h a t  t h e  s t a t i o n s  w i l l  be  ready t o  suppor t  Apollo missions.  I n  0rde.r t o  
meet t h i s  schedule ,  s i g n i f i c a n t  ope ra t ions  c o s t s  f o r  t h e  Apollo Program 
must occur i n  FY 1966. 



S a t e l l i t e  Network 

1'364 --- 
$:23,464,000 

1965 

$27,340,000 

1966 - 
$32,300,000 

The !Satellite Network inc ludes  13 e l e c t r o n i c  s t a t i o n s  of the Spac:e 
Tracking imd Data Acquis i t ion  Network (STADAN) managed by t h e  Goddard Space 
F l i g h t  Center ,  and 12 o p t i c a l  camera t r a c k i n g  s t a t i o n s  opera ted  by t h e  
Smithsoniisn ,4strophysical  Observatory (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 1:he 
s t a t u s  of each s a t e l l i t e ,  commands t h e  sa te l l i te  func t ions  and acqu i re s  
s t o r e d  o r  r ea l - t ime  d a t a  from the  satell i te.  The o p t i c a l  camera traclcing 
s t a t i o n s  provide  s p e c i a l i z e d  services i n  p r e c i s i o n  o r b i t a l  deterniinatLon on 
c e r t a i n  s a t e l l i t e s  of sc ien t i f ic  interest as w e l l  as backup suppor t  t o  
STADAN during launch and e a r l y  o r b i t  t r a c k i n g  of a l l  satell i tes.  

Operat ion of t h e  STADAN s t a t i o n s  i s  accomplished through va r ious  arrange-,  
ments. S t a t i o n s  loca ted  i n  t h e  United S t a t e s  and c e r t a i n  fo re ign  c o u n t r i e s  
are operated under commercial con t r ac t s .  Others  are opera ted  by fo re ign  
government agencies  i n  c l o s e  l i a i s o n  w i t h  NASA. 

During the  f i r s t - h a l f  of FY 1965, t h e  S a t e l l i t e  Network supported 31  
s a t e l l i t e s  us ing  t h e  e l e c t r o n i c  s t a t i o n s  of STADAN and 30 satellktes i s i n g  
the  o p t i c a l  c a p a b i l i t y  of t he  SA0 network. I n  t h e  case of STADAN, t h i s  com- 
p r i sed  2 1  NASA p r o j e c t s ,  3 i n t e r n a t i o n a l  coopera t ive ,  1 i n d u s t r i a l ,  and 6 
p r o j e c t s  i n  c i r e c t  support  of t h e  Department of Defense (DoD). :Cn t h e  case 
of the  o p t i c a l  network of SAO, t h i s  included 14 satel l i tes  i n  suppor t  of t h e  
SAO's s c i e n t i f i c  inves t iga t ions ,  14 satel l i tes  t o  provide  o p e r a t i o n a l  d a t a  t o  
NASA, and 2 E a t e l l i t e s  i n  response t o  DoD r e q u e s t s  f o r  suppor t  oil s p e c i f i c  
s a t e l l i t e s .  

I n  FY 1S166, t h e  S a t e l l i t e  Network w i l l  cont inue  t o  suppor t  inany of t h e  
same s a t e l l i t e s  which w i l l  s t i l l  be i n  o r b i t .  Seve ra l  of t h e s e  s a t e l l i t e s  
have exceeded t h e i r  es t imated  l i f e t i m e s  and t h e  o r i g i n a l l y  planned l e v e l s  
of support .  Adding to t h e  workload w i l l  be launchings of new satel l i tes ,  in-  
c luding  init.i.al. f l i g h t s  of t h e  Orb i t ing  Astronomical Observatory and t h e  Bio- 
satel l i te :  pr.ojc!cts, 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 n g  Geophysical 
Observatory p r o j e c t .  

Increased  o p e r a t i o n a l  c o s t s  i n  FY 1966 are caused by t h e  need t c  fund 
t h e  opera t ions  c o s t s  of t h e  85-foot antenna f a c i l i t y  a t  Canberra, the second 
such faci.lit:y a t  Rosman, North Caro l ina ,  and t h e  Range and Range Kate f a c i -  
l i t i e s  at: Al.aska. A l l  of t h e s e  f a c i l i t i e s  are scheduled t o  become oFlerational 
a t  t he  beginning of FY 1966. A s m a l l ,  b u t  gene ra l  i n c r e a s e  of s t a f f i n g  i s  
requi red  t o  meet increased  workloads i n  suppor t  of s c i e n t i f i c  s a t e l l i t e s  a t  
most s ta t ion: ; .  
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Deep Space Network 

1'3 64 1965 

$1 1,83 :3,000 $19,394,000 

--- 

The .3eep Space Network provides  t r ack ing  and d a t  

1966 - 
$23,700,000 

a c q u i s i t i o n  suppo t 
f o r  unmanned lunar  and p l a n e t a r y  space f l i g h t s .  The network provides  t rack-  
ing  d a t a  which are used to  determine, and make mid-course correct: ions to ,  
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  engineer ing  te lemet ry  d a t a  conce rn i i~g  per-  
formance of t h e  s p a c e c r a f t  systems so  t h a t  a p p r o p r i a t e  c o r r e c t i o n s  call be 
made t o  s p a c e c r a f t  ope ra t ions  as r equ i r ed ,  t r ansmi t s  commands t o  s p a c s c r a f t  
t o  execute  t h e  above func t ions ;  and records  t h e  s c i e n t i f i c  d a t a  which are 
acquired from t h e  spacec ra f t .  

Associated wi th  the  Deep Space Network i s  t h e  Space F l i g h t  Operat ions 
F a c i l i t y  (SFCF) which i s  loca ted  a t  t h e  Jet Propuls ion Laboratory,  Pasadena, 
C a l i f o r n i a .  T h e  SFOF rece ives  informat ion  t r ansmi t t ed  v i a  ground comnunica- 
t i o n s  from s t a t i o n s  of t he  Deep Space Network, processes  t h e  d a t a ,  and d i s -  
p l ays  t h e  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 s o c i a t e d  p ro j -  
ect  personnel can analyze real-time mission performance, make c r i t i c a l  de- 
c i s i o n s  concerning 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  i n s t r u c t i o n s  t o  the  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 SFOE' was e s t a b l i s h e d  and i n i t i a l l y  opera ted  by the  Office: of Space 
Science and Appl ica t ions  as p a r t  of t h e  Lunar and P lane ta ry  Program. I n  
r ecogn i t ion  of t h e  c l o s e  r e l a t i o n s h i p  between t h e  Deep Space Network and t h e  
SFOF dur ing  a c t u a l  ope ra t ions ,  management r e s p o n s i b i l i t y  f o r  t h e  SFOF, on 
December 1, 1.964, w a s  t r a n s f e r r e d  t o  t h e  O f f i c e  of Tracking and Data Ac- 
q u i s i t i o n .  (:oincident w i th  t h i s  change, a l l  FY 1965 funds,  which were a l -  
loca ted  f o r  mission-independent func t ions  of t h e  SFOF i n  t h e  Lunar- and 
P lane ta ry  Program,  were moved t o  t h e  Tracking and Data Acquis i t ion  Program, 
The FY 1966 I-equest inc ludes  funds f o r  con t inua t ion  of t h e s e  func t ions .  

During F Y  1966, t h e  i n i t i . a l  f l i g h t s  of t h e  Lunar Orb i t e r ,  Surveqor,  
and Pioneer  p r o j e c t s  w i l l  occur.  To m e e t  t h e  f l i g h t  schedule ,  the  Deep 
Space Net.worlr and t h e  SFOF f o r  t h e  f i r s t  t i m e  must be prepared t o  suFport  
more than one mission a t  t h e  same t i m e .  

A t  the  beginning of FY 1966, t h e  Deep Space Network w i l l  cons is t  of two 
opera t iona l  ;35--foot antenna f a c i l i t i e s  a t  each of t h e  t h r e e  l o n g i t u d j n a l  .Lo- 
c a t i o n s  requi red  t o  main ta in  cont inuous s u r v e i l l a n c e  of a lunar  01: p ]  a n e t a r y  
miss ion ,  Two of t h e s e  f a c i l i t i e s  (Madrid, Spain and Canberra, A u s t r a l i a )  
w i l l  become Eully o p e r a t i o n a l  i n  t h e  second h a l f  of FY 1965 so thii t  j u l l  op-  
e r a t i o n a l ~  c o ; t s  w i l l  occur for: t h e  f i r s t  t i m e  i n  FY 1966. Additiona:. opera- 
t i o n s  funds wi l l  be requi red  i n  FY 1966 t o  provide  e a r l y  ope ra t ions  1iersonne:l 
f o r  t he  pro to type  210-foot antenna f a c i l i t y  nea r ing  completion a t  Go..dstone, 
Cal i fornxa ,  md the  s p a c e c r a f t  checkout f a c i l i t y  which w i l l  beccme ope ra t  iona 1 
a t  Cape Kenn 2d.y.. 
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Other Ins t rumenta t ion  

11964 1965 1966 ----- 
$5., 736,000 $6,100,000 $6,300,000 

This  cat:egory provides  funds f o r  ope ra t ing  ins t rumenta t ion  s y s t e n s  used 
f o r  suppor t  0 2  sounding rocket: programs conducted by F o r t  Church i l l ,  Canada, 
and Wallops Siration, V i rg in i a ,  and f o r  t h e  f l i g h t  r e sea rch  programs a t  t h e  
F l i g h t  Reseaixh Center ,  C a l i f o r n i a .  General  purpose t r ack ing ,  te lemet ry ,  
d a t a  acquisit:.ion, recording,  t iming, p l o t t i n g ,  and communications systems 
are used its wel l  as s p e c i a l  purpose o p t i c a l  and sound ranging ( a c o u s t i c a l )  
equipment f 01: s p e c i f i c  m i s s  ions .  

The instrurnentat ion r equ i r ed  f o r  suppor t  of missions launched frclm Wai- 
lops  S t a t i o n  is operated 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  Ueather Bureau, t h e  Nat iona l  Bureau of Standards,  t h e  IJ. :#. Navy, 
t h e  U. S .  A i r  Force,  and t h e  M i l i t a r y  Sea Transpor t a t ion  Service.  1nc.reast.d 
ope ra t ions  co.;ta f o r  FY 1966 are  due p r i m a r i l y  t o  t h e  s h i p  ope ra t ion  < .os t s  
of a s h i p  borne sounding rocket: expedi t ion  t o  t h e  broad ocean areas of t h e  
southern hemisphere. A t  F o r t  Churchi l l ,  t h e  ins t rumenta t ion  i s  contrzictor 
operated and is funded j o i n t l y  by t h e  Department of Defense and NASA iis a 
coopera t ive  effort:. 
r a te  as i n  t h  tcurrent year. 

A c t i v i t y  w i l l  cont inue  i n  FY 1966 a t  about  t h e  same 

The F l i g h t  Research Cen te r ’ s  Aerodynamic T e s t  Range inc ludes  thrc!e si tes 
loca ted  i n  the  Nevada and Eastern C a l i f o r n i a  area. 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 c o n t r a c t o r  I’erson- 
ne l .  The El:y and Bea t ty  s i tes  i n  Nevada are c o n t r a c t o r  operated.  Among t h e  
programs to be supported i n  FY 1966 w i l l  be  t h e  Lunar Lander Research Veh ic l e ,  
t he  L i f t i n g  .3eentry Research Vehicle ,  and t h e  space sciences experimetit pro- 
gram us ing  the  X-15. 

Communications 

19 64 1965 1966 . ----- 
$12.026.000 $18,627,000 $23,800,000 

The t r ack ing  networks are  dependent upon r e l i a b l e  and r a p i d  commimica- 
t i o n s  between the  s t a t i o n s  and t h e i r  c o n t r o l  cen te r s .  Acquis i t ion ,  command, 
and contr ,ol  da ta  must be s e n t  from t h e  c e n t e r s  t o  the  s t a t i o n s  arid thlz s ta -  
t i o n s  m u s t  r e l a y  t r ack ing  and te lemet ry  d a t a  back t o  t h e  c o n t r o l  c e n t ? r s  f o r  
r ap id  a n a l y s i s  of s p a c e c r a f t  performance so t h a t  c o r r e c t i v e  measures :an he 
taken quick ly  i f  problems develop aboard t h e  s p a c e c r a f t .  

A s  s p a c e c r a f t  have become l a r g e r  and have been designed t o  perform many 
a d d i t i o n a l  and a l t e r n a t i v e  func t ions ,  realtime monitor ing and c o n t r o l  of t.he 
s p a c e c r a f t  by t he  mission c o n t r o l  c e n t e r s  has  become an inc reas ing ly  important 
requirement.  To support  t hese  advanced missions,  t h e  requirements  f o r  vol.ume 
and r e l i a b i l i t y  of communications between mission c o n t r o l  center!j and network 
s t a t i o n s  have been s t e a d i l y  increas ing .  

R.D 22-6 



In  order  t o  minimize t h e  a c t u a l  growth of communications l i n e s  aiid 
f a c i l i t i e s ,  t h e  ope ra t iona l  communications system has been consol.i.dat?d i n t o  
a s i n g l e  system t o  support  a l l  networks. Communications swi tch ing  ceiite.rs 
have been e s t a b l i s h e d  a t  major l o c a t i o n s  such as Goddard Space F l i g h t  Center;  
London; and A u s t r a l i a  t o  provide  the  maximum c a p a b i l i t y  of sharirig c i r c u i t s ,  
Maximum u s e  i s  being made of a l t e r n a t e  vo ice  and d a t a  sha r ing  of c i r c s i i t s .  
However, s t i l l  f u r t h e r  i nc reases  i n  communications capac i ty  a r e  requi red .  

I n  the  case  of Apollo, a d d i t i o n a l  voice-grade c i r c u i t s  and r - i n e  
t e l e t y p e  c i r c u i t s  t o  overseas  t r ack ing  l o c a t i o n s  w i l l  be  needed over the 
p re sen t  G e m i n i  requirements .  The major po r t ion  of t h e s e  c i r c u i t s  w i l l  be in-  
s t a l l e d  during FY 1966. To f u r t h e r  support  Apollo, two wide-band d a t a  l i n k s  
must be i n s t a l l e d  dur ing  FY 1966 between Cape Kennedy and Houston t o  ?rovide 
near  r ea l - t i r r e  te lemet ry .  I n i t i a l  communications arrangements w : . X  b ?  s t a r t e d  
i n  FY 19615 t 3  meet ship- to-shore requirements  f o r  p r o j e c t  Apollo. 

Also dur ing  FY 1966, a d d i t i o n a l  wide-band d a t a  c i r c u i t s  w i 1 . i  bec3me op- 
e r a t i o n a l  frclm Goddard Space F l i g h t  Center  t o  Rosman (North CaroLina) t o  
support  t he  Clrb'iting Geophysical Observatory and the  Orb i t ing  As~:rononical. 
Observatory; and between Cape Kennedy and Hun t sv i l l e  i n  support  o f  t he  Launch 
Information E:xc.hange F a c i l i t y  which w i l l  ope ra t e  as a subcontro? c e n t e r  t c l  
t h e  Mission C:on.trol Center a t  Houston t o  ana lyze  and recammend a c t i o n s  for- 
t h e  Sa turn  I€; and Sa turn  V launch veh ic l e s .  

Data Process ing  

$6,277,000 S7.100.000 $8,100,000 

Informa t:ion received in  t h e  form of t r ack ing  and te lemet ry  Erom sa te ; i l i t e : ;  
and space p r o b e s  must be processed i n t o  a form t h a t  i s  u s e f u l  t o  both those 
performing the  r ea l - t ime  c o n t r o l  of t h e  space v e h i c l e  and those  cesporisib.ie 
f o r  analyzifig t.he s c i e n t i f i c  da t a  acqui red  by the  spacec ra f t .  

Tracking d a t a  are  processed t o  provide  o r b i t a l  elements whith are  uscd 
t o  supplq s t a t i o n s  wi th  p r e d i c t i o n s  on f u t u r e  passes  of t he  s p a c e c r a f t  anci 
t o  provide p o s i t i o n  information t h a t  can be used by the  s c i e n t i f i c  e x p e r i - -  
menters t o  ceterrmine where i n  t he  t r a j e c t o r y  t h e  s c i e n t i f i c  meas irements 
were made. 

Te1e.met.ry d a t a  must be processed t o  s e p a r a t e  the  informat:io:J frcm the  
var ious  sc i e r i t i f  i c  experiment.s aboard the  s p a c e c r a f t ,  t o  c o n s o l i j a t e  i n f o r -  
mation from each experiment,  t o  apply the  necessary  s c a l i n g  f a c t s r s  and C a l i -  

b r a t i o n s  of {:he measuring ins; truments,  and t o  c o r r e l a t e  these  measurements, 
wi th  t h e  pos.:.tFon. d a t a  mentioned above. Processed d a t a  presented  t o  the  
experimenters i s  the  primary o b j e c t i v e  of t he  s p a c e c r a f t  missions which are 
undertaken t o  a:xp l o r e  and understand space.  



During E'Y 11964, d a t a  were processed a t  an average of 8,000,000 d E t a  
p o i n t s  pe r  day. Based upon the  f i r s t  h a l f  of t h e  year ,  i t  i s  expectec t h a t  
addi t ional .  launches w i l l  occur dur ing  FY 1965 which w i l l  i n c r e a s e  t h e  da ta  
process ing  work.load t o  an average of  70,000,000 d a t a  p o i n t s  p e r  day. 

During F'i ,1966, the  da ta  process ing  workload i s  expected t o  inc rease  
t o  200,000,000 tiat:a p o i n t s  p e r  day, 
load w i l l  r e s u l t  p r i m a r i l y  from the  i n c r e a s e  i n  observa tory  s a t e l l i t e s ,  t h e  
Eccen t r i c  Geophrsical  Observatory (EGO),  Po lar  Orb i t ing  Geophysical Ok serva-  
t o r y  (POGO), .md Orb i t ing  Astronomical Observatory (OAO) p l u s  the. noimal 
launching of 15xplorer type s a t e l l i t e s  whose r e l i a b i l i t y  has increased  over 
t he  years  so  :hat- they cont inue  t o  supply u s e f u l  s c i e n t i f i c  d a t a  f o r  s e v e r a l  

This  a d d i t i o n a l  d a t a  process ing  bfork- 

years  . 
Equipment 

1964 

Manned $;pacts El ight  network $56,234,000 
S a t e l l i t e  i1,etwoi:k.. .......... 15,297,000 
Deep space ine twork. .......... 12,004,000 
Other inst i r .mentat ion. .  ...... 4,690,000 
Comrnun ica  t :i 3ns ............... 4,036,000 
Data processing. .  ............ 11,065,000 

Total . . . . . . . . . . . . . . . . . . . . . .  $103,326,000 

1965 

$114,217,000 
17,250,000 
11,520,000 
5,300,000 
4,110,000 
4,851,000 

157,248,000 

Manned Space F l i g h t  Network 

1964 1965 

Receiving * s y s t e m s . . . . . . . . . . . .  $8,613,000 
Transmi t t ing  systems.. ....... 3,142,000 
Ranging sys t em. . . . . . , . . . . . . .  3,811,000 
Antenna systems.. , . . . . . . . . . . .  7,915,000 
Command systems. . , . . . . . . . . . , .  585,000 
Data handl ing systems.. . . . . . .  8,339,000 
Demodulatim sys t ems . . . . . . . . .  7,123,000 
Communications equipment... . .  165,000 
Ship modif icat ions. . . . . . . . . . .  4,452,000 
A i r c r a f t  modi f ica t ions . . . . . . .  --- 
Control  ceinters........ ...... 2,395,000 
General network suppor t , . . . . .  6,405,000 
Maintenance, spa res ,  and 

repairs . . . . . . . . . . . . . . . . . . . .  3,289,000 

$8,388,000 

7,530,000 
2,115,000 
5,645,000 

12,675,000 
8,800,000 

37,700,000 
21,700,000 

5,9 49,000 

444,000 

--- 

--- 

3,27 1,000 

Total . . . . . . . . . . . . . . . .  ...... $56,234,000 $114,217,000 

$64,(~00,000 

9 ,  t100,000 
5,500,000 
4 , ~ ~ 0 0 , 0 0 0  

---A- 4 ~ ~ 0 0 , 0 0 0  

14,;00,000 

$10, :roo, 000 
l , ! i O O ,  000 
2,000, o(30 
4, :!oo,ooo 
6,000,000 

10, :100,000 
10, 100,000 
3,:!00,000 

4 ,  .loo, 000 

- - 
- - 

5 ,  ~ i 0 0 , O Q O  

- 5 ,  a300,OQO 

O r i g i n a l l y  implemented as t h e  Mercury Network, t h e  Manned Space : ? l i g h t  
Network has now been augmented f o r  suppor t  of t h e  Gemini Program i.n t'ie areas 
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of t r ack ing ,  i:el.emetry, cmnand,  and communication. Addi t iona l  aclgmen t a t i o n  
of t h e  net.wor.1: t:o m e e t  t h e  vast . ly  increased  requirements  f o r  support  cf  t he  
Apollo Sa turn  III and Sa turn  V programs w a s  i n i t i a t e d  i n  FY 1964 a n d  i s  can- 
t i nu ing  i n  f i s c a l  yea r s  1965 and 1966. 

Apol l o  ni:.s:;ion requirements encompass ins t rumenta t ion  t o  proqide: 
(1) from t.he early b a l l i s t i c  and e a r t h  o r b i t a l  miss ions ,  t h e  engineer ing  
da ta  needed f o r  t h e  e f f i c i e n t  development of t h e  lunar  landing c a p a b i l i t y ,  
and ( 2 )  f o r  t he  l a te r  lunar  mi-ssions, information f o r  making t h e  complex 
mission dec i s  -011s i n  real- tirw and t o  provide d a t a  f o r  subsequent a n a l y s i s  
of sys  tens beliavi.or. 

The plariried augmentation of t he  Manned Space F l i g h t  Network f o r  Ppol lo  
w i l l  resu1.t i n  tern 30-foot antenna s t a t i o n s ,  t h r e e  85-foot antenna s t z t i o n s ,  
two transport.ab.1e s t a t i o n s  wit-h 16-foot  antennas,  f i v e  s h i p s ,  and eigl- t in.- 
strumentecl airci-af t .  This  network conf igu ra t ion  w i l l  p rovide  t h e  groLnd i i t -  

strumentat.iort support  necessary  t o  f u l f i l l  t he  p r e s e n t l y  def ined  Apollo Pro- 
gram requi.renteni:s; however, s p e c i f i c  mission d e f i n i t i o n  and a s soc ia t ec  t r a c k -  
i ng  and da ta  . q u i s i t i o n  requirements  d e f i n i t i o n  is a cont inuing  e f f o r t  ancl 
a d d i t i o n s  may be necessary  i n  f u t u r e  f i s c a l  years .  

During ca lendar  year 1364, Apollo mission planning has been cont inued 
i n  g r e a t e r  d e  :a i l  as the va r ious  s p a c e c r a f t  and launch v e h i c l e  charact  er- 
i s t i c s  have bizcome b e t t e r  def ined.  A s  a r e s u l t ,  a d d i t i o n a l  suppor t  r equ i r e -  
ments have been i d e n t i f i e d .  F o r  example, communications and t r a c k m g  coverage 
requirements during the per iod  immediately a f t e r  launch have been cwaluated 
f o r  compatibi. Licy wi th  newly a v a i l a b l e  s p a c e c r a f t  and launch v e h i c l e  zntenna 
p a t t e r n s .  Tr,m:;portable commartd and te lemet ry  s t a t i o n s  must be added  a t  
Grand BahEuna ,mtl Grand Turk I s l a n d s  t o  c l o s e  gaps i n  coverage and irhu: pro-. 
v i d e  the  needed f l i g h t  contr0.I. c a p a b i l i t y  dur ing  t h i s  important: m i s s  icln 
phase. 

A s  another  example, a review of cormnand and d i s p l a y  requirements  f o r  
mission f l i g h :  c o n t r o l  a t  the  network s t a t i o n s  has ind ica t ed  t h a t  t h e  meter 
type d i s p l a y s  c u r r e n t l y  used f o r  similar func t ions  i n  support  (I.€ t h e  C;eminl 
Program w i l l  noi: be adequate  lor t h e  increased  amount of d a t a  f r o m  the! Apollo 
spacecraft:  arid Launch vehicle!j,,, A t  remote s t a t i o n s  w i t h  l imi t ed  c.apa'tlility 
for communication wi th  the  I n t e g r a t e d  Mission Control  Center ,  i t  w f i I 1  be 
necessary  t o  j>rovj.de d a t a  processors  and numeric p r e s e n t a t i o n  o f  c r i t i c a l  
c o n t r o l  parar ie ters  s o  t h e  f l i g h t  c o n t r o l l e r s  can r a p i d l y  select  and a: s i m i -  
l a t e  the  l a r g e  ;mounts of d a t a  they  need t o  make t h e  dec i s ions  on whic.h t h e  
success  of t he  mission depend:; e Simi la r  d e t a i l e d  reviews of s u p p o r t  :.apa- 
b i l i t i e s  have led  t o  i d e n t i f i c w t i o n  of o t h e r  needed a d d i t i o n s  to slzanciard. 
network sys t tms ,  

Recej.vin,g, t r ansmi t t i ng ,  and ranging  systems w i l l  p rovide  the. capa- 
b i l i t i e s  f o r  t ransmission and r ecep t ion  of vo ice  and te lemet ry  s i g n a l s ,  pro- 
v ide  d a t a  f o r  antenna d i r e c t i n g ,  and enable  measurement of t he  posi t ic lns  arid 
v e l o c i t i e s  of t he  s p a c e c r a f t  iIrld launch veh ic l e s .  I n  FY 1966, s ens i t i . ve  
maser preamp.L i f  iers w i l l  be incorpora ted  i n  t h e  s t a t i o n s  a t  Carnarvon, 
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Aust ra l ia , ,  and a t  Ascension I s l a n d  t o  provide  increased  r ece iv ing  s e n : # i t i v i t y  
s u f f i c i e n t  t o  f i l l  gaps i n  ins t rumenta t ion  suppor t  dur ing  t h e  c r i t i ca l  t r ans -  
p o s i t i o n  maneuver of t h e  Command/Service Module (CSM) and t h e  Lunar E,:cursion 
Module (LFA). Addi t iona l  r ece iv ing  and t r a n s m i t t i n g  channels w i l l  be  added 
a t  e i g h t  :land s t a t i o n s  and t h r e e  s h i p s  t o  m e e t  t h e  a d d i t i o n a l  requirenients for 
ins t rumenta t i lm suppor t  f o r  t h e  S I V B  s t a g e  dur ing  Apollo/Saturn V opei’at ions.  

Antenna sy , s t~ms  augmentation i n  FY 1966 w i l l  inc lude  UHF/VHF antennas 
and feed roodif icat ions f o r  suppor t  of t he  S I V B  s t age .  Two 16-foot  dizuneter 
S-band anteniis systems are planned f o r  t h e  t r a n s p o r t a b l e  s t a t i o n s  t o  tie used 
f o r  launch a2r.a suppor t ,  and equipment i s  needed t o  augment the  tri3in1.ng arid 
engineer ing  E s c i l i t y  a t  the  Goddard Space F l i g h t  Center.  

Command and data handl ing systems c o n s i s t  of d i g i t a l  d i sp l ay  and compu- 
t a t i o n  equipment f o r  monitor ing te lemetered s p a c e c r a f t  equipment performance 
and astroriau: s t a t u s  and f o r  coding and sequencing of commands. 
inc lude  r eco rde r s  f o r  s t o r a g e  of t e l eme t ry  d a t a  and s t a t i o n  status inliormaltiori. 
The augmentation planned f o r  FY 1966 inc ludes  p rov i s ion  of d i g i t a l  comnand 
remote t e imina l  equipment f o r  t h e  t r a n s p o r t a b l e  s t a t i o n s  a t  Grand Bahma and 
Grand Turk I:;landa, a d d i t i o n a l  consoles  and d i s p l a y s  needed t o  providt! 
numeric d i sp l ays  f o r  use  by the  f l i g h t  c o n t r o l l e r s ,  and a d d i t i o n a l  coxisole:; 
and recorder:;  f x  use  i n  support  of t h e  S I V B  s t a g e  during t h e  Apcllo Sa turn  V 
program. 

These systems 

Demodulation equipment e x t r a c t s  t h e  te lemet ry ,  communications, and 
t r ack ing  information from rece ived  s i g n a l s  and prepares  i t  f o r  storagc! and 
f o r  i npu t  t o  the d a t a  handl ing systems and communications te rmina l  eqiiiprnent. 
The major e l anen t  of demodulation systems augmentation i n  FY 1966 c o n s i s t s  
of t h e  provis ion  of a d d i t i o n a l  Pu l se  Code Modulation (PCM) te lemet ry  tie- 
commutation s y s t e m s  f o r  suppor t  of t h e  S I V B  s t age .  

Communications equipment c o n s i s t s  of terminal equipment necessar:r f o r  
compatibi.lit:y wi th  common c a r r i e r  f a c i l i t i e s .  S ince  t h e  equipment i s  
s tandard  i n  n a t u r e  and r e a d i l y  a v a i l a b l e ,  i t s  procurement f o r  suppor t  of 
Apollo w a s  no t  planned f o r  p r i o r  years .  Funds are reques ted  f o r  t h e  equip- 
ment needed € o r  t h e  va r ious  network s t a t i o n s  i n  FY 1966. 

The c o n t r o l  c e n t e r  funds reques ted  w i l l  provide equipment wkich r u s t  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  t o  enable  ope ra t iona l  c o n t r o l  
of t h e  network during nonmission pe r iods  and s imula t ions ,  and t o  prov:.de 
t h e  capab. i l i  ty  t o  assess network performance dur ing  mission pe r i cds .  Funds 
are reques ted  i n  FY 1966 f o r  equipment t o  be i n s t a l l e d  f o r  Apollc support  
i n  t h e  Initegrated Mission Cont ro l  Center  a t  t h e  Manned Spacecraf t  Ceni:er; 
t h e  Manned Space F l i g h t  Network Cont ro l  Center  a t  t h e  Goddard S p x e  FLight 
Center;  and t h e  Space F l i g h t  Operat ions F a c i l i t y  a t  t h e  Jet  Propulsioii  
Lab o r  a t  or y . 

Fund:; reques ted  f o r  gene ra l  network support  are those  necessary  ::o m e e t  
expenses f o r  the  systems engineer ing  e f f o r t ,  f o r  t h e  shipment of equipment 
t o  the  ne1two:rk 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  dociunenta- 
t i o n ,  s p e c i f i c a t i o n s ,  and ope ra t iona l  manuals, and f o r  the  p rov i s ion  of 
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s tandard  t.est: egui.pment. Those reques ted  f o r  maintenance, s p a r e s ,  anc repa i rs ,  
are p r imar i ly  f o r  t h e  es tab l i shment  of s p a r e  par t s  i n v e n t o r i e s  needed t o  pre- 
c lude  long per iods  of s t a t i o n  downtime dur ing  mission per iods .  

S a t e l l i t e  Network 

Tracking; sp.; . terns.. ............ 
Telemetry s:ys ilenis. ............ 
Command and c o n t r o l  systems, ., . 
Recording and d i s p l a y  systerns. 
T e s t ,  ca1ib:ca:tion and 

Timing 5; ys lxm:;. .............. . 
Real- time tlaati3 handl ing 

systems. ,,. .................. 
Ap p 1 i c a 1: ion  .j t e c:hn o logy 

s a t e l l i t e  requirements. .  .. ,*. 

Control  cen te r .  ............... 
General neir.mrk support . .  ..... 
Maintenance, , spares ,  and 

repa i rs . , . . . . . . . .  ........... 

checkout equipment.. ........ 

1964 

$2,333,000 
3,790,000 

566,000 
1,707,000 

1,654,000 
815,000 

649,000 

452,000 
153,000 

1,681,000 

1,497,000 

Total.......3............... $15,297,000 

1965 

$2,332,000 
2,7 21,000 
1,081,000 

965,000 

967,000 
1,030,000 

266,000 

4,950,000 
350,000 

1,174,000 

1,414,000 

$17,250,000 

$2,: 50,000 
2, L 55,000 

'i 81,000 
ti96,OOO 

5' 65,000 
517 5,000 

fi38,OOO 

2, LbOO, 000 
!i50,000 

1, :170,000 

.-L 1 '!20,000 

$14, ;'OO, 000 - 
For ithe pas t  t h r e e  yea r s ,  t he  Sa te l l i t e  Network has  been en larged  and 

updated wi th  n e u  f a c i l i t i e s  and equipment t o  m e e t  t h e  suppor t  requirements 
of t h e  second gene ra t ion  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  pro jec1:s. 
The major o b j e c t i v e s  of t he  equipment program are t o  provide  t h e  network 
wi th  the  c a p a b i l i t y  f o r  h igh ly  p r e c i s e  sa te l l i t e  t r a c k i n g  up t o  lunar  d i s -  
t ances ,  f o r  acqu i r ing  and handl ing  h igh  d a t a  output  rates, and f o r  pe.:form- 
ing  the  more i n t r i c a t e  command and c o n t r o l  func t ions  r equ i r ed  by t h e  inore 
advanced sat le l l i tes ,  p a r t i c u l a r l y  those  of  t h e  l a r g e  observa tory  clas.;. 

The i n a j D r  item i n  t h e  t r ack ing  systems ca tegory  i n  N 1966 w i l l  be f o r  
t he  modi f ica t ion  of e x i s t i n g  Range and Range Kate Systems. These modif ica-  
t i o n s  are due to: (a)  inco rpora t ion  of g r e a t e r  ga in  c a p a b i l i t y  which operat i r ig  
experience o n  t h e  f i r s t  Orb i t  iiig Geophysical Observatory has i n d i c a t e  1 i s  re- 
qu i r ed ,  and (b )  reassignment of t h e  f requencies  on which t h e  system o l e r a t e s ,  
d i r e c t e d  b y  t he  i n t e r n a t i o n a l  Ext raord inary  Adminis t ra t ive  Radio Conf2rence 
of 1963. The changes w i l l  r e q u i r e  mod i f i ca t ion  of t h e  t r a n s m i t t e r s ,  mtennas, ,  
and receivers of t he  e x i s t i n g  Range and Range Rate Systems. 

Forthcoming sa te l l i t es  of t he  observa tory  and Explorer  class w i l l  have 
o r b i t s  w i th  g r e a t e r  e c c e n t r i c i t y  and t h e r e f o r e  w i l l  r e q u i r e  longer ,  c m t i n u o u s  
per iods  of t r ack ing  and d a t a  a c q u i s i t i o n  by t h e  viewing s t a t ions . ,  
t hese  s a t e l l i t e s  w i l l  t r ansmi t  increased  q u a n t i t i e s  of d a t a  t o  adequate ly  
sample t h e  more numerous and complex experiments.  It i s  planned t o  s J p p o r t  
t hese  requirements wi th  a network of h igh  performance te lemet ry  d a t a  l i nks .  

Additional:Ly, 
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Implementation of t h e  h igh  performance l i n k s  w a s  i n i t i a t e d  w i t h  FY 1963 funds 
and i s  phased t o  meet the  o p e r a t i o n a l  requirements of t h e  f l i g h t  p r o j e c t s  as 
they occur. F Y  1966 funds w i l l  provide s u f f i c i e n t  d a t a  l i n k s  t o  meet the 
p r e s e n t l y  known requirements through ca lendar  year  1967. 

Also inc1ud.ed i n  the  FY 1966 r eques t  are funds f o r  an a i r  t r imspor t ab le  
te lemet ry  stat.icln. Transpor tab le  s t a t i o n s  are employed t o  provide  suppor t  
f o r  unant ic ip i , t sd  requirements o r  when t o t a l  requirements do no t  j u s t i f y  
es tabl ishment  of’ a permanent s t a t i o n .  

The modernization program f o r  command and c o n t r o l  equipment wi 11 cont inue 
i n  the  next  f i s c a l  year .  FY 1966 funding w i l l  provide s u f f i c i e n t  command l i n k s  
t o  m e e t  the  workload a n t i c i p a t e d  dur ing  ca lendar  year  1967. 

In  Fk’ 1966, a d d i t i o n a l  record ing  u n i t s  are requi red  t o  complement t h e  
increased  dat.a ].ink c a p a b i l i t y .  Also, a d d i t i o n a l  magnetic t ape  eva lua to r s  
and d i s p l a y  c u t i k s  w i l l  be purchased t o  monitor s t a t i o n  te lemet ry  ?erformance. 

Calibrat::.ori equipment f o r  main ta in ing  t h e  accuracy of network s t a t ions :  
and major equ:lpment subsystems w i l l  be r equ i r ed  i n  FY 1966. Along w i t h  the  
c a l i b r a t i o n  fiuncti.on, t es t  and monitor ing are cont inuing  progrcvns. P r i o r  t:o 
acceptance and i n s t a l l a t i o n  of new o r  replacement equipment i n  the  network, 
i t  i s  necessary  t o  thoroughly eva lua te  t h e  u n i t s  f o r  f i e l d  use.  Spec ia l ized  
spacecraft:  chrdcout  equipment i.s r equ i r ed  f o r  te lemetry,  communications, and 
command subsyr;tems t o  v e r i f y  performance a t  t h e  Eas te rn  and Western T e s t  
Ranges of t he  Department of Defense t o  ensure  compa t ib i l i t y  between tf.e 
spacecraf  1: arid t h e  ground s y s  terns. 

Continuous Ly a v a i l a b l e ,  i x c u r a t e  t iming s i g n a l s  a t  each s t a t i o n  i r e  of 
c r i t i c a l  importance f o r  experiment a n a l y s i s  and o r b i t  de te rmina t ion .  I n  
FY 1966, iLmpi:~wed and more re l i a b l e  t r a n s i s t o r i z e d  t i m e  s t anda rds  w i l l  be 
procured f o r  Eive si tes as p a r t  of a program t o  improve t i m e  standard: 
throughout th? network. 

With t h e  augmentation of t h e  network w i t h  equipment t o  r e c e i v e  p u l s e  
code modu la t im  te lemet ry  froin s p a c e c r a f t ,  a program i s  being i n i t i a t c d  i n  
FY 1966 t o  o u t f i t  s e l e c t e d  s t a t i o n s  w i t h  gene ra l  purpose o n - s i t e  d a t a  
handl ing equipment. These gene ra l  purpose u n i t s  w i l l  be  capable  of dltta 
compiling and format t ing  for real-time t ransmiss ion  t o  t h e  c e n t r a l  Iconi:rol 
f a c i l i t y  i ls wel l  i3s t o  t he  s p a c e c r a f t  i t s e l f .  

During FY 1965, the func t ion  of provid ing  ground s t a t i o n  support  f o r  
t he  Appl ica t ions  Technology S a t e l l i t e  p r o j e c t  w a s  t r a n s f e r r e d  frcm thi: Ap- 
p l i c a t i o n s  Tachnology S a t e l l i t e s  Program t o  t h e  Tracking and Dats .Acquisi- 
t i o n  Program. Related funding a u t h o r i t y  a l s o  w a s  t r a n s f e r r e d .  The purpose 
of t h i s  t r a n s f e r  is t o  a s s u r e  maximum coord ina t ion  and i n t e g r a t i o n  of equip- 
ment and f a c i l i t i e s  requi red  f o r  support  of t he  Appl ica t ions  Techno1o::y 
S a t e l l i t e  p r o j e c t  w i t h  o the r  NASA t r ack ing  and d a t a  a c q u i s i t i o n  f a c i l i t i e s .  
FY 1966 funds are requi red  t o  cont inue  e f f o r t s  i n i t i a t e d  wi th  p r i o r  y ? a r  
funds. These e f f o r t s  inc lude  procurement of t he  t r a n s p o r t a b l e  communications 
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s t a t i o n  and the  te lemet ry  and command s t a t i o n s ,  augmentation of tine second 
85-foot antenna f a c i l i t y  a t  Rosman, North Caro l ina ,  and mod i f i ca t ion  o f  the  
S a t e l l i t e  Network f a c i l i t y  a t  Mojave, C a l i f o r n i a ,  t o  suppor t  t h e  Appl ica t ions  
Technology Sa t . e l . l i t e  p r o j e c t .  

FY 1966 iiurtds a r e  requi red  t o  cont inue  implementation of a mult i -purpose 
c o n t r o l  c e n t e r  a t  Goddard Space F l i g h t  Center  t o  handle the  numerws sc i en -  
t i f i c  s a t e l l i t e  p r o j e c t s .  It w i l l  con ta in  equipment t o  provide  r ea l - t ime  
c o n t r o l  of spacecraft and w i l l  e l i m i n a t e  t h e  need f o r  s e p a r a t e  cont.ro1 cen- 
ters now beirq: used. 

General netrwork support  is a cont inuing  e f f o r t .  Minor s t a t i o n  augment:a- 
t i o n s  such as ante.nna hards tands ,  improved i n t r a - s i t e  cab l ing  f o r  power d i s -  
t r i b u t i o n ,  and i-ncreases i n  t h e  s t a t i o n  a i r  condi t ion ing  and hea t ing  Equip- 
ment t o  ac:contnodat.e new equipments a r e  necessary  i n  FY 1966. 

I n  a s i n i i l a r  manner, maint.enance, spares, and r e p a i r s  i s  a c o n t i r u i n g  
program. Funds i n  t h i s  ca tegory  provide  f o r  spa res ,  modi f ica t ions  ,4 ar d 
r e p a i r s  t o  nc!Iswork. equipment ., 

Ikep Space Network 

15 66 ----- 19 64 1965 

Transmit:tei::;. .................. 
Receivers.  ..................... 
S t a t i o n  monitor ing and 

c o n t r o l  equ.ipment. ........... 
Antennas.. ...................... 
Tracking d a t a  handl ing 

sys  tenis. ...................... 
Recording tiild d i s p l a y  

systems. ,  ................. ,,, 
Timing s y s i r m s .  ............... 
Control  cerite’r. .............. 
General ne,r.uork support . .  .... 
Maintenance, spares ,  a n d  

repa i rs . ,  ................... 

$409 , 000 
4,815,000 

1,328,000 
1,495,000 

342,000 

489 , 000 
225 , 000 --- 

1 , 276 , 000 

1 , 6 25,000 

$78,000 
2,146,000 

2,338,000 
1 , 830,000 

690,000 

223,000 
320,000 
838,000 
948 , 000 

2,109,000 

- ”. - 
.$ j.65 , 000 

3 , ti85 , 000 
5 1  14,000 

- <- - 
~t90,OOO 

1 , :‘ 5 8 , 000 
;‘82,000 

 total...................^. ,. $12,004,000 $11,520,000 *&l300, 000 I 
.-I-..-- 

Use of the L-band frequency f o r  suppor t  of l u n a r  and p lane tEry  m s s i o n s  
w i l l  be d i sc sn t inued  a f t e r  th,? last  Ranger f l i g h t s  which are scheduled f o r  
t he  f i r s t  s i K  months of ca lendar  year  1965, Conversion t o  f u l l  :-band capa- 
b i l i t y  w i l l  oe accomplished at t h a t  t i m e .  The Pioneer ,  Surveyor, and Lunar 
O r b i t e r  programs a l l  employ S-band systems and are scheduled t o  be su1,ported 
by the  Deep Space Network beginning i n  FY 1966. The Mariner 196L. a p e t a t i o n  
i s  being supported by th ree  Deep Space Network s t a t i o n s  p rev ious ly  coiiverted 
t o  an in t e r im  S-band conf igura t ion .  
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Procurement of equipment f o r  S-band t r a n s m i t t e r s  has been funded i n  
p r i o r  yea r s  a rd  no funds f o r  t h i s  purpose are requ i r ed  i n  FY 1966. S i n i l a r -  
l y ,  S-band r e c e i v e r  procurement r e q u i r e s  no funding except  f o r  minor modifica- 
t i o n s  a t  each of t he  s i x  main s t a t i o n s  and t h e  purchase of an a d d i t i o n a l  
"su i tcase"  t e l  enietry r ece ive r .  

The m.ajc.1. i . t e m  of FY 1966 Deep Space Network equipment c o s t  is f o r  
s t a t i o n  monitcding and control .  equipment. This  equipment i s  nece.;s.ary t o  
provide th.e  r equ i r ed  r e l i a b i l i t . y ,  f l e x i b i l i t y ,  and o p e r a t i o n a l  r ead iness  
t o  support  mu.1 . t i .p le  lunar  and p l a n e t a r y  missions.  The p resen t  scnedule  in-  
d i c a t e s  a d i s t i n c t  p o s s i b i l i t y  t h a t  Pioneer ,  Lunar O r b i t e r ,  and S:irveyor 
w i l l  a l l  be i n  f l i g h t  a t  t h e  same t i m e ,  and w i l l  r e q u i r e  simultaneous cov- 
e rage  by t h e  rtet:wolrk t o  m e e t  mi,ssion requirements.  

This  near equi.pment w i l l  provide cont inous,  semi-automatic monitor ing of  
t he  performance of each s t a t i o n ,  enabl ing  immediate i d e n t i f i c a t i o n  of com- 
ponents which are  approaching marginal  performance wi th  r e s p e c t  t 3  pre- 
determinet! 1j.riit:s. S t a t u s  of s t a t i o n  ope ra t ions  w i l l  be r epor t ed  i n  real-  
t i m e  t o  t he  networ'k d i r e c t o r  at: t h e  Space F l i g h t  Operat ions F a c i l i  t:y (SFOF:) 
s o  t h a t  he can make necessary  dec i s ions  and i n i t i a t e  c o r r e c t i v e  a c t i o n s  
promptly. Fu r the r ,  s t a t i o n s  may be d i r e c t e d  t o  qu ick ly  swi tch  coverage from 
one spacec:rafii: to another  without  loss of s i g n i f i c a n t  da ta .  

In  a two-phase program which w a s  i n i t i a t e d  i n  FY 1964, s t a t i o n  mcnitor-  
i ng  consoles ,  o n - s i t e  d a t a  processors ,  and a s s o c i a t e d  equipment a re  being in- 
s t a l l e d  at. a1.L s t a t i o n s .  FY 1966 funds are requi red  t o  complete equiFping 
the  s t a t i o n s  i t t  Goldstone, Woomera, Canberra, and Madrid wi th  a f u l l  capa- 
b i l i t y  f o r  nezwork support  of m u l t i p l e  f l i g h t  opera t ions .  The o t h e r  E t a t i o n s  
of t he  ne1:woi-lc w i l l  be  p a r t i a l l y  equipped t h i s  year  b u t  funding r equ i i ed  f o r  
completion w : - l l  be de fe r r ed  u n t i l  FY 1967 s i n c e  the  support  by these  E t a t i o n s  
w i l l  no t  be necessary  u n t i l  ca lendar  year  1967. 

An ariterina po in t ing  system w i l l  be  i n s t a l l e d  a t  Johannesburg, Woomera, 
and Canberra to m e e t  t h e  more s t r i n g e n t  requirements of t h e  Lunar O r b i t e r  
and Surveyor :?ro jects.  Previous ly  eva lua ted  a t  Goldstone, t h i s  systeni pro- 
v ides  f o r  auixm.stic antenna p o s i t i o n i n g  from apre-computed tape.  

Antenna s t r u c t u r a l  modi f ica t ions  are r equ i r ed  t o  complete ccnverziion to 
s tandard  :;-band conf igura t ion .  These c o n s i s t  of a d d i t i o n a l  e lec t ronic :  com- 
ponent hoiisings, improved bea r ings ,  and new s t r u c t u r a l  members f c r  inc:reased 
s t r e n g t h  imd s t i f f n e s s .  A s p a r e  Cassegrain cone, which i s  a m a j c r  ani:enna 
subsystem conta in ing  t h e  low n o i s e  maser and t r a n s m i t t e r ,  w i l l  be proc:ured 
and maintained a t  Goldstone as a network emergency standby. 

The timing system a t  each Deep Space Network s t a t i o n  w i l l  be  replaced 
by a more r e l i ab le  and a c c u r a t e  c lock  t o  func t ion  as t h e  master Ckeenwich 
Mean Time  (GMT) c lock  a t  t h e  s i t e .  I n  add i t ion ,  frequency synchronizer  
u n i t s  w i l l  be  provided t o  each of t h e  s t a t i o n s ,  These improvements w i l l  
make p o s s i b l e  the  more a c c u r a t e  t r a c k i n g  d a t a  r equ i r ed  by la ter  Surve:?or 
and Lunar O r b i t e r  f l i g h t s ,  
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The Space F l i g h t  Operations F a c i l i t y  (SFOF) was used i n  suppor t  of' 
Ranger V I I ,  arid a l s o  i n  suppor t  of t h e  1964 Mariner ope ra t ion .  Some clianges 
i n  c o n t r o l  cer i ter  equipment are necessa ry  as a r e s u l t  of t h e s e  operaticlnal 
experiences.  I?ur ther ,  f o r  t h e  planned combined Pioneer ,  Lunar O r b i t e r ,  and 
Surveyor ope ra t ions ,  a d d i t i o n a l  equipments w i l l  be  r equ i r ed  which were n o t  
p rev ious ly  a n t i c i p a t e d .  Display consoles  and communications end-instruments 
are  r equ i r ed  1-13 provide  f o r  t h e  simultaneous suppor t  of m u l t i p l e  miss ions .  
I n  a d d i t i o n ,  w p a n s i o n  of t h e  d a t a  handl ing  system i s  necessa ry  t o  i3cctimmodate 
the  simultaneoiis suppor t  requirement.  

Funds reques ted  f o r  gene ra l  network suppor t  i nc lude  those  necessai 'y t o  
m e e t  i n t e r f a c e  requirements of t h e  Surveyor, Lunar O r b i t e r ,  and Pioneei. 
mission-unique equipment. Among t h e s e  are such misce l laneous  items as 
c a b l e s ,  jurictLm boxes, and l i n e  a m p l i f i e r s ,  I n  a d d i t i o n ,  a secondary 
s t anda rds  ' l abo ra to ry  w i l l  be e s t a b l i s h e d  a t  each of t h e  fou r  overseas  :lites 
f o r  purposes o f  mainta in ing  adequate c a l i b r a t i o n  of t e s t  equipment to i issure  
r ead iness  of 1-he equipments f o r  suppor t  of scheduled ope ra t ions .  The ca l i -  
b r a t i o n  s t anda rds  a t  t h e  secondary l a b o r a t o r i e s  w i l l  be checked per iod: .ca l ly  
a g a i n s t  t h e  p:cimary s t anda rds  maintained at Goldstone. 

Maintenance, spa res ,  and r e p a i r s  are r equ i r ed  f o r  a l l  t e c h n i c a l  s]rstems 
and f a c i l i t i e s  a t  t h e  Deep Space Network s t a t i o n s ,  as w e l l  as t h e  SFOF, i n  
o rde r  t o  main ta in  the  equipment i n  a proper  o p e r a t i o n a l  s t a t u s .  

Other Ins t rumenta t ion  

1964 1965 1966 , ---- 
$4,69 0, (300 $5,300,000 $5,500,000 

A wide v a r i e t y  of f ixed  and mobile equipment i s  used t o  provide  i i i -  

s t rumen ta t ion  suppor t  a t  Wallops S t a t i o n  and p o i n t s  o f f  t h e  main s t a t i o n ,  
and a t  t h e  F l i g h t  Research Center.  This equipment i s  under a cont.inuoiis 
p reven t ive  maintenance program t o  a s s u r e  the necessa ry  r e l i a b i l i t y  f o r  
mission suppor t .  In a d d i t i o n ,  an  improvement program I s  undertaken where- 
by  i n d i v i d u a l  subassemblies o r  components of major systems are modified o r  
rep laced  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, 
The requirement f o r  t hese  improvements i s  genera ted  by t h e  l a r g e  numbeir and 
types of rocke t s  i n  t h e  c u r r e n t  and planned f l i g h t  schedules  of Wallop; S ta -  
t i o n  and by the  h igh  performance c h a r a c t e r i s t i c s  of t h e  f l i g h t  p r o j e c t s  sup- 
por ted  by the  F l i g h t  Research Center.  

The major e f f o r t  a t  t h e  F l i g h t  Research Center du r ing  FY 1966 w i l l  be  
t o  cont inue  t h e  program i n i t i a t e d  i n  FY 1964 t o  update  t h e  t e l eme t ry  s y s t e m  
by modifying t h e  Pu l se  Code Modulation (PCM) ground equipment t o  hand12 
s e v e r a l  d a t a  formats through t h e  use  of programs s t o r e d  i n  t h e  c o r e  meinory. 
I n  a d d i t i o n ,  p re -de tec t ion  r eco rd ing  w i l l  be  u t i l i z e d  t o  a l low foi. i nc reased  
d a t a  recovery by t h e  a p p l i c a t i o n  of va r ious  demodulation schemes. The;e con- 
v e r s i o n s  are n e c e s s i t a t e d  by t h e  requirement f o r  h igher  performance t e l eme t ry  
systems t o  meet t h e  d a t a  ou tpu t  requirements of t h e  advanced t e s t  programs 
which must be supported.  
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A t  Wal1c)ps S t a t i o n ,  a cons ide rab le  q u a n t i t y  of non-recoverable f l i g h t  
hardware i.s rt:quired i n  suppor t  of t h e  missions.  These inc lude  n o t  on ly  t h e  
s m a l l  meteoro:logical rocke t s  launched i n  a s s o c i a t i o n  wi th  o the r  primary 
f l i g h t s  t o  ob1:ai.n l a s t  minute wind p r o f i l e s  used f o r  launch azimuth and 
e l e v a t i o n  angle  c o r r e c t i o n s ,  but  a l s o  t h e  r ada r  beacons, t ransponders ,  
antennas,  and command-destruct r e c e i v e r s  i n s t a l l e d  i n  launch v e h i c l e s ,  

Communications 

$4,036,000 $4,110,000 $4,400,000 

The n1ajo.c p r o j e c t  i n  t h e  communications equipment program has been t h e  
conversion fr~m manual t o  automatic ,  s o l i d  s ta te  switches a t  t h e  Goddard 
Communication.; Center  and secondary l o c a t i o n s  (London, England, and Can- 
be r ra ,  A u s t r a l i a )  which are  t h e  f o c a l  p o i n t s  f o r  incoming communicaticlns. 
This  convc?rs:hn, which was s t a r t e d  i n  FY 1964, w i l l  provide f a s t e r  ancl more 
r e l i a b l e  t ransmiss ion  a t  a lower u n i t  c o s t  f o r  t h e  incoming d a t a  than w a s  
p rev ious ly  poss ib l e .  In a d d i t i o n  t o  removing t h e  manual phase of t h e  opera- 
t i o n ,  t hese  :;vi tching u n i t s  are capable  of handl ing upcoming f l i g h t  p r o j e c t  
requirements f o r  high speed, l a rge  volume d a t a  t ransmiss ion  from overtieas 
loca t ions .  Funds reques ted  i n  FY 1966 w i l l  provide f o r  a swi tch ing  u n i t  a t  
Hawaii ancl f o r  a d d i t i o n s  t o  t h e  e x i s t i n g  swi tch ing  c e n t e r  a t  Goddard. 

I n  c o n j m c t i o n  wi th  t h e  conversion program, c e r t a i n  d a t a  te rmina l  equip- 
ments are requi red  p r imar i ly  f o r  Apollo support  t o  permi t  h igh  speed d a t a  t o  
be t r ansmi t t ed  between s t a t i o n s ,  secondary swi tch ing  c e n t e r s ,  and t h e  Goddard 
Communications Center .  Included i n  the  FY 1966 r eques t  are funds f o r  t he  pur- 
chase of s i g n a l  s imula to r s ,  h igh  speed d a t a  modulation/demodulation detvices, 
e r r o r  d e t e c t i o n  and c o r r e c t i o n  u n i t s ,  d a t a  q u a l i t y  monitors ,  and d i s t o r t i o n  
measuring sets .  

The Euntds requested i n  FY1966 a l s o  w i l l  p rovide  f o r  needed improirements 
i n  t e l e t y p e  and vo ice  equipment. Examples of such improvements are: 
(1) the  p re sen t  w i r e l i n e  between Carnarvon and Geraldton,  A u s t r a l i a ,  which 
b a r e l y  meets minimum r e l i a b i l i t y  requirements ,  must be expanded to rnec:t 
Apollo requirements;  (2 )  vo ice  d i g i t i z i n g  equipment i s  necessary  f o r  in- 
s t a l l a t i o n  on four  r a d i o  c i r c u i t s  t o  improve t h e  i n t e l l i g i b i l i t y  of vo ice  
communications; and ( 3 )  t h e  vo ice  network i s  be ing  updated t o  provide select i  r 

s i g n a l i n g ,  c i r c u i t  superv is ion ,  and assurance  information t o  overseas  stationls;. 

Data Process ing  

1964 1965 1966 - --- 
$11,06 5,000 $4,851,000 $4,000,000 

With FY 1964 and FY 1965 funding, t h e  procurement of major equipinents 
r equ i r ed  for process ing  l a r g e  amounts of d a t a  and f o r  t h e  conversion Erom 
an analog t o  a d i g i t a l  system w i l l  be  e s s e n t i a l l y  completed. While t h e  
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purchase (of some p e r i p h e r a l  equipment a s s o c i a t e d  w i t h  t h e  computers w i l l  be 
necessary  i n  FY 1966, t he  major p o r t i o n  of t h e  FY 1966 program cc)nsiscs of 
t h e  modi f ica t ion  and expansion of e x i s t i n g  systems t o  m e e t  t h e  increa: ; ing 
d a t a  process ing  workload. 

The ope ra t iona l  d a t a  process ing  equipment w i l l  cont inuous ly  r e q u i r e  
minor redes ign ,  mod i f i ca t ions ,  and improvements as w e l l  as normal. maiiitenance 
and r e p a i r .  Funds reques ted  i n  FY 1966 w i l l  a l low such modi f ica t ions  and 
improvements, inc luding  a maintenance test l abora to ry ,  s tandard ized  d i s p l a y  
devices ,  and eva lua to r s  and ana lyze r s  t o  decrease  downtime of p r e s e n t  equipmeirit., 

S igna l  recovery equipment i s  r equ i r ed  f o r  t he  process ing  of d a t a  which 
would otherwise be l o s t  through weak s i g n a l s .  Much of t h i s  d a t a  is obta ined  
when t h e  s p a c e c r a f t  is i n  t he  apogee phase of i t s  o r b i t  and i s s c i e n t i E i c a l l y  
very  important .  With r e c e n t l y  developed s i g n a l  recovery equipment:, the 
r e t r i e v a l  process  involv ing  t h e  reprocess ing  and r e f i n i n g  of d a t a  i s  con- 
s i d e r a b l y  shortened.  Funds reques ted  i n  FY 1966 w i l l  p rovide  e i g h t  Piilse 
Frequency Modulation (PE’M) and Pu l se  Code Modulation (PCM) signa:L r e c w e r y  
u n i t s  i n  t h i s  program. 

Spec ia l  purpose d a t a  process ing  and d i s p l a y  equipment i s  necessary  f o r  
unusual o r  unique data from i n d i v i d u a l  f l i g h t  p r o j e c t s .  The d a t a  requi re -  
ments vary  cons iderably  between f l i g h t  p r o j e c t s  such as Orb i t ing  Astronomical 
Observatory (OAO), Orb i t ing  S o l a r  Observatory (OSO), I n t e r p l a n e t a r y  Monitor- 
i ng  Probe (Ilip), and Nimbus, r e s u l t i n g  i n  the  need f o r  s p e c i a l  d a t a  and 
video processors  i n  both FY 1965 and FY 1966. 

The eva lua t ion  of analog t e l eme t ry  t apes  is  necessary  t o  s o r t  ou t  im- 
p roper ly  recorded tapes  and t o  monitor ground s t a t i o n  record ing  performance. 
With the  inc reas ing  number of t apes  t o  be eva lua ted ,  p re sen t  equipment and 
f a c i l i t i e s  a r e  inadequate .  Equipment procurement f o r  t ape  eva lua t ion  which 
was begun in  FY 1965 w i l l  cont inue  through FY 1966. 

Inc reases  i n  p ro jec t ed  d a t a  p rocess ing  volumes make h igh  d e n s i t y  s t o r a g e  
aeLd record ing  e s s e n t i a l  f o r  bo th  economy and a c c e s s i b i l i t y  t o  t h e  da ta .  Funds 
requested i n  FE’ 1966 w i l l  p rovide  t h e  necessary  s to rage ,  record ing ,  mul t i -  
p lex ing ,  and format t ing  equipment. 

Support ing Research and Technology 

1966 .- 1964 1965 

New sys  tenis.  ................. $ 2  . 610 . 000 $1,375,000 $1,500,000 
In t eg ra  tecl systems ana lys i s ,  

development . and tes t  ...... 2,446,000 2,9 12,000 3 , C24 , 000 
Antenna. sut)systems. .......... 2,211,000 2 , 534,000 2,  C 76 , 000 
Receiver sirid t r a n s m i t t e r  

subsystems, ................ 2,412,000 3,301,000 2,4 26,000 
Data hand1 I-ng and c o n t r o l  

subsyste?o’s, ................ 1J608,000 2 , 004 , 000 2,529,000 
Data process ing  and d i s p l a y  

subsys tens, ............... 778,000 1 , 060 , 000 1, i 46 , 000 
Spacecraft .  su6sys terns. ....... 825,000 1,497,000 1,699,000 

Total.. ....................... $12,890,000 $14,683,000 $14,5100,000 .- 
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Supporting Research and Technology i s  t h e  a c t i v i t y  whereby t h e  0f: ' i ice of 
Tracking arid Data Acquis i t ion  develops a technology of advanced system:;, com- 
ponents and techniques which are then  used t o  implement the  va r ious  nei:works 
t o  m e e t  t h e  requirements  of new f l i g h t  p r o j e c t s ,  bo th  manned and unmanned. 
Complementary s p a c e c r a f t  subsystems are developed as w e l l  as new equipment 
f o r  ground ins t rumenta t ion  support .  Operat ion of development s i tes  is con- 
ducted so  t h a t  t he  performance and r e l i a b i l i t y  characteristics of new com- 
ponents and subsystems are proven be fo re  t h e  equipment i s  committed t o  t h e  
network. 
duc t ion  of r i s i n g  opera t ions  c o s t s  by i n v e s t i g a t i n g  techniques whi.ch lead  
toward eventua l  s t a t i o n  automation. 

Support ing Research and Technology e f f o r t  is a l s o  d i r e c t e d  a :  re- 

New Systems 

I n  FY 1966, one major p r o j e c t  w i l l  be  completed and two new cfevel'ip- 
ments i n i t i a t e d .  The Airborne Range and O r b i t  Determination (AROI)) system 
which w a s  i n i t i a t e d  i n  FY 1963 w i l l  be  concluded wi th  t h e  purchase of me 
f l i g h t  t e s t  and eva lua t ion  u n i t  t o  demonstrate  f u l l  system c a p a b i l i t y .  

One new system development t o  be i n i t i a t e d  dur ing  FY 1966 i s  an acqu i s i -  
t i o n  a i d .  Amcng t h e  t e c h n i c a l  approaches t o  be i n v e s t i g a t e d  are an i n t e r -  
ferometer  system and the  use  of over-the-horizon r ada r  system techniques.  
One of t hese  techniques w i l l  be s e l e c t e d  f o r  f u l l  i n v e s t i g a t i o n  e a r l y  i n  
FY 1966. 
out  of normal t r ack ing  and communications occurs .  It i s  impera t ive  t o  re- 
acqu i re  t h e  q a c e c r a f t ' s  s i g n a l  immediately a f t e r  t h i s  per iod.  
ment, when developed, w i l l  be  capable  of r a p i d l y  provid ing  p o i n t i n g  d a t a  f o r  
t h e  major t r ack ing  antenna once t h e  s p a c e c r a f t  comes ou t  of t he  bLackout. 

During, a s p a c e c r a f t ' s  r e e n t r y  i n t o  the  E a r t h ' s  atmosphere, a black- 

T h i s  equip- 

Previous r e -en te r ing  v e h i c l e s  w e r e  o f  t h e  Ea r th  o r b i t i n g  type. A s  a 
r e s u l t ,  they had r e l a t i v e l y  low v e l o c i t i e s  which produced s h o r t  b lackout  
per iods  and they  had followed s imple o r b i t a l  pa ths  so that t h e i r  gene ra l  
l oca t ions  a f t e r  b lackout  could be  a n t i c i p a t e d  accu ra t e ly .  This  a c q u i s i t i o n  
a i d  equipment i s  needed f o r  f u t u r e  s p a c e c r a f t  such as Apollo which have long 
blackout  per iods  because of t h e i r  much h ighe r  r e e n t r y  v e l o c i t i e s  .and which 
have a capabi.1.it:y t o  maneuver such  t h a t  t h e i r  p o s i t i o n  cannot be ex t r apo la t ed .  

A second new system development i s  concerned w i t h  spacec ra f t - to - spacec ra f t  
communications. As t h e  i n v e s t i g a t i o n  of space cont inues ,  miss ions  such as 
Voyager, o r  3.unar and Mars o r b i t e r s  w i l l  be  flown which w i l l ,  i n  t u rn ,  launch 
probes o r  landers  t o  examine the  s u r f a c e  of t he  body. Direct communication 
between Ea r th  arid the  secondary v e h i c l e  i s  n o t  p r a c t i c a l ,  i n  view of t h e  
d i s t ances  involved, and t h e  p a r e n t  s p a c e c r a f t  must act  as a r e l a y  between 
t h e  two. I n  FY 1966, a system development w i l l  be  undertaken t o  provide f o r  
cmunica t : ion : ;  between two unmanned s p a c e c r a f t  . 

I n t e g r a t e d  Systems Analysis ,  Development, and T e s t  

Included i n  t h i s  ca tegory  i s  t h e  i n t e g r a t i o n  i n t o  working systems' of 
the  components, techniques,  and subsystems which are developed under t h e  
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var ious  disci .pl . ines of t h e  suppor t ing  r e sea rch  and technology program. Over- 
a l l  problems t.hat are unique t o  a network r a t h e r  than  a s p e c i f i c  d i s c i p l i n e  
are a l s o  included i n  t h i s  e f f o r t .  

One obje:c:ti.ve of t h i s  area of e f f o r t  i s  t h e  cont inued development of 
techniques needed f o r  f u t u r e  t r ack ing  c a p a b i l i t y .  As t h e  exp lo ra t ion  of 
deep space. expands s m a l l  i naccurac i e s  r e s u l t  i n  l a r g e  a b s o l u t e  e r r o r s  a t  
p l ane ta ry  dis,t:arices. For va r ious  i n - f l i g h t  maneuvers of s i n g l e  spacecraft ,  
and f o r  re.ndE:i:vous a s s i s t a n c e  of m u l t i p l e  s p a c e c r a f t ,  t h e s e e r r o r s  must be 
reduced. 

Anothler o b j e c t i v e  i s  improvement of communications w i t h  s p a c e c r a f t  i n  
deep space.. P re sen t  c a p a b i l i t i e s  l i m i t  t h e  rate of information t ransni iss ion 
t o  e i g h t  b i t s  pa r  second a t  a Mars d i s t a n c e  and, a t  g r e a t e r  d i s t a n c e s ,  t h e  
ra te  i s  exponent:ially reduced. The requirement f o r  improved systems i s  
imperative:. ;In FY 1966, s t u d i e s  w i l l  be  undertaken t o  e v a l u a t e  t h e  r e l a t i v e  
m e r i t s  and costs; of improvements i n  several areas such as t r a n s m i t t e r  power, 
r e c e i v e r  sens:.ti.vi.ty, e tc . ,  which c o n t r i b u t e  t o  the  improvement of the space  
instrument:. 

Broad i n v e s t i g a t i o n s  are underway t o  ana lyze  and develop c o r r e c t i v e  pro- 
cedures f o r  t h e  growing problem of r a d i o  frequency i n t e r f e r e n c e  (RFI)  a t  
t r ack ing  and a c q u i s i t i o n  s i tes .  A s  t h e  number of s p a c e c r a f t  emi t t i ng  s i g -  
n a l s  increase:; ,  t h e  d i f f i c u l t y  of r e c e i v i n g  only  t h e  s i g n a l s  from t h e  proper  
spacecraft:  i nc reases .  This  s i t u a t i o n  i s  f u r t h e r  compounded by the  grc)wing 
amount and ccnnp.Lexity of s t a t i o n  equipment of extremely h igh  power whj.ch 
a l s o  e m i t s  ex]-raneous s i g n a l s  which can i n t e r f e r e  w i t h  r ecep t ion  of tlie 
d e s i r e d  si.gnaL. The presence of t h i s  R F I  is  e s p e c i a l l y  severe aboard in-  
s t rumentat ion s h i p s  where even g r e a t e r  concen t r a t ion  of equipment e x i r , t s .  
I n  FY 1966, t h e  n a t u r e  and magnitude of t h e  r a d i o  frequency in t e r f e re r i ce  
problem at: t h e  va r ious  network f a c i l i t i e s  w i l l  be  examined and cor rec t : ive  
procedures  in:; t:i tu ted .  

Antenna Subsystems 

The ; t n t t ? ~ ~ n i ~  subsystems ca tegory  cont inues  t o  be one of t h e  most c r i t i ca l  
areas f o r  development. The des ign  and c o n s t r u c t i o n  of a pro to type  210-foot 
diameter ant t?~~nia ,  funded from t h e  FY 1963 Cons t ruc t ion  of F a c i l i t i e s  appro- 
priation,wil:L be  completed i n  ca l enda r  year  1966. A t  p re sen t ,  an a n t m n a  of 
t h i s  diameter appears  t o  be as l a r g e  as i s  economical and p r a c t i c a l  t o  b u i l d  
from a mechanical s tandpoin t .  However, f u t u r e  missions w i l l  undoubtedly re- 
q u i r e  s t i l l  h igher  ga in  antenna systems. 

I n  FK 1966, antenna des ign  concepts ,  i nc lud ing  feeds ,  s t r u c t u r e s :  
p e d e s t a l s  ,, se rvo  d r i v e s ,  and i n t e r f a c e  problems wi th  t h e  b a s i c  fcunda1:ion 
i t s e l f  w i l l  cont inue  t o  be i n v e s t i g a t e d  under t h i s  p r o j e c t .  A l l  o f  tliese 
techniques wfi 11 be a p p l i c a b l e  t o  t h e  r e a l i z a t i o n  of higher-gain ground 
antenna systems when requi red .  
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Receiver and Transmi t te r  Subsystems 

This  ca tegory  of e f f o r t  inc ludes  development and test of p ro to type  
hardware whose performance c h a r a c t e r i s t i c s  r e f l e c t  t h e  requirements  d,etermine~cI 
by t h e  i n t e g r a t e d  systems a n a l y s i s  f o r  more accu ra t e  and r e l i a b l e  tra::king 
and d a t a  a c q u i s i t i o n  support .  

To a f f o r d  a maximum of f l e x i b i l i t y  t o  t h e  s p a c e c r a f t  des igner  whi.re 
weight ,  s i z e ,  and power are of prime importance, a major e f f o r t  1 s  being  
made t o  imprcve ground r e c e i v i n g  and t r a n s m i t t i n g  subsystems. This  i; ac- 
complished by i n v e s t i g a t i n g  modulation techniques which b e t t e r  u t i l i z i i  
t r a n s m i t t e r  Fower, developing components which produce more t r a n a m i t t  ir 
power, e x p l o i t i n g  r e s u l t s  of advanced e f f o r t s  which reduce n o i s e  generated 
wi th in  receiver and p reampl i f i e r s ,  and improving demodulation techniques 
which permit  b e t t e r  recovery of weak s i g n a l s  from noise .  

A seconc o b j e c t i v e  i s  t h e  r e a l i z a t i o n  of trequency sources  which are 
s u f f i c i e n t l y  s t a b l e  and r e l i a b l e  under ope ra t iona l  cond i t ions  t o  m e e t  t h e  
support  requirements of prolonged space  f l i g h t s .  Because of t h e  i n f i n i t e s i -  
m a l  power rece ived  from p lane ta ry -d i s t ance  t ransmiss ions ,  ground equipment 
wi th  very narrow bandwidths i s  requi red .  This  minimizes accompanying 
n o i s e  and permi ts  recovery of t h e  weak signals. However, t h e  narrow band- 
widths  p lace  s t r i n g e n t  s t a b i l i t y  requirements  on s p a c e c r a f t  frequency 
sources  so  tha t  t h e  s i g n a l  w i l l  remain w i t h i n  t h e  passband c a p a b i l i t y  of t h e  
r ece ive r s .  

Data Handling and Control  Subsystems 

The func t ions  of te lemet ry ,  t r a c k i n g  and command of s p a c e c r a f t  a l l  re -  
q u i r e  the gemeration and handl ing of da ta .  Two aspec t s  of d a t a  handl ing are 
considered umder t h i s  category:  t h e  development of techniques and equipment 
t o  handle t h e  d a t a  more a c c u r a t e l y  and more r a p i d l y ,  and d a t a  compression. 

A n  e f f o r t  s t a r t e d  i n  FY 1965 w i l l  cont inue  on a h ighly  e f f i c i e n t ,  but  
more complex te lemet ry  system u t i l i z i n g  feedback c o n t r o l  t o  adapt  s p a c e c r a f t  
and ground s,yst:ems condi t ions  t o  changing d a t a  needs as they occur.  Also,  
f u r t h e r  dleve:;.opment of t he  c o n t r o l  c e n t e r  conceFt u s ing  c e n t r a l i z e d  compu- 
t a t i o n s  will .  cont inue  w i t h  emphasis on economies i n  ope ra t ions  and record ing  
and s toralge for- support  of f u t u r e  spacec ra f t .  Development of "quic:k look" 
c a p a b i l i t , i e s  f o r  t h e  s t a t i o n s  w i l l  a l s o  cont inue.  

D a t a  ccripression i s  be ing  s tud ied  t o  determine t h e  optimum methcd t o  
r e a l i z e  the  advantages of t h i s  technique. These advantages included re- 
duced bartdwi.dth wi th  a t t e n d a n t  g r e a t e r  range and decreased d a t a  q u a n t i t i e s  
and accompanying r educ t ion  i n  c o s t  and t i m e  of processing.  

Data Process ing  and Display Subsystems 

The vo1.1une of d a t a  r e q u i r i n g  process ing  cont inues  t o  inc rease .  Data 
process ing  f i a c ~ ~ l i t i e s  w i l l  handle  70,000,000 d a t a  p o i n t s  pe r  day dur ing  
FY 1965 and iihxs i s  p ro jec t ed  t o  i n c r e a s e  t o  200,000,000 d a t a  p o i n t s  p e r  day 
i n  FY 1966. 
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I n  E'Y 1.966, e f f o r t  w i l l  be d i r e c t e d  toward b u i l d i n g  up t h e  e x i s t i n g  
te lemet ry  daca r educ t ion  c a p a b i l i t y  t o  match t h e  inc reas ing  requirements .  
I n  order  t o  iretluce, e f f i c i e n t l y  and r e l i a b l y ,  t h e  tremendous amount of d a t a  
from t h e s e  h igh  d a t a - r a t e  s p a c e c r a f t ,  i t  has become necessary  t o  develop 
s e v e r a l  genc!ira:l purpose process ing  and r educ t ion  l i n e s  capable  of ha rd l ing  
a v a r i e t y  of p r o j e c t s .  

I n  E'Y 1.966, development and eva lua t ion  of pro to type  hardware for im- 
provement. t o  t hese  l i n e s  w i l l  cont inue ,  I n  a d d i t i o n ,  techniques w i l l  con- 
t i n u e  t o  be developed f o r  recover ing  te lemet ry  s i g n a l s  when c o n d i t i o r s  of 
extreme range reduce t h e  s i g n a l  l e v e l  from a spacec ra f t .  New d a t a  r educ t ion  
techniques z~:Ll:l be  i n v e s t i g a t e d  inc lud ing  a s tudy  of t r ade -o f f s  between 
va r ious  c:oncxpi:s of deep space network ope ra t ions  and d a t a  systems de s i g n  
c h a r a c t e r i s  t::Lc:;. 

Spacec ra f t  Subsystems 

The forthcoming deep space and extended-stay-missions r e q u i r e  high,  
long l i v e d  performance. Therefore ,  t h e  i n t e g r a l  a s s o c i a t e d  p o r t i o n  c f t h e  
t r ack ing  and d a t a  a c q u i s i t i o n  system which i s  on t h e  s p a c e c r a f t  must a l s o  
have t h e  sanic: clual i ty  and r e l i a b l e  performance. The numerous, independent 
mission func:l:ions performed on t h e  s p a c e c r a f t  i n  suppor t  of t r ack ing ,  d a t a  
a c q u i s i t i o n ,  command and communication d i s c i p l i n e s  are i n v e s t i g a t e d  and 
developed under t h i s  ca tegory  of e f f o r t .  

I n  F Y  1.5166, e f f o r t s  w i l l  be  cont inued t o  develop second genera t ion  
spacecraft t.ransponders, one having a f r a c t i o n  of t h e  weight of t h e  c u r r e n t  
system now requ i r ed  f o r  Ea r th  sa te l l i t es  wi th  h igh ly  e c c e n t r i c  o r b i t s ,  and 
t h e  o ther  t o  m e e t  t h e  system performance requirements f o r  p l a n e t a r y  n i s s i o n s .  
E f f o r t s  w i l l  a l s o  be cont inued on t h e  development of a family of s tandard  
on-board t ra .nsni i t ters ,  receivers, d a t a  handl ing modules, and memory u n i t s ,  
Associated irivc:stigations w i l l  be  aimed a t  e f f e c t i n g  economies through on- 
board d a t a  compaction and pre-processing e s p e c i a l l y  f o r  spacecraf t :  pro- 
ducing a l a r g e  volume of da t a .  Development of a s tandard  and r e l i a b l e  
s p a c e c r a f t  c.onmiand subsystem f o r  Voyager and subsequent s p a c e c r a f t  w i l l  
cont inue.  E:val.uation of launch v e h i c l e  te lemet ry  equipment w i l l  cont inue ,  
including, te.c:hrtiques f o r  on-board d a t a  s to rage ,  p r i n c i p a l l y  i n  suppor t  of t h e  
Sa turn  program. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1966 ESTIMATES 

OFFICE OF ASSJLXiANT ADMINISTRATOR 
FOR TECHNOLO(;!IJJ TI LI ZA TION 

TECHNOLOGY UTILIZATION PROGRAM 

PROGRAM OB.JE(;UJES AND JUSTIFICATION: 

The priniary objective of the Technology Utilization Program is to pro- 
vide for t:he widest practical and appropriate dissemination to industry of 
information cxincerning NASA activities and their results. The NASA program 
offers U. S. industry unique opportunities to improve existing industrial 
techniques; and to develop new products and methods. It is the purpose of 
Technology Ut::iljlzation to assist in identifying quickly these many opportuni- 
ties and t:o insure their expeditious dissemination for the benefit of American 
industry, and ultimately the individual U. S. citizen. Technology Utiliza- 
tion also inc:’ludes projects to study and evaluate those factors which will 
improve our understanding of the implications of the space program. 

SUMMARY OF RIljOlJRCES REQUIREMENTS : 

1964 1965 -- 1966 

Identification: Technology 
searches and surveys.. ...... $1,090,000 $1,300,000 $1,400,000 

Evaluation (of innovations..... 580,000 7(30,000 ;‘oo,ooo 
Reg iona 1 in f o m a  t ion dis s emi - 
nation projects ............. 950,000 1,850,000 1,!~00,000 

Analysis o E technology transfer; 
research <and development 
management ; the long range 
imp1icat:ims of the space 
program.. ................... 880,000 900.000 1.(~00,000 

~l00,000 - TotalY..,,................... $3,500,000 $4,750.000 

Distributiwof Program Amount by Installation: 

NASA Headquarters.. ......... $3,500,000 $4,750,000 $5,000,000 

BASIS OF FUND R E Q U I R S :  

One of the important elements of the technology utilization program is 
the identificat Lon and reporting of new technology resulting from NASA activi- 
ties. This :is accomplished primarily by NASA personnel but in certain circum- 
stances by specialists from research institutes, universities and Industry. 
The identification and reporting of new technology also includes a stctte-of- 
the-art survey effort. This effort is organized around broad scientific 
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areas and d i s c i p l i n e s .  Surveys are  now underway i n  a number of f ' i e ld ;  includ- .  
ing  inorganic  coa t ings ,  t ape  record ing  and d a t a  process ing ,  micrc~elec~: ronics ,  
antennas,  and membrane phenomena. To eva lua te  r epor t ed  innovaticins f o r  o r i g i -  
n a l i t y  and plotent ia l  va lue  t o  i n d u s t r i a l  u se r s ,  t h e  technology u t i l i z , % t i o n  
program u t i l i z e s  t h e  s e r v i c e s  of a number of i n d u s t r i a l  r e sea rch  i n s t i t u t i o n s ,  
Commercially o r i e n t e d  r e p o r t s  of t h e s e  developments are then  prepared and 
publ ished i n  a number of formats.  I n  FY 1966 t h e  i d e n t i f i c a t i o n  and evalua-  
t i o n  e f f o r t s  w i l l  be  pursued a t  about  t h e  same levels as FY 1965. 

In  a d d i t i o n  t o  t h e  normal method of d i sseminat ion  v i a  l i b r a r i e s  m d  
mai l ing  l is ts ,  seven p i l o t  p r o j e c t s  i n  r e g i o n a l  in format ion  dissmina1:ion 
are  being supported.  These d isseminat ion  c e n t e r s ,  i n  most i n s t a n c e s ,  are  
opera ted  by u n i v e r s i t i e s .  Center personnel  review, i n t e r p r e t  ancl c o n r e r t  
new technlology t o  the  i n d u s t r i a l  needs of p a r t i c i p a t i n g  o r g a n i z a t i o n s ,  Using 
t h e  l a tes t  NASA c a p a b i l i t i e s  ( p r i n t e d  index jou rna l s ,  microf iche ,  computer 
tapes  and programs, e t c . )  t h e s e  c e n t e r s  provide p e r t i n e n t  technol.ogica1 
informatilon on a selective b a s i s  t o  i n d u s t r i a l  users .  The Midwest Re3earch 
I n s t i t u t e  ( M R I )  p i l o t  p r o j e c t  w a s  i n i t i a t e d  i n  e a r l y  FY 1962. MKI  has  
employed a broad approach t o  d isseminat ion  se rv ing  more than  1000 f inos .  
From t h i s  experience,  MRI i s  now developing more i n t e n s i v e  working r e l a t i o n -  
s h i p s  w i t l h  s e l e c t e d  f i rms  us ing  back-up computer suppor t  from the  Aerospace 
Research Appl ica t ions  Center (ARAC) a t  Indiana Universi ty .  The Aeros.)ace 
Research Appl ica t ions  Center i s  now near ing  t h e  end of i t s  second year  of 
operat ion.  This  c e n t e r  charges  companies a membership f e e  f o r  t h e  s e r v i c e s  
t h e  c e n t e r  o f f e r s .  The t h r e e  primary services are t h e  Ret rospec t ive  ,search 
Serv ice ,  the  S e l e c t i v e  Dissemination Serv ice ,  and t h e  I n d u s t r i a l  Appl ica t ions  
Service.  A l l  but  two of t h e  o r i g i n a l  29 member companies have renewel1 t h e i r  
memberships and t h e  c e n t e r  has  cons iderably  expanded i t s  enrol lment  i n  t h e  
second year.  During FY 1964, f i v e  c e n t e r s  i n  a d d i t i o n  t o  MRI ancl A M I :  were 
e s t ab l i shed .  These are a t  Wayne S t a t e  Un ive r s i ty  (De t ro i t ) ,  t h e  Un ive r s i ty  
of Pit tsburg'h,  Univers i ty  of Maryland, t h e  North Caro l ina  Science and 
Techno1og:y Research Center and Southeas te rn  S t a t e  College (Durant, Oklahoma). 
A l l  seven centers are p i l o t  programs designed t o  implement those  elements 
appropr i a t e  t o  t h e  i n d u s t r i a l  needs of t h e i r  r e s p e c t i v e  areas. 1.n a d d i t i o n  
t o  t h e s e  seven c e n t e r s ,  i t  i s  planned t h a t  several new p i l o t  programs w i l l  
be s t a r t e d  with FY 1966 funds. 

Beginning i n  f i s c a l  yea r s  1962 and 1963, a number of un ive r s i t i e i s  
rece ived  g r a n t s  f o r  r e sea rch  i n  t h e  management of research  and deve lo~men t .  
A t  t h e  Univers i ty  of C a l i f o r n i a  (Berkeley) an  a t tempt  i s  underway t o  es tab-  
l i s h  a computer s imula t ion  of t h e  process  of s c i e n t i f i c  i n q u i r y  inc lud ing  
l i t e r a t u r e  search ,  information r e t r i e v a l  and analogous reasoning. A t  t h e  
Massachusetts I n s t i t u t e  of Technology s t u d i e s  on complex problem so lv i cg ,  
i n t e r p e r s o n a l  c o n f l i c t ,  m u l t i p l e  t a s k  assignments and d e c i s i o n  making have 
been i n i t i a t e d .  Other s t u d i e s  underway inc lude  research  i n  c o n t r a c t i n g  
systems and procedures, p r o j e c t  management, c o s t  e s t ima t ion  and tludgei:ing. 

The impact of t h e  space program upon t h e  n a t i o n a l  economy p a r t i c i J l a r l y  
wi th  r e spec t  t o  i t s  e f f e c t  upon t h e  d i f f e r e n t  geographic,  i n d u s t r i a l ,  and c i v i l -  
i a n  s e c t o r s  of the economy; upon n a t i o n a l  economic growth; and upon t he  a l loctr-  
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tion of scientific and engineering manpower has been studied within the 
Technology Utilization Program. 
of California ( I n s  Angeles) is attempting to analyze the shifting geographic 
patterns of primary first-tier and second-tier contracting. 
funded at Washington University (St. Louis) attempts to anaiyze the national 
impact of alternative assumptions concerning the level and composition of 
governmental spending streams with particular emphasis being laid upon the 
nature of the expenditures. 

A study recently started at the University 

Another study 

NASA expenditures have had a major impact on the economy of the Cape 
Kennedy area, especially on the functioning and development of local giwern- 
mental units, school boards, planning boards, and utility services. T'nis 
impact is being studied in both an empirical and a qualitative sense tD learn 
the types and ma.gnitude of the problems created by the space center build-up. 
In another case, NASA expenditures have stimulated rapid growth of a major 
scientific latloratory in Boulder, Colorado. Many changes in the econoimic 
base of the ccmiunity, population, and local attitudes have resulted. A 
study now underway at the University of Colorado will analyze these changes 
in considerab1.e depth throughout the conrmunity. 

It is tal be emphasized that the Technology Utilization Program at its 
present stage is still very much an experimental program. Future plans, 
therefore, ca.l.1 for careful review of every phase of the present rechnology 
Utilization Program in order to determine the effectiveness of the current 
approaches which are being pursued. Future plans also call for feasibility 
studies of the riumerous additional ideas generated by the Program, ideas 
which offer pi-oniising new avenues whereby new science and technology emanat- 
ing from the space program can be more readily transferred to the non-space 
connnuni ty . 
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N A T I O N A L  A E R O N A U T I C S  A N D  S P A C E  A D M I N I S T R A T I O N  

j - T - --- -' 

The mis s ion  of t h e  E l e c t r o n i c s  Research Cen te r  i s  t o  i n c r e a s e  NASA PERSONNEL(Endof  t e a r )  

TOTAL ALL PERSONNEL [ 25 250 

CONSTRUCTION OF FACILITIES 

--: 
550 knowledge and advanced technology needed t o  overcome d e f i c i e n -  

L .  

I 1 NoN-FEDERALfLenses3 easements' 

I TOTAL CAPITAL INVESTMENT I 
f o c a l  p o i n t  f o r  n a t i o n a l  space e l e c t r o n i c s  r e s e a r c h ,  coord l -  
n a t i n g  na t ionwide  r e s e a r c h  e f f o r t s  and sponsor ing  e l e c t r o n i c s  1 

- 
TOTAL LAND - 

- - 

r e s e a r c h  conducted by i n d u s t r y ,  u n i v e r s i t i e s ,  and p r i v a t e  

PROJECT L I N E  ITEM I 
- --i 

Space Guidance L a b o r a t o r y  I 

~ 

O p t i c a l  Communications Labora to ry  I 

Microwave R a d i a t i o n  Labora to ry  
Cen te r  Support  F a c i l i t i e s  (Second Phase) 

I 

COGNIZANT 
O F F I C E  

OART 
OART 
OART 
OART 

:Y 1959 T H R U  
CURRENT YEAR 

110.0 
98.0 

100.0 
85.0 

c, 
9 

N 
1 -  :< 

A L L  O T H E R  P R O J E C T S  

- - -  i -  

I 

OART , 14,875.0 

- 

FY 1966 
(Estrmoted) 

- .. - 

3,900.0 
2,100.0 
3,000.0 
1,000.0 

L 

F U T U R E  YEARS 
(Estimated) 

- 0- 
-0- 
- 0- 
- 0- 

- -  
T O T A L  

A L L  YEARS 
( E  strmated) 

4,010.0 
2,198.0 
3,100.0 
1,085.0 



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

SPACE GUIDANCE LABORATORY 

AUTHORIZATION LINE ITEM: E l e c t r o n i c s  Research Center 

PROGRAM OFFICE FOR THE PROJECT: O f f i c e  o f  Advanced Research and Technology 

LOCATION OF PROJECT: Cambridge, Middlesex County, Massachusetts 

COGNIZANT NASA INSTALLATION: E l e c t r o n i c s  Research Center 

TYPE OF CONSTRUCTION PROJECT: New 

FUNDING: 

FY 1965 and P r i o r  Years $110,000 

FY 1966 Estimate 3,900,000 

T o t a l  Funding Through FY 1966 $4 010 000 

PROJECT COST ESTIMATE: 

Land Acqu i s i t i on  

Cons t r u c e n ,  

Laboratory 
S i t e  p r e p a r a t i o n  
Roads and park ing  
U t i l i t i e s  

Equipment 

I n e r t i a l  test equipment 
Ins t rumenta t ion  equipment 
Analysis equipment 
Spec ia l  e l e c t r o n i c  suppor t  

Design 

F a l l o u t  S h e l t e r  (Not f e a s i b l e )  

Unit of 
Measure 

--- 

Sq. F t .  
LS 
LS 
LS 

LS 
LS 
LS 
LS 

--- 
--- 

Unit T o t a l  
c o s t  c o s t  - 

$1,5152,000 

$32.39 1,5133,000 
12,300 12,300 
14 600 14,600 
32 100 32,100 

$2,338,000 

995,000 9'95,000 
827,000 827,000 

316,000 316,000 
200 000 200,000 

--- None 

$3,9 00,000 
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PROJECT PURPCEE: --. 

This  p r o j e c t  w i l l  p rovide  l abora to ry  f a c i l i t i e s  and equipment f o r  
e l e c t r o n i c  r e s  ea.rch t o  advance t h e  s t a t e - o f -  t h e - a r t  r e l a t e d  t o  space 
guidance systc!ms and components. 

PROJECT DESCRIPTION: 
---I- 

The two-story b u i l d i n g  provides  l abora to ry  o f f i c e  space,  major equip- 
ment and special purpose t e s t i n g  space,  wi th  approximately 46,400 square  
f e e t  of f l o o r  area. 30,000 square  f e e t  on t h e  f i r s t  and second f. loors w i l l .  
b e  devoted t o  l abora to ry  f a c i l i t i e s  and r e l a t e d  o f f i c e  space,  and 5,0013 
square  f e e t  of basement area w i l l  be used f o r  u t i l i t i e s ,  maintenance requi re -  
ments and l imi t ed  s torage .  11,400 square  f e e t  w i l l  con ta in  a i r - b e a r i n g  test  
t a b l e s ,  p r e c i s i o n  cen t r i fuges  and s p e c i a l i z e d  c a l i b r a t i o n  and alignment equip- 
ment. Spec ia l  bu i ld ing  p rov i s ions  t o  main ta in  t h e  environment e s s e n t i a l  t o  
t h e  ope ra t ion  of t h e  r e s e a r c h  equipment i n  t h i s  l abora to ry  w i l l  be  provided. 
148 parking spaces w i l l  be  included as a p a r t  of t h e  s i t e  development. 
Bui lding u t i l i t i e s  w i l l  be  connected t o  t h e  c e n t r a l  systems f o r  hea t ing ,  
c h i l l e d  water, water d i s t r i b u t i o n ,  e l ec t r i c  power, s a n i t a r y  sewers, coinmu- 
n i c a t i o n s ,  and dra inage  provided a t  t h e  Center.  

Laboratory equipment w i l l  b e  provided t o  analyze,  test ,  s imula t e  ,and 
gene ra t e  conclepts, techniques and elements f o r  f u t u r e  space  nav iga t ion  and 
guidance s:ys tfems. Spec ia l i zed  test and s imula t ion  devices  w i l l  includfcs 
equipment Eor sens ing  and gene ra t ing  v e l o c i t i e s ,  a c c e l e r a t i o n s ,  angulair 
rates, g r a v i t y  fo rces  and i n e r t i a l  r e f e rences  as w e l l  as analog and d i , ,g i ta l  
d a t a  c o l l e c t i o n  and r educ t ion  equipment. Cryogenic, and vacuum and magnetic 
f i e l d  c o n t r o l  equipment w i l l  be  included f o r  r e sea rch  on new types of guid- 
ance sensoirs. 

PROJECT JUSTII? IChTION: ---- 
The 1abo:ratory w i l l  conduct r e s e a r c h  i n  guidance and nav iga t ion  tech- 

n iques  and c o ~ i ~ ~ e p t i i ,  and new guidance ins t rumenta t ion .  
occupied by 190 personnel.  Theore t i ca l  s t u d i e s ,  i n v e s t i g a t i o n s ,  experimenta- 
t i o n  and test:; i n  t r a j e c t o r y  a n a l y s i s ,  inertial  r e f e r e n c e  and sensory  tech- 
niques,  nav iga t ion  and guidance components and techniques as w e l l  as t h e  
t e s t i n g  of e l tx t romagne t i c  and o p t i c a l  guidance devices  on a component and 
subsystem b a s i s  wilL1 be  undertaken. 

The b u i l d i n g  w:i-ll be  

P resen t  iq)ac:e guidance systems were o r i g i n a l l y  developed f o r  a i r c i - a f  t 
and b a l l i s t i c  mi:3siles which r equ i r ed  v e r y  h igh  accuracy f o r  s h o r t  du ra t ion  
f l i g h t s .  This  technology has been extended and app l i ed  t o  p re sen t  space  
missions.  For  example: t h e  Sa turn  guidance system is an extens ion  of Red- 
s t o n e  and Peri;liing technology, and t h e  Apollo guidance system i s  an out.- 
growth of  clevelopments f o r  P o l a r i s .  While t h e  extended performance of t h e s e  
missi le-guidance systems i s  s a t i s f a c t o r y  f o r  p re sen t  miss ions ,  t h e r e  i E  a 
p r e s s i n g  need to do r e s e a r c h  i n  guidance techniques optimized f o r  long dura-  
t i o n  planet.ary f l i g h t s .  These new techniques must y i e l d  very  r e l i a b l e ,  
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l igh tweight  s,ystems capable  of ope ra t ing  f o r  extremely long per iods  without  
s e r i o u s  degradat ion i n  performance. 

I n  order  t o  achieve t h i s  high l e v e l  of r e l i a b i l i t y ,  f u t u r e  guidance 
systems must incorpora te  l o n g - l i f e  components w i th  few moving p a r t s ,  neg- 
l i g i b l e  d r i f t  r a t e s ,  and low power requirements.  Basic r e sea rch  toward 
secur ing  these  ob jec t ives  i s  beginning; e. g . ,  t he  use  of coherent  l i g h t  
beams i n  laser gyros is  being explored;  t h e  gyroscopic  p r o p e r t i e s  of .a tomic  
n u c l e i  and r o t a t i n g  f l u i d s  are being s tudied ;  and, t'he c h a r a c t e r i s t i c  motion 
of a v i b r a t i n g  p i e z o e l e c t r i c  cy l inde r ,  acted upon by e x t e r n a l  f o r c e s ,  i s  
being analyzed. The ch ie f  a i m  of r e sea rch  of t h i s  n a t u r e  i s  t o  c o n t r i b u t e  
t o  the  NASA mission by d iscover ing  advanced concepts lead ing  t o  more r e l i -  
ab l e ,  less cclmplex, and cheaper guidance systems. 

ESTIMATED FUTURE YEAR PUNDING FOR THIS PROJECT: None 
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ELECTRON I C s  RESEARCH CENTER 

FISCAL YEAR 1966 ESTIMATES 

SPACE GUIDANCE LABORATORY 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

OPTICAL COMMUNICATIONS LABORATORY 

A U T H O R I Z A T I O N ~ I N E  I T E M :  E l e c t r o n i c s  Research Laboratory 

PROGRAM OFFICI3IFOR THE PROJECT : 

LOCATION OF I?RO.JECT: 

COGNIZANT NA!gATNSTALLATION: E l e c t r o n i c s  Research Center  

TYPE OF CONSTRU(2TION PROJECT: New 

FUNDING : 

O f f  ice of Advanced Research and Technology 

Cambridge, Middlesex County, Massachuset ts  

FY 1965 and P r i o r  Years $98,000 

FY 1966 E s  timaate 2,100,000 

Tota l  Funding Through FY 1966 $2,198.000 

PROJECT COST ESTIMATE : 

Uni t  of 
Me a su re 

- - -  Land Acqu i s i t i on  

Construct  i o n  

Laboratory Sq. F t .  
S i t e  p repa ra t ion  and 

foundat ions  LS 
Roads and parking LS 
U t i l i  t ies LS 

Equipment 

Op t i ca l  t ransmiss ion  
e qu i pme n t 

Opt i ca l  r ecep t ion  equipment LS 

ment LS 

mater ia  1 equipment LS 

LS 

Opt i ca l  ;una lysis equip- 

Opt ics  p repa ra t ion  and 

Unit  T o t a l  
c o s t  c o s t  Quant i ty  - 

$1119 ,000 

32,000 $23.75 7~60,000 

- - -  17,350 17,350 
- - -  17,000 17,000 
- - -  14,650 14,650 

s1,2 3 L 000 

--- 207,200 207 ,200 
- - -  512,300 512,300 

- - -  328,000 3 :28,000 

- - -  243,500 2!+3,500 
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Unit  of  
Measure Quan t it y 

Unit  
c o s t  - 

Total 
c o s t  - 

-0 - 

$2 100 000 A L  

--- - - -  - Fa1 l o u t  She '1 t e r 

TOTAL 

PROJECT PURP(;z : 

This pro.jei:t w i l l  provide l abora to ry  f a c i l i t i e s  and equipment f o r  
e l e c t r o n i c  research  t o  advance the  s t a t e - o f - t h e - a r t ,  r e l a t e d  t o  op t i c i i l  
communications isystems and components. 

PROJECT DESCRIPTION : 

The bui:lding w i l l  be s i n g l e  s t o r y  with f u l l  basement:, The ground floor 
(16,000 square Eeet) and 10,000 square f e e t  of t he  basement area w i l l  be 
used f o r  l abora to ry  and o f f i c e  space.  The remaining 6,000 square feel: of 
basement arein w i l l  be used f o r  u t i l i t y  and s to rage .  

Dark rooins and sh ie lded  rooms f o r  p r o t e c t i o n  of personnel from h:i.gh 
i n t e n s i t y  l i g h t  r a d i a t i o n  sources  and e l imina t ion  of  undesired o p t i c a l  
i n t e r f e r e n c e s  from n a t u r a l  and man-made sources  w i l l  be provided. The 
f a c i l i t y  wi l 'L  con ta in  o p t i c a l  test  chambers and spec t rographic  ana1ys:iLs 
equipment. 13uiLding provis ions  t o  maintain the  environment e s s e n t i a l  t o  
t he  ope ra t ion  oE t h e  r e sea rch  equipment w i l l  be included.  S i t e  develop- 
ment w i l l  inc lude  96 parking spaces .  The bu i ld ing  u t i l i t i e s  w i l l  be con- 
nected t o  the  c e n t r a l  h e a t i n g ,  c h i l l e d  water ,  water supply,  e l e c t r i c  
power, communicaations, alarm, and storm and s a n i t a r y  sewer systems. 

The l abora to ry  w i l l  con ta in  equipment f o r  t he  measurement, a n a l y s i s ,  

An analog computer i n  a d d i t i o n  t o  o t h e r  d a t a  
genera t ion  and recept ion  of o p t i c a l  energy i n  the  100 Angstroms t o  100 
microns wave Length reg ion .  
c o l l e c t i o n  and reduct ion equipment i s  r equ i r ed  f o r  e x t r a c t i n g ,  r e s t o r i n g  
and analyzing information from l a se r -pu l sed  sources .  Standard equipment 
such as spectrographs,  o p t i c a l  benches and in t e r f e romete r s  w i l l  be 
complemented by high i n t e n s i t y  l i g h t  sources ,  s enso r s ,  and s p e c i a l  de- 
t e c t o r s  f o r  genera t ing  and ana lyz ing  t h e  u l t r a - v i o l e t ,  i n f r a - r e d  and 
v i s i b l e  emisrsioins a 

PROJECT JUST:I:FICATION : 

This  la lmr,atory w i l l  conduct r e sea rch  on o p t i c a l  r a d i a t i o n  sourct!s 
and components, d a t a  t ransmiss ion  and recovery techniques ,  and propagation 
phenomena. T h e  bu i ld ing  w i l l  be occupied by approximately 1 2 5  personnel .  

The r e v i v a l  of i n t e r e s t  i n  o p t i c s ,  t oge the r  wi th  the  emergence of the  
laser, i n d i c a t e s  t h a t  t he  wavelength band between 100 Angstroms and 100 
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microns o f f e r s ,  a n  impressive p o t e n t i a l  f o r  t h e  s o l u t i o n  of problems r e l a t e d  
t o  space e x p l o r a t i o n .  
c a t i o n ,  guidaxice! and c o n t r o l ,  computers and d i s p l a y s ,  power t r ansmiss ion ,  
and workshop t:ec:hnology. 
b a s i c  r e sea rch .  The need f o r  a b e t t e r  unders tanding  of n a t u r a l  l a w s  is 
ev iden t .  

App l i ca t ions  of o p t i c a l  concepts  inc lude  communi- 

Few of t h e s e  concepts  have progressed beyond 

The theo1:et:ical l i m i t s  of t h e  o p t i c a l  method have not  been r e a l i z e d .  
Tracking and po in t ing  a c c u r a c i e s  of 0.1 seconds of arc a t  system s e n s i t i v -  
i t i e s  of  0.01. seconds of arc are t h e o r e t i c a l l y  p o s s i b l e  wi th  i n t e r f e r o m e t r i c  
techniques ,  c:ompared wi th  minutes of arc f o r  e x i s t i n g  as t ronomica l  antennas.  
Ranging with d i  pu l se  rise time of  10'8 seconds may become f e a s i b l e  over  
cons ide rab le  d i s t a n c e s  wi th  accu rac i e s  of  a few meters, a f f o r d i n g  c a p a b i l i t y  
f o r  t opo log ica l  soundings of  t h e  moon, o r  p l a n e t s ,  from o r b i t i n g  s p a c e c r a f t .  
Lasers, used :in conjunct ion  wi th  b i r e f r i n g e n c e  scanners ,  image c o n v e r t e r s  and 
image o r t h i c o n s ,  may be u s e f u l  f o r  reconnaissance on t h e  dark  s i d e  of 
p l a n e t s .  

The vert::ical d i s t r i b u t i o n  of r a d i a t i o n  nea r  t h e  e a r t h ,  as w e l l  as8 t h e  
spectrum of t h e  sun and stars are l a r g e l y  unknown. Such unknowns have 
caused malfunct ions of  i n f r a r e d  horizon seeke r s .  They a f f e c t  t h e  per-  
formance of pns:oive o p t i c a l  communication devices  and in t roduce  undes i r ab le  
complicat i ons  i n t o  t h e  c r i t i c a l  beam o r i e n t a t i o n  procedures  f o r  o p t i c a l  
communications. Op t i ca l  ins t ruments  do no t  ope ra t e  r e l i a b l y  i n  space 
when poin ted  wi th in  a few degrees  of  t h e  sun,  because i n t e n s i t y  and spectrum 
of background r a d i a t i o n  and s t r a y  l i g h t  caused by t h e  s o l a r  corona art! not  
known wi th  s u P f i c i e n t  accuracy t o  be considered i n  t h e  des ign  of s eeke r s .  
These d a t a  once e s t a b l i s h e d  w i l l  he lp  s o l v e  many of  t h e  problems of  space 
exp lo ra t ion .  

Laser a n d  a s s o c i a t e d  concepts  f o r  o p t i c a l  connrmnication provide ticcess 
t o  a frequency 'band t h a t  is a t  least t h r e e  o r d e r s  of magnitude wider t han  
t h e  e n t i r e  R-F band. 
t o  explore  t h e  p o t e n t i a l i t i e s  of t h i s  r eg ion  f o r  space a p p l i c a t i o n  and t o  
develop t h e  technology to e x p l o i t  t h i s  p o t e n t i a l .  
laser technology development, i nc lud ing  o p t i c a l  c o m n i c a t i o n  concepti3 
u t i l i z i n g  t h e  laser will be conducted. 
pass ive  o p t i o a l  techniques ,  r a d i a t i o n  d e t e c t o r s ,  and informat ion  theory.  
The l a b o r a t o r y  program w i l l  provide t h e  base f o r  t h e  development of  l l g h t  
weight ,  p r e c i s e  o p t i c a l  systems which w i l l  enable  space v e h i c l e s  t o  o p e r a t e  
f o r  long pe r iods  of time a t  g r e a t  d i s t a n c e s .  

This  f a c i l i t y  w i l l  be used i n  t h e  conduct of  a program 

In a d d i t i o n  a program of 

Research will be conducted on 

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

MICROWAVE RADIATION LABORATORY 

AUTHORIZATIO~LINE ITEM: Electronics Research Center 

PROGRAM OFFICEFOR THE PROJECT: 

LOCATION OF PROJECT: Cambridge, Middlesex County, Massachusetts 

COGNIZANT NASAINSTALLATION: Electronics Research Center 

TYPE OF CONSTRUCTION PROJECT: New 

Office of Advanced Research and Technology 

FUNDING : 

FY 1965 and Prior Years 

FY 1966 Estimate 

Total Funding Through FY 1966 

PROJECT COST-ESTIMATE: 

Land Acquisition 

Construct izg 

Lab0 rat 01 y 
Site preparation 
Roads and parking 
Utilities 

E qu i pme n t 

Microwave measurements 
and analysis equipment 

Microwave transmission 
equ ipme n t 

Microwave reception 
equipment 

Data collection and 
reduction. 

Microwave materials and 
preparation equipment 

$100,000 

3,000,000 

~3.100.000 

Unit of Unit Total 
Measure cost - cost Quantity - 

$l.OZ8.000 

Sq. Ft. 40,000 $24.95 9'38,000 
LS --- 8,000 8,000 

10,000 10,000 LS 
12,000 12,000 LS 

--- --- 

LS 

LS 

LS 

LS 

LS 

$1,9 7 2,000 

--- 965,600 9 165,600 

2'77,100 --- 277,100 

--- 604,500 6fl)4,500 

--- 53,300 '53,300 

--- 71,500 '71,500 
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Unit of Unit. Total 
Measure cost - cost Quantity - 

Design 

Fa1 lout Shelter 

&loo, 000 - TOTAL 

PROJECT PURlPO'& : 

This pimject will provide laboratory facilities and equipment for 
electronic n3search to advance the state-of-the-art, related to microwave 
radiation. 

PRaJECT DE SCBIIZT ION : 

The buF:ld:ing will be two-story with a partial basement. Approximately 
20,000 squaw feet on the first and second floors will be devoted to labora- 
tory facilit:iea, and approximately 10,000 square feet to office space. 
The basement.:, npproximately 10,000 square feet, will be divided for labora- 
tory, utility and storage space. Screened rooms and anechoic chambers for 
protection atgainst undesirable electromagnetic interferences will be pro- 
vided. This facility will be used to conduct both transmission and re- 
ception experiments. Building provisions to maintain the proper environment 
required for research equipment will be included. The building utilities 
will be connwted to the central heating, chilled water, water supply, 
electric power, sanitary sewers and communications systems, Access roads, 
walks, and parking for 100 autos will be provided. 

The laboratory includes equipment for the measurement, analysis, 
generation and reception of electromagnetic energy over the range of 
centimeter, submillimeter, and pseudo-optic wavelengths. Equipment for 
extracting, restoring, and analyzing intelligence from complex electro- 
magnetic propagation is complemented by special computer simulation equip- 
ment, both digital and analog. Standard correlation computers, cryogenic 
equipment, and standard microwave test equipment are included. A precision 
machine shop and electronic shop provide an in-house capability for building, 
assembling, pac'kaging and checkout of special microwave comp0nent.s and 
circuits. 

PROJECT JUST:C:FICATION : 

This laborintory is required for the conduct of research on microwave 
radiation sowcces, components, data transmission and recovery techniques, 
and propagation phenomena. The facility will be occupied by 180 perscilnnel. 

The prinuiry objective of the laboratory is to develop techniques for pro- 
viding reliat11.e microwave links. Present technology falls far short of pro- 
gram objectives, A transmission from the moon that requires 3 watts xequires 
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1000 watts for Mars. Methods t o  achieve much l a r g e r  e f f e c t i v e  antenna 
a p e r t u r e s  m u s t  be developed. Lightweight s p a c e c r a f t  antenna m a t e r i a l s  
capable  of v i th s t and ing  high temperatures  i n  space are requi red .  Space- 
c r a f t  antennas must have a high degree of  dimensional s t a b i l i t y  over  
a long per iod  of time, surv ive  meteoroid bombardment, be h igh ly  r a d i a t i o n  
r e s i s t a n t ,  and f i t  compactly i n t o  the  payload package. 

Fu r the r  i n v e s t i g a t i o n s  r equ i r ed  t o  f u l f i l l  f u t u r e  space o b j e c t i v e s  
inc lude :  
r e l a y  l i n k  (opera t ion ,  research  toward prevent ion  of i o n i c  breakdown 
i n  antennas,  refinement of  t h e o r e t i c a l  models of  R-F a t t e n u a t i o n  r e s i r l t i n g  
from dus t  s torms and meteorological  e f f e c t s ,  techniques f o r  minimizing 
the  e f f e c t  of o c c u l t a t i o n ,  and prevent ion  of plasma blackout  dur ing  l ande r  
e n t r y .  

minimizing mul t ipa th  spu r ious  response dur ing  l a n d e r - o r b i t e r  

ESTIMATED PllBRE YBAR FUNDING FOR THIS PROJECT: None 
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E L ECTRON I CS RESEARCH CE NTE R 

FISCAL YEAR 1966 ESTIMATES 

MICROWAVE RADIATION LABORATORY 
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CONSTRUCTION OF F A C I L I T I E S  

FISCAL YEAR 1966 ESTIMATES 

CENTER SUPPORT F A C I L I T I E S ,  SECOND PHASE 

A U T H O R I Z A T I C ~ ~ z , I N E  ITEM: E l e c t r o n i c s  R e s e a r c h  C e n t e r  

PROGRAM OFFIS&FOR THE PROJECT: 

LOCATION OF --- E'RCUECT: 

COGNIZANT NASAINSTALLATION: E l e c t r o n i c s  R e s e a r c h  C e n t e r  

O f f i c e  of A d v a n c e d  R e s e a r c h  and Technology 

C a m b r i d g e , M i d d l e s e x  C o u n t y ,  Massachusetts 

TYPE OF CONSIgCTION PROJECT: New 

FUNDING: 

FY 1965 a n d  P r i o r  Y e a r s  

FY 1966 E s t i m a t e  

Total Funding Through FY 1966 

PROJECT COST ESTIMATE: 

Land A c q u i s  it ion 

C o n s t r u c t  i o n  

A d d i t i o n  to C e n t e r  heating 
and re f:c igera t ion p 1 ant 

S i t e  preparation 
u t i l i  t ieis 

R o a d s  

E q u i p m e n t  

D e s i g n  

Fallout Shel.tt:r --- ( N o t  feasible) 

PROJECT PURPC)i;i: 

$85,000 

1,000,000 

$1,085,000 

U n i t  of 
Mea sur  e 

0-0 

U n i t  Tota l  
Quantity 7 cost  Cost 

$1.000,000 

-0- $295,000 295,000 
150,000 150,000 --- 525,000 525,000 

-0- 30,000 30,000 

-0- 

N o n e  --- --- 
-, 

$ 1  000,000 4 TOTAL 

Th i s  pro:jec:t w i l l  provide s i te  d e v e l o p m e n t  and u t i l i t y  support fa ,c i l i t ies ;  
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to support ithe Electronics Research Center laboratories proposed for FY 1966,, 

PROJECT DES(33I:PTTION: 

This project is the second phase of the site development and prcivision of 
support faci.:Lities for the Electronics Research Center located on an urban 
tract in Caoibridge, Massachusetts. The site development and utility construe.- 
tion and inr:l:al.lation covered in this project relate to the FY 1966 construc- 
tion project::; of the Center. 

Site denrel.opment includes additional site clearing, grading, top soil and 
seeding, security fencing, storm drainage, utility tunnels, roads, walkways 
and street lighting, required to support the additional laboratories requested 
in FY 1966. 

The utility support facilities consist of the addition to the Center 
heating and refrigeration plant, warehouse-maintenance building, additions 
to the underground heat and chilled water distribution systems, sewagie 
collection and disposal, underground electrical distribution systems, trans- 
formers, communication systems, and water systems. As in the case of the 
utilities previously provided for the Center, the heat, chilled water, elec- 
trical and water distribution systems will be constructed in utilidori; to 
facilitate operation and maintenance of Center utilities. 

PROJECT JUSTIFI~CATION: --- 
The Cenlt~m Support Facilities, Second Phase, are required to operate the 

individual laboratories of the Electronics Research Center requested in the 
FY 1966 Budget. 
the laboratories requested cannot function. 

Without these necessary site-developments and utility support, 

ESTIMATED FU’IZW. YEAR FUNDING FOR THIS PROJECT: None 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

LANGLEY RESEARCH CENTER 

Location pl~~i...."... .............................................. (3' 5-1 

Sltrrmary..u. ......................................................... CF 5-3 

Office of Advanced Research and Technology Projects: 

Flight cont:iro;l research facility. ................................ CE 5-4 
Light support technology laboratory. ............................. CF 5-8 

Increased capabilities of 20 inch mach 6 and mach 8.5 tunnels. ... CF 5-12 
Magazine and test area for highly reactive chemical materials.... CF 5-15 
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FISCAL YEAR 1966 ESTIMATES 
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LANGLEY RESEARCH CENTER 
FISCAL YEAR 1966 ESTIMATES 

h u 

WEST AREA 

LOCATION PLAN 

PROPOSED FISCAL YEAR 1966 PRWECTS 

1. FLIGHT CONTROL HESEARCH FACILITY 
2. LIFE SUPPORT TECWNOWGY LABORATORY 
3. V/STOL RESEARCH LABORATORY 
4. MAGAZINE AND TEST AREA FOR HIGHLY 

5. INCREASE RESEARCH CAPABILITY M = 6 
REACTIVE CHEMICAL MATERIALS 

AND 8.5 TUNNELS 

1262 
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1265 
1266 
1267 
1268 
1269 
1270 
127l 
1272 
1275 
1274 
1277 

B 
P 

D 
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NATIONAL AERONAUT ICs AND SPACE ADMINISTRATION 

INSTAL L A 1  ION MISS ION 

LRC Mission - Undertake r e sea rch  t o  provide a t echn ica l  base 
f o r  such missions as:  (1) Manned and unmanned exp lo ra t ion  of 
space; (2) Improvement of performance and u t i l i t y  of a i rborne 
f l i g h t ;  plan,  develop and operate  necessary f a c i l i t i e s ;  

CONSTRUCTION OF FACILITIES 

F Y  19 64 F Y  19 65 F Y  19 66 __ PERSONNEL ST RE NGT t i  

n A s A  PERSONNEL (End ____ of Year)  - - -~ ___ 4330 4308 4308 
CONTRACTOR AND OTHER PERSONNEL 48 3 507 566 

TOTAL ALL PERSONNEL 4811 4810 48 74 
LAND NO. A C R E S  

gene ra t e  new and advanced concepts;  provide r e sea rch  advice NASA-OWNED 

I (Including NASA-Owned L w d )  ( a s  of lune 30, 1964 

540 

F l i g h t  Control Research F a c i l i t y  
L i f e  Support Technology Laboratory 
Inc rease  Research C a p a b i l i t i e s  of M-6 and 8.5 Tunnels 
Magazine and Test Area f o r  Highly Reactive Chemical Mats. 

NON-FEDERAL ( L e a s e s ,  easement s )  
TOTAL LAND 
TOTAL CAPITAL INVESTMENT 

I 

n a t e  s c i e n t i f i c  and t echn ica l  information; search f o r  and 
i d e n t i f y  p o t e n t i a l  i n d u s t r i a l  a p p l i c a t i o n s  involved i n  the 
course of research.  

-_ _ _ ~  
PROJECT LINE ITEY 

- - . - - -__ - ~- 

72 
4230 

249,776.0 
I- 

COG N I 2  A N T  
OFFICE 

OART 
OART 
OART 
OART 

:Y 169 T H R U  
CURRENT Y E A R  

201.0 
164.0 
50.0 
90.0 

I e o  L O O  n , -I".-r""." 

F Y  19 66 
( E s t i w e d )  

3,576.0 
2,492.0 

682.0 
1,500 .O 

F U T U R E  Y E A R S  
(Estinuusd) 

- 

-0- - 0- - 0- 
-0- 

-.- 
TOTAL 

A L L  YEARS 
(Est imated)  

3,777.0 
2,656.0 
732.0 

1,590.0 

NASA FORM 1029 ( R E V .  N O V  641 PREVIOUS EDITIONS A R E  OBSOLETE. 



CONSTKUCTION OF FACILITIES 

FISCAL YEAR 1966 ESZIMATES 

FLIGHT CONTROL-RESEARCH FACILITY 

AUTHORIZATION-LINE ITEM: Langley Research Center  

PROGRAM OFFICE FOR THE PROJECT: Of f i ce  of Advanced Research and Technology 

LOCATION OF PROJECT: Hampton, V i rg in i a  

COGNIZANT NASA-INSTALLATION: Langley Research Center  

TYPE OF CONST_RL?C4TION PROJECT: New 

FUNDING: 

FY 1965 and P r i o r  Years $201,000 

FY 1966 Estimate 3,576,000 

T o t a l  I;'uncl:ini: Through FY 1966 $3,377,000 

PROJECT COST IZS!tIMATE: 

Uni t  of Unit 
Measure Quant i ty  c o s t  

Land Acqui:; it Lon 

Construct  i o n  

Bui I d  ing 
Raised f l o o r  
A i r  cond i t ion ing  
E le va t  o r  
S i t e  work and paving 
Mechanica.1 u t i l i t i e s  
Ele c t r i ca .1  u t i l i t i e s  

Equipment 

P ro  j e c t i on spheres  
Fixed base s tudy  s t a t i o n s  
V i s u a l  c:ue gene ra t ion  
S igna l  dLFst:ribution and 

Building f u r n i s  hing and 
r e  cord j-ng; 

e quipnitmi: 

Sq. F t .  72,420 $21.48 
LS --- 89 , 100 
LS --- 266,600 
LS --- 40,000 
LS 68,900 
LS --- 30,400 
LS --- 187 , 600 

LS --- 183,000 

LS --- 470,000 
LS --- 202,000 

LS --- 406,000 

LS --- 50,000 

T o t a l  
cos t 

$2,2!8,000 

1,5.55,400 
139,100 

2,156,600 
40,000 
158,900 
30 , 400 

187,600 

$ Q , l l , O O O  

183,000 

470,000 
202,000 

4.0 6 , 000 

50,000 

CF 5-4 



Unit of Unit T o t a l  
Measure Quant i ty  cost (:os t 

Design 

F a l l o u t  S h e l t e r  -.- 
Sub t o t a l  $3,541,) ,000 

2 7,000 

$3.57$,000 

-0-  -. 

-__I- 

TOTAL 

PROJECT PURPOSE : 

This p r o j e c t  provides  r e sea rch  c a p a b i l i t y  i n  the  guidance and c o n t r o l  
a spec t s  of fu.t,ur'e manned f l i g h t  missions and fundamental i n v e s t i g a t i o n s  
lead ing  t o  the op t imiza t ion  of man's performance i n  aerospace sys  tems. 

PROJECT DE SCF.IP 1:ION : 

This fa<::LlFty w i l l  be equipped wi th  research  devices  inc luding  v i  sua1  
cue gene ra t ion ,  p r o j e c t i o n  and d i s p l a y  subsystems; a s i g n a l  condi t ion ing  arid 
t ransmiss ion  network t o  connect the c e n t r a l i z e d  equipment wi th  s tudy  s, t a t i o n s  
i n  the  fac i l : ,  ty and with s p e c i a l  purpose s imula to r s  a t  o the r  Langley L i t e s ;  
modularly designed,  quick change cockpi t s  f o r  use a t  the  s tudy  s t a t i o I t s .  The 
f a c i l i t y  w i 1  L i nc lude  f l e x i b i l i t y  t o  accommodate a l a rge  number of witlely 
var ied  studicrs snd f e a t u r e s  t o  permit  r ap id  t es t  s e t u p  and configurat.i.on 
changes. The f a c i l i t y ,  t o  be housed i n  an a d d i t i o n  t o  the  Data Reduction 
Center ,  w i l l  provide space f o r :  

1. A high c e i l i n g  area f o r  two v i s u a l  cue p r o j e c t i o n  spheres .  

2. The v i s u a l  cue gene ra t ion  and s imula t ion  c o n t r o l  equipment, 
f ixed-base crew s t a t i o n s  (wherein the  crew remains s t a t i o n a r y  
and t h e  v i s u a l  cues and s imula t ion  provide the  e f f e c t  o.E 
motion. and suppor t ing  cockpi t  assembly) , checkout and program 
p repa ra t ion  areas. 

3. A l-.uman performance l abora to ry  t o  s tudy  such problems as 
information sens ing ,  d i s p l a y ,  i n t e r p r e t a t i o n  and d e c i s i o n  
maE::.ng, and human c h a r a c t e r i s t i c s  i n  man-machine sys  t e m s  

4 .  The e f fe .c t ive  i n t e g r a t i o n  of e x i s t i n g  computing equipment 
i n t o  $:he s imula t ion  complex, t oge the r  wi th  new equipment. 

5. The personnel  t o  coinduct t he  manned f l i g h t  c o n t r o l  and humari 
peirfo.rmance r e sea rch  as w e l l  as the  a l l i e d  r e sea rch  and 
dev? 1 sprnent work i n  computing techniques and advanced 
s i i n u l  at o r  technology . 

7 6 2 - 0 4 ;  0 ~ 115 - 19 c:P 5- 5 



PKOJ ECT J U!; TI:? 1C.AT:CON : 

E f f e c t i v e  i n t e g r a t i o n  of t h e  a s t r o n a u t s  i n t o  t h e  s p a c e c r a f t  sys te r i  i s  ,a 
major f a c t o r  i n  the  r e l i a b i l i t y ,  s a f e t y ,  and achievement of the  researc:h 
o b j e c t i v e s  of f u t u r e  space f l i g h t  missions.  Extensive research  i s  reqiiired 
t o  d e t e r m i n e  optimum c o n t r o l  techniques ,  t o  improve methods of d i s p l a y  Lng 
information t o  f l i g h t  crews, t o  determine man's c a p a b i l i t y  and furictioii i n  
the c o n t r o l  system, and t o  determine the  e f f e c t  of guidance and c o n t r o l  on 
t he  des ign  cif s p a c e c r a f t  and missions.  The use of s imula tors  o f f e r s  the  only 
means f o r  providing an a c c u r a t e  and r e a l i s t i c  r e p r e s e n t a t i o n  of t h e  f l  igh t  
environment. 

The primary e f f o r t  a t  LangLey i n  t h i s  area has  been concerned w i t i l  t he  
r o l e  of man i n  the  c o n t r o l  of s p a c e c r a f t .  These s t u d i e s  have been mad: 
through the  implementation of special-purpose mission-oriented f a c i l i t i e s  
such as t h e  Rendezvous Docking Siiriulator , t h e  Lunar O r b i t  -Lunar Approach 
Apparatus,  the Lunar Landing Research F a c i l i t y  and t h e  4-man Supersonic 
Transport  S i m l a t o r .  These f a c i l i t i e s ,  a l though u s e f u l  f o r  s imula t ion  of 
s p e c i f i c  niissi o r s ,  do n o t  provide t h e  f l e x i b i l i t y  and a c c e s s 5 b i l i t y  needed 
f o r  t he  develcbpinent of advanced d i s p l a y  and c o n t r o l  concepts .  

The F l i g h t  Control  Research F a c i l i t y  w i l l  provide t h e  b a s i c  t o o l s  f o r  
conducting adlranced research  f o r  f u t u r e  manned missions.  I t  w i l l  incorpora te  
a v a r i e t y  of E iniulators and computing equipment i n t o  a w e l l  i n t e g r a t e d  
f l e x i b l e  comp1.e~ capable of handl ing  r e s e a r c h  s t u d i e s  wi th  t h e  necessary 
accuracy and conipleteness. It: w i l l  a l s o  a l low f o r  i n t e g r a t i o n  of t h e  e x i s t i n g  
s p e c i a l  purpose s imula tors  i n t o  the new complex t o  c a r r y  ou t  t h e  needed 
research  i n  i i ~ i  c!conomical and e f f i c i e n t  manner. 

ESTINATED --- FU'IIIJRE YEAR FUNDING FOR THIS PROJECT: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

LIFE SUPPORT TECHNOLOGY LABORATORY 

AUTHOKIZATION LINE ITEM: 

PROGRAM OFFICS 70R THE PROJEC';: 

LOCATION OF ?ROJECT: Hampton, V i r g i n i a  

COGNIZANT NASA INSTALLATION: 

TYPE OF CONSPKUCTION PROJECT: New 

FUNDING : 

Lang ley  R e s e a r c h  C e n t e r  

O f f i c e  o f  Advanced Research and  Techxio1og:g 

Langley R e s e a r c h  C e n t e r  

FY 1965 a r d  P r i o r  Years $164,000 

FY 1966 E s , t i m a t e  2,49 2,000 

T o t a l  Fu rd i r ig  Through FY 1.966 $2,656,000 

PROJECT COS'I: ESTIMATE: 

Land Acqu:i s i  t i o n  

Cons t r u c  t ion  

Bui Lding 
Spec ia l  bu i l id ing  equipment  
G r a d i n g ,  p a v i n g ,  l a n d s c a p i n g  
Mechan ica l  u t i l i t i e s  
E l e c t r i c a l  u t i l i t i e s  

Equipment 

Environniertt a 1 s i m u l a t o r s  
Lab clr a t o r y  equipment  
Labora t .o ry  m e c h a n i c a l  s y s t e m s  

Desigr! 

U n i t  o f  
Measure  

S q .  F t .  
LS 
LS 
LS 
LS 

LS 
LS 
LS 

--- 

U n i t  
c o s t  
-_.- 

--- 

$25.L+4 
9 2,800 

168,700 
2 13,900 

7 3,200 

757,200 

53,400 
23,400 

- - .. 

Total .  
c o s t  -.-.. 

L, 068,400 
9 2. , 801i) 
731,200 

168,700 
2 13,9 00 

$834,000 

757,208 
23 ,4Cii0 
5:3,4OO 

<;'2,45 I, 000 
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Unit of Unit  To ta l  
Measure Q u a n t i t y  c o s t  c o s t  - 

F a l l o u t  She l  t e r  

$2,  /'I9 2,000 
-, -, 

TOTAL 

PROJECT PURPOSE: 

This  p r o j e c t  w i l l  p rovide  r e sea rch  c a p a b i l i t y  t o  o b t a i n  and apply  t h e  
technology necessary  t o  equip f u t u r e  manned space vehicles of extended dura- 
t i o n  w i t h  optimum l i f e  suppor t  systems. 

PROJECT DESCRIPTION: 

The L,ife Support  Technology Laboratory w i l l  con ta in  approximately 42,000 
square f e e t  of 1,aboratory. Included i n  t h i s  f a c i l i t y  w i l l  be: 

1. A n  alvanced systems experimental  l abo ra to ry  t o  i n i t i a t e  and develop 
promising concepts f o r  l i f e  support  p rocesses ,  components, and subsystems, 

2. A 1aI)orat.ory f o r  t h e  concept ion and i n i t i a l  eva lua t ion  of instrumenta-  
t i o n  t o  monitor and c o n t r o l  advanced l i f e  support  subsystems and i n t e g r a t e d  
systems, 

3 .  l a b o r a t o r i e s  f o r  t h e  eva lua t ion  and t e s t i n g  of advanced conct:pts con- 
cerned w i t h  water reclamation from b i o l o g i c a l  wastes, humidity contro:l., and 
wash f a c i l i t i e s ,  

4 .  A l abo ra to ry  f o r  making test  se tups ,  and ins t rument ing  systems and 
subsystems f o r  eva lua t ion ,  

5. ,An environmental  component and systems l abora to ry  f o r  t he  t e i j t i ng  
and eva lua t ion  of advanced components and subsystems f o r  t h e  c o n t r o l  (of t h e  
environment wi th in  the  s p a c e c r a f t ,  

6 .  A f t 1 1  scale i n t e g r a t e d  systems test  area which w i l l  con ta in  a l a r g e  
test  chamber r equ i r ed  f o r  t h e  eva lua t ion  and subsequent mod i f i ca t ion  of com- 
p l e t e  and i n t e g r a t e d  manned l i f e  suppor t  systems inc lud ing  environmental  
c o n t r o l ,  water  recovery,  food provis ion ,  and waste management, 

7 .  A major subsystems test area f o r  t h e  checkout and evaluation1 of ve- 
h i c l e  struct:urCis, a i r l o c k s ,  e r e c t a b l e  and deployable  s t r u c t u r e s ,  and func t ion-  
a l  mockups o:? var ious  p ro jec t ed  miss ions  as w e l l  as f o r  dynamics and s t a b i l i t y  
s t u d i e s  a s s o c i a t e d  w i t h  manned v e h i c l e s ,  

8. A temperature  c o n t r o l  l abo ra to ry  f o r  t h e  r e sea rch  and scale t e s t i n g  
a s soc ia t ed  wi th  both pas s ive  and act ive thermal c o n t r o l  concepts fo r  manned 
space v e h i c l e s ,  

CF  5-9 



9 .  A t e s t  l abo ra to ry  t o  determine t h e  phys ica l ,  mechanical,  and degra- 
da t ion  c h a r a c t . e r i s t i c s  of candida te  materials f o r  manned s p a c e c r a f t  and t o  
eva lua  t e the  i I' t .ox i c  c h a r a c t e r  i s t ics , 

10. A. food an.d waste management systems l abora to ry  f o r  r e sea rch  on 
optimum methods of prepar ing  and d ispens ing  food and process ing  t h e  a s s o c i a t e d  
r e fuse  and b i o l o g i c a l  wastes, 

11. A contami.nant c o n t r o l  and b i o l o g i c a l  tes t  l abora to ry  f o r  research  
on d e t e c t i o n ,  a n a l y s i s ,  and c o n t r o l  of gas ,  vapor,  b i o l o g i c a l  and part icu-  
l a t e  toxic: subs tarices occurr ing  i n  s p a c e c r a f t  environments. 

PROJECT JUSTl:I?ICATION: 

I n  fu tur ' c  .years man w i l l  engage i n  space exp lo ra t ions  of  extended dura- 
t i o n  a t  inc reas ing  d i s t ances  from t h e  e a r t h .  Planning f o r  t hese  longr!r- 
du ra t ion  missions has e s t a b l i s h e d  t h e  need f o r  improved l i f e  suppor t  systems. 
Present  l i f e  support  systems used on the  Mercury v e h i c l e  and planned Ifor 
Gemini and A?ol lo  are r e l a t i v e l y  s i m p l e  con ta in ing  chemical a b s o r b e r s ,  high- 
p re s su re  ;3as s t o r a g e ,  and s i m p l e  humidity c o n t r o l s .  These non-regenecat ive 
systems a r e  inadequate  f o r  space missions beyond about 30 days. For longer 
missions r egene ra t ive  and reclamation type systems must be used t.o av3id ex- 
c e s s i v e  weight p e n a l t i e s .  Longer d u r a t i o n  missions w i l l  a l s o  demand t h a t  
t hese  systems, which w i l l  be q u i t e  complex, a l s o  be extremely r e i i a b k .  N e w  
concepts m u s t  be  explored and new technologies  e s t a b l i s h e d  i n  order  t 3  pro- 
v ide  these  missions wi th  optisum l i f e  support  systems. 

The primary e f f o r t  f o r  l i f e  support  technology has been concent ra ted  a t  
the  Langley F.esearch Center .  However, t h i s  e f f o r t  has  been hampered because 
of t he  lack  of adequate  l abora to ry  space and equipment t o  accomplish t h e  
planned o b j e c t i v e s  i n  t h i s  a r e a .  This  p r o j e c t  w i l l  provide t h e  labora tory  
space needed t o  undertsake a concent ra ted  r e sea rch  program. Research t o  be 
accomplishet wj.1.1 inc lude  the  development of promising concepts i n t o  t e s t e d  
hardware, the  i n t e g r a t i o n  of t .h is  hardware i n t o  working pro to type  s y s  t e m s ,  
and t h e  e:val.uat:ion of t hese  systems i n  s imulated mission e x e r c i s e s .  Other 
r e sea rch  w i l . . l  deaLl w i t h  t h e  sens ing  and c o n t r o l  of contaminants and the  
per t inent :  aspects;  of r e p a i r  and maintenance. I n  a d d i t i o n  t o  these  inves t iga- ,  
t i o n s ,  coortl:inati.on and i n t e g r a t i o n  of t hese  experiments and systems must be 
c a r r i e d  out w i th  o the r  s p a c e c r a f t  systems such as t h e  ins t rumenta t ion ,  
s t r u c t u r e s ,  and c o n t r o l  s y s t e m s  which in f luence  t h e  f i n a l  conf igu ra t ion .  

ESTIMATED FIJ'CUIIE YEAR FUNDING FOR THIS PROJECT: None ----- 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

----- 1NCRE.ASED CAPABILITIES OF 20-INCH MACH 6 AND MACH 8.5 TUNNELS 

AUTHORIZATION LINE ITEM: L a n g l e y  Research Center 

PROGRAM OFFICE FOR THE PROJECT: O f f i c e  of Advanced R e s e a r c h  and 
Techno l o g y  

LOCATION OF PRCUECT: Hampton, Virginia 

COGNIZANT NASA INSTALLATION: L a n g l e y  Research Center ---- 
TYPE OF CONSII'RLICTION PROJECT: New 

---I 

FUNDING : 

FY 1965 .aid P r i o r  Years 

FY 19616 E,:; tj.ma.te 

T o t a l  Furitling Through FY 

PROJECT COST ESTIMATE: 

Cons t r u c t : i m  

Bu i  Id in); 
Founclat i mi; and e x h a u s t  

Site wo'c< csiici p a v i n g  
Electri :a1 u t i l i t i e s  
M e c h m i  :a1 u l : i l i t i e s  

t u b e  :: ~pi>oi:t 

Eq u i  pme n t 

Vacuum s t o r a g e  s p h e r e  
A i r  c c m l e r s  
Vacuum s y s  t e in  
E q u i p m e n t  i n s t a l  Lation 

$50,000 

682,000 

1.966 $Z32,000 

Unit of 
Me as u r e  

--- 

S q .  Ft. 

LS 
LS 
LS 
LS 

LS 
LS 
LS 
LS 

Unit  
cost 

--- 

30.37 

27,870 
8,880 

67,630 
43,140 

154,500 
128,750 
134,280 
41,400 

Total1 
C o s t -  

_- - 
%!3,07!2 

: '5 ,550  

: !7,870 
8 ,880 

07,630 
lt3,140 

$4,8,93!3 

1 54,500 
1?8,750 

~ 1 , 4 0 0  
134,280 
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Unit of  Unit  Tot a 1 
Measure guant  i t y  c o s t  !,:os t 

F a l l o u t  S h e l t e r  (Not f e a s i b l e )  --- 
TOTAL 

PROJECT PURPOSE: 

$68:! ,000 
.-.- 

This p r o j e c t  w i l l  provide f o r  i nc reas ing  the  r e sea rch  c a p a b i l i t i e s  of 
the  20-Inch Mach 6 and 8.5 tunnels  i n  the  fol lowing r e s p e c t s :  

Red.ucing s t a r t i n g  and s topping  loads so  t h a t  winged hypersonic  
veh ic l e s  may be s tud ied .  

Providing an orde r  of magnitude inc rease  i n  a v a i l a b l e  Reynolds 
number range. 

PROJECT DESCRIPTION: 

This p r o j e c t  w i l l  provide a 60-foot diameter  vacuum sphere t o  increase 
the  research  c a . p a b i l i t i e s  of the  20-Inch Mach 6 and Mach 8.5 tunnels .  An 
e x i s t i n g  41-f'oot d iameter  sphe re ,  which does not  p re sen t ly  se rve  these  
f a c i l i t i e s ,  w i l l  be connected t o  the  proposed 60-foot sphere t o  allow com- 
bined use of both sphe res ,  A pumping system u t i l i z i n g  e x i s t i n g  pumps and 
motors w i l l  be used t o  evacuate  these  spheres .  A wea the r t igh t  s h e l t e r  w i l l  
enc lose  the  pumps, a s soc ia t ed  equipment, and exhaust  a i r  coo le r s .  

PROJECT JUS'I'~'1:CATION: 

Theore t i ca l  s t u d i e s  of winged veh ic l e s  capable  of achiev ing  sus t a ined  
hypersonic  fi:.ight: speeds i n d i c a t e  very promising a p p l i c a t i o n s  i n  the  area 
of recoverab:le boos t e r s  and e a r t h - t o - o r b i t  f l i g h t .  Experimental  aerodynamic 
s t u d i e s  are requi.red t o  a s c e r t a i n  i f  t h i s  t h e o r e t i c a l  p o t e n t i a l  can tle 
r e a l i z e d ,  The p r e s e n t l y  c o n s t i t u t e d  tunnels  a t  Langley are no t  s u i t a b l e  f o r  
ob ta in ing  the  requi red  information.  The 20-Inch Mach 6.0 and 8.5 t u r m e l s  are 
c o r r e c t l y  slhed, and opera te  i n  the  requi red  Mach number range of 5.5 t o  8.5:, 
however, the,  method by which these  i n t e r m i t t e n t  type tunnels  ope ra t e  imposes 
such severe  :; t a r t i n g  and s topping  aerodynamic loads t h a t  experiments wi th  
winged vehicle:; are no t  poss ib l e .  These l i m i t a t i o n s  can be overcome by 
reducing the  bixck p res su re  a t  t h e  downstream end of the  tunne l s .  Th:i.s reduc-  
t i o n  can be maccomplished by : increasing the vacuum capac i ty  a t  the tunnel  e x i t .  

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

MAGAZINE AND TEST AREA FOR HIGHLY REACTIVE CHEMICAL MATERIALS 

AUTHORIZATION L I N E  ITEM: Langley Research Center 

PROGRAM OFFICE ---- FOR 'ITHE PROJECT: 

LOCATION OF PROJECT: Hampton, V i r g i n i a  

COGNIZANT NASA ---- INSTALLATION: 

TYPE OF CONSTRUCTION PROJECT: New 

FUNDING : 

Off i ce  of Advanced Research and Technology 

Langley Research Center 

FY 1965 and P r i o r  Years $90,000 

FY 1966 Estimate 1 , 5 0 0 , 0 0 0  

Tota l  Funding Through FY 1966 $1,590,000 

PROJECT COST ESTIMATE: 

Unit  
C o s t  

Total  
c o s t  -. 

Unit of 
Me as ure  Quan t i t  y 

--- Land Acqu i s i t i on  --- - e -  

Cons t r u c t i s .  

Rocket magaz i n e  
Rocket t e s t  f .xi li t  ies 
Rocket assainbly b u i l d i n g  
Chemic a l mi3,g a z i n e  
S i t e  development 

LS 
LS 
LS 
LS 
LS 

$122,400 
337,200 
2 4 5 , 0 0 0  
2 2 2 , 6 0 0  
572,800 

1 : ! 2 , 4 0 0  

2115,000 
2 : !2  , 600 
5'72 , 800 

337 , 200 

Equipment 

Design 

F a l l o u t  S h e l r x r  (Not f eas ib l e : )  --- None 

$1,5!)0,000 

.-- 

-- TOTAL 
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PROJECT PUIIPOSE : --- 
This p r o j i c t  w i l l  provide permanent type f a c i l i t i e s  t h a t  w i l l  p e n n i t  t h e  

s a f e  conduct (of s o l i d  rocke t ry  t e s t i n g  wi th  h igh  energy modern p r o p e l l m t s .  
The f a c i l i t i e s  and t e s t  a r e a  w i l l  supplement the  e x i s t i n g  f a c i l i t i e s  i i i  the  
hypersonic  physics  area. 

PROJECT DE SCR LPT ION : ----- 
This  p r o J e c t  w i l l  provide s m a l l  r ocke t  t e s t  f a c i l i t i e s ,  a rocke t  

assembly bu i ld ing  to support  the tes t  f a c i l i t i e s ,  a rocke t  magazine, aiid 
chemical magazines Loca t ions ,  d i s t a n c e s  , and des ign  f e a t u r e s  w i l l  be i n  
accordance wiirh cur ren t  s a f e t y  codes t o  p e r m i t  con t inua t ion  of ongoing e f f o r t .  
The t e s t  f a c i t i t i e s  w i l l  inc lude  t h r e e  test ce l l s  and a c o n t r o l  house \ r i t h  
ba r r i cad ing  aid d i s t a n c e s  s u i t a b l e  f o r  a rocke t  us ing  3,000 l b s .  cf  cl:tss 9 
p r o p e l l a n t  maixrial!. Concrete and s t ee l  s t r u c t u r e  of t he  t es t  s t ands  t r i l l  be 
designed t o  w:,th:;tand peak stresses p o s s i b l e  i n  the  event  of rocke t  ma: - 
func t ions .  The rocket assembly b u i l d i n g  w i l l  p e r m i t  opera t ions  on a. r ocke t  
of up t o  3.,000 pounds of c l a s s  9 p rope l l an t .  The rocke t  magazine w i l l  be 
designed f o r  a maximum of 9,000 pounds of c l a s s  9 s o l i d  rocke t  prope1l:int. 
The chemical riagazine f a c i l i t y  w i l l  provide segmented areas f o r  var  Lous 
flammable c:hernica31a u t i l i z e d  i i i  the  var ied  r e sea rch  a c t i v i t i e s .  This e n t i r e  
f a c i l i t y  w i l l  be loca ted  on an e x i s t i n g  i s o l a t e d  s i t e .  

PROJECT J U S T I F  .CCATION : 
--I-- 

The primairy requirement f o r  t h i s  p r o j e c t  i s  t o  permit  cont inuat ior l  of 
ongoing program act  i v i t i e s  i n  . E ~ l l  compliance wi th  cu r ren t  s a f e t y  codes and 
s a f e  operat  i o n a l  procedures .  The Langley Research Center  has conduotec 
programs of' rocke t  motor development and f l i g h t  programs u t i l i z i n g  rocke t  
motors for  20 years .  

The mi.ssi.ons r equ i r ing  the  Langley rocke t  f a c i l i t y  suppor t  include : 

1. Natt ic i i ia l .  procurement agency f o r  the  s o l i d  fue led  Scout rocke t  
(deve loped a t  Lang1ey)i 

Ilvaluiating, trout11 e-shoot ing ,  f a i l u r e  a n a l y s i s  
2:mprciving pe r f o rriance 

2.  Flight: r e - en t ry  p r o j e c t s ,  such as: 

Apol l o  suppor t  
(:onunu.ni cat ions b lackout  
I)e t:e c t i o n ,  and 

r e  -,en t r y  h e a t  irig 

3 .  O r b i t a l  p r o j e c t s ,  such as: 

F I i  c r  ome t e oroid s t: udy s a t  e 1 1 i t e  s 

CF 5- 16 



4 .  ktmo:;pher:ic and space probes 

5. Support of s o l i d  propuls ion  rocke t  development 

This Center  has developed a competence i n  s o l i d  rocke t s  which i s  unique 
and does n o t  dup1i.cate suppor t  a v a i l a b l e  i n  indus t ry  o r  i n  o t h e r  government: 
1aborator i .es  with which Langley s t a f f  f r equen t ly  consu l t .  The p a r t i c u l a r  
competence may h e s t  be i l l u s t r a t e d  by not ing  t h a t  i t  has cont r ibu ted  g r e a t l y  
t o  the perfec:i: performance of the 4-s tage  Scout veh ic l e  i n  the l a s t  1 C  
launches.  The con t r ibu t ions  were based i n  p a r t  on a n a l y s i s  and s t a t i c  f i r imgs  
of ind iv idua l  st:ag,es i n  ground t e s t  f a c i l i t i e s .  

Existing; Lang,ley rocke t  f a c i l i t i e s  w i l l  be r e t a ined  f o r  use as needed but  
with sma l l e r  mot:or l i m i t s  i n  accordance wi th  rev ised  s a f e t y  s t anda rds .  

The Centglr has no chemical magazine area f o r  t he  many chemicals used i n  
modern techno'.ogy which are t o x i c  o r  flammable. The number and use of such 
chemicals ,  many i n  p l a s t i c  f a b r i c a t i o n  a p p l i c a t i o n s ,  has p r o l i f e r a t e d .  
Although s t r i n g e n t  s a f e t y  proc:edures are enforced ,  good management r equ i r e s  
t h a t  a s u i t a b l y  r e s t r i c t e d  magazine be provided f o r  r ece iv ing  and d ispens ing  
such chemicals.  

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

CONSTRUCTION OF F A C I L I T I E S  

F I S C A L  YEAR 1966 ESTIMATES 

LEWIS RESEARCH CENTER 
(Plum Brook Station)  

-I Pa.ge No. 

Location plan. ..................................................... CF 6-1 

S ~ a r y . . .  ......................................................... CF 6-3 

Office  of Advanced Research and Technology Projects: 

Building addition for the 10x10 foot  supersonic wind tunnel 
for data processing. ........................................... CF 6 - 4  

Space power research laboratory. .................................. CF 6-8 
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I EXISTING FACILITIES 
1 - Development Engineering Building and Annex 
2 -Fl ight  Research Building 
3 - Aero Test Building 
4 - Technical Service Building 
I I IL%" Ic I I , c I I I a I I "  .'upp,)r Oullullly 

b - taorication m o p  
7 - Special Proiects Laboratow 
8 - Liquid Metals Corrosion Laboratory 
9 - Materials Processing Labratory 

10 -Materials and Stresses Laboratory 
11 - Fracture Mechanics Laboratory 
13 - Rocket Engine Facility 
14 -Administration Building 

E .  " - " - , , - - " . " - & - - J  c - - I  n .I... 

LEWIS RESEARCH CENTER 
FISCAL YEAR 1966 ESTIMATES 

LOCATION PLAN 

19 - Ic ing Research Tunnel 
M - Utilities Building 
21 - PrODUlSiOn Systems Laboratory 
22 - 8X6-Fmt Supersonic Wind Tunnel 
24 - Basic Materials Laboratory 
2'5 - iOXi0-iwi j upe r iun i c  wino i u n n e i  
26 - Rocket Combustion Laboratory 
27 - Rocket Laboratory 
28 - High-energy Fuels Laboratory 
29 - RKket Operations Build!:; 

39 - Drop Tower 
31 - Instrument Research laboratory 

33 - Electric Propulsion Research Biulding 
34 - Electric Propulsion Laboratory 
53 - tnerav Conversion I ahnratny 

FACILITIES UNDER CONSTRUCTION 
ii - nlgn-ioaa Lapacity lensile Testlng Facility 
23 - Zero Gravlty Facility 
31 -Addition to Instrument Research Laboratory 

@B FACILITIES PROPOSED IN 1966 ESTIMATES 

37 - P ropu !s /~n  SyStemS L&crato,-j $=:;:ion;l Bd;iding 
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N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

______ L A N D  
~ -___ 

t i o n  and direct-energy conversion processes;  chemical, nuclear  NASA-OWNED 

CONSTRUCTION OF FACILITIES 

NO. ACRES 

6.380 

e f f e c t s .  The Center maintains  t echn ica l  management of many 

PROJECT L INE ITEM 

TOTAL LWD 6.395 

i COGNIZANT 
~ OFFICE 

Building Addition t o  10 x 10-foot Supersonic Wind Tunnel 1 
f o r  Data Processing j OART 

Space Parer  Research Laboratory OART 

A L L  OTHER PROJECTS 

-- ~- 

'Y  19 59 THRU 
CURRENT YEAR 

- 

23.0 
27.0 

~~ 

93,663,c 

93,713.0 

-~ 

FUTURE  YEA^--,,',"',^',^, 
1 (Estimaied) ( E  sf imnted) ( E  st i m d e d )  

____ - 
I 

407.0 1 -0- - 0- 460.0 

I 

, 
i , 

430.0 
487.0 



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

BUILDING ADDITION TO THE 10 x 10 FOOT SWT 
- FOR DATA PROCESSING 

AUTHORIZATION LINE ITEM: Lewis Research Center 

PROGRAM OFFICE FOR THE PROJECT: 

LOCATION (OF PROJECT: Cleveland, Cuyahoga County, Ohio 

COGNIZANT ---- NASA INSTALLATION: L e w i s  Research Center  

TYPE OF CONSTRUCTION PROJECT: New 

Of f i ce  of Advanced Research and Techiiology 

FUNDING : 

FY 196.5 and Pr:Lor Years 

FY 1966 Es t imate  

T o t a l  l?unding Through FY 1966 

PROJECT COST ESTIMATE : ----- 

Land Acquia i t ioq  

Constructicm 

Building 
S i t e  p repa ra t ion  
Roads and perking 
U t i  1 i 1: i e  :; 

E q uipme r s  

Card and table: c a b i n e t s  
Office fiii:n:itcire 

Design 

F a l l o u t  She!. tt!r 

$23,000 

407,000 

$430,000 

Unit  of Unit 
Measure Q u a n t i t y  c o s t  

Sq. Ft.  
LS 
LS 
LS 

LS 
LS 

--- 

T o t a l  
c o s t  

11;383, '700 

14,480 $25.85 374,300 
1,300 1,300 

-..- 8 , 100 8,100 
--- --- --- 

323,300 

--- 15,100 15  , 100 --- 8,200 8, ZOO 

- 0- --- -..- 
TOTAL 
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PROJECT PURP$,SE;: 

This  prc)je!ct w i l l  provide an acceptab le  l o c a t i o n  f o r  d a t a  process ing  
equipment t h a t  i s  p r e s e n t l y  on order  and r equ i r ed  t o  process  the  increased 
d a t a  load. 

PROJECT DE SCRIPT ION : 

This  p r o j e c t  c o n s i s t s  of a t h r e e - s t o r y  and basement a d d i t i o n  t o  the  
10 x 10 Supersclnic Wind Tunnel Building. The s t r u c t u r e  w i l l  be a s t e e l  
frame wi th  mescriry c u r t a i n  wal l s .  The f i r s t  f l o o r  and basement w i l l  b e  
r e in fo rced  ccacre te .  E x t e r i o r  dimensions w i l l  be approximately ‘73 f e e t  by 
47 f e e t .  

The basement w i l l  be used f o r  mechanical and e l e c t r i c a l  equipment; t h e  
f i r s t  f l o o r  f o r  o f f i c e  space,  conference a r e a  and t o i l e t  f a c i l i t i e s ;  the 
second and t h i r d  f l o o r s  f o r  t he  new computer and d a t a  processing equilpment 
and o f f i c e  area.  

The wa l l  between t h e  new and e x i s t i n g  bu i ld ings  w i l l  be removed Ion the  
second and t h i r d  f l o o r s  so t h a t  one l a r g e  computer a r e a  w i l l  be obtained. 

Spec ia l  a i r - cond i t ion ing  equipment w i l l  be used f o r  t he  equipmenlt w i th  
comfort condi t ion ing  being suppl ied f o r  t he  bui ld ing .  A r a i s e d  f l o o r  system 
w i l l  be used i n  t h e  computer and da ta  processing a reas .  

PROJECT JUSTJPICATION: 

Present  d a t a  c o l l e c t i o n  systems are incapable  of process ing  t h e  increased  
d a t a  load t h a t  i s  be ing  generated i n  suppor t  of such r e sea rch  programs as the  
supersonic  t r a n s p o r t  compressor and t u r b i n e  components, i n j e c t i o n  tests, com- 
bus t ion  i n s t a b i l i t y ,  and s imulated power system loop tests. To meet t h i s  
requirement,  add i t ions  t o  the  p r e s e n t  d a t a  system are being purchased. 
inc lude  a 30,000 sample-per-second d a t a  system and te lemet ry  d a t a  reduct ion  
system t h a t  will be used t o  process  r a w  d a t a  tapes  of Centaur and Agelna s h o t s .  

They 

The a d d i t i o n a l  da t a  processing equipment being de l ive red  i n  the  next  
twelve month:; cannot be housed i n  t h e  p re sen t  area.  
i n d i c a t e s  no a r e a  of adequate s i z e  t o  accept  t h e  complete computing i n s t a l l a -  
t i o n  i n  an ef  Eic ien t ,  coordinated arrangement. A new computer bu i ld ing  would 
g r e a t l y  exceed the  c o s t  of t h e  proposed addi t ion .  

A survey of t he  building:; 

The l a r g e  d i g i t a l  computers a r e  a modified 1103 and 7094 Mod. - 11. 
These, wi th  t h e i r  pe r iphe ra l  equipment, and a l l  of t h e  d i g i t a l  and analog 
da ta  systems,, a r e  p r e s e n t l y  housed i n  t w o  rooms of t h e  10 x 10 Supersonic 
Wind Tunnel o.Ef:ice: bu i ld ing .  Th i s  a rea  i s  a l r eady  so overcrowded that.  
peripheral .  equipment f o r  those  systems i s  loca ted  i n  ad jo in ing  o f f i c e s .  
ou t  t h e  proposed bu i ld ing  add i t ion ,  t he  te lemet ry  system w i l l  have t o  be 
remotely 1.ocz1i:ed and a d d i t i o n a l  people w i l l  be r equ i r ed  t o  ope ra t e  the new 

With- 
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data systems because the equipment could not be central ly  located. The  out- 
put of a l l  d i g i t a l  data systems i s  accepted by a s ing le  computer and i s  for- 
mated for  further data processing. The proposed building addition w i l l  
reduce the scattering of the systems and thereby reduce the poss lb le  need 
for a new computer. 

ESTIMBTED FUI'URE YEAR FUNDING. FOR THIS PROJECT: None 
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LEWIS RESEARCH CENTER 
FISCAL YEAR 1966 ESTIMATES 

BUILDING ADDITION TO THE 10 X 10 FOOT SUPERSONIC WIND TUNNEL FOR DATA PROCESSING 
__ 
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CONSTRUCTION OF F A C I L I T I E S  

F I S C A L  YEAR 1966 ESTIMATES 

SPACE PCWER RESEARCH LABORATORY 

AUTHORIZA.TICIN L I N E  ITEM: L e w i s  R e s e a r c h  C e n t e r  

PROGRAM ClFFICE FOR THE PROJECT: O f f i c e  of A d v a n c e d  R e s e a r c h  and 
Technology 

LOCATION OF PROJECT: C l e v e l a n d  , C u y a h o g a  C o u n t y  , O h i o  

COGNIZANT ---- NASA INSTALLATION: L e w i s  R e s e a r c h  C e n t e r  

TYPE OF CONS,7.'RlJCT'ION ---- PROJECT: New 

FUNDING : 

FY 1965 and P r i o r  Y e a r s  $27,000 

FY 1966 E k t F m a . t e  460,000 

T o t a l  Funding Through FY 1-966 $487,000 

PROJECT COS'II ESTIMATE : ----- 

Land Ac:quL!; i t i o n  

C o n s  t riic t i o n  

B u i  lcl ing  
S i t e  d e w  l o p n i e n t  and 

u t i l i t :  Le:; 

E q u i p m e n t  

Labora to:cy f u r n i t u r e  
Me chan d cia1 s u p p o r t  services 
E 1 e c 1:r i (:a 1 s up p or  t s e r v i  ce s 

D e s  ign  

F a l l o u t  S l i e l  ter ( N o t  feasible) 

U n i t  of 
Measure 

--- 

Sq. F t .  

LS 

LS 
LS 
LS 

--- 

U n i t  
cost  - guan t i t y  

13,300 $ 21.21 

--- 51,400 

--- 47,250 
--- 48,550 
--- 30,700 

--- --- 

TOTAL 

' I ' o t a l  
c o s t  -- 

--- 

$33:' ,500 

2 8;' , 100 

51 ,400 

$- 12f1,500 

4;' , 250 
411,550 
30 , 700 

--- 
None .--. 

&,), 000 .-- 
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PROJECT PURPi)SEh 

This p r o j e c t  w i l l  expand research  c a p a b i l i t i e s  i n  e l ec t rochemis t ry ,  
f u e l  c e l l s  , fused sa l t  chemistry,  secondary b a t t e r y  c h a r a c t e r i s t i c s  and t h i n -  
f i l m  photovol.taic cel ls  as r e l a t e d  t o  fundamentals and development of space 
e l e c t r i c  power systems. 

PROJECT I>ESC:E:II~TI,ON : --- 
This projc!ct provides  a new b u i l d i n g  t o  be a t tached  t o  the  e x i s t i n g  

Energy Conversion Laboratory i n  the  w e s t  area.  It w i l l  be a two-story 
bu i ld ing ,  without basement, of about  13,000 square f e e t .  The f i r s t  f l o o r  
w i l l  provide four labora tory  areas and housing f o r  c e n t r a l  h e a t i n g  and a i r  
condi t ion ing  equipment; the  second f l o o r  w i l l  provide s i x  l abora to ry  a r e a s ,  
a n  electr ics t : ,  equipment room and two s m a l l  o f f i c e s .  

PROJECT JUSY[FICATION: 

Cont:inued improvement i n  chemical rocke t  c a p a b i l i t y  gene ra t e s  ac, eve r  
i nc reas ing  rwed f o r  improved a u x i l i a r y  e l e c t r i c  power systems. Since 
s a t e l l i t e s  and space probes r e q u i r e  about one-fourth t o  one-half  wa t t s  of 
e l e c t r i c i t y  f o r  each pound of space veh ic l e  weight ,  power systems deve1op.ing 
1-10 ki1owat:i:s w i . l l  soon be needed t o  match the  launch c a p a b i l i t i e s  clf 
Sa turn  class boos te r s .  Advanced s o l a r  c e l l  systems , poss ib ly  of the  t h i n -  
f i l m  type ,  and e lec t rochemica l  power sys  t e m s  w i l l  p lay  an  important p a r t  i n  
f i l l i n g  t:hia needl f o r  a u x i l i a r y  power. 

The Lewis Research Center  i s  a c t i v e l y  engaged i n  in-house r e sea rch  a i m e d .  
a t  t he  fundamentals of many p o t e n t i a l  space e l e c t r i c  power systems. Largely 
missing from this :  Center ' s  r e sea rch  and development e f f o r t  i s  the  i n t e r -  
mediate phase o f  developing and debugging pro to type  o r  bread-board de v i c e s  
and s t u d i e s  a t  bench scale,  of the  u n i t  processes  requi red  f o r  f u t u i e ,  high 
power systerl:;. Also missing i s  a s i g n i f i c a n t  e f f o r t  on the  fundamentals <of 
electrochemi.:;try. This f a c i  Lity w i l l  f i l l  t hese  gaps.  

The fa(: i1:ity w i l l  provide the  c a p a b i l i t y  f o r :  

1. An increased r e sea rch  and development e f f o r t  on t h e  f a b r i c a t i o n  and 
evi i luat ion of t h i n - f i l m  s o l a r  c e l l s .  

2 .  Inc remed  work on improving the  performance of convent ional  s o l a r  
ce L I s ,  e s p e c i a l l y  i n  regards  t o  lowering s p e c i f i c  weights artd i n -  
crem. ing r e s i s t a n c e  t o  r a d i a t i o n  damage. 

3 .  Resea-cch on new types of h igh  energy-densi ty  b a t t e r i e s .  
4.  The development and e v a l u a t i o n  of f u e l  c e l l  components. 
5. Research on f u s e d - s a l t  e lec t rochemica l  systems.  
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LEWIS RESEARCH CENTER 
FISCAL YEAR 1966 ESTIMATES 

SPACE POWER RESEARCH LABORATORY 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

VARIOUS LOCATIONS 

;I?age No.  

S11Illlllary ............................................................. CF 11-1 

O f f i c e  of Manned !Space F l i g h t  P r o j e c t s :  

F a c i l i t i e s  f o r  IF-1  e n g i n e  program .............................. ... (2F 11-2  

F a c i l i t i e s  f o r  .J-2 e n g i n e  program .............................,... 12F 11-8 

F a c i l i t i e s  f o r  : S - I 1  s t a g e  p r o g r m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . .  ZF 11-13 

O f f i c e  o f  T r a c k i n g  and  Data A c q u i s i t i o n  P r o j e c t s :  

Deep s p a c e  a n t e n n a  f a c i l i t y ,  Madr id ,  Spain... . . . . . . . . . . . . . .  ........ ZF 11.-18 

Deep s p a c e  a n t e n n a  f a c i l i t y ,  C a n b e r r a ,  Aus t r a l i a . . . . . . . . . . . . . .  .... ZF 11-22 

STADAN f a c i l i t y ,  F a i r b a n k s ,  Alaska... . . . . . . . . . . . . . . . . . . . . . . . . .  .... ZF 11.-27 

A p o l l o  ne twork  ground s t a t i o n ,  A n t i g u a ,  W. I. 
( f a c i l i t y  f o r  u n i f i e d  "S" band s y s t e m ) .  ......................... CF 11-34 

A p o l l o  ne th ,o rk  ground s t a t i o n ,  A n t i g u a ,  W. I. 
(community s u p p o r t  f a c i l i t i e s ) .  ............................. ,... CF 11-37 

A p o l l o  nethrork g round  s t a t i o n ,  Grand Canary  I s l a n d s . . . . . . . . . . . ,  ... CF 111-42 
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N A T ! O N A L  A E R O N A U T  ICs A N D  S P A C E  A D M i N I S T R A T i G N  

CONSTRUCTION OF FACILITIES 

FISCAL YEAR 19 66 BUDGET ESTIMATES 
(Dol la rs  i n  Thousands) 

~ _ _ _ _ _ _ _  
NEAREST CITY I COUNTY 

I I 

NASA INSTALLATION COGNIZANT PROGRAM O F F I C E  LOCATION OF INSTALLATION 
C A D  t v g T a i i a r i c v  

L Not a p p l i c a b l e  ., v c l i i o u s  LoLatioiis ~ , ivianned Space Fiighr: Nor: aep i i cab ie  1 Not_appllcabLe 
INSTALLATION MISSION P E R S O N N E L  S T R E N G T H  

1 7  

__ 1 F Y  19 64 ~ F Y  19 65 ~ F Y  19 66 I-- _ 

NASA PERSONNEL [ t n d  of Year )  

)<ACTOR AND OTHER PERSONNEL 1 
TOTAL ALL PERSOMMEL ! I I 

1 TOTAL LAND I 

- - -  TOTAL CAPITAL INVE STMENT 

PROJECT LINE I T E Y  ~ COGNIZANT F Y  1 9  62 T H R U  
1 O F F I C E  1 CURRENT YEAR 

F a c i l  
F a c i l  
F a c i l  
Deep 

i t i e s  f o r  F-1 Engine Program 
i t i e s  f o r  5-2 Engine Program 
i t i e s  f o r  S - I 1  Stage Program 
Space Antenna F a c i l i t y ,  Madrid, Spain 

Deep Space Antenna F a c i l i t y ,  Canberra, A u s t r a l i a  
STADAN F a c i l i t y ,  Fairbanks, Alaska 
Apollo Network Ground S t a t i o n  - Antigua (Fac. f o r  Unified 

Apollo Network Ground S t a t i o n  - Antigua (Community Support 

Apollo Network Ground S ta t ion  - Canary I s l ands  

t l  Sfl - Band System) 

F a c i l i t i e s )  

cl - 
L 

j 

, 62,196.0 MSF 
MSF , 29,502.8 
MS F ' 2,863.7 
TDA , 36.0 
TDA 38.0 
TDA I 83.0 

TDA 162.0 

TDA 210.0 
TDA I 120.0 

T O T A L  
F Y  19 66 1 FUTURE Y E A R S  1 ALL YEARS 

1 (Est imated)  (Es t imated )  1 ( E  st i-ed) 

2,007.0 ~ -0- 

1,690.0 j -0- 
472.0 I -0- 
510.0 I -0- 

1,115.0 -0- 

2,436.0 ' - 0- 
64,203.0 
31,938.8 
4,553.7 

508.0 
548.0 

1,198.0 

2,700.0 - 0- 2,862.0 
I 

3,090.0 - 0- 3,300.0 
7,674.0 - 0- 7,794.0 

w 

F 
I A L L  or H ~ R  PROJECTS 

________ _____~__. ._ - - 

TOTAL 
I_y-- 

NASA FORM 1029 (REV NOV 64)  PREVIOUS EDITIONS ARE OBSOLETE 



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

- N _ L , I N E :  Various Locations 

pRoGRAM OFFICLEOR THE PROJECT: Off ice  of Tracking and Data Acquis i t ion  

LOCATION OF EN=: Madrid, Spain 

GQ!aamAsL- 0 : Jet Propuls ion Laboratory 

T Y P E O F J W X . I O N  PROJECT: New 

FUNDING: 

FY 1965 and P r i o r  Years $36 , 000 

FY 1966 Es'timate 472.000 

Tota l  Funding Through FY 1966 S508.000 

Unit of Unit Tota l  
B a s u r e  w a n t  i t Y Cost Cost 

Sonst r u c t  is& $472.000 

New wing (first f l o o r )  Sq. Ft .  4,600 $40.00 184,000 
(basement) S q o  F t o  4,000 17.50 70,000 

U t i l i t  i e  El LS --- 5 , 900 5 , 900 
Engine gene r a t  o r  LS --- 94,000 94,000 --- 29 , 400 29 , 400 Tunne 1 LS 
S i t  e dev E! lopment LS --- 4,500 4,500 --- 84,200 84,200 A i r  condj t i o n i n g  LS 



PROJECT P U W  10s.: 

This  p r o j e c t  provides  f o r  t h e  cons t ruc t ion  of a Manned Space F l i ,gh t  
N e t  (MSFN) wing a d d i t i o n  t o  t h e  e x i s t i n g  Control  Bui lding a t  t h e  Deep 
Space S t a t i o n ,  Madrid, Spain which w i l l  house e l e c t r o n i c  equipmeiits t83 
permi t  t h i s  antenna system t o  serve  a s  e s s e n t i a l  backup t o  t h e  prime 
Apollo s t a t i o n  a t  Madrid. 

PROJECT DESQU-: 

Exte r io r  dimensions of t he  new wing are approximately 40 f e e t  w i d e  by 
100 f e e t  long. The bui ld ing  w i l l  c o n s i s t  of a basement a r e a  t o  se rve  as a 
raceway f o r  equipment wi r ing  and the  a i r  condi t ion ing  system plenum, nnd a 
f l o o r  space of 4,000 square f e e t  t o  con ta in  t h e  t e c h n i c a l  equipment. I n  
add i t ion ,  t he re  w i l l  be a mechanical u t i l i t y  s t r u c t u r e  of approximately 
600 square f e e t  t o  house the  requi red  hea t ing  and a i r  condi t ionir ig  eqripment 
f o r  t h i s  wing,. 

Arch i t ec tu , r a l ly ,  t h e  a d d i t i o n  w i l l  match t h e  e x i s t i n g  bui ld tng .  

To suppclrt t h e  l u n a r  phases of t h e  Apollo missions,  t h r e e  s i n g l e  
prime 85 foot  antenna s t a t i o n s  are requi red  a t  l o c a t i o n s  around the  world,  
separa ted  by approximately 120° of longi tude ,  i n  o rde r  t o  provide con t inua l  
s p a t i a l  cover-a@,e. These prime Apollo antennas have been co-located k i t h  
t h e  Deep Space f a c i l i t i e s  t o  achieve maximum c o s t s  sav ings  and t o  p rcv ide ,  
i n  t h e  near  v i c i n i t y ,  a backup c a p a b i l i t y  e s s e n t i a l  f o r  Apollo miss icns  i n  
t h e  event of a f a i l u r e  o r  malfunct ion of t h e  s i n g l e  manned f l i g h t  f a c i l i t y .  
T o  provide the  deep space antenna wi th  t h i s  c a p a b i l i t y ,  c e r t a i n  basic 
e l e c t r o n i c  equipment p e c u l i a r  t o  Apollo support  must be added t o  the 
s t a t i o n  ins t rumenta t ion .  This  equipment permits  t h e  t ransmiss ion  of d a t a  
t o  t h e  Apollcj s t a t i o n  f o r  t he  major d a t a  handl ing and processing func t ions .  
The wing add i t ion  t o  t h e  c o n t r o l  bu i ld ing  i s  requi red  t o  house t h i s  equip-  
ment. 

ESTIMATED FUTURE 'YEAR FUNDING FOR THIS PROJECT:  None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

APOLLO WING, CANBERRA DEEP SPACE FACILITY 

AUTHORIZATIO~AJNE ITEM: Various Locations 

PROGRAM OFFIggFOR THE PROJECT: Of f i ce  of Tracking and Data Acquis i t ion 

LOCATION OF E'RClJECT: Canberra, A u s t r a l i a  

COGNIZANT NASAINSTALLATION: J e t  Propuls ion Laboratory 

TYPE OF CONS2TRJICTION PROJECT: New 

FUNDING: 

FY 1965 and P r i o r  Years 

FY 1966 Estimate 

T o t a l  Funding Through FY 1966 

PROJECT COST-ESTIMATE: 

Land Acqui a i t i o n  

Cons tructi_c,n 

New wing; ( f i r s t  f l o o r )  

U t i  1 i t i e t :  
Engine g;c!nr!ra.tor 
Tunne 1 
S i te  dew! lopmen t 
A i r  cond i t ion ing  

(basement ) 

Equipment 

Design 

Fa1 lou t Sttel1:er (Not f e a s i b l e )  

$38,000 

510,000 

$548.ooo 

Unit of 
Measure Quantity 

Sq. F t .  
Sq. F t .  

Ls 
Ls 
LS 
LS 
Ls 

--- 
TOTAL 

Unit 
c o s t  -- 
- - .- 

$45.00 
21.23 
7 , 000 

91,700 
12,800 
3,200 

103 , 400 

--- 
--- 
- - -  

T o t a l  
c o s t  - 

..-- 

4.5 10,000 

207,000 
84,900 

7,000 
91,700 
12,800 
3,200 

103 , 400 

*-- 

I-- 

None 

S1510,OOO - 

CIF 11-22 



PROJECT PUKPCE: 

This  p r c j e c t  provides  f o r  t h e  cons t ruc t ion  of a Manned Space F l i , gh t  N e t -  
work (MSFN) king a d d i t i o n  t o  t h e  e x i s t i n g  Confrol Bui lding a t  t h e  Deelp Space 
S t a t i o n ,  Canberra, A u s t r a l i a  which w i l l  house e l e c t r o n i c  equipmerits tl3 per- 
m i t  t h i s  antenna system t o  se rve  as t h e  e s s e n t i a l  backup t o  t h e  prime Apollo 
s t a t i o n  a t  Canberra. 

PROJECT DESCR.IPTION: 

Exter ior  dimensions of t h e  new wing are approximately 60 f e e t  w i d e  by 
67 feet  long. The bu i ld ing  w i l l  c o n s i s t  of a basement area t o  serve a s  a 
raceway f o r  Equipment wi r ing  and t h e  a i r  condi t ion ing  system plenum and a 
f l o o r  space of 4,000 square  feet  t o  con ta in  the  t e c h n i c a l  equipment. 
add i t ion ,  there  w i l l  be a mechanical u t i l i t y  s t r u c t u r e  of approximately 600 
square f e e t  t o  house the  requi red  hea t ing  and a i r  cond i t ion ing  equipment f o r  
t h i s  wing. 

In  

A r c h i t e c t u r a l l y ,  t h e  a d d i t i o n  w i l l  match the  e x i s t i n g  bui ld ing .  

PKOJECT JUST 1.F LCATION : 

To support  t h e  lunar  phases of t h e  Apollo miss ions ,  t h r e e  s i n g l e  , prime 
85-foot antenna s t a t i o n s  are requ i r ed  a t  l o c a t i o n s  around t h e w o r l d ,  sepa- 
r a t e d  by approximately 120° of longi tude ,  i n  o rde r  t o  provide con t inua l  
s p a t i a l  coverage. These p r i m e  Apollo antennas have been co-located w i t h  the  
Deep Space f e . c i l i t i e s  t o  achieve  maximum c o s t  sav ings  and t o  provide ,  i n  the  
near  v i c i n i t j r ,  a backup c a p a b i l i t y  e s s e n t i a l  f o r  Apollo miss ions  i n  t h e  event  
of a f a i l u r e  or malfunct ion of t h e  manned f l i g h t  f a c i l i t y .  To provide  the 
deep space antenna wi th  t h i s  c a p a b i l i t y ,  c e r t a i n  b a s i c  e l e c t r o n i c  equipment 
p e c u l i a r  t o  Apollo suppor t  must be added t o  t h e  s t a t i o n  ins t rumenta t ion .  
This  equipment permi ts  t h e  t ransmiss ion  of d a t a  t o  t h e  Apollo s t a t i o n  f o r  
t he  major dat.a handl ing and process ing  func t ions .  The wing a d d i t i o n  t o  the  
c o n t r o l  bu i ld ing  i s  r equ i r ed  t o  house t h i s  equipment. 

ESTIMATED ---- FUTUJiE YEAR FUNDING FOR THIS PROJECT: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

STADAN FACILITY EXPANSION 

AUTHORIZATIO'Y :LINE ITEM: Various Locations 

PROGRAM OFFLZ FOR THE PROJECT: Of f i ce  of Tracking and Data Acqu i s i t i on  

LOCATION OF PROJECT: Fairbanks,  Alaska 

COGNIZANT NASA INSTALLATION: 

TYPE OF CONSTRUCTION PROJECT: Extension and New 

Goddard Space F l i g h t  Center 

FUNDING : 

FY 1965 and P r i o r  Years 

FY 1966 E s t h a t e  

To ta l  Funding Through FY 1966 

PROJECT cosr ESTIMATE: 

Land Acqu i s i t i on  

Cons t mc t ion, 

Ope r ,a t ions bu i 1 ding 
add i t ion 

U t i l i t y  and s to rage  
bu i ld ing  - new 

Spec ia l  a i r  condi t ioning 
f o r  high h e a t  loss 
equipr en  t 

Switchgear and t ransformers  
U t i l i t i e s  
S i t e  prepaxat ion,  paving 

E l e c t r i c  a1 d i s t r i b u t i o n  
and landscaping 

$83,000 

1,115,000 

$1,198.000 

Unit of 
Measure Q u a n t i t y  

Sq. Ft. 

S q .  Ft .  

LS 
LS 
LS 

LS 
LS 

6,000 

7,900 

e 

Unit Total  
c o s t  Cost.. 

.. - - - .. 
Q L  ,115.001:) 

$64 .00  384,001D 

56 ,.33 445,000 

85 ,000 85 ,OO[) 
5 7 ,000 57 ,000 
44,000 44,000 

36,000 36,000 
64,000 64,000 



Unit of Unit To ta l  
Me as u r  e Q u a n t i t y  c o s t  c o s t  

--- --- -- - --c Equipment 

Des inn  

Fa l lou t  S h e l t e r  (Not f e a s i b l e )  --- --- -- - - None 

$1,115,000 

--- --- -I- --- 

- TOTAL 

PROJECT PURPOSE : 

This p r o j e c t  provides  f o r  a d d i t i o n a l  t e c h n i c a l  ope ra t ions  area, inainte- 
nance a r e a ,  and h igh-qual i ty  magnetic t ape  s t o r a g e  a r e a  a t  t h e  STADAN Alaska 
S t a t i o n .  The expansion of t e c h n i c a l  and support  f a c i l i t i e s  a t  t h i s  s l la t ion 
is requi red  t o  permit t h e  NASA 85-foot  Data Acquis i t ion  F q c i l i t y  (DAF) t o  
e f f e c t i v e l y  support  and accommodate major s c i e n t i f i c  and app1icat:ion ~ ~ a t e l l i t e  
program equipment. 

PROJECT DESCRIPTION : 

This  p r o j e c t  provides  t h e  cons t ruc t ion  of a new U t i l i t y  and Stor,sge 
Building of approximately 7,900 square  f e e t  and an a d d i t i o n  t o  t h e  Operations 
and Telemetry Building of approximately 6,000 square  f e e t  of t e c h n i c a l  a r ea .  
The bu i ld ing  cons t ruc t ion  w i l l  conform t o  t h e  a r c h i t e c t u r a l  appearancl? of 
t h e  e x i s t i n g  s t r u c t u r e s .  Air-condi t ioning and humidity-temperature c o n t r o l s  
w i l l  be  i n s t a l l e d  t o  provide the  environment necessary f o r  e f f i c i e n t  'opera- 
t i o n  of e l e c t r o n i c  equipment i n  a l l  requi red  a reas .  An e leva ted  f l o o r  system 
w i l l  be i n s t a l l e d  i n  a reas  where e l e c t r o n i c  equipment cableways iire necessa ry ,  
The m a t e r i a l s  used i n  cons t ruc t ion  of t h e  bu i ld ings  s h a l l  be of t h e  s u b - a r c t i c  
type  e s p e c i a l l y  s u i t e d  t o  the  extreme temperature  ranges of t h e  :Locale. 

PROJECT JUSTIFICATION: 

The Alaska. 85-foot s t a t i o n  was the f i r s t  major Data Acquis i t ion  F a c i l i t y  
(DAF) cons t ruc ted  by NASA and was completed p r i o r  t o  t h e  f u l l  growth of t h e  
f l i g h t  programs, i t  is now requi red  t o  support .  
necessary t o  pxoperly support  major s c i e n t i f i c  observatory programs have n o t  
only f u l l y  u t . i l i z e d  t h e  l imi t ed  technical area, b u t  have  extended beyond t h i s  
area, a t  the expense of needed maintenance and s t o r a g e  space. Addi t iona l  
s p a c e c r a f t  ccint.ro1 and carmand consoles  and wideband d a t a  t ransmiss ion  equip- 
ments have been  and w i l l  be r equ i r ed  a t  t h i s  f a c i l i t y  i n  suppor t  of t h e  
meteoro logica l  and s c i e n t i f i c  observa tory  programs. These equipments are 
e s s e n t i a l  to t h e  c o n t r o l ,  monitor ing,  and performance eva lua t ion  of t h e  space!- 
c r a f t  i n  add i t i o n  t o  t h e  s p a c e c r a f t  experiments.  

Equipment i n s t a l l a t i o n s  



The U t i l i t y  and Storage Building i s  necessary t o  house and adequately 
accommodate a combined e l e c t r o n i c  and hydrau l i c  maintenance, v e h i c l e  
maintenance, and r e l a t e d  s t o r a g e  areas i n  support  of t he  Alaska F a c i l i t y  
complex. This  a r e a  i s  e s p e c i a l l y  c r i t i c a l  f o r  mass s t o r a g e  of high q u a l i t y  
magnetic te lemetry and computer t a p e s .  Extreme weather cond i t ions  i n  t h e  
a r e a  r e s t r i c t  maintenance ope ra t ions  during a g r e a t  p a r t  of t h e  year .  It 
i s  necessary t h a t  proper  f a c i l i t i e s  be a v a i l a b l e  t o  permi t  minimum mainte- 
nance under any weather condi t ion .  Space i s  a l s o  provided t o  i n s t a l l  t h e  
e l e c t r o n i c s  clf t h e  Mini t rack in t e r f e romete r  system which w i l l  be moved t o  
t h e  DAF loca t  i o n  from College,  Alaska,  t o  f u r t h e r  conso l ida t e  ope ra t ions  
and maintenance. 

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None 
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VARIOUS LOCATIONS 

FISCAL YEAR 1966 ESTIMATES 

STADAN FACILITY, FAIRBANKS, ALASKA 
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VARIOUS LOCATIONS 

FISCAL YEAR 1966 ESTIMATES 

STAOAN FACILITY, FAIRBANKS, ALASKA 
STORAGE BUILDING 

PERSPECTIVE 
(No Scale) 

PkAN 
Scale: I = ~ o ' - o "  



VARIOUS LOCATIONS 

FISGAL YEAR 1966 ESTIMATES 

STADAN FACILITY, FAIRBANKS, ALASKA 

ADDITION TO TELEMETRY BUILDING 

\ ,- EXISTING GENERATOR BUILDING 
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VARIOUS LOCATIONS 

F I S C A L  YEAR 1966 ESTIMATES 

STADAN FACILITY, FAIRBANKS, ALASKA 

ADDITION TO TELEMETRY BUILDING 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

APOLLO NETWORK GROUND STATION 

AUTHORIZATIOlLLCNE I T E M :  Various Locations 

PROGRAM OFFICISOR THE PROJECT: 

LOCATION OF I’I1OJECT: Antigua, West I n d i e s  

COGNIZANT NASA INSTALLATION: 

TYPE OF CONSTIWCTION PROJECT: New 

FUNDING : 

Off i ce  of Tracking and Data Acqu i s i t i on  

Goddard Space F l i g h t  Center 

FY 1965 arid P r i o r  Years $162,000 

FY 1966 Ez;i:irnat.e 2,700,000 

Tota l  Funcl:inl: Through FY 1966 $2,862,000 

PROJECT COST 15STIMATE : 

Land Acqu i s i t i on  

Construct i c n l  

1nstrumenl:at:ion and opera- 

Genera t o I: bu i 1. d i ng 
Co 11 i n l a t  ion tower enc 1 o sure 
Generator:;, switchgear and 

U t i  1 it ies  
Fencing, rocids , grading and 

Hydro -mec:hanic.al s e r v i c e s  
Antenna rind c a l l i m a t i o n  

tower foundat i ons  
Coll imat ion tower s i t e  

grading arid access roads 
1n t r a - s i t : e  cab le  

t i o n s  buil.di.ng 

t ransformers  

1 and scciping 

Unit of  
Measure 

Acre 

Sq. F t .  
Sq. F t .  

LS 

LS 
LS 

LS 
LS 

LS 

LS 
LS 

Quantity 

40 

12,000 
4,000 

Unit T o t a l  
c o s t  c o s t  - 

$5,000 g i : O O  ,000 

$2,f1’00,000 

60 i’20,ooo 

20,000 20,000 
40 160,000 

540,000 f.140 ,000 
200,000 200,000 

125,000 125,000 
40,000 40,000 

65,000 65,000 

100,000 100,000 
110,000 I 10,000 
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Unit of Unit  To ta l  
c o s t  c o s t  Measure Quant i ty  - 

Underground power and s i g n a l  
c a b l e s  and e l e c t r i c a l  
d i s t r i b u t i o n  LS --- $120,000 j120,ooo 

Communications LS - - -  300,000 300,000 

--- None --- --- F a l l o u t  S h e l t e r  (Not f e a s i b l e )  - 
TOTAL 

PROJECT PURPOXJ : 

This  p r o j e c t  p rovides  f o r  t he  cons t ruc t ion  of f a c i l i t i e s  requi red  t o  
i n s t a l l  t h e  Apollo S-Band System equipment a t  Antigua, West I n d i e s ,  t o  support: 
t he  o r b i t a l  and luna r  phases of t h e  Apollo missions.  

PROJECT DESC.RIPTION : 

The cons t ruc t ion  of an Operat ions Bui ld ing  and Generator  Bui.1din;: 
( i nc lud ing  gene ra to r s ,  switchgear  and t ransformers)  i s  requi red .  To .;upport 
t hese  s t r i i c t u r e s  and the  an tenna ,  s i t e  improvements inc luding  roads and 
grading ,  u t i l i t y  systems, and antenna and co l l ima t ion  tower foundat ions w i l l  
be provided. Included i n  t h i s  p r o j e c t  are funds f o r  t h e  a c q u i s i t i o n  of 
approximately 413 a c r e s  of  land .  

The IJniEied S-Band System, antenna and a s s o c i a t e d  equipment f o r  ,':he 
Antigua S t a t i o n ,  i s  being procured under p r i o r  year  funding due t.o de-relop- 
ment and f a b r i c a t i o n  lead  t i m e  involved.  

PROJECT JUST'IFICATION : 

The Apollo f l i g h t  program r e q u i r e s  cont inuous coverage dur ing  thi! launch 
and i n s e r t i o n  p'nases i n t o  o r b i t  and dur ing  o r b i t a l  checkout p r i o r  to t h e  i n -  
j e c t i o n  phase of a l una r  mission. I n  o r d e r  t o  provide network suppori: t o  
t hese  o r b i t a l  and luna r  miss ions ,  i n  t he  launch azimuths of 90 tc 108 degrees ,  
t h i s  s t a t i o n  a t  Antigua, West I n d i e s ,  i s  considered mandatory. This  1)roject  
provides  t h e  f a c i l i t i e s  f o r  the  i n s t a l l a t i o n  of t he  necessary  S-Band t r a c k i n g  , 
t e lemet ry  r ecep t ion ,  updata  t ransmiss ion  and a i r - to-ground voice  commiinica- 
t i o n  equipment. 

ESTIMATED FU'lRJRI3 YEAR FUNDING FOR THIS PROJECT: None 
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V A R I O U S  L O C A T I O N S  

F I S C A L  Y E A R  1966 E S T I M A T E S  

A P O L L O  N E T W O R K  GROUND STATION - ANTIGUA,  W.I. 

IN STRUM EN TAT ION AND OPERATIONS BU I L D I N G 
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DIESEL -GENERATOR BLDG. 

P L A N  

P L A N  

P E R S P E C T I V E  

0 10 5 0  

FEET 
S C A L E  



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

COMMUNITY SUPPORT FACILITIES 

AUTHORIZATION LINE ITEM: Various Locat ions 

PROGRAM OFFICE FOR THE PROJECT: 

LOCATION OF PROJECT: Antigua, West I n d i e s  

COGNIZANT NASA INSTALLATION: Goddard Space F l i g h t  Center  

TYPE OF CQNSTRUCTION PROJECT: New 

FUNDING : 

Off i ce  of Tracking and Data Acqu i s i t i on  

FY 1965 and P r i o r  Years $210,000 

FY 1966 Estimate 3,090,000 

To ta l  Funding 'Through FY 1966 $3,300,000 

PROJECT COST ESTIMATE: 

Unit  of Unit  To ta l  
c o s t  c o s t  Measur e Q u a n t i t y  - 

Land Acguisitioin --- 
Const ruc t ion  ,t 

Three ( 3 )  personnel  bu i ld ings  

One (1) personnel b u i l d i n g  

Modif ica t ions  t o  e x i s t i n g  

(of f i c e r - t y p e  q u a r t e r s )  Sq. Ft, 

(qulons e t  -type bu i ld ing )  Sq. F t .  

mess f a c i l i t y  Sq. F t .  
C a f e t e r i a  equipment LS 

R e f r i g e r a t i o n  equipment LS 

Laundry equipment LS 

Diese l  genera tor  LS 

Dry and cold  (s torage 
a d d i t i o n  (mess h a l l )  Sq. F t .  

Laundry bui ld ing  a d d i t i o n  S q .  F t .  

Power b u i l d i n g  a d d i t i o n  Sq. F t .  

18,000 

4,000 

3,000 --- 

$3,090,000 

$55.56 1,000,000 

30.00 120,000 

40.00 120,000 
80,000 80,000 

36.00 90,000 
40,000 40,000 

35 .oo 140 , 000 
60,000 60,000 

70,000 70,000 
55 .oo 220,000 
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Unit of  
Measure 

Unit 
c o s t  - Quan t it y 

Tota l  
c o s t  

Diese l  stc1ra.ge tank (150,000 
ga l lon )  inc luding  s i tework,  
f enc ing ,  p ip ing  

Water s t o r a g e  t anks ,  pumping 
s t a t i o n s  and a s s o c i a t e d  
p ip ing  

S a n i t a r y  and storm sewers 
General s t o r a g e  b u i l d i n g  
Vehic l e  ma i n  t enanc e b 1 dg . 
Vehicle  maintenance equipment 
Dispensary a d d i t i o n  
Dispensar j  equipment 
Recreation f a c i l i t i e s  

E l e c t r i c a l  d i s t r i b u t i o n  
S i t e  p repa ra t ion  and roads 

modi f ica t ions  

addi t ion  

LS 

LS 
LS 

Sq. F t .  

Sq. F t .  
LS 

Sq. F t .  
LS 

LS 
LS 
LS 

Equipment --- 
--- ’ Des i n n  

Fa l lou t  S h e l t e r  (Not f e a s i b l e )  --- 

--- 100,000 

--- 60,000 
- - -  70,000 

4,800 37.50 

1,600 31.25 --- 25,000 
1,500 40.00 --- 40,000 

--- 150,000 -_-  250,000 
--- 165,000 

TOTAL 

100,000 

60,000 
70,000 

180,000 

50,000 
25,000 
60,000 
40,000 

150,000 
250,000 
165,000 

I-- 

$3090,000 
-, 

Whr square foot  and o t h e r  c o n s t r u c t i o n  c o s t s  are i n  conformance wi th  previous 
cons t ruc t ion  agency (Navy) exper ience  of  c o n s t r u c t i o n  on Antigua,  Welst Indie::. 

PROJECT PURPCg;E:. 

This  pro:lec:t w i l l  provide f o r  t h e  c o n s t r u c t i o n  of adequate  community 
suppor t  f a c i l i t i e s  on t h e  I s l and  of Antigua t o  house and support  t h e  person-  
n e l  of t he  Apc)ll.o Network Ground S t a t i o n .  
e x i s t i n g  A i r  Force community. 

These f a c i l i t i e s  augment t h e  

PROJECT DESCk.I;P’lIION : 

Communit.y support  fac i l i t i es  t o  be cons t ruc t ed  c o n s i s t  of t h r e e  13) 
o f f i c e r - t y p e  I larracks,  a General S torage  Bui ld ing ,  addi t iona l ’Mess  f a c i l i t i e s ,  
a Power Builcli-ng a d d i t i o n ,  Water Storage  t anks ,  Dispensary a d d i t i o n ,  m d  
a d d i t i o n a l  r e c r e a t i o n a l  f a c i l i t i e s .  Cons t ruc t ion  w i l l  be  similar t o  t h e  
e x i s t i n g  A i r  Jiaae community f a c i l i t i e s .  
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PROJECT JUST'WICAT ION : 

The I s l and  of Antigua does not  con ta in  a popula t ion  c e n t e r  adequate t o  
house and support  t h e  Manned Space F l i g h t  S t a t i o n  personnel .  The e x i s t i n g  
f a c i l i t i e s  l oca t ed  on t h e  l ea sed  Coolidge A i r  Force Base are not adequate t o  
support  a d d i t i o n a l  personnel .  The cons t ruc t ion  of community suppor t  Eacili- 
t i e s  i s  t h e r e f o r e  requi red  t o  support  both t h e  permanent and temporary duty  
personnel  who w i l l  ope ra t e  t h e  Manned Space F l i g h t  S t a t i o n .  

ESTIMATED FU'EWJE YEAR FUNDING FOR THIS PROJECT: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

APOLLO NETWORK GROUND STATION 

AUTHORIZATIONLINE ITEM: Various Locations 

PROGRAM OFFICEFOR THE PROJECT: 

LOCATION OF PROJECT: 

Of f i ce  of Tracking and Data Acquis i t ion  

Grand Canary I s l and  

COGNIZANT NASAINSTALLATION: Goddard Space F l i g h t  Center 

TYPE OF CONSZgCTION PROJECT: New and Extension 

FUNDING: 

FY 1965 and P r i o r  Years $120,000 

FY 1966 Est imate  7,674,000 

To ta l  Funding Through FY 1966 $7,794,000 

PROJECT COSZESTIMATE: 

Unit of Unit  To ta l  
Measure Quan t i ty  c o s t  -.- c o s t  - 

Land Acquis i t ion  

C o n s t r u c t j z  

Unif ied S-band antenna 
opera t ions  bu i ld ing  

Addition t o  e x i s t i n g  tele- 
m e t  r y  bu i lding 

Raised f l o o r  system 
Generator bu i ld ing  
Hydro-mech.anica1 bu i ld ing  
Generators , switchgear and 

U t i  l i t  ie : s  
S i t e  pre:pa.ration, roads 

and f e.nc.ing 
E l e c t r i c a l  d i s t r i b u t i o n  

and si.gn.al cab l ing  
Antenna fclundations 

t ransformers  

Sq. Ft .  

Sq. Ft .  
Sq. F t .  
Sq.  F t .  
Sq. Ft .  

Ls 
Ls 

Ls 

Ls 
Ls 

5,600 $33 *04 185,000 

3,000 33.00 99 , 000 
6,100 10.00 61,000 
5,100 26 e08 133,000 

500 26.00 13 000 

--- 367 , 000 367 , 000 --- 18 , 000 18 , 000 

--- 203 , 000 203 , 000 

--- 350 , 000 350 000 --- 45,000 45 000 
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Equipment 

Unif ied S-band 30 f t . an tenna  
Unif ied S-band Apollo unique 

e l e c t r o n i c s  
Op t i ca l  package 
Frequency s t anda rd  
T U  d a t a  processor  
TV monitor 
DCS d a t a  processor/encoder/  

modulator 
Systems consoles  
Group d i s p l a y  
Recorders 
Receiver and t r a n s m i t t e r  

Ranging subsystem 
Test tr8XiSpOnderS 
Couunun ic .a  t ions  
Spare pen-tr; 
Shipping, i n s  t a l  la t i o n ,  

subsys t.euis 

i n t e g r a t i o n  and checkout 

Design 

P a l  l o u t  Sht:lt:er (Not f e a s i b l e )  

Unit  of 
Measure 

Each 

Ls 
Ls 

Each 
Each 
Each 

Ls 
Each 
Each 
Each 

Ls 
Ls 

Each 
Ls 
Ls 

Ls 
--- 
--- 

Unit 
c o s t  Quant i ty  - 

1 $1,250,000 

255,000 
30,000 
50,000 
400,000 
8,000 

600,000 
114,200 

84,300 
100,000 

i30,ooo 
100,000 

454,000 

50,000 
370,000 

700,000 

--- 
--- 

T o t a l  
c o s t  

&;, 200,000 

1,250,000 

255 , 000 
30,000 

400,000 
8,000 

50,000 

600,000 
800,000 

253,000 
100,000 

7 30,000 
100,000~ 
100,000~ 

454,000 
370,0001 

700,000 

--- 
-, None. 

&:, 674,000 

PROJECT PURI!()s$: 

This  p r o j e c t  p rovides  f o r  t h e  f a c i l i t y  c o n s t r u c t i o n  and the  e l e c t r o n i c  
equipment necessary  t o  provide  the  Grand Canary I s l a n d  manned f l i g h t  s t a t i o n  
(now configured 
for support:ing t h e  Apollo miss ions  beginning i n  t h e  t h i r d  Quar te r  of Calendar 
Year 1967. 

t o  suppor t  Gemini) w i t h  t h e  f u l l  Apollo S-band c a p a b i l i t y  

PROJECT DESCii1:PTION: 

The p r o j e c t  p rovides  t h e  Apollo S-band system t o  f u l f u l l  t h e  r equ i r e -  
ments of t h e  Apollo o r b i t a l m i s s i o n s ,  and t h e  f a c i l i t i e s  to accommodate t h e  
antenna and a s soc ia t ed  e l e c t r o n i c s .  

Fac i l i t i es  r equ i r ed  inc lude  an Antenna Operat ions Building,  Power 
Building (wi th  gene ra to r s  and swi tchgear ) ,  Hydro-Mechanical Bu i ld ing ,  and an 
expansion t 'o  t h e  e x i s t i n g  Telemetry Building.  Also inc luded  are Antunna and 
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Col l imat ion  Tower foundat ions ,  s i tework ,  roads  and necessary  u t i l i t i e s ,  

PROJECT JUSTj'I:CATION : 

A s  a resu1.t o f  t he  normal and p rogres s ive  ref inement  of  Apollo f l i g h t  
program def in i t : ion ,  t he  requirements  on e i t h e r  an ind iv idua l  s t a t i o n  o r  on 
network coverage may be a l t e r e d .  A s  a r e c e n t  r e s u l t  o f  t h i s  p rocess ,  i t  
has  been determined t h a t  ground support  t o  t he  spacec ra f t  f o r  v e r i f i c a t i o n  
of o r b i t a l  jmjec t ion  parameters  on launch azimuths of 72 t o  80 degrees  and 
landing  i.nfoi:mition f o r  a sub-o rb i t a l  a b o r t ,  must be provided. In  o r d e r  
t o  support  t hese  requirements ,  f u l l  Apollo S-band coverage from Grand 
Canary i s  necessary.  The p resen t  s t a t i o n  i s  configured s o l e l y  f o r  Gemini 
suppor t .  T h i s  l imi t ed  c a p a b i l i t y  i s  n o t  adequate t o  meet t h e  new Apollo 
requi rements ,  Consequently, a d d i t i o n a l  f a c i l i t i e s  and equipments a r e  re- 
qui red  to  pi:ov:ide t r ack ing ,  t e l eme t ry ,  updata  t ransmiss ion  and air-tcl-ground 
voice  conunun:icizti.ons t o  and from the  Apollo s p a c e c r a f t .  

ESTIMATED FUTJU YEAR FUNDING FOR THIS PROJECT: None 
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VARIOUS LOCATIONS, 
FISCAL YEAR 1966 ESTIMATES. 

APOLLO NETWORK GROUND STATION, 
GRAND CANARY ISLANDS 

PERSPECTIVE \ 

APOLLO - UNIFIED S-BAND FACILITY 
FLOOR PLAN 

SCALE: I " =  40' 



VARIOUS LOCATIONS, 
F I S C A L  YEAR 1966 ESTIMATES. 

APOLLO NETWORK GROUND STATION, 
GRAND CANARY ISLANDS 

\ 

PERSPECTIVE 

SCALE: I"= 40' 

T 8 C BUILDING EXPANSION 
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S1IIlllllary........... .................................................. CF 13-1 
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N A T I O N A L  A E R O N A U T  I C s  A N D  S P A C E  A D M I N I S T R A T I O N  

$7,500.0 

CONSTRUCTION OF FACILITIES 

Not 
Applicable 

FISCAL YEAR 19 66 BUDGET ESTIMATES 
(Dollars in thousands) 

NEAREST C I T Y  COUNTY 
-. 

NASA INSTALLATION COGNIZANT PROGRAM O F F I C E  ' LOCATION OF INSTALLATION 

--- --- i 1 FOR INSTALLATION C f f i - 2  --- A 1  1 A e e n r i  ate Admintstrstnr 
- - I - - - - - - - - - -  - & &  

INST 4 L C A T  ION MISSION 

See Justification. 

~ _ _ _  

NON-FEDERAL (Leases. easements) 

TOTAL LAMD 

TOTAL CAPITAL INVESTMENT 
(Including NASA-Owned L a d )  (as of lune  30. 19 ) 

PROJECT LINE ITEM 
COGN I2  A NT 

~ O F F I C E  

Facility Planning and Design 

1 
i 

Y 1 9  62 THRU 
CURRENT YEAR 

$43,937 .O 

FUTURE YEARS F Y  19 
(Est imated)  I (Estimated) 

~ __  - - 

A L L  O T H E R  P R O J E C T S  

NASA FORM 1029 (REV.  NOV 64: PREVIOUS ED!TIONS A R E  OUSOLETC 

T O T A L  
A L L  YEARS 
( E  ct imoted) 

Not 
Applicable 

IJ This amount is "non-add"; has been distributed in the appropriate installation summary sheets. 



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1966 ESTIMATES 

FACILITY PLANNING AND DESIGN 

AUTHORIZATIOE-LINE ITEM: F a c i l i t y  Planning and Design 

PROGRAM OFFICE;: 

FUNDING: 

O f f i c e  of the Assoc ia t e  Administrat-or (NASA General) 

FY 1965; arid P r i o r  Years $43,937,000 

FY 1966 Es t imate  7.500,OOO 

T o t a l  Func1:ing Through FY 1966 $51,437,000 

DESCRIPTION: 

The funti:; r eques t ed  under t h i s  i t e m  a r e  r e q u i r e d  f o r  advanced f a c i l i t y  
p lanning  and des ign  on p r o j e c t s  f o r  which c o n s t r u c t i o n  funds may be 
r eques t ed  i n  :;ubsequent budgets.  

JUSTIFICATIOPI:: 

Long-range p l ans  i n  s e v e r a l  program a r e a s  must a n t i c i p a t e  t h e  need f o r  
t h e  c o n s t r u c t i o n  of f a c i l i t i e s  beyond t h e  budget year f o r  which e s t ima tes  
a r e  being submi t ted .  A cons ide rab le  sav ing  i n  t i m e  and an i n c r e a s e  i n  t h e  
accuracy of c o n s t r u c t i o n  c o s t  estimates is  p o s s i b l e  w i t h  t h e  a v a i l a b i l . i t y  of 
a f a c i l i t y  pLtnning and des ign  fund which can be used t o  i n i t i a t e  t h e  des ign  
of h igh-pr ior  i t y  f a c i l i t i e s  p r i o r  t o  t h e  enactment o f  p r o j e c t  a u t h o r i z a t i o n  
and t h e  a p p r o p r i a t i o n  of funds.  

With t h e s e  funds,  NASA w i l l  cont inue  a s  a n  on-going and continuirig 
a c t i v i t y  t h e  gene ra l  a c t i v i t y  o f  f a c i l i t y  p lanning  and des ign  of f u t u r e  
c o n s t r u c t i o n  p r o j e c t s  which have n o t  as  y e t  been a u t h o r i z e d  o r  f o r  wh:i.ch 
a p p r o p r i a t i o n s  have n o t  been made. NASA w i l l  a l s o  cont inue  t o  make s p e c i a l  
p r o j e c t  s t u d i e s  f e a s i b i l i t y  s t u d i e s  and o t h e r  s t u d i e s  necessary  t o  develop 
and improve ove:call c r i t e r i a  and s t anda rds  f o r  t h e  des ign  and construc:tion 
of f a c i l i t i e s .  
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762-047 0 - 65 (Fols. A 0  3-1) 

AMES RESEARCH CENTER 
FISCAL YEAR 1966 ESTIMAlT!j 

LOCATION PLAN N-200 
N-201 
N-202 
N - 203 
N-204 
N-205 
N-206 
N-206A 
N-207 
N-208 
N-209 
N-210 
N-211 
N-212 
N-213 
N-214 
N-215 
N-216 
N-211 
N-218 
N-219 
N-220 
N-221 
N-222 
N-223 
N-224 
N-225 
N-226 
N-221 
N-227A 
N-2276 
N-227C 
N-227D 
N-228 
N-229 
N-229A 
N-230 
N-231 
N-232 
N-233 
N-234 
N-235 
N-236 
N-231 
N-238 
N-239 
N-240 

ADMINISTRATION B JILDING 
AUDITORIUM 
ADMINISTRATION B J l L D l N G  ANNEX 
ENGINEERING SEE!VICES BUILDING 
S P A C E  TECHVOLOGY BUILDING 
10- BY 14-IN(;H SUI'ERSONIC WIND TUNNEL 
1 2 - F O O T  P R I S S U I Z  WIND TUNNEL 
12-FOOT PRESSUI:E WIND TUNNEL,  AUXILIARIES BUILDING 
FLUID MECHRNlCi  LABORATORY 
SUPERSONIC FREE-FLIGHT WIND TUNNEL 
PRESSURIZED BA.>I.ISTIC RANGE 
S P A C E  FLIGE'T SI MULATION LABORATORY 
AIRPLANE HANGAR AND SHOP 
STRUCTURAL FAIIRICATION SHOP 
INSTRUMENT RESEARCH LABORATORY 
MODEL FINISHING :SHOP 
I- BY 10-FOOT W m D  TUNNEL NO. 1 
I- BY IO-FOOT N m D  TUNNEL NO. 2 
1- BY 3.5-FOOT H K H  S P E E D  WIND TUNNEL 
14-FOOT T R I N S O I I K  WIND TUNNEL 
ELECTRICAL SERVICES BUILDING 
TECHNICAL tiERVICES BUILDING 
40- BY 60-FOOT 'WIND TUNNEL 
2- BY ?-FOOT TAAVSONIC WIND TUNNEL 
HYPERVELOCITY B4LLISTIC RANGE 
ATMOSPHERE ENTBY SIMULATOR 
SUBSTATION 
6- BY 6 - F W C  SUPIXlSONIC WIND TUNNEL 
UNITARY PLAN V'UID TUNNELS BUILDING 
11-FOOT TRANSOiI': WIND TUNNEL 
9- BY 'I-FOO'r SUF1:RSONIC WIND TUNNEL 
6- BY 'I-FCOT SUP1:RSONIC WIND TUNNEL 
UNITARY PL,\N V'UlD TUNNELS, AUXILIARIES BUILDING 
HYPERVELOCITY A I R  FLOW LABORATORY 
3. 5-FOOT HYPERSONIC WIND TUNNEL 
3 .5-FOOT HYPER:iONIC WIND TUNNEL AUXILIARIES BUILDING 

HYPERSONIC HELIUM TUNNEL 
P I L O T  MODEL 01' HYPERVELOCITY F R E E  FLIGHT FACILITY 
DATA REDUCTIOL BUILDING 
GASDYNAMICS LA 30RATORY 
C A F E T E R I A  I3UILI>TVG 
BIOSCIENCE LABORATORY 
HYPERVELOCITY F i E E  FLLUHT FACILITY 
MACH 5 0  HELIUW rUNNEL 
L I F E  SCIENCBS RE.IEARCH LABORATORY 
SPACE ENVWONNEVT R E S t A l l C H  FACILITY 

HYPERVELOCITY RESEARCH LABORATORY 

A. 
B. 
C. 
D. 
E .  
F. 
G. 
H. 

- 
1. 
2. 
3. 

L I F E  SCIENCE: RESlLlRCH LABORATORY 
SPACE ENVIROEMENT RESEARCH F A C I L I T Y  
SPACE F L I G H T  GUIDANCE RESEARCH F A C I L I T Y  
STRUCTURAL DI'NAMICS LABORATORY 
S A T E L L I T E  AT'I ITUDl l  CONTROL SYSTEMS T E S T  F A C I L I n  
F L I G H T  SIMULATOR ITOR ADVANCED AIRCRAFT (1965) 
INSTRUMENT BL I L D I I G  EXTENSION (1965) 
ADXLNISTRATII 'E MANAGEMENT BUILDING (1965) 

PROPOSED PROJECTS 

SPECTROSCOPIC -MEASUREMENTS LABORATORY (1966) 
SYSTENS ENGINEERING F A C I L I T Y  (1966) 
SPACE SC1ENCI:S RESEARCH LABORATORY (1966) 

-- 
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AMES RESEARCH CENTER 
FISCAL YEAR 1966 ESTIMATES 

LOCATION PLAN 

NORTH. 

. -..., "~""1~..111,111",, , ,"",  ............................. "llllll* 1.111111111,,1111111llllllllYlllllllllll,,,,".~,"~,".~.",,.,,".,.",~~~~~~~ 

F A C I L I T I  ES WTHORIZEI)  OR UNDER CONSTRUCTION .-- 
A. L I F E  S C I  ENC :S RESFARCH IABORATORY 
B. SPACE EWJIRONMENT RESEAKCH F A C I L I T Y  
C. SPACE FI.[GHC GUIDANCI: RISEARCH F A C I L I T Y  
D. STRUCTUFAL lYNAMICS IABORATORY 
E. 
F. FLIGHT I [MU A T O R  FOR ADi'ANCED AIRCRAFT (1965) 
G. INSTRUMEITI 3UILDING I lXTINSION (1965) 
H. A C M I N I S T I U T  VE MANAGEXEPiT BUILDING ( 1 9 6 5 )  

S A T E L L I T E  A r T I T U D E  CONTROL SYSTEMS T E S T  F A C I L I T Y  

PROPOSE11 PR ' I JECTS -- -- 
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I 
RESOURCES !IANAGE%NT OFFICE 

65 56 

- .  

- -  - -  FrceptOO 
GS-16 

GS-1'4 
A l l  o t h e r  G S  
Wage Board 

T o t a l  

I PCHLIC INFORXAIION I OFFILE TECIIAOLOGY L'TILILATIOE: OFFICE 

65 66 - -  - -  
65 66 

tycP:iei 
- -  
.~ 

. -  L>-l t J  .~ C S - 1 6  
Lncepced 

GS-15 ! I  6 s - 1 5  
55-1'4 

. -  

A l l  o t h e r  GS A i l  o t h e r  GS 
k'age B o a r d  Wage B o a r d  

T o t n !  

ESVIRON?ENTAL B I O L U G Y  
DIVISIOX 

65 66 
Excepted L L  
G S - l b  I 1  
G S - 1 5  3 3  

- -  

NATIONAL AERONAUTICS AND SPACE ADMINISTRATIUN 

ORGANILATION A N D  STAFFIN(; Lmiti 

AkES RESEAXCI: CENTER 

I 

LEGAL OFFICE 
ADMINISTRATION 1 

E x c e D t e d  

I r ASSISTANT DIRECTOR 

I 
ASSISTANT DIRECTOR I I 

ASSISTANT DIRECTOR 
ASTRONAUT I C s  

m 
I S S I S I A N I  U I R L C I O R  

AERONAUTICS r l iD  FLIGHI :IECHANICS R AND D ANALYSIS AND PLANNING DEVELOPMENT 
6 5 6 6  

1 1  
1 1  

E x c e p t e d  
GS-16 
GS-15 
GS-14 
A l l  o t h e r  GS 

- -  
- -  
1 1  

Wage B o a r d  - -  - -  

LIFE SCIENCES 
65 - 

E x c e p t e d  
GS-16 
G S - I 5  

66 
1 
- 

E x c e p t e d  
65-16 
GS-15 
GS-14 A l l  o t h e r  GS i Wage B o a r d  

65 66 
1 1  
- -  

Excepted 
GS-16 
GS-15 

65 66 
1 1  
- -  65 66 

1 1  

1 1  

1 1  

- -  
- -  E x c e p t e d  

G S - 1 6  
13-15 
G S - 1 4  
A l l  o t h e r  G S  
Wage B o a r d  - -  

I o t a 1  3 3  

- .  

. -  

GS-16 GS-15 

1 1  
' G S - 1 5  

G S - 1 4  
A l l  o t h e r  GS 
Wage B o a r d  

GS-14 A l l  o t h e r  GS 

. .  1-1 Wage B o a r d  . .  - 

I 

1 1  
1 1  

GS-1' I  
A 1 1  o t h e r  G S  
i iage B o a r d  I T o t a l  T o t a l  3 3  T o t a l  3 T o t a l  3 3  

RESEARCH F A C I L I T I E S  AND 
EQUIPtENT DIVISION 

5 5  
8 8  

105 105 

Excepted 
GS-16 
G S - 1 5  
G S - 1 4  A l l  o t h e r  GS 

"ab' ""L... 
.. --.-> 

T o t a l  
I 

3 I S S I O N  ANALYSIS DIVISION 

E x c e p t e d  
GS-16 
GS-15 
G S - 1 4  
ALL O L n e r  is 
Gjage mars 

L i  .~ 
. -  

T a t n ?  14 L a  
~- 

MRUNACTICS DIVISION 

65 66 - -  
E x c e p t e d  i l  
G S - 1 5  2 2  
LS-15 G L  
65 -14  I I  I 1  

A l l  o t h e r  GS 68 68 
:R 53 

i " L d 1  I.10 .+tc 

-~ -~ .. . o_._i 
. . _ / D .  ~ .- 

SYSTEMS ENGUEERING DIVISION 

E x c e p t e d  
GS-16 
GS-15 
G S - 1 1  
A l l  O t h e r  Lb l i  i i  

Wage B o a r d  

T o t a l  

- -  

IHERXO AND GAS DYNAMICS DIVISION 

65 66 - -  
E x c e p t e d  4 4  
GS-16 1 1  
65-15 14 1.i 
4S-l+ 1: :? 
A l l  O C l l r r  L S  33 SB 

46 46 Wage Board - _  
I I . , L * i  

E x c e p t e d  
GS-16 
GS-15 
G S - 1 4  
A l l  o t h e r  G S  25 25 

i u  IU bag? Board 

35 35 

. .  

- -  

E x c e p t e d  
GS-16 
CS-15 
C S - 1 4  5 5  

38 38 A l l  o t h e r  GS - -  Wage B o a r d  - -  
i o t a 1  

TECHNICAL SEKVlCES U I V I S l U N  

. .  
I 1  
1 1  

E x c e p t e d  
Ls-LO 
G S - 1 5  
G S - I 4  
?.!I 2 t ! : C r  c s  ! !  
V d ~ e  B o a r d  m ~ i  
I " C 2 1  363 $ 6 3  

VEHICLE ENVIKUN%hi DIVISIOX 

b i  6 6  - -  
PROJECT PIONEER 

G S - 1 5  

A I 1  o t t e r  G S  
in i o  

t n L r p r t "  
GS-16 
LS-15 - cc. !'. 

1 

c? 

0 
4 

m 

65 66 
2 2  
- -  65 66 

E x c r p  t e d  2 2  
GS-16 
GS-15  4 4  

i l  
53 5J A l l  o t h e r  GS 

2 2  

- -  

. -  

- >  

6 5  61. 
1 1  
1 1  
L L  
7 7  

3 7  37 
.z - 1  

I 
E x c e p t e d  I G S - l b  

65 bb - -  E x c r p  t e d  
GS-16 GS-16 

G S - I 5  
cs-I I ,  

4 4  
i l  

53 5J 
2 2  

- >  

. -  GS-15 
GS-14 
ALI o t h e r  G S  

?n zu 
- 1  - Way? Board I T o t a l  7 3  73 

T o t a l  95 95 T o t a l  49 49 T o t a l  48 48 



ADMINI STRAT IVE OPERAT IONS 

FISCAL YEAR 1966 ESTIMATES 

AMES RESEARCH CENTER 

MISSION AND C~LALF~ILITIES : 

I n  addit.i.on t o  t h e  t r a d i t i o n a l  r e sea rch  mission i n  the  phys ica l  
s c i ences ,  t he  Anies Research Center  mission inc ludes  r e sea rch  i n  t h e  l i f e  
s c i ences ,  fli.g;ht: p r o j e c t  management, and spacec ra f t  experimentat ion i n  t he  
space sc iences .  The Center  has  f l i g h t - p r o j e c t  management r e s p o n s i b i l i t y  
f o r  Pioneer  arid B i o s a t e l l i t e  p r o j e c t s .  The Pioneer  p r o j e c t  w i l l  provide 
s c i e n t i f i c  ot lservat ions of  phenomena i n  i n t e r p l a n e t a r y  space from an  un- 
manned spacec:i:aft and t h e  B i o s a t e l l i t e  p r o j e c t  w i l l  explore  the  b i o l o g i c a l  
e f f e c t s  of t h e  space environment on pr imates  and o t h e r  e a r t h  organisms. 

Physical. s c i ences  r e sea rch  inc ludes  s t u d i e s  i n  atmosphere e n t r y  and 
environmental. phys ics ,  guidance and c o n t r o l  systems, and ae ronau t i c s .  
Research i n  e n t r y  and environmental  phys ics  inc ludes  b a s i c  s t u d i e s  of t he  
phys ics  and c:heniistry of  high-temperature  gases ;  t h e  s t a b i l i t y ,  contrcl l ,  
and performance of a wide range of  s p a c e c r a f t  con f igu ra t ions ;  and of 
materials and s t r u c t u r e s  f o r  s p a c e c r a f t .  I n  t h e  area of  gas  phys i c s ,  
p a r t i c u l a r  eniphiisis i s  placed on problems a s s o c i a t e d  wi th  f l i g h t  i n t o  
e a r t h  and o t h e r  p l ane ta ry  atmospheres. Through t h i s  e f f o r t ,  s i g n i f  i c s n t  
c o n t r i b u t i o n s  have been made t o  t h e  des ign  of  t he  Mercury, Gemini, ancl 
Apollo spacec:icalEt, t he  des ign  of Mars e n t r y  v e h i c l e s ,  and t h e  des ign  crf 
b a l l i s t i c  m i s : ; i l , e s .  Research i n  the  environmental  phys ics  i s  directecl  
toward the  ptiysics and chemistry of materials exposed t o  environmental 
cond i t ions  encountered by s p a c e c r a f t  and e n t r y  v e h i c l e s  and inc ludes  the  
e f f e c t s  of micrometeoric p a r t i c l e s  and meteoric  impact on s t r u c t u r e s  iis 
w e l l  as on mai:ei:ials. The work i n  guidance and c o n t r o l  systems i s  brclad 
i n  n a t u r e  ancl i s  app l i cab le  t o  manned and unmanned s p a c e c r a f t ,  as well as 
a i r c r a f t .  Cuirrent. emphasis i n  guidance systems i s  d i r e c t e d  mainly a t  
manned vehic1 .e~  and i n  p a r t i c u l a r  Apollo and follow-on manned mission:,. 
This  i nc ludes  an i n t e n s i v e  e f f o r t  i n  t h e  area of  midcourse nav iga t ion  and 
te rmina l  guiclimce wi th  a smaller e f f o r t  d i r e c t e d  a t  examining va r ious  
technique s app 1 :L cab le  t o  sate 11 i t  e a t  t i tude  s t a b  i 1 i z a t  ion  and t e c hn iqu e s 
app l i cab le  t o  v e r t i c a l  and s h o r t  t ake-of f  (V/STOL) a i r c r a f t ,  the  super - 
son ic  t r a n s p o r t ,  and the  Apollo s p a c e c r a f t .  The research  program i n  
ae ronau t i c s  i:; d i r e c t e d  toward s t u d i e s  of  problems a s soc ia t ed  wi th  sul 'er-  
son ic  a i r c r a f t  wi th  p a r t i c u l a r  emphasis on the  supersonic  t r a n s p o r t ,  21. wide  
v a r i e t y  of V/'!iTOL v e h i c l e s  and wi th  hypersonic  r e sea rch  a i r c r a f t .  This  i n -  
c ludes  s t u d i e s  of p i l o t i n g  problems wi th  numerous f ixed-base,  moving-t a s e ,  
and f l igh t :  sF1nu:lators. 

Space sc i ences  r e sea rch  inc ludes  s t u d i e s  i n  the  f i e l d s  of s o l a r  phys ics ,  
p l ane ta ry  environments,  and geophysics .  This  i nc ludes  ground-based tt:ero- 
r e t i c a l  and wper imen ta l  r e sea rch ,  sounding rocket  exper imenta t ion ,  at8 w e l l  

A 0  3-5 



as experimentat ion r e q u i r i n g  s p e c i a l i z e d  ins t ruments  aboard s a t e l l i t e s  and 
space probes.  The work covers  s t u d i e s  p e r t a i n i n g  t o  magnetic f i e l d s  p l a sma ,  
micrometeoroids i n  space,  and s t u d i e s  t o  determine t h e  composition and 
s t r u c t u r e  of p l a n e t s  and of p l ane ta ry  and s te l la r  atmospheres. 

L i f e  sc i ences  research  i s  conducted i n  t h r e e  major areas: b a s i c  re- 
search  i n  the  phys io log ica l  and behaviora l  s c i ences  concerned w i t h  ob ta in ing  
a b a s i c  understanding of t he  e f f e c t s  of t e r r e s t r i a l  and e x t r a t e r r e s t r i a l  
environments ant1 of space f l i g h t  s t r e s s e s  upon l i v i n g  organisms; s t u d i e s  
i n  exobiology o r i e n t e d  towards the  p r e d i c t i o n ,  d e t e c t i o n ,  and s tudy  of 
e x t r a t e r r e s t r i - a l .  l i f e  forms; and r e sea rch  i n  t h e  human f a c t o r s  aspec ts  
of t he  re1at i .onships  between man and t h e  machines which w i l l  t r anspor t  
him i n t o  spac.e and support  him dur ing  luna r  and p l a n e t a r y  exp lo ra t ion .  

SUMMARY OF RE:;OURCES REQUIREMENTS : 

19 64 1965 1966 

Number of P o s i t i o n s ,  end of year .  . . 2,204 2,205 2,205 
Average Nunihei: of All Employees.. . . 2,173 2,195 2,195 
Administ.rat::ive Opera t ions . .  . . . . . . . . $29,886,000 $31,698,000 $32,300,000 

INSTALLATION JEXRIPTION : 

The Ames Research Center  w a s  e s t a b l i s h e d  i n  1940 and is  loca ted  at  t h e  
southern  end of San Franc isco  Bay on land cont iguous t o  t h e  U.S. Naval A i r  
S t a t i o n ,  Mof f e t t  F i e l d  , C a l i f o r n i a .  I ts  phys ica l  p l a n t  comprises man)' 
s p e c i a l i z e d  f i i c i - l i t i e s  f o r  aerospace r e sea rch  i n  t h e  t r a d i t i o n a l  physi cal  
sc i ences  as twll. as t h e  space sc i ences  and l i f e  s c i ences ,  a l l  of whicl-i are 
included i n  the mission of  t h e  Center .  These inc lude  convent ional  wind 
tunne l s ,  e n t r y h e a t i n g  s imula to r s ,  and f r e e - f l i g h t  b a l l i s t i c  tes t  f a c i l i t i e s  
capable  of conduct ing tests a t  speeds up t o  and above e a r t h  escape spced 
as w e l l  as l a b o r a t o r i e s  equipped t o  s tudy  s o l a r  and geophysical  phenomena, 
l i f e  s y n t h e s i s ,  1i.fe d e t e c t i o n ,  and l i f e  environmental  f a c t o r s .  The ( : en te r  
occupies  about 235 acres of land of which 115 acres are owned by NASA 
and t h e  remainder i s  made a v a i l a b l e  through a use  permit wi th  t h e  Depart-  
ment of t he  Pliiv!!. C e r t a i n  o t h e r  f a c i l i t i e s ,  such as t h e  u t i l i t i e s  and 
a i r f i e l d  I'UntJiIY:;, are used j o i n t l y  by NASA and the  Navy. The t o t a l  c a p i t a l  
investment. as oE June 3 0 ,  1964 ,  w a s  $155,427,000. 

ANALYSIS OF RIsIURCES REQUIREMENTS BY OWECT CLASSIFICATION : 

1966 --- 1964 1965 

11. Persorine:L Compensation.. . . . . . $19,042,000 $20,700,000 $ 2 0 , 7 ~ ! 9 , 0 0 0  
12 .  Persorine:l Bene f i t s .  . . . , . . . . . . 1,389,000 1,500,000 - L , 503,000 

T o t a l ,  personnel  c o s t s . . . . .  $20,431,000 $22,200,000 $22,2:12,000 



1966 
--,- 19 64 1965 

21. 

22. 
23. 

24. 
25. 

26. 
3 1 .  
32. 
42.  

Travel and Transportation 
of Persons. ............... 

Transpcrtation of Things .... 
Rents, Communications, and 
Utilities ................. 

Printirg and Reproduction ... 
Other S,ervices .............. 
Services of other agencies 

Supplies and Materials ...... 
Lands and Structures.. ...... 
Insurance Claims and 
Indenini ties. .............. 

Equipment.. ................. 

$508,000 
59,000 

$610,000 
58,000 

$600,000 
58,000 

4,605,000 
37,000 

1,644,000 

1,045,000 
614,000 
831,000 

112,000 

4,7 25,000 
35,000 

1,355,000 
105,000 

1,234,000 
1,076,000 
300,000 

5,205,000 
35,000 

1,488,000 

1,234,000 
1,036,000 
300,000 

112,000 

Total... .................. $32,300,000 $29,886,000 $31,698,000 

JUST IFICATIOB~~! OBJECT CLASSIFICATION : 

Personnel Distribution 

19 64 
_L 

1965 - 1966 - 
Direct PersonLG by Program 

Manned Space Flight 

6 
13 

6 
13 

Gemini ........................... 
Apoll~ ........................... 

Space Sciemg and Applications 

40 
106 
214 

42 
118 
207 

42 
116 
2 10 

Physics arid astronomy. ........... 
Lunar and pl.anetary exploration. . 
Biosci.enc.e ....................... 

Advanced ReL;earch and Technology 

Solar and chemical power.. ....... 
Space vet1ic1.e systems.. .......... 
E lec t ronic: s systems. ............. 
Aeronaut Li: s ...................... 
Human fac :~or  systems.. ........... 
Basic reseairch. .................. 

8 
193 
193 
29 2 
117 
3 52 

11 
204 
196 
285 
102 
347 

12 
206 
200 
284 
110 
344 

4 -.- Tr)chnol.ogy liti.lization.. ........... 
Sub-total., direct positions ...... 

-- 4 4 

-. 1,528 1,538 1,535 
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19 64 - 1965 - 
Support y e t  sonne 1 

................. Direc to r  and S t a f f  48 49 
Adminis t ra t ion . .  ................... 304 310 

29 1 Research and development support... - 31 1 - 
S u b - t o t a l ,  support  personnel . .  ... 663 -- 6 50 

T o t a l ,  permanent p o s i t i o n s  ....... 2,201 2,185 

Other p o s i t i o n s :  

1966 

49 
3 10 
298 

6 . 5 1  

2,185 

P o s i t i o n s  under coopera t ive  
1 1 1 t r a i n i n g  agreements ............ 

Other p o s i t i o n s  .................. 2 19 19 

T o t a l ,  a l l  p o s i t i o n s  ................. 
Personnel llecjuirements 

S u b s t a n t i a l  e f f o r t  i n  FY 1966 w i l l  cont inue t o  be devoted t o  thti 
management o E  the B i o s a t e l l i t e  and Pioneer  P r o j e c t s .  
w i l l  a l s o  be expended on research  i n  ae ronau t i c s ,  space v e h i c l e s ,  and 
l i f e  sc iences .  F l u c t u a t i n g  workload requirements  w i l l  involve minor re- 
assignments (of personnel  between programs as changing program p r i o r i t i e s  
d i c t a t e .  
i nc rease  t o  compensate for t h a t  p o r t i o n  of  s p e c i f i c  s a l a r y  ad jus  tmeni:s 
which cannot be absorbed through personnel  tu rnover .  

Considerable  eXfort  

Support f o r  t h e  FY 1966 personnel  program w i l l  r e q u i r e  a nominal 

Personnel  Cos ts  

11366 --- 1964 1965 

....... 2,205 
Pe rmanen t . . . . . . . . . . . . . . . . . . . . . . .  2,201 2,185 2,185 
Other . .  ........................ 3 20 20 

Tota l  P o s i t i o n s . . . . . . . . . . .  2,204 2,205 --, 

Personnel C c s e n s a t i o n :  
Annual c o s t  of permanent 

Pay above t h e  s t a t e d  annual 
p o s i t i o n s  .................... $19,528,000 $20,220,000 $20,220,000 

r a t e .  ........................ 164,000 78,000 78,000 
Lapses (deduct)  ................ - 1,045,000 -39,000 -10,000 

Other personnel  compensation ... 395,000 441,000 441,000 

T o t a l  CoplEensation... ........ 19.042,OOO 20,700,000 20,729,000 
NASA funded ............... 19,042,000 20,700,000 20,7 29,000 

-- 
Cost of n e t  permanent p o s i t i o n s  18,647,000 20,259,000 20,268,000 

- ~ -  

--- --- --.. Reimbur s8ab le. .............. 
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1966 --- 1964 1965 

Per sonne 1 bene f i. t s.. . . . . . . . . . . . . . .  $1,389,000 $1,500,000 1 1  , 503, ,000 
NASA fun.dec.. . . . . . . . . . . . . . . . . . . .  1,389,000 1,500,000 1,503,000 - - -  - - -  - - -  Reimbursable . . . . . . . . . . . . . . . . . . .  

Tota l  personnel  c o s t s . .  . . . . . . . . . .  20,431,000 22,200,000 2 2 , 2 3 2 , 0 0 0  
NASA funded .................... 20,431,000 22,200,000 22,232,000 - - -  - - -  - - -  Reimbursable. . . . . . . . . . . . . . . . . . .  

Average :hnbei: of A l l  Employees 
(Man Years) ..................... 2 , 173 2,195 4,195 

Requirements f o r  a l l  o t h e r  o b j e c t s  f o r  FY 1966 r e f l e c t  an inc rease  
of $570,000 ewer the amount es t imated  t o  be r equ i r ed  f o r  FY 1965, essen-  
t i a l l y  i n  t be  fol lowing areas: (1) r e n t a l  o f  e l e c t r o n i c  computing e q u i p -  
ment; ( 2 )  elcbctric power requirements;  and (3)  o t h e r  c o n t r a c t u a l  s e r v i c e s .  

The scheduled launchings under the  Pioneer  P r o j e c t  w i l l  n e c e s s i t a t e  
the  renta.1 of  a u x i l i a r y  i tems of computer equipment t o  f a c i l i t a t e  the 
increased wcrk1.oad r e s u l t i n g  from the  process ing  of f l i g h t  da t a .  This  
requirement wi1.1 r e f l e c t  an inc rease  of $441*,000. An inc rease  i n  
e l e c t r i c  power consumption r e l a t i n g  t o  scheduled wind tunnel  t e s t s  will 
r e q u i r e  a d d i t i o n a l  funding i n  the  amount of approximately $44,000. qhese 
i n c r e a s e s  arc: o f f s e t  by a n e t  decrease  of $5,000 i n  o t h e r  requirements  
f o r  rents;, c:tnnriunications and u t i l i t i e s .  Other c o n t r a c t u a l  s e r v i c e s  w i l l  
r e q u i r e  a nomina 1. i nc rease  t o  cover  a d d i t i o n a l  maintenance c o s t s  f o r  
t hese  f ac . i l j . t i e s  coming i n t o  i n i t i a l  ope ra t ion  i n  FY 1966. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ORGANIZATION AND STAFFING CHART 

ELECTRONICS RESEARCH CENTER 

INSTRUMENTATION AND DATA 
PROCESSING RESEARCH 

Excep ted  
GS-16 
GS-15 
GS-14 
A l l  o t h e r  GS 
Wage Board 

ELECTRO-MAGNETIC RESEARCH 

I T o t a l  

- 
1 1  Excep ted  

GS-16 
GS-15 2 1  

5 I1 
i 28 

GS-14 
A i 1  OihTi GS 
Wage Board - -  

- -  

- -  

STAFFING SUMMARY 

E x c e p t e d  10 I GS-i6 
GS-15 
GS-14 
A l l  o t h e r  GS 
Wage Board  
T o t a l  Pe rmanen t  

- -  Tempora ry  

T o t a l  P o s i t i o n s  250 550 

Excep ted  
GS-16 
GS-15 

I ADMINISTRATION 

GS-14 
A l l  o t h e r  GS 
Wage Board 

r O c a i  

h i  ;?;? - 
2 3  

2 4  
4 8  

1 2  10 - -  - -  
20 25  

I PRCGRANS AND RESOURCES 

Excep ted  
GS-16 
GS-15 
GS-14 
A 1 1  o t h e r  GS 
Wage Board 

6 5  66 
1 1  
- -  
. .  
2 3  
3 6  

13 40 
. -  - -  

I T o t a l  19 50 

ELECTRONIC COMPONENIS RESEARCH I I GUIDANCE AND CONTROL 

, e  ,, 
RESEARCH _ _  _ _  - -  < <  16 - -  

Excep ted  1 1  Excep ted  1 1  
GS-16 - - I I GS-16 - -  
GS-15 
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A 1 1  oiiler is 
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- -  
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T o t a l  25  56 



ADMINISTRATIVE OPERATIONS 

FISCAL YEAR 1966 ESTIMATES 

ELECTRONICS RESEARCH CENTER 

MISSION AM> CAJAsILITIES : 

The E l e c t r o n i c s  Research Center w i l l  i n c r e a s e  NASA's c a p a b i l i t y  i n  space 
e l e  c t r o n i c s  by providing the  groundwork of knowledge and advanced tecllinology 
needed t o  overcome p resen t  d e f i c i e n c i e s .  

The Center w i l l  conduct comprehensive programs of b a s i c  and appl ied  
research  i n  a reas  of space e l e c t r o n i c s  now inadequate ly  covered. The r e sea rch  
w i l l  inc lude  performance c h a r a c t e r i s t i c s ,  tes t  procedures ,  and s p e c i f  Lcations 
f o r  space e l e c t r o n i c  components, and i n v e s t i g a t e  new concepts f o r  making 
space e l e c t r c n i c s  equipment more r e l i a b l e .  The Center  w i l l  i n v e s t i g a t e  
techniques and lay  the  fundamental t echnologica l  groundwork f o r  space elec- 
t r o n i c s  equipment of reduced weight ,  s i z e ,  power d r a i n ,  and complexity,  
capable of withstanding the  harsh  condi t ions  found i n  space.  The Center w i l l  
dev ise  new ccncepts  and techniques and prove t h e i r  f e a s i b i l i t y  both a n a l y t i -  
c a l l y  and ex:r)er.imenta1ly f o r  space e l e c t r o n i c  equipment capable  o f  acli ieving 
leve Is of per f  crmance beyond those of today. 

SUMMARY OF RESGURCES -- REQUIREMENTS : 

1966 - 1964 1965 

Number of. P o s i t i o n s ,  end of yea r ,  25 250 5 50 
Average Number of A l l  Employees.. 12 119 40 5 
Adminis t ra t ive Operations ........ $730,000 $3,600,000 $7,622,000 

INSTALLATION -- DESCRIPTION: 

The Elec. t ronics  Research Center  w i l l  be loca ted  i n  Cambridge, 
Massachusetts.  The i n i t i a l  phase of cons t ruc t ion ,  on a 29-acre t r a c t  of 
land w i l l  commence i n  the  s p r i n g  of 1965, wi th  p a r t i a l  occupancy scheduled 
by the end cf' 1966. The master  planning f o r  the  Center  contemplates the 
a c q u i s i t i o n  of an a u x i l i a r y  s i t e  (p resen t ly  unse lec ted)  f o r  t he  cons t ruc t ion  
of add i t iona l  r e sea rch  f a c i l i t i e s  and the  development of f i e l d  test a r e a s .  
There w a s  nc cap i t a l  investment as of June 30, 1964. 
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ANALYSIS OF-RESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION: 

1964 1965 -. 1966 

11. Personnel Compensation.. ..... $137,000 $1,470,000 $4,368,000 
12. Personnel Benef i t s . .  ......... 10.000 110,000 _ ,  332,000 

T o t a l ,  personnel c o s t s . .  ... $147,000 $1,580,000 $ 4 , 7 ~ ~ , ~ 0 ~  

21. Travel  and Transpor t a t ion  
of P e r s o n s . . . . . . . . . . . . . . . . .  

22. T ranspor t a t ion  of Things. . . . .  
23. Rents,  Communications, 

and Util i t ies. .  ............ 
24. P r i n t i n g  and Reproduction. ... 
25. Other S e r v i c e s . . . . . . . . . . . . . . .  

Services  of o the r  agencies .  
26. Suppl ies  and M a t e r i a l s . . . .  ... 
31. E q u i p e n t  .................... 
32. Lands and Structures . . . . . . . . .  
42. Insurance C l a i m s  and 

Indemni t ies . . . . . .  .......... 

18,000 --- 

--- 
486,000 

37,000 
13,000 
29,000 --- 

240,000 
121,000 

389,000 
35,000 

394,000 
110,000 
154,000 
453,000 
124,000 

270,000 
141,000 

784,000 
65,000 

762,000 
153,000 
376,000 
261,000 
110,000 

$3,600,000 $7,622,000 - T o t a l . . . . . . . . . . . . . . . . . . . . . .  $730,000 

JUSTIFICATI~GOBY OBJECT CLASSIFICATION: 

Pe rs onne 1 D i s t r i b u t i o n  

1964 - 
Direc t  P e r s p g e l  by Propram 

Advanced Elearch and Technology 

E l e c t r o n i c  sys terns.. ............ 8 
TechnoloAy U t i  l i z a  t i o n .  ........... - - 

Support personnel --- 
Direc tor  arid S t a f f .  .............. 8 
Adminis ti-at:ion. .................. 4 

5 Research arid development support .  - 
. 1 7  Sub-total . ,  support  p o s i t i o n s . .  - 

1965 - 

129 
1 

36 
39 
45 - 

120 - 

1966 - 

410 
1 

39 
50 
50 - 

139 - 

.. ... Tota l  permanent p o s i t i o n s . .  25 250 550 
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Personne 1 R e g d r e n e n t s  

The personnel  l e v e l  proposed f o r  FY 1966 inc ludes  a r eques t  f o r  300 
a d d i t i o n a l  employees. This access ion  is  i n  conformity wi th  t h e  phased 
growth o r i g i n a l l y  conceived i n  the  long-range development of t h e  E l e c t r o n i c s  
Research Center .  The inc rease  w i l l  permit  t he  s t a f f i n g  of those e s s e n t i a l  
t echn ica l  f u r c t  ions necessary f o r  t he  e f f e c t i v e  d i r e c t i o n  and managemlent of 
the  most important program o b j e c t i v e s  r e l a t i n g  t o  the e l c t r o n i c s  endeavor. 

The inc rease  i n  personnel c o s t s ,  amounting t o  $3,120,000, i s  requi red  t o  
(1) cover the f u l l  year  c o s t s  of personnel  added i n  FY 1965, and (2) f o r  the  
c o s t  of the a d d i t i o n a l  s t a f f i n g  requested i n  FY 1966. The c o s t  t;f the add i -  
t i o n a l  ernplq.ees has been included i n  the estimates a t  a lapsed r a t e  of 
approximately L.7 p e r  cen t .  

Personne 1 Costs 

1964 

T o t a l  Posit ipns. .  .................. 25 
Permanent. ...................... 25 
Other. .  -- ......................... 

Personnel  ComEnsation: 
Annual cos t  of permanent 

p o s i t i o n s .  .................... $277,000 
Pay above the  s t a t e d  annual ra te  2,000 
Lapses (deduct) .  ................ -143,000 

Other pers onne 1 compensation. ... 1,000 
Net c o s t  of permanent p o s i t i o n s .  136,000 

To ta l  comEnsat ion  ............ 137,000 
NASA funded...  .............. 137,000 
Reimbursable. ............... --- 

Personnel  b e n e f i t s . . . .  ............ 10.000 
NASA fundeld.... ................. 10,000 
R e  imburs ab le .  ................... --- 

Tota l  p e r s o n z g  c o s t s . .  ............ 147,000 ...................... NASA funded 147,000 
Reimbursable. .................... --- 

Average Numberof A l l  Employees 
(Man Years) ...................... 12 

1965 

250 
250 

$2,799,000 
10,000 

-1,411,000 
1,398,000 

72,000 

1,470,000 
1,470,000 

1966 - 
5 50 
550 

-, 

$5,716,000 
22,000 

L ' j27 ,OOO 
4,211,000 - 157,000 

I, 4 368,000 
4,368,000 

~ 1 1 0 , 0 0 0  - 332,000 
110,000 332,000 

1,580,000 
1,580,000 

1 1 9  

4 ,700 ,000  
4,700,000 

40 5 

7 6 2 - 0 4 7  0 - 6 5  - 21; A 0  3-16 



Requirements f o r  a l l  o t h e r  o b j e c t s  r e f l e c t  an  i n c r e a s e  of $902,000 over 
the  amount es t imated  f o r  FY 1965. To a cons ide rab le  e x t e n t ,  t he  inciaease 
r e f l e c t s  t h e  con t inua t ion  of commitments and requirements e s t a b l i s h e d  i n  ET 
1965 although p a r t l y  funded dur ing  t h a t  period. 

Included i n  t h e  i n c r e a s e  i s  t h e  requirement f o r  a d d i t i o n a l  con t i*ac tua l  
s e r v i c e s .  This i s  p r imar i ly  due t o  t h e  lack  of in-house c a p a b i l i t y  f o r  
administt-ati:re and housekeeping f u n c t i o n s  e s s e n t i a l  t o  e f f i c i e n t  opei'ation. 
U n t i l  such time a s  t h e  in-house suppor t  func t ions  are  adequately s ta i - fed  , t he  
s e r v i c e s  of (Dutside c o n t r a c t o r s  must be u t i l i z e d  t o  augment t h e  l i m i t e d  
c a p a b i l i t y  o E  employees a l r eady  employed a s  w e l l  a s  those  planned foi. t he  
budget y e a r  ,, 

A 0  3-17 



IY
 

3el 

1 J -7
 

1 



FLIGHT RESEARCH CENTER 
FISCAL YEAR 1966 ESTIMATES 

!1 :;; 

4 
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I I  

0 CALIBRATION HANGAR 
0 AUXUARY POWER UNIT 

BUILDING X-15 
BONER HOUSE BUILDING 

0 PAINT STORAGE BUILDING 
0 WAREHOUSE Wl-N?2 L A.6.E. 
0 WAREHOUSE NQ3 
0 TRAILER PARK 
@ PAINT SPRAY BUILDING 
Q) H16H TEWERATURE WADS 

@ WMUNICATION BUILDIN6 
CMlBRATwm FACILITY F.Y.lS4 

EXISTING FACILITIES 
AUTHORIZED FACILITY 
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STAFFING SUMMARY 

- 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ORGANIZATION AND STAFFING CHART 

FLIGHT RESEARCH CENTER 

A 

Excepted 
65 66 

6 6 
- -  

GS-16 3 3  
GS-15 13 13 
GS-14 3 1  3 1  
All o t h e r  GS 289 289 

263 263 Wage Board - -  
Tot a 1  Pe rnianerit 605 605 

14 14 Temporary - -  
Tot a1 Posi.tioris 619 619 -- 

OFFICE OF TtlE DIRECTOR I 
Excepted 
GS-16 
GS-15 
GS-14 
A l l  o t h e r  GS 
Wage Board L Tota l  

RESEARCH DIVISION 

Excepted 
65 66 

2 2 
- -  

GS-16 1 1 
GS-15 4 4  
GS - 1 4  12 12 
A l l  o t h e r  GS 9 6  9 6  

1 1 Wage Board 

To ta l  116 116 

- -  

DATA SYSTEMS DIVISION 

65 66 
Excepted - 
GS-16 1 1 
GS-15 2 2 
GS-14 9 9 
A l l  o t h e r  GS 9 1  9 1  

79 79 Wage Board 

To ta l  182 182 

- -  

- -  

65 66 
3 3  
1 1 
1 1 
1 1 
6 6  

26 26 

- -  

- -  
3 8  3 8  

OPERATIONS D I V I  $ ION 

Excepted 
- -  65 66 
1 1 

GS-16 
GS-15 5 5  
GS - 14 6 6 
A l l  o t h e r  GS 20 20 

- -  130 130 Wage Board 

To ta l  162 162 - 

~ 

ADMINISTRATIVE D I  IISION 

65 66 
Excepted - 
GS-16 - - 
GS-15 1 1 
CS-14 3 3  

76 76 A l l  o t h e r  GS 
27 27 Wage Board 

I Tota l  107 107 

- -  

- -  

AO3-21 



ADMINISTRATIVE OPERATIONS 

FISCAL YEAR 1966 ESTIMATES 

FLIGHT RESEARCH CENTER 

MISSION AND CAPABILITIES : 

The F l igh t  Research Center ,  e s t a b l i s h e d  i n  1947, conducts r e sea rzh  and 
eva lua te s  prDblems of manned f l i g h t ,  both w i t h i n  and o u t s i d e  t h e  atmosphere. 
The Center ' s  mission inc ludes  e f f o r t  on problems of t akeof f  and Landing, low- 
speed f l i g h t ,  supersonic  and hypersonic  f l i g h t ,  and r e e n t r y  t o  v e r i f y  
p red ic t ed  c h a r a c t e r i s t i c s  and t o  i d e n t i f y  unexpected problems i n  a c t u s 1  f l igh t : .  

P r o j e c t s  c u r r e n t l y  underway o r  p r o j e c t e d  inc lude  ae ronau t i c s  p r o j e c t s  
such a s  t h e  :K-15,  B-70, supersonic  t r a n s p o r t ,  and hypersonic  r e s e a r c h ;  space 
v e h i c l e  systtems p r o j e c t s  i n  which t h e  f l i g h t  behavior of advanced r e e n t r y  
v e h i c l e s  is s1:udied ; and e l e c t r o n i c  systems p r o j e c t s  such as  d i s p l a y ,  guidance 
and c o n t r o l  i n  advanced f l i g h t  missions and improvements on systems and 
senso r s  used i n  b i o m e d i c a l  monitor ing,  t r ack ing ,  and da ta  a c q u i s i t i o i i .  
Research of i n t e r e s t  t o  t h e  manned space f l i g h t  program concerning p r o j e c t s  
Gemini anti Apollo i s  provided through pa rag l ide r  development and lunar  landing 
r e sea rch  . 

The major research t o o l s  f o r  conducting t h e s e  programs a r e  t h e  a x c r a f t .  
They range fiwm l igh tweight  c i v i l  a i r c r a f t  f o r  handl ing  q u a l i t i e s  i n v e s t i g a -  
t i o n s  t o  cen1:ur.y s e r i e s  f i g h t e r s  f o r  p i l o t  p ro f i c i ency  and gene ra l  i n v e s t i g a -  
t i o n s ,  and t o  X - 1 5  rocke t  a i r c r a f t  used f o r  hypersonic  r e sea rch  and r e e n t r y  
i n v e s t i g a t i o n s .  Spec ia l  purpose v e h i c l e s  such a s  p a r a g l i d e r s ,  l i f t i n l :  b o d i e s ,  
lunar  landing r e sea rch  v e h i c l e s  and v a r i a b l e  s t a b i l i t y  a i r c r a f t  or  aii .borne 
s imula tors  a r e  con t r ac to r  procured o r  developed in-house.  Spec ia l i zed  
l abora to ry  f a c i  1it:ies a r e  a v a i l a b l e  t o  complement t h e  f l i g h t  a c t i v i t i t ! s  wi th  
proper  preliminary resea rch  and t e s t i n g .  Simulat ion equipment i s  used t o  
guide and a s s i s t  i n  t h e  performance of product ive  f l i g h t  a c t i v i t i e s .  A t h r e e -  
s t a t i o n  radar  fo r  t r ack ing  and da ta  a c q u i s i t i o n  i s  opera ted  t o  support t h e  
f l i g h t  act:iv:ii:y, 

SUMMARY OF KISjOllRCES REQUIREMENTS: 
t 

14166 - 1964 19 65 

Number of P o s i t i o n s ,  end of year. .  619 619 619 
Average Nunibei: o f  A l l  Employees. . . 621 622 619 
Adrninistrat::Lva Opera t ions . .  ".. . . . . $9,514,000 $9,750,000 $9,600,000 

INSTALLATION I,ESCRIPTION: 

The F l i g h t  Research Center ,  Edwards, C a l i f o r n i a ,  i s  approximate13 65 
m i l e s  no r theas t  of  Los Angeles.  The Center i s  loca ted  a long  t h e  nor thern  

A 0  3-22 



boundary of E:dwards A i r  Force Base on 1 7 1  a c r e s  o f  land  l eased  from the A i r  
Force. The Center i s  a d j a c e n t  t o  Rogers Dry Lake, a 55 square  m i l e  a r e a  w i t h  
a complex o f  runways vary ing  i n  l eng th  from 5 t o  11 m i l e s .  

The p h y s i c a l  p l a n t  c o n s i s t s  of an o f f i c e - l a b o r a t o r y  b u i l d i n g  w i t h  a d j o i n -  
i n g  shops, a f l i g h t  maintenance hangar and a c a l i b r a t i o n  hangar.  A u x i l i a r y  
bu i ld ings  inc1.ucle warehouses, a n  a u x i l i a r y  power systems b u i l d i n g ,  and a 
communications bu i ld ing .  The main s t a t i o n  of t h e  3 - s t a t i o n  radar range 
ope ra t ed  by t h e  Center i s  l o c a t e d  on t h e  t h i r d  f l o o r  o f  t h e  o f f i c e - l a b o r a t o r y  
b u i l d i n g .  The t o t a l  c a p i t a l  investment as of June 30, 1964, was n$27,116,000. 

ANALYSIS OF RESURCES REQUIREMENTS BY OBJECT CLASSIFICATION: 

1964 1965 --- 1966 

11. Personnel Compensation.. .... $5,659,000 $6,218,000 $6,265,000 
1 2 .  Personnel Bene f i t s  .......... 410,000 432,000 435,000 

T o t a l ,  personnel  c o s t s . . . .  $6,069,000 $6,650,000 $6,7i30,000 

21. T rave l  and Transpor t a t ion  

22 .  
23. Rents,  Communications, 

of Persons.  ............... 
Transpor t a t  ion o f  Things.. .. 

and 'Util i t ies.  ............ 
24. P r i n t  iing and Reproduct ion.  .. 
25. Other Se rv ices  .............. 

Serv ices  of o t h e r  agencies  
26. Suppl ies  ,and Materials..  .... 
31. Equipment ................... 
32. Lands ;and S t r u c t u r e s  ........ 
42. Insiiran2e C l a i m s  and 

Indernii t ies,  .............. 

234 , 000 
31,000 

362 , 000 
6,000 

1,029,000 
78,000 

600 , 000 
1,007,000 

98,000 

260 , 000 
40 , 000 

337,000 

985 , 000 

540,000 
762,000 
165, OOC 

10 , 000 

--- 

1.000 

2 i50,000 
40,000 

3;) 1 , 000 

1,0114,000 

5110 , 000 
5:!4,000 

LO , 000 

- - -  

l t i O  ,000 

1.000 .- 

T o t a l . .  .................... $9,514 .OOO $9,750.000 $9,6OO, 000 --- 
JUSTIFICATION JZOBJECT CLASSIFICATION: 

Personnel  D i s t r i b u t i o n  

1.966 -- 1964 1965 

Di rec t  Personrg& by Program 

Manned Space F l i g h t  

................................ Apollo 50 

Space Sci.enc2Gind App l i ca t io rE  

Phys ics  a n d  astronomy ................ 3 

39 37 

3 3 
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1965 - 1964 - 1966 

Advanced Research and Technology 

............... Space v e h i c l e  systems. 24 26 40 
E l e c t r o n i c s  systems 1 7  1 7  8 
Aeronaut ics  344  351 350 
Human f a c t o r  systems..  10 10 10 
Basic r e sea rch .  1 1 

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

......... Tracking a i ldData  Acquis i t ion  39  39 37 

................ 1 1 Techno l o ~ y  J&i l i z a  t ion .  - 
Sub- to t a l ,  d i r e c t  p o s i t i o n s . .  ........ 48  7 48 7 48 7 

Support per soims 1 

................ Direc tor  and S t a f f . . . . .  10 11 11 
Adminis t ra t  ion.. 108 107 107 ....................... 

. ......... Sub - t o t a  11 support  pos it ions  118 118 -I 118 

......... T o t a l ,  p e ~ m l n e n t  p o s i t i o n s . .  605 605 605 

Other posit::ions: 

P o s i t i o n s  under coopera t ive  ................ t r a  in ing  iigr eement s 14 14 -. 14 

................. T o t a l ,  a l l  pos i t i ons . .  619 - 619 -. 619 
-, 

Personnel Re'quirements 

Current and p ro jec t ed  r e sea rch  e f f o r t  w i l l  be devoted e s s e n t i a l l y  t o  t h e  
X-15, B-70, t he  supersonic  t r a n s p o r t ,  and t h e  M-2 l i f t i n g  body reent ry  vehicle:. 
Except f o r  mi.rior personnel  reassignments ,  t h e  p re sen t  manpower l e v e l s  w i l l  
remain consta.nt i n  FY 1966 .  

The nomirial. i nc rease  i n  personnel  c o s t s  reques ted  f o r  FY 1966 w i l l  
compensate for. t:hose personnel  s a l a r y  adjustments  not  absorbed through person- 
n e l  tu rnover ,  The l i m i t e d  s t a f f  a t  t h e  F l i g h t  Research Center r e q u i r e s  fund- 
ing f o r  these: purposes i n  order  t o  maintain a cons tan t  man-year e f f o r t  t o  
f a c i l i t a t e  t h e  accomplishment of program o b j e c t i v e s .  

162-047 0 - 6 5  - 29 A 0  3-24  



Personnel  Costs 

1966 
-I 

1964 1965 

T o t a l  P o s i t i o n s ,  ...................... 619 619 619 
Permanent. ......................... 605 605 605 
Other .  ............................. 14 14 14 

Personnel  C o m ~ n s a t i o n :  
Annual cost  of permanent p o s i t i o n s .  $5,320,000 $5,671,000 $5,744,000 
Pay above t h e  s t a t e d  annual  rate. . .  

Net c o s t  of permanent p o s i t i o n s  5,157,000 

42 , 000 22,000 22 , 000 
Lapses (deduct) .................... -205,000 -122,000 -44,000 

0 t h e r  p e r  so nne 1 comp ensa t ion ....... 502.000 647,000 .543,000 
.... 5,571,000 5 ,  722 , 000 

T o t a l  compensation.. .............. 5,659,000 6,218,000 6. .J65.000 
NASA funded. 5,659,000 6 , 218 , 000 6 , :!65 , 000 
Reimbursable, --- --- --- ..................... .................... 

Per sonne 1 ben'e f i ts  ................... 410,000 432,000 Q35.000 
NASA funded.. ....................... 410,000 432,000 435,000 
Reimbursab:L,e.. ...................... --- - - e  --- 

T o t a l  personnel  c o s t s . . . . . . . . . . . . . . . .  $6,069,000 $6.650.000 $6, ?OO, 000 
NASA funded. ........................ 6,069,000 6 , 650,000 6 , '700 , 000 
Reimbur sab :Le. ...................... e-- --- --- 

Average Numbwz>f A l l  Employees 
(Man Years). ........................ 62 1 622 6 19 

O f f s e t t i n g  t h e  small i n c r e a s e  of  $59,000 r eques t ed  f o r  c o n t r a c t u a l  
s e r v i c e s  , r e q u i r e d  e s s e n t i a l l y  f o r  equipment and p l a n t  maintenanc:e, lower 
e s t ima tes  i n  o the r  a r e a s  e f f e c t  a decrease  of $150,000 i n  t h e  o v e r a l l  
requirements  for  Fy 1966. 
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LOCATION PLAN 
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LANGLEY RESEARCH CENTER 
FISCAL YEA3 1966 ESTIMATES 

LOCATION PLAN 

PROPOSED FISCAL YEAR 1966 PROJECTS 

1 .  FLIGHT CONTROL RESEARCH FACILITY 
2.  LIFE SUPPORT TECHNOLOGY LABORATORY 

4 .  MAGAZINE AND TEST AREA FOR mGHLY 
REACTIYE CHEMICAL MATERIALS 

AND 8.5 TUNNELS 
5. INCREASE RESEARCH CAPABILITY M = 6 

1258 
1259 
1260 
1261 
1262 
1263 
1264 
1265 
1266 
1267 
1268 
1269 
1270 
1271 
1272 
1271 127L 

1275 
1276 

1285 
1286 

WEST AREA A 0  3-28 
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- 
DIRE('Td9 

: ;so( IATE 11 LXEC [OR 

6 5  '& 
2 2  

3 1  
1 1  
5 1  

- 

. .  

. .  - -. 

I 1  !, - 

L 

E x c e p t e d  
65-16 
GS-15 
GS-I$ 

ASSISIANT !'I8IEiTCl? ( G K O I P  I )  

1;s 16 
G S - I S  

A l l  " t i l e r  cs  

Tvtsl 

Full 'L ILI  T I' :IIJEL:'S 
OFFICE Of 

ASSISTAKC DIRECTOR (GROUP 3) 

6 5  66 
E x c e p t e d  1 1  
G S - 1 6  . -  
G S - 1 5  1 1  
G S - 1 4  - -  
A l l  o t h e r  G S  
Wage B o a r d  

T o t a l  2 2  

- -  

. .  
- -  - -  

NATIXAL AERONAUTICS AND SPACE ADMlNISTKATION 

ORGANIIL4TION AND STAFFING JURI 

LANGLEY RESEAltCH CENTEK 

I STAFFING SUMMARY 

I A l l  o t h e r  GS 2.286 2.2'6 

I L  tal 

PROGRAM CONTROL ANALYSIS AND 
BUDGET OFFICE 

'TECHNOLCIGY 
!I I I L I Z A I I C U  OFFICE 

I E S E  
I N  

E x c e p t e d  
GS-16 
GS-I5 
65-14 
All " t i l e r  
Wage Buar 

E x c e o t e d  
65 66 - -  6 5  I z O  - .- 

E n c e p t c d  
GS-16 
5s-15 
G S - 1 4  1 1  
A l l  o t l l e r  G S  1 .' 
'wage Buard 

. .  

.~ 

- -  

G S - 1 6  
GS-I5 
G S - 1 4  

I 1  
I 1  
b 6  
. .  - -  

A l l  o t h e r  G S  
Wage Board 

T o t a l  x n  I o t a 1  3 1  

E \ c e p l  (..I 
GS-16 
GS-15 

E x i i , p t e  I 
6s- b 
GS- 2 

GS- i 
A l l  I4ai.e o t h e r  Board G I  

Tot.41 T o t a l  r---I 
AEKO-PHYSICS DIVISIUN 

I FL1~;I lT REENT'!Y I -- 
OFFICI 

E x c r p t t  c 
GS-16 
GS-15 
GS-14 
A l l  0 t l e  
Wage B c e  

i u t a l  -- 

E n i e p c e d  
CS-16 
65-15 

b 5  66 
3 3  
2 2  

- -  

12 1 2  
GS-14 15 15 
A l l  O t h e r  GS 146 146 

1 1  !?age Board 

T o t a l  179 179 

_ _ _  
L U  '11 1 

I I F F I ~ L  

ExcPpre< 
G S - 1 6  
GS-15 
GS-1: 
A l l  u t h c r  
wage Boar 

T o t a l  -- 

S I  i:'r TV a i (IS . . A I < ~ ~  : I'd.  SIUS I FLIGHT MECtlANICS AND 
TECIINOLOGY DIVISION I 

6 5  - 
3 3  
2 2  

13 !J  
1 2  I 2  
11 I l l  
. .  - __ 

65 66 
E x c e p t e d  3 3  
GS-16 1 1  
GS- I5  9 9  
GS-14 12 12 
r\ll o t h e r  GS 70 70 

3 4  34 xa;e Board i T u t a l  129 119 

- -  

_ _ _  

i.X'eptcc 
GS-16 
G S - 1 5  

65 6 6  
2 2  
- -  

5 5  

15 2 5  
t : n  G S - 1 4  

A l l  O t h e r  GS 
Wage Board 

TOLa 47 1.1 
'T"L8l 4u 4 0  

PUB I FULL-SCALE RESEARCH DIVISION SJOIJT PROJECT OFFICI: 

- 65 56 
Excel l ied . .  
GS-113 . .  
GS-1'. 3 3  
ts-I- 1 7  
A l l  u t l i e r  G'; 1 0  i o  
~ a , : ,  m a r t i  . .  - -  I- E x c e p t e d  

GS-16 
G S - 1 5  
GS-14 
All " t h e  
Wage Baa 

T o t a l  -- 

E x c e p t e d  I GS-16 

65 66 
3 3  
- -  
- -  

G S - 1 5  20 LO 
GS-I4 1 4  14 
A l l  O t i i e r  GS  146 146 
Wage Board - -  _ -  1 

I I":al ',I 1' T o t e l  5ti 50 1 - T o t a l  183 183 

bE 

E x c e p t e d  
GS-16 
GS-15 
G S - 1 4  
A l l  u t l i e r  
Wage B o a r  

T u t a l  

N'ILIEC EAT1 RIAL:; ANI) 
PHYSICS IIIVISION 

65 "6 - -  
E X C C  ,tee' h i  
( .S-b,  I 1  
L S - 1  j 

N'ILIEC EAT1 RIAL:; ANI) 
PHYSICS IIIVISION 

65 "6 - -  
E X C C  ,tee' h i  
( .S-b,  I 1  
L S - 1  j 
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I-'- Il lr .E(Tl '!  1 

. 
OFFICE OF ASSISTANT DIKECTOK 

FOR AGIIINISTIlATION 

Excepted 
CS-16 
GS-15 
G S - 1 4  
A 1 1  o t h e r  GS 
Wage Board 

G S - 1 6  
GS-I5 
GS-14 
A l l  " t i l e r  G j  
Wage Buard 

T u l a l  
I L ,  

I- --Id 
AIMINISTRATIVE SEKVICES 

UIVISIUN 
65 b b  

G S - 1 6  . .  
GS-15 - .  
GS-14 1 1  
A l l  o t h e r  GS MY BY 

1 2  1 2  wage Buard  

T o t a l  102 I U 2  

- -  
E x c e p t e d  - .  

- _  

;-I 8 8  

25 25 
- .  - -  

i o  .+u 

FISCAL DIVISION 

Excepted 
G S - l h  
GS-I5 
GS-14 

A l l  o t h e r  Gs 105 105 
- .  Wage Buard  - ._ 

T o t a l  106 IO6 

1 PIIBLI: AFFAIR5 CFF1I.E PERSONNEL DIVISION 

65 66 - -  
Ence  p t ed . .  I GS-16 . .  

PERSONNEL DIVISION 

65 66 
Ence  p t ed . .  
GS-16 . .  
GS-15 1 1  
6 5 - 1 4  3 3  
A l l  o t h e r  GS 51 51 
Wage Board  

- -  

. .  - -  

- .  
- -  .I GS-15 1 1  

6 5 - 1 4  3 3  
A l l  o t h e r  GS 51 51 
Wage Board  . .  - -  1 
T o t a l  5 5  55 

'SO SO I - 

1 SEClJ <I"!' OFFICE YHOTOGRAPHIC DIVISION 

- 6 5  66 
E x c e p t e d  - -  
GS-16 - .  
GS-I5 - -  
GS-14  - -  

46 46 Wage Board  

T o t a l  RL RL 

A l l  o t h e r  GS 38 38 
_ _  

Ex, e p t r i l  
GS-16 
GS 15 

52 66 
. .  
- -  - L  

E x c e p  Led 
GS-16 
GS-15 
GS-14 
A l l  011.er GS 
Wade Boar-d 

IL TuL.il 

22h 2 2 ,  J 1 T o t a l  

-- 
IESEAKCH MODELS AND 
iACILITIES  DIVISIUN 

65 66 - -  
E < i r p t e d  - .  
;';-I6 . .  
;.;-15 3 1  
-:;-I* 15 15 
4 1 ot:ier GS 1 ~ 2  152 

5 5  J.1-e 3oarcl 

s<, ta1 1 i 5  175 

_ _  
---- 

' PROCUREMENT DIVISION 

- 65 66 
E x c e p t e d  - -  
GS-I6 - -  
GS-15 1 1  

' G S - 1 4  4 4  
A l l  o t h e r  GS 128 128 

30 30 Wage Board  

T o t a l  163 163 

_ _  
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A D M I N I  S'I'RATIVE OPERAT IONS 

FISCAL YEAR 1966 ESTIMATES 

LANGLEY RESEARCH CENTER 

MISSION AND LZABILITIES: 

The LanE,ley Research Center d i r e c t s  i t s  r e s e a r c h  e f f o r t  toward: 
new problems t h a t ,  confront f u t u r e  p rogres s  in f l i g h t  ; t h e  e s t ab l i shmen t  
of t h e  c h a r a c t e r i s t i c s  o f  t h e  aerospace environment and t h e i r  i n t e r a c t i o n s  
wi th  f l i g h t  systems and personnel ;  t h e  fo rmula t ion  and ref inement  of 
engineer ing-design concepts  and methods, c o n s t r u c t i o n  t echno log ie s ,  cpera-  
t i o n a l  techr. iques f o r  advanced a i r c r a f t  and space v e h i c l e  c o n f i g u r a t i o n s ;  
systems components and ground support  equipment; s a f e  and e f f i c i e n t  f l i g h t .  
i n  extended regimes of performance; and t h e  support  of t h e  Aerospace 
I n d u s t r y  and Government s e r v i c e s  i n  t h e  development o f  t h e i r  advanced 
f 1 igh t sys  tenis .  

The Ins  t :al . lat ion has  developed a h i g h l y  t a l e n t e d  and ded ica t ed  
r e sea rch  team s p e c i a l i z i n g  preeminent ly  i n  aerodynamics, thermodynamics, 
f l i g h t  environments, h igh  temperature  s t r u c t u r e s  and m a t e r i a l s ,  v e h i c l e  
s t r u c t u r a l  loads and dynamics, guidance and c o n t r o l  systems, f l i g h t  crew 
i n t e g r a t i o n  ancl l i f e  suppor t ,  f l i g h t  mechanics and o p e r a t i o n s ,  s o l i d -  
p r o p e l l a n t  r o c k e t r y  and aerospace e l e c t r o n i c s .  

Research on f l i g h t  problems has  pioneered t h e  development and aripli-  
c a t i o n  of a wide range of advanced r e s e a r c h  techniques,  equipment, f l i g h t  
v e h i c l e s ,  ant1 1.aboratory f a c i l i t i e s  f o r  i n v e s t i g a t i o n s  i n  t h e s e  d i s c i p l i n e s .  
These capabi.l.it:ies a r e  being d i r e c t e d  t o  t h e  e v a l u a t i o n  and r e f  inemerit of 
a i r c r a f t  anc. space v e h i c l e  c o n f i g u r a t i o n s  under c u r r e n t  development, and 
t o  the  estab:.ishment of r a t i o n a l  concepts  and design c r i t e r i a  f o r  mole 
advanced f l igh t :  systems. 

A number of f l i g h t  p r o j e c t s  are  conducted, many i n  support  of the 
Apollo program, f o r  advanced f l i g h t  c o n d i t i o n s  which cannot be s imulated i n  
l a b o r a t o r y  f a c i l i t i e s .  The I n s t a l l a t i o n  a l s o  i s  pursuing t h e  develoFment 
of t h e  Lunar O r b i t e r  Space System and i s  r e s p o n s i b l e  f o r  t h e  management and 
o p e r a t i o n a l  support  of t h e  Scout Launch v e h i c l e .  

Broad i n v e s t i g a t i o n s  a r e  underway t o  i d e n t i f y  and r e s o l v e  c r i t i c  a 1  
technologica:. problems conf ron t ing  t h e  development and o p e r a t i o n  of nLanned 
o r b i t a l  r e s e a r c h  l a b o r a t o r i e s .  

A number of unique aerospace s i m u l a t o r s  are  a v a i l a b l e  a t  t h e  I n s t a l -  
l a t i o n .  Complex space f l i g h t  s i m u l a t o r s  devised and used by s c i e n t i z  t s  i n  
b a s i c  r e s e a r c h  problems have been e f f e c t i v e l y  u t i l i z e d  i n  t h e  t r a i n i r l g  of 
a s t r0nau t . s  i n  p r e p a r a t i o n  o f  manned f l i g h t s  i n  t h e  Gemini and Apollo 
p r o j e c t s .  
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SIJNMARY OF RESOURCES -- REQUIREMENTS: 

1964 - 1965 -- 1966 -.- 

Number of P o s i t i o n s ,  end of y e a r .  4,330 4,308 4,308 
Average Number of  A l l  Employees.. 4,260 4,292 4 ,281  
Admin i s t r a t ive  Operat ions. .  ...... $52,642,000 $57,258,000 $61,783,000 

INSTALLATION -- DESCRIPTION: 

Langley Research Center i s  l o c a t e d  a t  Hampton, V i r g i n i a .  The Center 
i s  d iv ided  i n t o  two s e p a r a t e  a r e a s  a d j a c e n t  t o  t h e  runway f a c i l i t i e s  i f  

Langley A i r  Force Base and occupies  7 7 2  a c r e s  of government owned land. 
Four hundred and t h i r t y  a c r e s  are owned by NASA and 342 a c r e s  are occupied 
under permit from t h e  United S t a t e s  A i r  Force.  Runways, some u t i l i t i e s ,  and 
c e r t a i n  o t h e r  f a c i l i t i e s  are  used j o i n t l y  by NASA and t h e  United S t a t e s  A i r  
Force.  I n  a d d i t i o n ,  t h e r e  a r e  110 a c r e s  of NASA-owned land l o c a t e d  ill t h e  
c i t y  of Newport News,  V i r g i n i a .  The t o t a l  c a p i t a l  investment as o f  
June 30,  1964 i nc lud ing  t h e  ac reage  l o c a t e d  a t  Newport N e w s ,  V i r g i n i a  was 
$249,776,000. 

ANALYSIS OF RESOURCES -- REQUIREMENTS BY OBJECT CLASSIFICATION: 

11. 
12. 

21. 

2 2 .  
23. 

24. 
25. 

2 6 .  
31. 
32. 
42. 

1964 - 
Personnel  Compensation .....$ 35,926,000 
Personnel B e n e f i t s . . . . . . . . .  2,654,000 

T o t a l ,  personnel  c o s t s  . . .$  38,580,000 

Trave l  and T r a n s p o r t a t i o n  
of Pe r sons . . . . . . .  ........ 1,288,000 

T r a n s p o r t a t i o n  of Things ... 450,000 

P r i n t i n g  and Reproduction..  191,000 

Rents,  Communications, 
and U t i l i t i e s  ............ 4,718,000 

Other S e r v i c e s . . . . . . .  ...... 2,540,000 
S e r v i c e s  o f  o t h e r  agenc ie s  533,000 

Supp l i e s  and M a t e r i a l s .  .... 2,718,000 

Lands and S t ruc tu res . . . . . . .  626,000 
Insurance Claims and 

Indemnit ies  --- 

Equipment. ................. 998,000 

.............. 
T o t a l  ....................$ 52,642,000 

1965 - 
$38,826,000 

2 , 861,000 

$41,687,000 

1,380 , 000 
440,000 

5,424,000 
200 , 000 

2,5 17,000 
90,000 

2,600,000 
2,419,000 

500,000 

1,000 

$57,258,000 

1946 -.- 

$38,896,000 
- 2,889,000 

$4:L, 785,000 

:L, 370,000 
440,000 

[+, 110 , 000 
200 , 000 

2 , 866,000 
90,000 

2,600,000 
'7 ,8 2 1,000 

500 , 000 

1,000 --. 
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JUSTIFICATTOK BY OBJECT CLASSIFICATION: 

Personnel  D i s t r i b u t i o n  - 
1964 - 

Direc t  p e r i z m e l  by program 

Manned Sjlace F l i g h t  

Gemir-i.. ......................... 3 
Ap0110 .......................... 26 
Advarcecl mi s s ions . .  ............. 18 

Space S c j c i c e  and App l i ca t ions  

Phys ics  and Astronomy.. ......... 44 

Launch v e h i c l e  development. ..... 36 
Me teo ro  1-ogica 1 S a t  e 1 l i t e s  ....... 9 
Communic:at i on  S a t e l l i t e s .  ....... 16 
Launch vehic le  procurement. ..... 65 

Lunar and P l a n e t a r y  Exp lo ra t ion .  8 9  

Advancec lgsea rch  and Technology 

N U ~  l e a r  e I.ec t r i c  systems.  ....... - 
S o l a r  arid chemical power. . . . .  ... 27 
Space vehi.cle sys tems. .  ......... 7 0 2  
E l e c t  conics systems. ............ 4 6 5  
Aeroriiau1:ic:s. .................... 6 5 0  
Human f a c t o r  systems . . . . . . . . . . . .  3 8  
Chemf-ca L propu l s ion . .  ........... 6 6  
Basic  r e s e a r c h . .  ................ 362 

T r a c k i n ~ a i i d  Data Acqu i s i t i on . .  .... 3 2  
Techno1o::v  Xt:i  i i z a t i o n .  ............ 3 

Sub- to t a l ,  d i r e c t  p o s i t i o n s . .  , 2 , 6 5 1  

1965 - 

2 
8 

18 

40 
147 
24 
13 
11 
65 

1 
39 

6 6 5  
47 3 
6 7 4  

4 5  
4 9  

3 6 4  

20 
3 

2,661 

1966 
.,- 

2 

18 
- 

34 
148 
27 
1 3  
11 
65 

- 
39 

660 
482 
67 1 

4 5  
4 9  

3 7 4  

20 
3 

;:,661 
-- 
-- 

Support  j,el:sonne 1 

Direc:tor and s t a f f . .  ............. 33 3 3  3 3  

967 
. . . . . . . . . . . . . . . . . .  Adminis t ra t  ion .  577 57 7 577 

Research end development support. 1,018 - - 967 

. :I. . 5 7 7 Sub- to t a l ,  suppor t  p o s i t i o n s . .  1,628 1.577 - 
T o t a l : ,  permanent p o s i t i o n s . .  ... 4 , 2 7 9  4 , 2 3 8  [I., 2 38  
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1965 - 19 64 - 
Other DO s i - t  i ons  : 

19166 -.- 

P o s i t  i sns  under coope ra t ive  
t r a i n i n g  agreements .......... 51  51 

Other temporary p o s i t i o n s . .  .... 0 19 

T o t a l ,  a11 p o s i t i o n s  ................ 4,330 4,308 

!i 1 
'19 -- 

4 308 
&:= 

P e r  sonne 1 Reqgrement  s : 

The per:;mnel program proposed f o r  t h e  Langley Research Center w i l l  
con t inue  t o  r e f l e c t  major emphasis on problems r e l a t i n g  t o  v e h i c l e  coil- 
f i g u r a t i o n s ,  n a t e r i a l s  and s t r u c t u r e s ,  f l i g h t  mechanics, and s p e c i f i c  
i n v e s t i g a t i o n s  a s s o c i a t e d  wi th  r e e n t r y ,  supe r son ic ,  and hypersonic  f l i g h t .  
Minor reassignments  of personnel  between programs w i l l  be a f f e c t e d  i n  
conformity wi th  changing program p r i o r i t i e s .  

The nominal i n c r e a s e  i n  personnel  c o s t s  i s  e s s e n t i a l l y  r e q u i r e d  110 

m e e t  t h e  f u l l - y e a r  c o s t  of personnel  added i n  FY 1965. 
t h e  FY 1966 man-years of e f f o r t  w i l l  approximate t h e  FY 1965 l e v e l .  

It is  expectell t h a t  

Personnel  Costs  

1966 - 1965 - 1964 - 
................. 4,308 

P e r m a n e n t . . . . . . . . . . . . . . . . . . . . . . .  4,279 4,238 4,238 
T o t a l  P o s i t i ' s n s . .  -- 4,330 4,308 - 

Other.  .......................... 5 1  70  70 

Per  sonne 1 C o ~ i ~ n s a t  i on  : 

Annual c o s t  of permanent 

Pay above t h e  s t a t e d  annual r a t e  305,000 175 , 000 17!i , 000 

N e t  c o s t  of permanent p o s i t i o n s .  34,665,000 37,383,000 37,519,000 
Other personnel compensation., . . .  1,261,000 1,443,000 1,377,000 

p o s i t i o n s  ..................... $35,966,000 $37,424,000 $37,424,000 

Lapses (deduct) ................. -1,606,000 -216,000 -80,000 

T o t a l  c o q E n s a t i o n  ............ 35,926,000 38.826.000 38.896.000 
NASA funded ................. 35,926,000 38,826,000 38,896,000 --- --- -.-- Reimbursable. ............... 

Personnel  b e r , e f i t s . .  .............. 2,654,000 2,861,000 2,889,000 
NASA funded. .................... 2,654,000 2,861,000 2,889,000 - - -  .- - - --- Reimbursable .................... 
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1966 . -- 19 64 19 65 

T o t a l  person:nel c o s t s . . . . . . . . . . . . .  38,580,000 41,687,000 41,785,000 
NASA funded.. ................... 38,580,000 41,687,000 41,785,000 
Reimbursable .................... ---  - - -  -.-- 

-- 

Average Number (of A l l  Employees -- - 
(Man-Years:). ..................... 4,260 4,292 4 ,  281 

Requirements f o r  a l l  o t h e r  o b j e c t s ,  excluding t h e  proposed cornput er  
purchase program, r e f l e c t s  an i n c r e a s e  of $60,000 over  the  amount e s t j  mated 
t o  be r equ i r ed  for FY 1965. An i n c r e a s e  of $4,367,000 i n  t h e  o v e r a l l  corn- 
p u t e r  operation:; a t  t he  Langley Research Center  w i l l  be r equ i r ed  f o r  t h e  
purpose of procuring s e l e c t e d  e l e c t r o n i c  computing equipment t o  meet I ong- 
range researc:h cornput i ng  requirements .  

Lower requirements i n  c e r t a i n  o b j e c t  c l a s s e s  are o f f s e t  by an i n c r e a s e  
i n  o t h e r  cont rac:tual s e r v i c e s  r e q u i r e d  f o r  i nc reased  maintenance and o p e r a t i o n  
c o s t s  of new l iac : i l i t i es  coming i n t o  i n i t i a l  o p e r a t i o n  i n  FY 1966, a s  \ f e l l  t i s  

t he  f u l l - y e a r  c o s t  f o r  those f a c i l i t i e s  placed i n  i n i t i a l  o p e r a t i o n  irl 
FY 1965. 
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LEWIS RESEARCH CENTER 
FISCAL YEAR 1966 ESTIMATES 
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LOCATION OF LEWIS RESEARCH CENTER INCLUDING 
PLUM BROOK STATION 
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ADMINISTRATIVE OPERATIONS 

FISCAL YEAR 1966 ESTIMATES 

LEWIS RESEARCH CENTER 

MISSION AND (@'ABILITIES: 

The Lewis Research Center is  p r i m a r i l y  engaged i n  r e sea rch  and cevelop- 
ment i n  t h e  a r e a s  of advanced propuls ion  and space power genera t ion .  Included 
i n  t h i s  mission i s  work on h igh  energy chemical,  n u c l e a r ,  and e l e c t r i c  rocket  
engines a1or.g wi th  r e sea rch  on space power systems f o r  conver t ing  chemical,  
n u c l e a r ,  and. s o l a r  energy i n t o  e l e c t r i c i t y .  Basic  and a p p l i e d  r e sea rch  i s  
conducted or. m a t e r i a l s  and meta l lurgy;  cryogenic  and l i q u i d - m e t a l  hea t -  
t r a n s f e r  f1t i i .d~;  pumps and t u r b i n e s ;  combustion p rocesses ,  p r o p e l l a n t s ,  
tankage, i n j ec t . o r s ,  chambers, and nozz les ;  system c o n t r o l  dynamics; plasmas 
and magnetohydrodynamics; space meteoroid damage and zero-gravi ty  e f f e c t s .  
I n  the  space power area,  a major e f f o r t  i s  concent ra ted  on turboel .ec t r ic ,  
t he rmo-e lec t r i ca l ,  and thermionic  energy-conversion systems. 

Lewis  E.esearch Cen te r ' s  in-house r e sea rch  provides  t e c h n i c a l  input  and 
d i r e c t i o n  t o  t h e  r e l a t e d  development, o r  c o n t r a c t u a l ,  e f f o r t s  f o r  which t h e  
I n s t a l l a t i o n  has  managerial  r e s p o n s i b i l i t y .  For example, t h i s  I n s t a l  l a t i o n  
main ta ins  t e c h n i c a l  management of NASA c o n t r a c t s  on e l ec t r i c  p ropu l s ion ,  
nuc lear  and sol.ar t u r b o e l e c t r i c  space power systems,  and l iquid-hydrogen 
rocket  t e c h r ~ i l c ~ g y .  I n  a d d i t i o n ,  L e w i s  has  t h e  development r e s p o n s i b i l i t y  for 
t h e  Atlas-Centaur and Atlas-Agena launch v e h i c l e s  and t h e  1.5 mill ion-pound- 
t h r u s t  hydrogen-oxygen engine.  P lans  a r e  now being made t o  adapt  t he  Atlas 
t o  t h e  u s e  of  E'LOX. 

Major research  t o o l s  and f a c i l i t i e s ,  a t  t he  Lewis Research Center and 
t h e  Plum Brook S t a t i o n  a r e  designed t o  s imula te  va r ious  f l i g h t  cond i t ions  and 
range from 6.t:mospheric wind tunnels  t o  l a r g e  space environment f a c i l i t i e s .  
A l a r g e  60rr1t:gawatt thermal r e a c t o r  i s  now a v a i l a b l e  f o r  s tudying  nuc lear  
r a d i a t i o n  e f f e c t s  on m a t e r i a l s  and components, s imu la t ing  va r ious  flux 
l e v e l s  associ.at.ed with s p a c e c r a f t  a p p l i c a t i o n s  of nuc lear  energy. Other 
spec i a  1 i zed exp er imenta 1 f a c  i 1 i t  ies  inc lude  vacuum e l e c  tron-beam f urria ces  
f o r  ref inement  of tungs ten ,  l i q u i d - m e t a l  power loops f o r  component eva lua t ior i s ,  
ze ro -g rav i ty  drop tower,  chemical-rocket s t a t i c  t h r u s t  s t a n d s ,  f u l l - s c a l e  
non-nuclear NERVA s t and  f o r  t:he s tudy  of engine c o n t r o l  dynamics, and var ious  
cryogenic  ccmponent r i g s  . 
SUMMARY OF FJEJWRCES REQUIREMENTS : 

1966 _, - 1964 1965 

Number of P o s i t i o n s ,  end of yea r . .  4,859 4,847 4,847 
Average Number of A l l  Employees. . . 4,799 4,866 4,824' 
Administra.t:ive Opera t ions .  " .  . . . . . . $61,694,000 $70,971,000 $63,880,000 
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I N  STALLATIObL2:S CRIPTION : 

The Lew:.s Research Center occupies  two s i tes .  The o l d e r  one i s  on t h e  
southwest edge of Cleveland, Ohio, and c o n s i s t s  of over 100 l a b o r a t o i y  
b u i l d i n g s ,  shops, wind t u n n e l s ,  space environment tanks and o t h e r  s p e c i a l  
f a c i l i t i e s ,  al:i b u i l t  f o r  conducting r e s e a r c h  on advanced propuls ion  systems 
or  spacecraft:  power genera t ing  systems. The Cleveland f a c i l i t i e s  occupy 
364 a c r e s .  The newer s i t e  is  l o c a t e d  j u s t  south  of Sandusky, Ohio, c m  land 
formerly occxipied by t h e  Plum Brook Ordnance Works. 
t r a n s f e r r e d  to NASA. The r e s e a r c h  programs a t  Plum Brook S t a t i o n  a r e  under 
t h e  technics:! d i r e c t i o n  of personnel  l o c a t e d  a t  Cleveland. They a r e  conducted 
a t  t h e  l a r g e r  s i t e  because of t h e  need f o r  l a r g e  s e p a r a t i o n  dis tances ,  t o  
minimize haziirds. A nuc lear  r e a c t o r  i s  used t o  test  components of nuc lear  
powered propuls ion  systems; l a r g e  r o c k e t s  are  opera ted  wi th  f l u o r i n e ,  
hydrogen and ot:her high-energy f u e l s ;  and turbo-pumps a r e  developed fo r  
cryogenic p r o p e l l a n t s .  
was $239,998 ,000. 

ANALYSIS OF fIiOURCES REQUIREMENTS BY OBJECT CLASSIFICATION: 

I t s  6,031 a c r e s  were 

The t o t a l  c a p i t a l  investment as of  June 30, 1964 

11. 
12.  

2 1 .  

22 .  
2 3 .  

24.  
25. 

26.  
31. 
32. 
42 . 

1964 

Personnel Compensation.. ..... $42,969,000 
Persorinc?l B e n e f i t s .  .......... 3.112 .OOO 

Tot:al:, personnel  c o s t s . .  ... $46,081,000 

Travelt and Transpor ta t ion  
of per. sons ................. 

T r a n s p o r t a t i o n  of  Things. .  ... 
ancl Ut : i l i t i es . .  ............ 

Print.:.ng and 1teproduct:ion.. .. 
Other Serv ices . .  ............. 

Sexvices of o t h e r  agencies .  
S ~ p p I . : ~ e s  and M a t e r i a l s . .  ..... 
Equipnent .................... 

Rents , Communications, 

Lands  arid S t r u c t u r e s . .  ....... 
Insurance Claims and 

I nclemri i t  i e s ................ 

1,461,000 
627,000 

4,378,000 
58,000 

2,300,000 
7,000 

2,865,000 
2,542,000 
1,373,000 

2 .ooo 

Tot.al . .  ..................... $61.694.000 

1965 

$45,610,000 
3.314.000 

$48,924,000 

1,660,000 
650,000 

3,987,000 
65,000 

2,563,000 
45,000 

3,150,000 
9,325,000 

600,000 

2,000 

$70,971,000 

1966 _. 
-I 

$4'; ,635,000 
-, 3,338,000, 

$4Er, 973,000 

1 ,650 000 
650 000 

2) ,825,000 
65 000 

2' ,849,000 
50,000 

3 ,050 000 
3 , 3  15,000 

450,000 

-. 3 ,000. 
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JUSTIFI CAT IOIlI3Y 0 BJECT CLASS I F  ICATION : 

P e r  sonne 1 D i s  t r  i b u t  i on  

1964 1965 1966 

Di rec t  Personnel by Program 

Manned Space F:Lipht 

45 45 Advanced miss ions  ..................... 45 

Space Sc ience  and App l i ca t ions  

Phys ics  m c l  astronomy .................. 1 
Launch v e h i c l e  development ............. 26 1 
Launch v e h i c l e  procurement ............. 160 

Advanced I L ~ e a r c h  and Technology 

1 
254 
177 

. 
249 
165 

Nuclear e l e c t r i c  systems .............. 
Nuclear rocke t s  ....................... 
S o l a r  and 'chemical power .............. 
Space v e h i c l e  systems ................. 
E l e c t r o n i c s  s y s t e m s  ................... 
Aeronaut ics  ........................... 
Human fiactor systems .................. 
Chemical propuls ion  ................... 
Basic rt2se.arc.h ........................ 

5 19 
3 73 
165 
189 
56 
69 

474 
3 73 
170 
173 

52  
114 

1 
308 
408 

474 
373 
170 
153 
52 

252 
1 

208 
408 

. 
307 
416 

5 Technoloqy1t i :Liza t ion  .................. 5 5 

Sub.totil1. d i r e c t  p o s i t i o n s  ........... 2. 566 2. 555 2 . 555 

Support per:;snnel 

Di rec tor  ilnd s t a f f  ...................... 16 
A d m i n i s t r a t i m  .......................... 579 
Research isnd development suppor t  ........ 1.690 

1 7  
573 

1. 670 

1 7  
573 

1. 670 

2.260 2 .  260 Sub.toti3l. suppor t  personnel  ......... 2.285 

4. 815 4. 815 T o t a l .  permanent p o s i t i o n s  ........... 4. 851 

Other pos i t  ions : 

P o s i t i o n s  under coopera t ive  
t r n  i n  i ng agreements ................ 4 

Other temporary p o s i t  i ons  ............ 4 
11 
2 1  

11 
2 1  

4.847 

A 0  3-46 
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Personnel R e ~ ~ . r e m e n t s  

Although major e f f o r t  w i l l  cont inue  t o  be expended i n  FY 1966 r e l a t i n g  
t o  t h e  t e c h n i c a l  management, c o n t r a c t  monitor ing,  and eva lua t ion  of t h e  launch 
v e h i c l e  development programs, a s i g n i f i c a n t  change i n  program emphasis w i l l  
e n t a i l  t h e  reassignment of personnel  t o  provide  added support  i n  another  a r e a .  
The suspensicln of e f f o r t  under t h e  M - 1  engine program and t h e  l a r g e  s o l i d  
motor demona1:rati.on p r o j e c t  w i l l  r e s u l t  i n  t h e  reassignment of lG6 employees 
t o  support  :~ncreeased a c t i v i t y  a s s o c i a t e d  with t h e  ae ronau t i c s  program. Other 
minor personne 1 reassignments  w i l l  be  e f f e c t e d  t o  meet changing program 
needs. 

The pe:rsonnel c o s t  reques ted  f o r  FY 1966 is r e f l e c t e d  below: 

Personnel  Costs  

1964 

T o t a l  Posit$,nr-.. .................... 4.859 
Permanent .......................... 4,851 
Other .  ............................ 8 

Personnel  C(”znsation: 
Annual cot; t of permanent p o s i t i o n s  $42,557,000 
Pay above thle s t a t e d  annual  ra te . .  361,000 
Lapses (deduct) ................... -1.950.000 
Net c o s t  o f  permanent p b s i t i o n s  ... 40,968,000 
Other persmnel compensation.. .... 2,001,000 

T o t a l  cc ixensa t ion  .............. 42,969,000 
NASA funded. .................. 42,969,000 --- Keimbursab l e .  ................. 

Personnel  b e n e f i t s .  ................. 3.112.000 
NASA funded. ...................... 3,112,000 
Keimbursable. ..................... --- 

T o t a l  persoc2.r. c o s t s . . . . . . . . . . . . . . .  46.081.000 
NASA funded. ...................... 46,081,000 
iieimbursat11.e ....................... --- 

Average N u m t s z  of A l l  Employees 
(Man Years;,,. ..................... 4,799 

19 65 

4,847 
4,815 

32 

$43,611,000 
173 , 000 

-2 19.000 
43,565,000 

2,045.000 

45,610,000 
45,610,000 

3,314.000 
3 , 314 , 000 

48.924.000 
48,924,000 

4,866 

I966 
-, 

-, 4,847 
4,815 

32 

$43 !, 610 , 000 
173,000 

-, -90.000 
43 ,693,000 

.-. 1,942iOOO 

45 I 635 , 000 
45,635 , 000 

-I 

-. 3 , 338.000 
3 , 338,000 --- 

4a8, 9 73 . ooc! 
48;, 9 73, OOCI 

-, 

4,827 
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Excluding t h e  FY 1965 computer purchase program, t h e  FY 1966 e s t ima tes  
r e f l e c t  an  inc rease  of $270,000 over t h e  amount es t imated  t o  be r equ i r ed  
during t h e  c u r r e n t  f i s c a l  year. E s s e n t i a l l y ,  t h e  e n t i r e  i nc rease  i s  
r equ i r ed  f o r  c o n t r a c t u a l  s e r v i c e s  r e l a t i n g  t o  t h e  maintenance and rep 'a i r  of 
s c i e n t i f i c  and r e sea rch  equipment and f o r  a d d i t i o n a l  maintenance c o s t s  
connected wi th  t h e  new f a c i l i t i e s  coming i n t o  i n i t i a l  ope ra t ion  i n  FY 1966, 
a s  we l l  as t h e  f u l l - y e a r  c o s t s  o f  f a c i l i t i e s  p laced  i n  i n i t i a l  ope ra t ion  i n  
FY 1965. 

ACI 3 - 48 
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-- 
STAFFING lilMMARY 

65 66 
Excepted 3 3  
GS-16 3 3  
GS-15 16 16 
GS-14 20 20 
All other GS 74 14 
Wage Board 
Total Permanent 116 116 

- -  

- -  
-_ - Temporary 

116 116 -- Total Positions 

I- 

ALBUQUERQUE EXTENSION 
65 66 - -  

1Cxci:pted 
1;s- L6 
1;s- 15 
GS- 14 1 1  
1\11 other GS 
Nag$! Board 

‘COt.31 1 1  
I- A 

- -  

NATIONAL. AERONAUTICS AND SPACE ADMINISTRATION 

ORGANIZATION AND STAFFING CHART 

SPACE NUCLEAR PROPULSION OFFICE 

OFFICE OF THE MANAGER r 
Excepted 
GS-16 
GS-15 
GS-14 
All other GS 
Wage Board 

Total 

CLeVELAND EXTENSION 

65 66 
Excepted 2 2  

- -  

71 71 

Wage Board 

Total 

NEVADA EXTENSION 

-- 6: - 6: I 
Excepted 

- II- GS-16 
GS-15 1 
GS-14 5 
All other GS 25 25 

- II- GS-16 
GS-15 1 
GS-14 5 
All other GS 25 25 
Wage Board 

Total -- 

65 66 - -  

1 1  

2 2  
- -  

NERVA BRANCH 

_- (15 1 1  - 66 
Excepted 
GS-16 
GS-15 3 3  
(3-14 

1 1  All other GS 
Wage Board 

Total 5 5  

_- I 

ADVANCED ENGINE BRANCH 

E 
GS-16 1 
GS-15 1 
GS-14 
All other GS 
Wage Board - 

Excepted 
66 

1 
1 

- 

-- 
2 2  Total 

FACILITIES BRANCH 

6 5 %  
Excepted 1 1  
GS-16 1 1  
GS-15 
GS-14 1 1  
All other GS 
Wage Board - -  
Total 3 3  
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ADMINISTRATIVE OPERATIONS 

FISCAL YEAR 1966 ESTIMATES 

SPACE NUCLEAR PROPULSION OFFICE 

MISSION AND - 3 P A B I L I T I E S  : 

The Spaze Nuclear Propuls ion O f f i c e  (SNPO) i s  a j o i n t  o f f i c e  of t h e  
Nat ional  Ae i~n i3u t i c s  and Space Adminis t ra t ion  and the  Atomic Energy ( h n m i s -  
s ion .  The primary mission of SNPO is  t o  provide t h e  necessary  reseal-ch,  
design and engineer ing  d a t a ,  t e s t  hardware, and gene ra l  technology rr?quired 
t o  a s s u r e  thilt nuc lea r  rocke t  systems can be developed a t  the  power 'I.evels, 
ope ra t ing  time:;, r es ta r t  cond i t ions ,  and s p e c i f i c  impulse va lues  neetled i n  
advanced spa.c:e exp lo ra t ion  missions.  

SNPO Wzl: j  e s t a b l i s h e d  t o  a s s u r e  t h e  formulat ion and execut ion of a w e l l  
i n t e g r a t e d  program for  nuc lea r  r o c k e t s  which f u l f i l l s  t h e  r e s p o n s i b i l ~ . i t i e s  
of both t h e  Atomic Energy Commission and the  Nat iona l  Aeronaut ics  ancl Space 
Adminis t ra t ion ,  Implementation of t h e  ass igned  program e n t a i l s :  ba: i c  
research  on ireactors,  engine systems, and nuc lea r  v e h i c l e  technology; devel-  
opment of pract: ical  heat-exchanger-type rocke t  r e a c t o r s  and engine s ) r s t e m s ;  
and ground t:est:ing of r e a c t o r s  and engines ,  and t h e  development of rtmlia- 
b i l i t y .  

SUMMARY OF E:I~SOURCES REQUIREMENTS : 

1964 1965 - 1966 

Number of P o s i t i o n s ,  end of! year.. 112 116 116 
Average Numiber of A l l  Employees.. . 103 114 116 
Administra.t:ive Operat ions. .  . . . . . . . $1,472,000 $1,725,000 $1,838,000 

1NSTALLATIObL~;SCRIPTION : 

The Space Nuclear Propuls ion Of f i ce  was e s t a b l i s h e d  by agreement of 
August 1960 between t h e  AEC and t h e  NASA. The I n s t a l l a t i o n  c o n s i s t s  of a 
headquar te rs  o f f i c e  loca t ed  a t  Germantown, Maryland, and t h r e e  f i e l d  exten-  
s i o n s  loca t ed  i n  Ohio, New Mexico, and Nevada. By agreement between AEC 
and NASA of February 1962, t h e  Nuclear Rocket Development S t a t i o n  (NRDS) w a s  
e s t a b l i s h e d  t o  provide a s i t e  f o r  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 even tua l ly ,  v e h i c l e s  a s s o c i a t e d  wi th  nuc lea r  rocke t  development. 
The NRDS, a S0,OOO a c r e  s i t e  carved out  of t h e  AEC'S Nevada T e s t  S i t e ,  i s  
l oca t ed  i n  Nye County, Nevada, approximately 90 m i l e s  nor thwest  o f  Las Vegas. 
The t o t a l  c a F i t a l  investment of NASA funded f a c i l i t i e s  as of June 30, 1964 
w a s  $8 , 069, OCiO. 

762-047 0 - 65 .  3 2  A 0  3-52 



ANALYSIS OF JgIOURCES REQUIRENENTS BY OBJECT CLASSIFICATION: 

1964 1965 - 1966 

11. Persorinel Compensation.. ...... $1,125,000 $1,391,000 $1,424,000 
12. Perscnnel  Benef i t s . .  .......... 82 , 000 109,000 -, 111,000 

To ta l ,  personnel  cos t s . . . . . .  $1,207,000 $1,500,000 $1,535,000 

21. Travel. and Transpor ta t ion  
of Pexsons.................. 

22. Transpor ta t ion  of Things.. .... 
23. Rents,  Communications, and 

U t i  1.it.ies. .................. 
24. P r i n t i n g  and Reproduction.. ... 
25. Other Serv ices . .  .............. 

Servic:es of o t h e r  agencies . .  
26. Suppl ies  and Mate r i a l s  ........ 
31. Equipment.. ................... 
32. Lands arid S t r u c t u r e s  .......... 
42. 1nsuranc:e C l a i m s  and 

Indcmriities..  ............... 

171,000 200,000 200,000 
11,000 10,000 3,000 

Tota l . .  ..................... &,838 , 000 -. $1,725,000 $1,472 , 000 

JUSTIFICAT1CrfUf)Y OBJECT CLASSIFICATION: 

Personnel D i s t r i b u t i o n  

- 1965 - 1964 1966 

Di rec t  Persc,ra!l  bv Program 

Advanced Eggc!arch and Technolopy 

110 
1 

110 
1 

106 
1 

Nuclear rocke ts . .  ................ 
Technology U t i l i z a t i o n . .  ........... -- 

Support personnel  

1 
1 
3 - 

1 
1 
3 - 

1 
1 
3 - 

D i r e c t o r  axid Staff. . .  .............. 
Adminis tra.t:ion.. ................... 
Research and development support . .  . 

5 Sub-total.,  support  p o s i t i o n s  ..... 5 - 
To ta  1, pernianen t p o s i t  ions .  ...... 112 116 

--- 
116 

Other posi t:ions : .................. --- 
Tota l ,  a l l  pcisit ions. .  ............... 116 - - 116 - - 
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Per  sonne 1 RecGr  ement s 

The manpower r equ i r ed  f o r  the  e f f e c t i v e  monitor ing and management of the 
nuc lea r  rocke t  program w i l l  remain cons tan t  i n  FY 1966. The small i nc rease  
i n  personnel c o s t s  i s  requi red  t o  fund expected s a l a r y  adjustments  t o  become 
e f f e c t i v e  i n  FI' 1966. The l imi t ed  s t a f f  and funding f l e x i b i l i t y  necess i -  
t a t e s  support f o r  t hese  i tems i n  o rde r  t o  main ta in  a cons tan t  man-year e f f o r t .  

Personnel Costs 

1964 1965 - 1966 

.................... ....................... .............................. 
Tota l  Positj2,nC 112 116 116 

Permanent., 112 116 116 
Other --- --- --- 

Personnel Ccz@?nsation: 
Annual coal: of permanent 

Pay above the  s t a t e d  annual  rate. .  9,000 6,000 6,000 
Lapses (deduct). .  - 136,000 -10,000 __ -3,000 

p o s i t  ion:;. ...................... $1,249,000 $1,389,000 $1,415,000 

Net c o s t  of permanent pos i t i ons . .  . 1,122,000 1,385,000 1,418,000 
Other pers,onnel compensation.. .... 3,000 6,000 - 6,000 

................. 

Tota l  ca!E!nsat.ion.. ............ 1,125,000 1,391,000 &,424,000 

Reimbursable. ................. --- --- --- NASA funded.. ................. 1,125,000 1,391,000 1,424,000 

........... 111,000 ..................... 109,000 111,000 NASA funded.. 82,000 
Reimbursable. ..................... --- --- --- 

Personnel bene f i t s . . . . . . .  82,000 109.000 -, 

Tota l  pe r some1  c o s t s . . . . . . . . . . . . . . .  1,207,000 1,500,000 ~ 5 3 5 , 0 0 0  
NASA funded. ...................... 1,207,000 1,500,000 1 , 535,000 
Reimbursable... . . .  ................ --- --- --- 

Averape Numbgrof A l l  Rnployees 
(Man Years). ...................... 103 114 116 

Other r q u i r e m e n t s  r e f l e c t  a n  inc rease  of $78,000 over the  amount 
es t imated t o  13e r equ i r ed  f o r  FY 1965. A l l  of t h e  inc rease  i s  requiret l  f o r  
t he  p e r i o d i c a l  updat ing of t h e  master planning f o r  t he  Nuclear  Rocket Develop- 
ment S t a t i o n  , a t  Nevada. This  i nc ludes  s p e c i a l  s t u d i e s  and engineer ini :  s e r v i c e s  
designed t o  minimize f u t u r e  o p e r a t i o n a l  c o s t s  of the  s t a t i o n .  
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ADMINISTRATIVE OPERATIONS 

FISCAL YEAR 1966 ESTIMATES 

NASA HEADQUARTERS 

MISSION AND SgABILITIES : 

The mission of  t h e  Headquarters  of  t h e  Nat iona l  Aeronaut ics  and Space 
Adminis t ra t ion  i s  t o  p l a n  and provide  execut ive  d i r e c t i o n  f o r  t h e  programs 
au thor ized  b y  t h e  Congress, and t o  implement t h e  n a t i o n a l  o b j e c t i v e s  s t a t e d  
i n  the  National. Aeronaut ics  and Space A c t  o f  1958, as amended. The p r i n -  
c i p a l  s t a t u t c c y  func t ions  are: 

1. To c:ortduct r e sea rch  i n t o ,  and f o r  t h e  s o l u t i o n  o f ,  problems 
of  f l i g h t  w i t h i n  and o u t s i d e  t h e  e a r t h ' s  atmosphere and t o  
develop, c o n s t r u c t ,  t e s t ,  and ope ra t e  a e r o n a u t i c a l  and space 
veh i c 1 . e ~  f o r  r e sea rch  purposes.  

2 .  To c:onduct ac t iv i t i e s  r equ i r ed  f o r  t h e  e x p l o r a t i o n  of space 
wi th  manned and unmanned v e h i c l e s .  

3. To a r range  f o r  p a r t i c i p a t i o n  by t h e  s c i e n t i f i c  community i n  
pla.rtni.ng s c i e n t i f i c  measurements and obse rva t ions  t o  be made 
thrclugh use  of  a e r o n a u t i c a l  and space v e h i c l e s ,  and conduct 
o r  arrange f o r  t h e  conduct of  such measurements and observa-  
t i o  rts . 

4.  To provide f o r  t h e  wides t  p r a c t i c a b l e  and appropr i a t e  d i s s e w  
ina.t.ion of in format ion  concerning i t s  a c t i v i t i e s  and t h e  r e s u l t s  
the  reo  f . 

The fo1I.owing o f f i c e s  a t  Headquarters  assist gene ra l  management i n  
ca r ry ing  out  th,e t e c h n i c a l  a s p e c t s  of  t h i s  mission:  

The O f f i c e  of  Manned Space F l i g h t  - Responsible f o r  a l l  NASA 
a c t i v i t i e s  d i r e c t l y  involv ing  manned space f l i g h t  missions.  
P rogram inc lude  Gemini - t o  develop an o p e r a t i o n a l  c a p a b i l i t y  
t o  f l y  ti two-man s p a c e c r a f t  i n  nea r -ea r th  o r b i t  f o r  pe r iods  up 
t o  fou r t een  days and t o  l e a r n  new techniques ,  i nc lud ing  
rendezvclus, docking and ex t r a -veh icu la r  a c t i v i t y ;  Apollo - t o  
develop a three-man o p e r a t i o n a l  c a p a b i l i t y  i n  nea r -ea r th  o r b i t ,  
i n  l una r  environment,  inc luding  manned landing  on t h e  luna r  
s u r f a c e ,  and r e t u r n  t o  e a r t h ;  and Advanced Ki s s ions  - t o  
p l an  a tlrcjad program of  e x p l o r a t i o n  which w i l l  achieve and 
maintair .  i t  p o s i t i o n  of space l eade r sh ip  f o r  t h e  United S t a t e s .  
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This  o f f i c e  i . s o  has  o v e r a l l  i n s t i t u t i o n a l  r e s p o n s i b i l i t y  f o r  t he  t h r e e  
i n s t a l l a t i o n s  p r imar i ly  concerned wi th  the  manned Space f l i g h t  programs. 
These instal1.ixt:ions are: George C. Marshall  Space F l i g h t  Center ,  i n -  
c luding  Missj-:;sippi T e s t  F a c i l i t y ,  Michoud P l a n t ,  and a t  S l i d e l l  where 
a computer f a c i l t i t y  i s  loca ted ;  t h e  Manned Spacecraf t  Center ,  inc luding  
NASA a c t i v i t i e s  a t  the  White Sands Missile Range; and the  John F. 
Kennedy Space Center .  

The Of f i ce  o i i a i a c e  Science and Appl ica t ions  - Responsible f o r  a l l  
NASA programs f o r  t h e  unmanned s c i e n t i f i c  i n v e s t i g a t i o n  of space with 
sounding rocket:;,  e a r t h  s a t e l l i t e s ,  and deep space probes t o  the  moon:, 
p l a n e t s  and i n t e r p l a n e t a r y  space and f o r  t he  s c i e n t i f i c  experiments 
t o  be conducted by man i n  space ;  f o r  r e sea rch  and development of use- 
f u l  appl icat ion: ;  of space f l i g h t  i n  the  areas of meteorology, communi-, 
c a t i o n s ,  naviga t ion ,  geodesy, and f o r  t he  support  of ope ra t iona l  systcims 
us ing  t h e s e  developments ; f o r  t he  development and procurement of t h e  
l i g h t  and medium c l a s s  of launch v e h i c l e s  up t o  and inc luding  the  
Atlas/Centaur  ; ixnd f o r  t h e  s u s t a i n i n g  u n i v e r s i t y  program. 

I n  a d d i t i o n  1:o t h e  foregoing,  t h i s  Off ice  has  o v e r a l l  i n s t i t u t i o n a l  
responsibi1ii :y f o r  t h e  i n s t a l l a t i o n s  p r imar i ly  involved i n  ca r ry ing  
out  NASA' s space sc ience  and a p p l i c a t i o n s  programs. These i n s t a l -  
l a t i o n s  a re :  Goddard Space F l i g h t  Center ,  Wallops S t a t i o n ,  P a c i f i c  
Launch Operat ions O f f i c e ;  and the  NASA Resident Off ice  a t  JPL, which 
adminis te rs  t h e  NASA c o n t r a c t  wi th  the  C a l i f o r n i a  I n s t i t u t e  of 
Technology f o r  t h e  ope ra t ion  of t he  Jet  Propuls ion Laboratory.  

The Of f i ce  o f&hanced  Research and Technology - Responsible f o r  t h e  
planning,  dii:ecition, execut ion ,  eva lua t ion ,  documentation, and d i s -  
semination of t he  r e s u l t s  of a l l  NASA research  and technology program:; 
which are conducted p r i m a r i l y  t o  demonstrate t h e  f e a s i b i l i t y  of a 
concept ,  s t r u c t i i r e ,  component, o r  system which may have s p e c i f i c  
genera l  applficaition t o  the  Na t ion ' s  ae ronau t i ca l  and space o b j e c t i v e s  I 
This  Off ice  f i ~  a l so  r e spons ib l e  f o r  coord ina t ing  NASA's t o t a l  program 
of support ing r e sea rch  and technology, which i s  r e l a t e d  t o  ca r ry ing  
out  t h e  spec:iEic f l i g h t  missions i n  o rde r  t o  avoid unnecessary dup l i -  
c a t i o n  and t o  in su re  t h a t  t he  agency has  an i n t e g r a t e d  and balanced 
research  program. 

I n  a d d i t i o n ,  t h i s  Of f i ce  has  o v e r a l l  i n s t i t u t i o n a l  r e s p o n s i b i l i t y  
f o r  t h e  reseixrch c e n t e r s  p r imar i ly  involved i n  ca r ry ing  out  NASA's  
advanced r e sea rch  programs. These i n s t a l l a t i o n s  are: Ames Research 
Center ,  E l e c t  ronics  Research Center ,  F l i g h t  Research Center ,  Langley 
Research Center ,  L e w i s  Research Center ,  and t h e  Space Nuclear Pro- 
pu ls ion  Off ice .  

The Of f i ce  o f x r a c k i n g  and Data Acqu i s i t i on  - Responsible f o r  t he  
development, implementation, and ope ra t ion  of t r ack ing ,  d a t a  
a c q u i s i t i o n ,  co~nmunications, and d a t a  process ing  f a c i l i t i e s ,  syst.ems, 
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and s e r v i c e s  r equ i r ed  f o r  NASA f l i g h t  programs. I n  a d d i t i o n ,  t h e  
Of f i ce  i s ,  r e spons ib l e  f o r  t h e  agency-wide coord ina t ion  of  t h e  
managemeI;.t of automatic  data process ing .  

SUMMARY OF RESOURCES REQUIREMENTS: 

19 64 1965 1966- 

Number of Pcssit ions,  end of  year .  2,133 2,221 2,221 
Average N u d e r  of  A l l  Employees.. 1 ,944 2,070 2,150 

Adminis t ra t ive  Opera t ions :  

NASA Headquarters  .............. $49,115,000 $52,668,000 $56,103,000 
Jet  Propuls ion Laboratory - - -  20,587,000 (purchase of computers). ..... --- 

T o t a l ,  Adminis t ra t ive  
Operat ions ................. $49,115,000 $73,255,000 S56,103,,000 

INSTALLATION DICRIPTION : 

The NASA Headquarters i s  located a t  400 Maryland Avenue, S.W., 
Washington, D . C . ,  and a l s o  occupies  o t h e r  b u i l d i n g s  i n  t h e  D i s t r i c t  of  
Columbia and nearby V i r g i n i a .  Except f o r  space leased  i n  t h e  Universa l  
North Building and a s to rage  area i n  V i r g i n i a ,  personnel  occupy Governinent- 
owned bu i ld ings .  

ANALYSIS OF REEURCES REQUIREMENTS BY OBJECT CLASSIFICATION: 

19615 --.- 1964 1965 

11. Personnel Compensation ...... $22,302,000 $25,897,000 $26,822,000 
1 2 .  Personnel B e n e f i t s . . . . . . . . . .  1,678,000 1,834,000 1 , 9  1 2 , 0 0 0  

T o t a l ,  personnel c o s t s . .  .. $23,980,000 $27,731,000 $28,734,000 

21. Trave l  and Transpor t a t ion  
of  P e r s o n s . . . . . . . . . . . . . . . .  2,607,000 2,634,000 2,627,000 

22. T ranspor t a t ion  of Things .... 456,000 460,000 281,000 
23. Rents,  Communications, 

and U t i l i t i e s . . . . . . . . . . . . .  1,969,000 2,058,000 ;!,218,000 
24. P r i n t i n g  and Reproduction...  1,233,000 1,640,000 1,701,000 
25. Other Services.............. 17,747,000 16,767,000 19,875,000 

31. Equipment ................... 555,000 21,534,0002/ 243,000 
26. Suppl ies  and Mate r i a l s  ...... 566,000 421,000 414,000 

2/ Include:; $20,587,000 f o r  purchase of ADP equipment f o r  t h e  Jet  
Pro pu 1 s :Lon Labor at o r y  , Pas ad ana,  C a1 i f o r n i  a.  
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1966 --- 1964 1965 

--- --- 32. Land a.rtd Structures .... 1,000 
42. 1nsura.nce Claims and 

Indealnit ies.. ......... 1,000 10,000 10,000 , 

Tota.1.. ................ $73,255,000 

“he above estimates, other than for personnel compensation and bene- 
fits and trawl, have been distributed between NASA-wide support functions 
with all centera benefiting and for operation of Headquarters. The falllow- 
ing table shcws this comparison by object classification. 

Analysis of Funding for NASA-wide 
Support and Headquarters Operations 

Object 
Class 

FY 1965 FY 1966 
NASA-wide Hdqrts. NASA-wide Hdqrts. 

Total Support Operat. Total Support Operat. 
(In thousands of dollars) 

2 2. 

23, Rents, Conununi- 

Trans poi- ta t i on 
of Th.ing, 1 s . .  ... $46 0 $400 $6 0 $28 1 $22 1 $6 0 

Utilil:ie!s.. ... 2,058 882 1,176 2,218 1,116 1,102 

Reproduction. . 1,640 1,454 186 1,701 1,511 190 

cations and 

24. Printing and 

25. Other Services.. 16,767 15,592 1,175 19,875 18,646 1,229 
26. Supplies and 

Mater 1.a I. s ..... 42 1 30 39 1 414 23 391 
31. Equipment ....... 21,534 20,699d 835 243 74 169 
32. Lands arid Struc- 

tureo.. ....... 
42. Insurance Claims 

and 1:xidem- 
nit i e i ; .  ....... l o  10 l o  10 

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

--- -- --- 
Total., ........ $42,890 $39,057 $3,833 $24,742 $21,591 a,, 151 -- 

4 Includes !j20,587,000 for purchase of ADP equipment for the Jet Prcrpul- 
sion Laboiratory, Pasadena, California. 



JUSTIFICATIOIIBY OBJECT CLASSIFICATION : 

Personnel D i s t r i b u t i o n  

1966 -,- 1965 19 64  

Direc t  PersomEL by Program 

Manned Space F l i g h t  

104 
29 7 

60 

104 
29 7 

60 

73 
286 

60 

Gemini.. .................................... 
Apollo ...................................... 
Advanced inissions.......................... 

Space Scier5-e and Appl ica t ions  

23 
73 
52 
57 
10 
13 
20 

23 
73 
52 
57 
9 

13 
20 

B i o s c i e n c e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sus ta in ing  i iniver s i t y  program. ............. 
Physics  iald astronomy ...................... 
Lunar and p l ane ta ry  exp lo ra t ion . .  .......... 
Communiciat i on  sat e 11 it e s ................... 
Launch ve1iic:le development. ................ 
Meteorological  s a t e l l i t e s . . . . . . . . . . . . . . . . . .  
Launch vel i ic le  procurement.. ............... 
Applicati.onns technology satel l i tes .  ........ 

23 
68 
56 
54 
14 
1 2  
20 

14 
8 

14 
9 

Advanced Rt2;e;nrch and Technology 

28 
4 
21 
46 
35 
26 
23 
27 
12 

28 
4 
21 
46 
35 
26 
23 
27 
12 

Nuclear i:i~cltets. ........................... 
Nuclear-e Lec t r ic  systems. .................. 
Chemical propuls ion  ........................ 
Space veh:ic:Le systems.. ................... 
Elec t ron fcs  systems ........................ 
Aeronautitcs................................ 
Human fac1:ol: systems..  ..................... 
Basic resealcch. ............................ 
Sola r  and chemical power ................... 

27 
4 

2 1  
44 
35 
22 
22 
26 
10 

60 

13 

I.. ,026 

-.- 

51 60 Trac kinP ar2QI)at a Acquis i t ion  

14 - 13 Technology J E i l i z a t i o n  

9 59 1,026 Sub-total.,  d i r e c t  p o s i t i o n s  
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1964 1965 1966 

Support per  s:onnel. : 

NASA-wide support  ............................. 86 5 901 905 
Adminis t ra t ion . .  .............................. 267 229 225 

1,13O_ 1,130 Sub-total.,  support  p o s i t i o n s  ................ 1,132 

T o t a l ,  pernianent p o s i t i o n s . .  ................ 2,091 2,156 2,156 

Other posi.t:ions : 

P o s i t i o n s  under coopera t ive  t r a i n i n g  --- - - -  --- agreen#!nt:s ................................ ................... 65 Other temporary p o s i t i o n s  42 -- 65 - 
T o t a l ,  a l l  FiosFtions ............................ 2,133 2,221 2,221 

Personnel Cos ts  

1966 --- 1964 1965 

2,221 
Permanent. ..................... 2,091 2,156 2,156 
Other . . . . . . . . . . . . . . . . . . . . . . . . . .  42 65 65 

--. T o t a l  Positi2,nq .................. 2,133 2,221 

Personnel CcEE!nsation: 
Annual cost: of  permanent 

Pay above t.he s t a t e d  annual 
posit ions;  . . . . . . . . . . . . . . . . . . .  $22,249,000 $25,652,000 $25,645,000 

r a t e . . . . . . . . . . . . . . . . . . . . . . . . .  160,000 99,000 99,000 
Lapses (detluc t). . . . . . . . . . . . . . . .  -1,448,000 -1,272,000 -355,000 - -I--- --- 
N e t  c o s t  clf permanent p o s i t i o n s  20,961,000 24,479,056 25,389,000 
Other perscinnel compensation. .. 1,341,000 1,418,000 - 1,433,000 

. . . . . . . . . .  22,302,000 25,897,000 26,822,000 T o t a l  ccnE:nsa t ion .  - 
NASA funded.. . . . . . . . . . . . . . .  22,302,000 25,897,000 26,822,000 --- --- --- Reimbursable.. . . . . . . . . . . . . .  

Personnel b e n e f i t s  . . . . . . . . . . . . . . .  1,678.000 1.834.000 - 1,91,2.000 
NASA funded.. .  ................. 1,678,000 1,834,000 1. ,912,000 --- --- --- Reimbursab1.e.. ................. 

T o t a l  p e r s o m e .  c o s t s . . . . . . . . . . . .  23.9 80 .OOO 27.731.000 28.72.4 .OOO 
NASA funded. . . . . . . . . . . . . . . . . . . .  23,980,000 27,731,000 28,734,000 - - -  --- - - -  Reimbursab1.e.. . . . . . . . . . . . . . . . . .  

Average Number of A l l  Employees 
(Man Years) .................... 1,944 2,070 2,150 
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Personnel Costs  - $28,734,000 

The personnel  c o s t s  f o r  FY 1966 are es t imated  t o  be $1,003,000 above 
the  requirement f o r  FY 1965, of which $925,000 i s  f o r  personnel  compensation 
and $78,000 f o r  personnel  b e n e f i t s ,  t o  cover  the  c o s t  of 80 man yea r s  r e -  
s u l t i n g  from f u l l  year  employment i n  FY 1966 of personnel  h i r e d  i n  FY 1965. 

Trave l  and T z g s p o r t a t i o n  of Persons - $2,627,000 

There i s  a s l i g h t  decrease  below the  FY 1965 l e v e l  f o r  t r a v e l  
and t r a n s p o r t a t i o n  of persons during FY 1966. 
$2,322,000 f o r  NASA employee t r a v e l ,  of which, $2,150,000 w i l l  be 
used f o r  d i r e c t i o n  and coord ina t ion  of program and a d m i n i s t r a t i v e  
a c t i v i t i e s ;  $107,000 f o r  the  c o n t r a c t  c h a r t e r  a i r l i f t  s e r v i c e ;  $30,001:3 
for c o s t s  r e l a t i n g  t o  i n i t i a l  duty s t a t i o n s ,  temporary assignments and 
t r a n s f e r s ;  and $35,000 f o r  meetings of NASA t e c h n i c a l  committees and work- 
ing  panels .  The balance of $305,000 i s  f o r  non-NASA employee t r a v e l  (sf 
t e c h n i c a l  and research  advisory  committees; and f o r  c o s t s  of l o c a l  t r a n s -  
p o r t a t i o n  and r e n t a l  of  passenger motor v e h i c l e s .  

The e s t ima te  inc ludes  

T r a n s p o r t a t i o n o f  Things - $281,000 

The FY 1966 estimate f o r  t r a n s p o r t a t i o n  of t h i n g s  i s  p ro jec t ed  a t  
$179,000 below the  FY 1965 l e v e l  p r i m a r i l y  as a r e s u l t  o f  a r educ t ion  i n  
the  t r a n s p o r t a t i o n  of e x h i b i t s  and f o r  cargo a i r l i f t  c o s t s .  

The requirement of $281,000 i n  FY 1966 under t h i s  o b j e c t  c l a s s  i nc ludes  
$140,000 f o r  t he  domestic and overseas  shipment of  e x h i b i t s  and spaceinobiles; 
$42,000 f o r  t he  "cargo" p o r t  ion  of t he  c h a r t e r  a i r l i f t  s e r v i c e  ; $56,0110 f o r  
c o s t s  o f  t r a n s p o r t a t i o n  of  household goods and personal  e f f e c t s ;  and ,$43,000 
f o r  f r e i g h t ,  exp res s ,  drayage and pa rce l  pos t  c o s t s  of shipments t o  N,4SA 
i n s t a l l a t i o n s ,  and r e n t a l  o f  t rucks  from GSA. 

The d i s t r i b u t i o n  of $281,000 i n  FY 1966 inc ludes  $221,000 f o r  NASA- 
wide support  and $60,000 f o r  Headquarters  ope ra t ions .  

Rents,  Commungations,and U t i l i t i e s  - $2,218,000 

The FY 1966 e s t ima te  f o r  r e n t s  and communications r e f l e c t s  a n e t  
i nc rease  of  $160,000 over  FY 1965 -- $107,000 f o r  r e n t s  and $53,000 
f o r  communications. 

The n e t  i nc rease  of $107,000 f o r  r e n t s  inc ludes :  1) an inc rease  of 
$278,000 f o r  r e n t a l  of space t o  house the  NASA S c i e n t i f i c  and Technical  
Information F a c i l i t y  on a f u l l  year  b a s i s  i n  J?Y 1966. Th i s  space w i l l  
be acquired through t h e  General Se rv ices  Adminis t ra t ion  during the  l a t t e r  
p a r t  o f  FY 1965. I n  prev ious  yea r s ,  t h e  r e n t a l  of space w a s  included as 
a p a r t  of t he  c o n t r a c t  wi th  Documentation, I n c . ;  and 2) a decrease  of  
$171,000 f o r  r e n t a l  of ADP equipment. 

A 0  4-8 



The inc rease  of $53,000 f o r  communications c o s t s  r e f l e c t s  minor i n -  
c r e a s e s  f o r  1.oc:al te lephone and exchange s e r v i c e s  , Federa l  Telecommuni- 
c a t i o n s  systems l i nes ,  t e l eg raph  and TWX service and f o r  postage c o s t s .  

The reques t  of $2,218,000 i n  FY 1966 i nc ludes  $1,116,000 f o r  NASA-wide 
support  and $1,102,000 f o r  Headquarters  o p e r a t i o n s ,  

The fo  Llowing t a b l e  r e f l e c t s  changes f o r  t h i s  o b j e c t  c l a s s i f  icat: ion: 

Inc rease  
o r  

Decrease 

Re1nt :; $+107,000 
+27 8,000 

---- 
I; p i x  e .................................. 
AD]? equipment .......................... -171,000 
Other equipment - - I- 
O f f i ce  equipment ....................... 

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

Coinmiin i c  a t  ions  --- 
:;eased l i n e s . . . .  ....................... 

+53,000 
-16,000 

];oca1 te lephone and exchange 
s e r v i c e  .............................. +39 , 000 

:Long d i  s t ance t o  :I 1 s .................... -10,000 
I?TS charges  ............................ +10,000 
Telegraph .............................. +10,000 
'rwx .................................... +10,000 
l o s t a g e  ................................ +10,000 

Tot:al ................................ $t160,000 - 
P r i n t i n g  and-Reproduction - $1,701,000 

The FY 1966 estimates r e f l e c t  an i n c r e a s e o f  $61,000 over  FY 1965 
f o r  t hese  s e r v i c e s .  About 89 pe r  c e n t ,  o r  $1,511,000 of t h e  $1,701,000 
reques ted  covers  p r i n t i n g  c o s t s  f o r  NASA-wide support  a c t i v i t i e s  a s s o c i a t e d  
with t h e  s c i e n t i E i c  and t e c h n i c a l  documentation programs; such as p r i n t i n g  
of s c i e n t i f i c  and t e c h n i c a l  aerospace r e p o r t s  covering world-wide in t l ? r -  
d i s c i p l i n a r y  r epor t  l i t e r a t u r e  i n  the  aerospace f i e l d  , s p e c i a l  pub l i c , i t i ons  
on research  program developments and i n t e g r a t e d  r e p o r t s  of o r b i t a l  , l una r  , 
and p l ane ta ry  f l i g h t s ;  and proceedings of symposia and conferences on 
s e l e c t e d  s c i e n t i f i c  t o p i c s  ; and f o r  p r i n t i n g  of Educat ional  media conc:erning 
the  Agency's program r e s u l t s  i n  formats  s u i t a b l e  f o r  d i sseminat ion  t o  the  
educa t iona l  cmununity and t o  the  genera l  pub l i c .  The remaining 11 pe': c e n t ,  
o r  $190,000, i s  r equ i r ed  f o r  Headquarters  ope ra t ions  f o r  p r i n t i n g  and re- 
product ion o E forms , r e g u l a t i o n s  and gene ra l  p r i n t i n g  and reproduct ioi i  
s e r v i c e s .  
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About 513 p e r  c e n t ,  o r  $1,577,000 of  t he  FY 1966 estimate i s  f o r  p r i n t i n g  
and a l l i e d  s e r v i c e s  which w i l l  be performed through Government sources .  The 
remaining 7 pe r  c e n t ,  o r  $124,000, i s  f o r  p r i n t i n g  and pho tos t a t ing  t o  be 
done by commercial sources .  

Other S e r v i c z z  - $19,87 5,000 

The FY 1.966 estimate f o r  o t h e r  s e r v i c e s  i s  $3,108,000 h ighe r  t h m  f o r  
The fol lowing t a b l e  shows an a n a l y s i s  of  t he  major i nc reases  FY 1965. 

i n  t h i s  a r e a  

Inc reases  

NASA sci .er i t i f ic  and t e c h n i c a l  information 
f a c i l i - t y  ................................. $800,000 

Technical  documentation program. ........... 1,000,000 
Sc ien t i f i c :  in format ion  systems development. 200,000 

public a t  ions  and monographs.. ............ 490,000 

Preparat:icm of manuscript  material f o r  
s p e c i a l i z e d  s c i e n t i f i c  and t e c h n i c a l  

Audio v i s u a l  process ing/depos i tory  s e r v i c e .  180,000 
In t e rna t  i o n a l  graduate  fe l lowship  program. . 170,000 
Various minor adjustments  i n  o t h e r  

Headquarters  programs and p r o j e c t s . .  ..... 268,000 

T o t a l . . . . .  ............................... $3,108,000 

Of t h e  ne t  i nc rease  of $3,108,000, about 80 pe r  c e n t ,  o r  $2,490,000, 
i s  requested f o r  t he  s c i e n t i f i c  and t e c h n i c a l  information program. T h i s  
inc ludes  : 

1. $80C,OOO t o  provide f o r  t he  documentation i n  NASA's c o n t r a c t o r -  
opera ted  S c i e n t i f i c  and Technical  Information F a c i l i t y  of thle 
g r e a t l y  inc reas ing  volume of s c i e n t i f i c  and t echn ica l  d a t a  rie- 
quired f o r  d i r e c t  u se  i n  NASA's r e sea rch  and development programs. 
The FY 1966 work3.oad is expected t o  be a t  least  25% g r e a t e r  than 
the  FY 1965 l e v e l .  

2. $1,000,000 f o r  documentation of  world-wide aerospace j o u r n a l  
l i t e r a t u r e ,  p r imar i ly  t o  a l i g n  the  funding of a c o n t r a c t  t o  ,a 
f u l l  f i s c a l  year  bas i s  i n  FY 1966. I n  a d d i t i o n ,  it would p m -  
v ide  a small expansion i n  the  program t o  process  t h i s  l i t e r a l t u r e  
f o r  immediate use  i n  the  NASA techn ica l  programs. The g loba l  
ou tput  o f  aerospace l i t e r a t u r e  i s  inc reas ing  a t  an accelerat1.d 
r a t  e .  



3 .  $200,000 f o r  in format ion  systems development t o  i n c r e a s e  the  
e f  f iectiveness of t h e  NASA t e c h n i c a l  in format ion  program and t o  
permit: t.he most economical in te rchange  o f  NASA computerized 
docximentation ou tpu t  w i th  those  o f  Department o f  Defense, Atomic 
Energy Commission, and o t h e r  government agencies .  

4. $490,000 f o r  p r e p a r a t i o n  o f  manuscript material f o r  s p e c i a l i z e d  
sc i en t : i f i c  and t e c h n i c a l  p u b l i c a t i o n s ,  handbooks, d a t a  compi la t ions  , 
ant1 monographs on aerospace s u b j e c t s  such as r a d i o  propagat ion  
through r e - e n t r y  systems, des ign  of meteoro logica l  sounding r o c k e t s ,  
s tab iLiz :a t ion  s t anda rds  f o r  i n t e r p l a n e t a r y  probes,  space prc'be 
inaiirumentat i on ,  s a t e l l i t e  s c i e n t  i f  i c  instrument a t  ion ,  and 1 aunch 
fac:;Llities. 

The remaining 20 pe r  c e n t ,  o r  $618,000, i nc ludes  an i n c r e a s e  o f  
$170,000 f o r  t h e  I n t e r n a t i o n a l  Graduate Fellowship program sponsored by 
fo re ign  c o u n t r i e s  and adminis te red  by t h e  Nat iona l  Academy of Sc iences  ; 
$180,000 f o r  s e r v i c e s  i n  connection wi th  t h e  process ing ,  indexing ,  s t o r a g e ,  
and d i s t r i b u t i o n  o f  audio v i s u a l  material i nc lud ing  maintenance of c o n t r o l  
over rece ip t .  ca t a log ing  and s t o r a g e  o f  f i l m ;  and $268,000 f o r  var ious  items 
such as, re l . : . ab i l i ty  and q u a l i t y  assurance  s t u d i e s  of selected assessments 
o f  hardware des ign ,  s e c u r i t y  r e i n v e s t i g a t i o n  program, t o x i c i t y  s t u d i e s  re- 
l a t  ing  t o  t h e  PJASA-wide occupat iona l  medical program, and procurement pro- 
grams, po l i c  !.e:; and procedures s t u d i e s .  

Of t h e  t:ot:al $19,875,000 reques ted  f o r  t h i s  o b j e c t  c l a s s i f i c a t i o n  i n  
FY 1966, about 94. per  c e n t  w i l l  be used f o r  NASA-wide a c t i v i t i e s  and 6 pe r  
c e n t  f o r  Headquarters Opera t ions .  

Suppl ies  anc-&iteriais - $414,000 

The e s t ima te  f o r  FY 1966 f o r  t h i s  ca tegory  i s  $7,000 less than  i n  
FY 1965. Furids reques ted  are f o r  t h e  purchase of expendable and non- 
expendable it:ems such as: o f f i c e  s u p p l i e s  and materials,  pamphlets and 
documents f c r  t h e  t e c h n i c a l  documentation and educa t iona l  s e r v i c e s  programs, 
p e r i o d i c a l  s u b s c r i p t i o n s  f o r  t h e  l a w  and t e c h n i c a l  l i b r a r i e s ,  and photo- 
g raph ic  and d r a f t i n g  supp l i e s .  

Of the  :;41.4,000 about 6 per  c e n t ,  o r  $23,000, i s  used f o r  NASA-wide 
a c t i v i t i e s  and 94 per  c e n t ,  o r  $391,000 f o r  Headquarters Operations.  

Equipment - 2;24.3,000 

The FY 3966 e s t ima te  re f lec ts  a r educ t ion  from FY 1965 requirements.  
The p r i n c i p a l  reason  i s  t h e  non-recur r ing  i t e m  of $21,200,000 i n  FY 1965 
f o r  t h e  purchase of ADP equipment ($20,587,000 f o r  t h e  Je t  Propulsion 
Laboratory arid $613,000 f o r  NASA Headquarters).  I n  a d d i t i o n ,  a r educ t ion  
of $91,000 i t :  e s t i m a t e d  f o r  t he  requirement f o r  t h e  purchase of miscellaneous 
o f f i c e  and o the r  equipment. 
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The e s t ima te  of $243,000 f o r  o f f i c e  and o t h e r  equipment i n  FY 1966 
inc ludes  $74,000 f o r  t he  procurement of 10 replacements f o r  e x i s t i n g  
spacemobiles and f o r  t he  purchase of models and equipment needed i n  support  
of spacemobile l e c t u r e r s .  The balance of  $169,000 i s  r equ i r ed  f o r  purchase 
of o f f i c e  fu:cn:iture and equipment f o r  Headquarters Operat ions.  

Insurance Cl~a.ins and Indemnit ies  - $10,000 

The FY :L966 requirement i s  es t imated  a t  the  same l e v e l  as f o r  F7r” 1965. 
These funds a r e  t o  cover payment of  c la ims of  $2,500 o r  less under the 
provis ions  of 28 U.S.C.  2672 f o r  i n j u r y  o r  loss of p rope r ty ,  personal 
i n j u r y ,  o r  death caused by the  neg l igen t  o r  wrongful act o r  omission of 
any employee of NASA while  a c t i n g  wi th in  the  scope of t h e  r e s p o n s i b i l i t y  
of h i s  0ff ic .e  o r  employment. 
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ADMINISTRATIVE OPERATIONS 

FISCAL YEAR 1966 ESTIMATES 

NORTH EASTERN OFFICE 

MISSION AND ~EEABILITIES: 

The North Eas te rn  Of f i ce  w a s  merged wi th  t h e  E l e c t r o n i c s  Research Center  
e f f e c t i v e  September 1, 1964. The f i s c a l  yea r  1965 and 1966 requirements of 
t h i s  o f f i c e  a r e  included wi th  the  estimates f o r  t he  E l e c t r o n i c s  Reseaitch Cen te r ,  

SUMMARY OF REf3URCES REQUIREMENTS: 

1964 

Number of P o s i t i o n s ,  end of year .  33 

Adminis t ra t ive  Operat ions ........ $379,000 Average Number of A l l  Employees.. 30 

1966 -.- 

-e- --- --- 
INSTALLATION-DESCRIPTION: 

The North Eas t e rn  Of f i ce  w a s  loca ted  i n  Can-ridge, Massa&,.usetts. 

ANALYSIS OF REOURCES REQUIREMENTS BY OBJECT CLASSIFICATION: 

1964 

11. Personnel  Compensation.. .... $280,000 
12. Personnel  Benef i t s . .  ........ 20.000 

T o t a l ,  personnel  c o s t s  .... $300,000 

21. Travel. and Transpor t a t ion  
of P'ersons. ............... 

22. Transpor t a t ion  of Things.. .. 
24. Pr in t ing ;  and Reproduction.. . 
26. Supplies  and Materials ...... 
31. Equipment.. ................. 

23. Rents ,  Communications, 
and U t , i l i t i e s . .  ........... 

25. Other Services . . . . . . . . . . . . . .  
Se rv ices  of o t h e r  agencies  

27,000 
1,000 

28,000 
4,000 
3,000 
3,000 
10 , 000 
3.000 

Totrtl . .  .,. ................. 9379,000 

1965 

-e-  

-I 1966 
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JUSTIFICATIOI~~Y OBJECT CLASSIFICATION : 

Pe rs onne 1 D is t r i b u t  i on 

S U D D O r t  erslonnel 

1964 - 1965 - 1966 - 
Direc to r  and staff . . . . . . . . . . . . . . . .  
NASA-wide support................. 

2 
30 - 

... 32 Sub- to t a l ,  support  pos i t i ons .  - 
T o t a l ,  permanent p o s i t i o n s . .  .... 32 --- 

Other pos i t i ons :  

P o s i t i o n s  under coopera t ive  
t r a i n i n g  agreements........... -- 

.1 Other temporary posi t ions. . . . . . .  - 
T o t a l ,  a l l  posi t ions. . . . . . . . . . . .  .... 33 --- 

I Personnel  Costs 

1965 -I 1966 1964 

33 
32 

Tota l  P o s i t i ' o n s  .................... .. 
Permanent... . . . . . . . . . . . . . . . . . . . . . .  
Other............................. 1 

Personnel  CoEEnsation: 
Annual cost of permanent p o s i t i o n s  
Pay above the  s t a t e d  annual rate.. 

N e t  cost of permanent pos i t i ons . .  . Lapses (detduct) ................... 
Other pers'onnel compensation..... . 

$305,000 
2,000 

-39,000 
268,000 
12,000 

280,000 
280,000 

T o t a l  campensation. ............. 
NASA funded................... 
Reimbursable.., . . . . . . . . . . . . . . .  --- 

20,000 
20,000 

Personnel benefi ts . . . . . . . . . . . . . . . . . .  
NASA fundeld....................... 
Reimbursable...................... 

300 ,000 
300 , 000 

Tota l  personnel  costs. . . . . . . . , . . . . . .  
NASA fundeld....................... 
Re imbur s ab le ...................... 

--- 
e-- -- - 

Average Numbgrof A l l  Employees 
(Man Years) ....................... 30 --- 
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L E G E N D  
A 1ndust.y P Uiiirerutiar 

Hole1 mf Motels 

GENERAL DYNAMICS CONVAllI 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ORGANIZATION AND STAFFING CHART 

WESTERN OPERATIONS OFFICE 

IIIII 11 i n i i i i i  II I 11 iiiiii 
DIRECTOR 

STAFFING SUMMARY 
- 6 5  66 

E x c e p t e d  3 3 
GS-16 1 1 
GS-15 15 15 
GS-14 49 49 
A l l  o t h e r  GS 333 333 
wage Board - -  

5 5 Temporary - -  
T o t a l  406 406 

- 
i n ,  i.ni 
-tVL - rUI  

m iota1 Pt:riiiaiierit 

27 27 T o t  a1 

NASA RESIDENCY OFFICE - JPL I 

PERSONNEL DIVISION 

65 

9 

bb 

9 

T o c a i  Y 9 

- - 
- - O t h e r  GS 

. __ 

- 6 5  3 
7 7 
6 6 
- 14 14 

i GS-14 I ALL other  GS 

- 6 5  66 
2 2 
- 5 -  5 

NASA-o 

6 5  66 
GS-15 2 2 
GS-14 6 6 
O t h e r  GS - 129 129 
T o t a l  137 137 

7 7 - - 

I Excepted  
i I O t h e r  GS 

PROFESSIONAL STAFFING I I T o t a l  

65 6 6 1  I 
2 

T o t a l  2 2 

- 2 O t h e r  GS - 

I I I 
CONTRACT MANAGEMENT 

66 - 6 5  c 

E x c e p t e d  1 1 
GS-15 
GS-14 6 6 
O t h e r  GS - 48 48 
T o t a l  55 55 

- - 

FINANCIAL MANAGEMENT 
D I V  I S  ION 

- 6 5  66 
GS-14 1 1 

23 - 23 O t h e r  GS 

T o t a l  

- 
24 24 

I TECHNICAL DIVISION I LEGAL DIVISION 
- 6 5  66 

2 2 
4 4 
- 4 -  4 

10 10 

- 6 5  @ 
1 1 
4 4 

25 25 
- 52 52 

GS-16 
GS-15 
GS-14 
O t h e r  GS 

GS-15 
GS-14 
O t h e r  GS 

T o t a l  82 82 I T o t a l  

3 i 
I 

EDUCATIONAL PROGRAMS 
c c  v u  c c  - "> - 

GS-14 1 1 
O t h e r  GS - 3 -  3 

T o t a l  4 4 

PUBLIC INFORMAT ION 
L C  v u  I I C  - u' - 

6 O t h e r  GS - 
Total 6 6 

- 6 

I T o t a l  

I 
38 38 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ORGANIZATION AND STAFFING CHART 

WESTERN OPERATIONS OFFICE 

PERSONNEL DIVISION 

66 6 5  

9 9 

9 9 

- - 

- O t h e r  GS - 
T o t a l  

I 

STAFFING SUMMARY 

E x c e p t e d  
65 66 
3 3 
- - 

GS-16 1 1 
GS-15 15 15 
GS-14 4; 49 

J J J  333 .=A* " C ' I S L  GS 
Wage Board 
T o t a l  Permanent  401 401 

T o t a l  406 406 

3 7 3  A l l  nth-r 

- - - -  
m ---- I ---. 

C''ty" L a L  y J 3 - -  

I I 

DIRECTOR I 11111 I I I I I111 I 1  I I Excepted  

PROFESSIONAL STAFFING 

O t h e r  GS 

T o t a l  2 2 

CONTRACT MANAGEMENT I 
E x c e p t e d  
GS-15 
GS-14 
O t h e r  GS 

i u L a i  m 7 - L  

6 5  66 
1 1 
- - 
- - 
6 6 

48 48 

55 55 
- - 

TECHNICAL DIVISION 

GS-16 
GS-15 
GS-14 
O t h e r  GS 

Total  

- 6 5  9 
1 1 
4 4 

2 5  25 
52 52 

82 82 

- - 

I 

GS-14 
O t h e r  GS 

T o t a l  I 
- 6 5  66 
1 1 

3 3 

4 4 

- - 

I 

ADM I N  I S T RAT IVE SE RV ICE S 
6 5  66 

38 38 O t h e r  GS 

T o t a l  38 38 

- - 
- - 

I 

2 ? I  

I NASA RESIDENCY OFFICE - JPL 

GS-15 
GS-14 
A l i  o i i i e r  G S  

T o t a l  27 27 

137 137 T o t a l  

I 1 
LEGAL DIVISION 

GS-15 
GS-14 
O t h e r  GS 

6 5  66 
2 2 

- - 
4 4 

4 4 - - 
T o t a l  10 10 

I 
FINANCIAL MANAGEMENT 

DIVISION 
6 5  66 
1 1 

23 23 

- - 
GS-14 
O t h e r  GS - - 
T o t a l  24 24 

m I 1 
PUBLIC INFORMAT ION 

6 5  66 
6 6 

6 6 

- 
- - O t h e r  GS 

T o t a l  

- 
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ADMIN I STRAT IVE OPE RAT IONS 

FISCAL YEAR 1966 ESTIMATES 

WESTERN OPERATIONS OFFICE 

MISSION AND CAPABILITIES : 

The primary mission of the Western Operations Office is to provide 
technical, contractual, and administrative support to NASA field centlcrs 
and NASA Headquarters for programs and projects located in Southern 
California and other areas west of Denver. The Western Operatioris Office 
functions as a field service in such areas as procurement, technical and 
contract administration, legal and patent reviews, and personnel, admin- 
istrative support, and financial management activities in the area west 
of Denver. 

Technical management support as assigned by field centers and NASA 
project managers includes the technical management and administration of 
research and development and facilities contracts; monitoring of related 
quality assuxance requirements; quality assurance surveys of industrial 
plants and organizations; monitoring of advanced technology contracts; 
negotiation c f  contracts; procurement of pressurants and propellants for 
NASA and contractor requirements; and the operation of a contract admin- 
istration and quality assurance organization for the Apollo and Saturn 
projects at the North American Aviation, Inc., plant at Downey, California. 

The mission of the Western Operations Office also includes admin- 
istrative support and services for the NASA Resident Office at the Jet 
Propulsion L,aboratory. The Resident Office, physically located at the 
Jet Propulsicm Laboratory in Pasadena, California, has principal contract 
administration responsibilities for the NASA contract with the California 
Institute of Technology which operates the Jet Propulsion Laboratory. 

SUMMARY OF FZLSOURCES REQUIREMENTS : 
1966 

.I_- 

1964 1965 

Number of Positions, end of year.. . 376 40 6 40 6 
Average Ntmbber of All Employees.. . . 336 390 40 5 
Administrative Operations.. . . . . . . . . $4,924,000 $5,989,000 $6,3?17,000 

IN STALLATIObIB: SCRIPT ION : 

The main Western Operations Office is located at 150 Pic0 Boulevard, 
Santa Monica, California. The Office occupies a group of leased buildings 
and no Goverxment investment in buildings or acreage is involved at this 
location. 131 about two years, the main office will move to a new GSA 
Federal Office Building to be constructed in nearby West Los Angeles. 
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Over one - t h i r d  of the  Western Operat ions Of f i ce  s t a f f  i s  loca ted  i n  
Government-owned f : a c i l i t i e s  a t  Downey, C a l i f o r n i a ,  which are c u r r e n t l y  being 
u t i l i z e d  by the  Space Information Systems Divis ion  of North American d!,viation:, 
Inc .  The Government-owned p o r t i o n  of the  North American Aviat ion Dowrley 
complex i s  1oc:al:ecl on 166 a c r e s  and the  land and p l a n t  a c q u i s i t i o n  va lue  
i s  approxi.mat:c?ly $44 m i l l i o n  as  of June 30 ,  1964. The r e s p o n s i b i l i t y  f o r  
management: of p roper ty  and f a c i l i t i e s  w a s  t r a n s f e r r e d  from the  A i r  Force t o  
NASA on Ju ly  :L, 1.964. A few a d d i t i o n a l  Western Operat ions personnel  a r e  
ass igned  to o t h e r  c o n t r a c t o r  l o c a t i o n s  wi th in  the  Los Angeles a r e a  where 
f u l l  time pro-iect support  i s  requir'ed. The map on page A 0  4-1.5 shows the  
l o c a t i o n  of t:he Western Operat ions Of f i ce  i n  the  Los Angeles a rea  and the  
Downey 0perat::ions Of f i ce  i s  i d e n t i f i e d  t h e r e i n  as NAA Autonet ics  - SII,. 

ANALYSIS OF --- FXSOURCES REQUIREMENTS BY OBJECT CLASSIFICATION: 

1966 --.- 19 64 1965 

11. Persor~riel. Compensation. ..... 
1 2 .  Person.rie1. B e n e f i t s . .  ........ 

$4,376,000 
--- 304,000 

$3,378,000 
231,000 

$4,155,000 
291,000 

Tots.]., personnel  costis. .  .. $3,609,000 $4,446,000 $,$ $682 , 000 

21.  

22 .  
23. 

24. 
25.  

26. 
31. 
32. 
42. 

Trzivel and Transpor t a t ion  
o f P e r 5, on s ................ 

Transport  a t i o n  of Things.  . . .  
Rents ,  Cclmmunications and 

U t i l i t i e s  . . . . . . . . . . . . . . . . .  
P r i n t i n g  and Reproduction..  . 
Other 5 , e rv i ces . .  . . . . . . . . . . . .  

Serv ices  of o t h e r  agencies  
Suppl ies  and Mate r i a l s  ...... 
Lands and S t r u c t u r e s .  . . . . . . .  
Insurance C l a i m s  and 

Indemnit ies  . . . . . . . . . . . . . . .  

Equipment . . . . . . . . . . . . . . . . . . .  

243,000 
13,000 

296,000 
24,000 

303,000 
20,000 

315,000 
13,000 

456 , 000 
173,000 
51,000 
51,000 - 

448,000 
17,000 

567,000 
50,000 
65 , 000 
76,000 

- 

469,000 
17,000 

672,000 
38,000 
65,000 
71,000 

- 

Tota l  ..................... $4,924,000 $5,989,000 

JUSTIFICATION-BY OBJECT CLASSIFICATION: 

Personnel  D i s t r i b u t i o n  - 
1 9 h L  1966 .- 1965 - 

Direc t  Personnel  b.y Program 

Manned Spac4gF1 i g h t  
Gemini .......................... 
Apollo .......................... 
Advanced .Manned Missions. . .  ..... 

1 
146 

4 

1 1 
149 149 

4 4 
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1965 - 19 64 - 1966 - 
Space Sc ience  and App l i ca t ions  

19 
5 
4 
4 
15 

19 
5 
4 
4 
15 

Lunar and p l a n e t a r y  e x p l o r a t i o n  ....... 8 
Communicati,on s a t e l l i t e s . .  ............ 6 
Launch vlehicle development............ 3 
Launch v e h i c l e  procurement............ 4 
Meteorolo,pical satellites..  ........... I3  

Advanced R e E a r c  h and Techno logy 

30 
5 
3 

30 
5 
3 

S o l a r  and chemical power.. ............ 27 
Chemical propulsion ................... 5 
Space v e h i c l e  systems..  .............. 3 

2 - 2 - .................. 2 Techno logy l J t i l i za t ion  - 
24 1 - 241 - ....... 222 Sub- to lx l  d i r e c t  p o s i t  ions . .  - 

Support Per  sonne 1 

10 
150 - 

10 
150 - 

Direc to r  atid S t a f f . . . . .  ................. 9 ...................... 144 NASA-wide ciupport. - 

160 

40 1 

- 160 

40 1 

- ......... 153 Sub- t o  tal. , suppor t  p o s i t  i ons .  - 
T o t a l  pc!;rmanent p o s i t i o n s .  ........... 375 

Other pos i t icn ls :  

P o s i t i o n s  under coope ra t ive  
t r a i n i n g  iigi:eements. .................. - - 

.............. 5 1 0 t h e r  ternpc)irai:y p o s i t  i ons .  - - 
.................... 40 6 376 - - T o t a l  a l l  p o s i t i o n s . .  - - 

Personnel Cos ts  

1965 - 1964 - 1966 
7 

40 6 
40 1 
- 406 

40 1 
- ........................... 376 T o t a l  P o s i t i c z E  - 

Permanent.. ............................. 375 
5 Other . . .  ................................ 1 5 
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1966 - -..- 1964 1965 

Personnel Consgisat ion:  
Annual cos t  of permanent p o s i t i o n s . .  $3,551,000 $4,077,000 $4,0178,000 
Pay above t h e  s t a t e d  annual r a t e . . . .  31,000 16,000 15,000 
Lapses (deduct.). .................... -498,000 -231,000 -, -1,000 
N e t  c o s t  o f  permanent p o s i t i o n s . .  ... 3,084,000 3,862,000 4,092,000 
Other personnel  compensation ........ 294,000 29 3,000 286,000 -- 

T o t a l  cmg,ensation. ............... 3,378,000 4,155,000 4,378,000 
NASA funded..  ................... 3,378,000 4,155,000 4,378,000 --- --- --- Reimbursatl l e .  ................... 

Personnel bene f i. t s .................... 231,000 29 1 ,000 304,000 
........... 304,000 

-I 

NASA f u n d e d . . . . . . . . . . . . . .  231,000 291,000 
Reimbursable. . .  --- --- - - -  ..................... 

T o t a l  personnel  c o s t s . . . . . . . . . . . . . . . . .  3,609,000 4,446,000 4,682,000 
NASA funded ......................... 3,609,000 4,446,000 4,682,000 
Reimbursable. . . .  .................... --- --- - - -  

1 

Average Number o'f A l l  Employees 
(Man Years) ......................... 336 390 40 5 

Personnel Compensation and B e n e f i t s  - $4,682,000 

Personnel c o s t s  i n  FY 1966 are es t imated  t o  be $236,000 h ighe r  than i n  
FY 1965, of which $223,000 i s  f o r  personnel  compensation and $13,000 i s  f o r  
personnel b e n e f i t s .  The h igher  e s t ima te  p r imar i ly  r e f l e c t s  f u l l  year  employ- 
ment i n  FY 1966 f o r  personnel  h i r e d  dur ing  the  l as t  h a l f  of FY 1965. 

Trave l  and Transpor t a t ion  of  Persons - $303,000 

Employee t r a v e l  requirements  are es t imated  t o  inc rease  $7,000 i n  FY 
1966 due t o  a l a r g e r  p ro fes s iona l  s t a f f  on-board a t  t he  end of FY 1965. 
The t o t a l  e s t ima te  inc ludes  $256,000 f o r  t h e  t r a v e l  of s t a f f  personnel .  
This  amount i s  needed f o r  program and admin i s t r a t ive  d i r e c t i o n  and co- 
o r d i n a t i o n ,  f o r  a t tendance  a t  NASA t e c h n i c a l  meetings and working pane l s ;  
and f o r  c o s t s  of temporary assignments and t r a n s f e r s  and t r a v e l  t o  i n i t i a l  
duty s t a t i o n s .  The balance of $47,000 covers  expenses of l o c a l  t ranspor ta t . iun  
and t o l l  charges  and the  r e n t a l  o f  passenger  motor v e h i c l e s  from tihe GI2neral 
Serv ices  Adminis t ra t ion .  

T r a n s p o r t a t i o n o f  Things - $20,000 

The FY 1966 e s t ima te  i s  p ro jec t ed  $4,000 below t h e  FY 1965 requirl-  Dments 
p r imar i ly  f o r  movement of household goods f o r  new employees and for lol-al 
drayage c o s t s .  



The esti.nat:e of $20,000 c o n s i s t s  of $14,000 f o r  movement of  household 
and personal  e f f e c t s ;  $4,000 f o r  commercial shipments by land ,  wa te r ,  and 
a i r ;  and $2,000 f o r  l o c a l  drayage and p a r c e l  pos t .  

Rents,  Commurc.cations and U t i l i t i e s  - $469,000 

The est inat :e  of $469,000 f o r  t h i s  ca tegory  i s  $21,000 h ighe r  than f o r  
FY 1965. The FY 1966 r eques t  i nc ludes  $190,000 f o r  t he  commercial lealse 
of  real  e s t a t e  and the  t e r m  r e n t a l  o f  equipment. This  i s  the  same funding 
l e v e l  as the  p ro jec t ed  FY 1965 requirement.  These r e n t a l  c o s t s  cover  t h e  
lease of  45,1;!0 square f e e t  o f  b u i l d i n g  space f o r  $170,000 o r  an average 
annual  c o s t  of !;3.75 a square foot .  The balance of t h e  e s t ima te ,  amounting 
t o  $20,000, i s  needed f o r  t h e  r e n t a l  of o f f i c e  and o t h e r  types of equipment. 

The cos t  of communications s e r v i c e s  i s  expected t o  inc rease  $21,000 
i n  FY 1966. The inc rease  inc ludes  a d d i t i o n a l  funding of $16,000 f o r  t h e  
i n s t a l l a t i o n  of more l ea sed  t e l e t y p e  c i r c u i t s  a t  t h e  West Coast Communi- 
c a t i o n s  Center  requi red  f o r  e f f e c t i v e  communication with major p r o j e c t  
o f f i c e s  loca t ed  i n  c o n t r a c t o r  p l a n t s .  The remaining $5,000 of  the  inc rease  
i s  r equ i r ed  f o r  l o c a l  te lephone and exchange s e r v i c e s .  The major c a t e g o r i e s  
of  communications s e r v i c e s  requirements  are the  fol lowing:  

FY 1966 

Leased l i n e s . . . . . . . . .  ........................... $103,000 
Long dis tanc.e  t o l l s . . .  .......................... 45,000 
Local te lephone and exchange .................... 90,000 
A l l  o t h e r  comiunicat ions ........................ 30,000 

To ta l  ......................................... $268,000 

The balance of  t he  estimate f o r  FY 1966 i s  r e l a t e d  t o  the  $11,000 
requi red  f o r  u t i l i t i e s .  

P r i n t i n g  and F g r o d u c t i o n  - $17,000 

Funding c f  FY 1966 requirements  f o r  t he  p r i n t i n g  and reproduct ion  of 
t echn ica l  and admin i s t r a t ive  r e p o r t s ,  p u b l i c a t i o n s  and forms i s  expected 
t o  remain a t  the  FY 1965 l e v e l .  Approximately 90 pe r  cen t  of the  e s t i m a t e ,  
o r  $15,000, i s  for commercial p r i n t i n g  of t e c h n i c a l  documents and r e l a t e d  
materials.  T h e  remaining $2,000 w i l l  cover  p r i n t i n g  of admin i s t r a t ive  and 
educa t iona l  ma. te r ia l s  by o t h e r  Government agencies .  

Other Servicei: $672,000 

The estimate f o r  o t h e r  s e r v i c e s  i n  FY 1966 r e f l e c t s  an inc rease  of 
$105,000 over FY 1965 requirements ,  o f  which $50,000 is f o r  supplementary 
t e c h n i c a l  support  i n  eva lua t ing  advanced technologica l  d a t a  requi red  fl3r 
accomplishment of  mission ope ra t ions ,  $42,000 i s  f o r  en la rg ing  the  capac i ty  
of  t he  r e l i a b l e  e l e c t r i c a l  connect ions school  t o  m e e t  the  inc reas ing  diemand 



of aerospace c:ontractors f o r  c e r t i f i e d  i n s t r u c t o r s  t o  t r a i n  t h e i r  product ion 
employees f o r  compliance wi th  more s t r i n g e n t  q u a l i t y  assurance requirements .  
The balance of t h e  increase, amounting t o  $13,000, w i l l  be used t o  f inance  
t h e  operat ion.  of! t he  t e c h n i c a l  r e fe rence  l i b r a r y  on a f u l l  year  b a s i s  and 
f o r  va r ious  rrlj.nor c o n t r a c t u a l  s e r v i c e s  of a non-recurr ing na tu re .  

The fol lowing t a b l e  shows FY 1966 funding requirements  by ca tegory  of  
s e r v i c e  : 

ADP equipment o p e r a t i o n  ........................... $50,000 
Custodial  s e r v i c e s .  ............................... 19,000 
Advanced technology support  ....................... 50,000 

Technical  r e fe rence  l i b r a r y  ....................... 65,000 

Miscellaneous minor s e r v i c e s . . . . . . . . . . . . .  ......... 31,000 

JPL admin i s t r a t ive  a i r c r a f t  lease and 
opera t ion  ....................................... 247,000 

Rel i ab le  e l e c t r i c a l  connect ions s c h o o l . . . . . . . .  .... 210,000 

To ta l .  .......................................... 
Serv ices  of O t h e r  Agencies - $38,000 

Reimbursable s e r v i c e s  provided by o t h e r  Government agencies  a r e  
es t imated  t o  decrease $12,000 i n  FY 1966 t o  $33,000 as a r e s u l t  of a 
p ro jec t ed  r educ t ion  i n  the  requirement f o r  c o n t r a c t  admin i s t r a t ion  
s e r v i c e s  by the  NASA r e s i d e n t  o f f i c e  a t  the  J e t  Propuls ion  Laboratory.  
An a d d i t i o n a l  $5,000 i s  r equ i r ed  t o  support  con t inua t ion  of consu l t ing  
engineer ing  s e r v i c e s  t o  the  r e s i d e n t  o f f i c e  by t h e  Army Corps of 
Engineers .  

Suppl ies  and liaf2rials - $65,000 

The FY 1966 requirement for s u p p l i e s  and materials i s  expected t o  
remain a t  the  1% 1965 l e v e l .  $53,000 of the  amount reques ted  i s  f o r  ol i f ice  
u s e  ; the  r e m a h i n g  $12,000 w i l l  be used f o r  procurement of  expendable 
e l e c t r i c a l ,  plmtographic,  maintenance and ope ra t ing  supp l i e s .  Purchasc! 
of non-expendable i t e m s  w i l l  be  necessary  only  f o r  inventory  replacemerit. 

Equipment - $;It ,OOC! 

The amount of $71,000 reques ted  is t o  provide f o r  t h e  purchase of 
passenger-carr:ying v e h i c l e s ,  photographic and non-capi t a  l i z e d  equipmeni., and 
replacement of unserv iceable  o f f i c e  equipment and f u r n i t u r e .  
requirements  f o r  t hese  i t e m s  i s  $5,000 less than i n  FY 1965. 

The FY 1966 
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