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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

RESEARCH AND DEVELOPMENT 

GENERAZ, STATEMENT 

The pi:ogi:an of r e sea rch  and development and suppor t ing  a c t i v i t i e s  of the 
Nat ional  Aei:cx~xutics and Space Adminis t ra t ion i s  d i r e c t e d  toward maintaining 
the  United S t a t e s  i n  a p o s i t i o n  of world l eade r sh ip  i n  ae ronau t i c s  ar.d space ,  
The major pixgram elements designed t o  achieve t h i s  o b j e c t i v e  a r e  : 

MANNED SI?,%CCB -- FLIGHT: The a t ta inment  of a c a p a b i l i t y  f o r  manned stlace 
opera t ions  ,and e x p l o r a t i o n  through extended e a r t h  o r b i t a l  f l i g h t s  : 
development of rendezvous and docking techniques ,  and manned lunar  
landing and r e t u r n .  

SPACE SCLENCE AND APPLICATIONS: An unmanned space f l i g h t  program 
d i r e c t e d  toward s c i e n t i f i c  i n v e s t i g a t i o n s  of the  E a r t h ,  Moon, Sun 
p l a n e t s ,  s t a r s  and i n t e r p l a n e t a r y  space; and the development of 
technology and s p a c e c r a f t  systems t h a t  can be used i n  ope ra t iona l  
sys  tens , such as meteorology and communications. 

ADVANCED-RESEARCH AND TECHNOLOGY: 
fundamental knowledge and the  t echno log ica l  base f o r  t he  f u t u r e  

An e f f o r t  requi red  to provide t h e  

ae ronau t i c s  and space programs. 

TRACKING-AND DATA ACQUISITION: The e f f o r t  requi red  f o r  t he  ope ra -  
t i o n a l  support  of t he  NASA manned and unmanned f l i g h t  programs. 

MANNED SPACE FLIGHT 

The g r e a t e s t  p o r t i o n  of t h e  FY 1967 r eques t  i s  f o r  the  suppor t  of the  
manned space f l i g h t  program. The development of a c a p a b i l i t y  f o r  maimed 
space ope ra t i cns  wi th  a suppor t ing  base of engineer ing ,  s c i e n t i f i c  aiid pro-  
duc t ion  capa.city remains unchanged as the  b a s i c  o b j e c t i v e  of t h i s  prsgrani. 
Within t h i s  b a s i c  ob jec t ive  t h e r e  i s  a s p e c i f i c  goa l  of landing men 3n the  
lunar  s u r f a c e  f o r  l imi t ed  lunar  e x p l o r a t i o n  and r e t u r n i n g  them s a f e l y  t o  
e a r t h  i n  t h i s  decade. P r o j e c t s  Gemini and Apollo cont inue t o  be t h e  hard 
core  of the  p re sen t  f l i g h t  and ground test  and development e f f o r t .  Supple- 
menting these  p r o j e c t s  are s t u d i e s  and suppor t ing  development a c t i v i t y  which 
are d i r ec t ec  toward the  e x p l o i t a t i o n  of t he  hardware and techniques developed 
by G e m i n i  axid Apollo. 

Gemini h .as  a l r eady  e s t a b l i s h e d  man's c a p a b i l i t y  f o r  u se fu l  a c t i v i t i e s  i n  
space fo r  Flc!ri.ods of up t o  two weeks. I n  FY 1967 i t s  f l i g h t  opera t ions  w i l l  
be completed. These f l i g h t s  w i l l  provide Apollo wi th  important  development 
informat.ion 0x1 space nav iga t ion ,  guidance,  rendezvous and docking techniques.  
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I n  add i t ion  t o  con t inua t ion  of t h e  ground tes t  a c t i v i t i e s ,  FY 1967 Apollo 
e f f o r t s  . w i l l  expand i n t o  manned s p a c e c r a f t  f l i g h t  tests us ing  the  Sa tu rn  I B  
launch v e h i c l e ,  and the  i n i t i a l  development f l i g h t s  of t he  Sa turn  V launch 
veh ic l e .  

I n  the  area of advanced f l i g h t  miss ions ,  s t u d i e s  and aldvancecl com,?onent 
development w i l l  be continued. The a i m  of t h i s  e f f o r t  w i l l  be t o  e x ? l o i t  and 
extend t h e  c a p a b i l i t y  of the  Apollo s p a c e c r a f t .  

SPACE SCIENCE AND APPLICATIONS 

I n  thse FY 1967 budget r eques t  t he  next  major program i s  t h a t  of s ~ a c e  
sc ience  and a p p l i c a t i o n s .  P a r t  of t he  s c i e n t i f i c  program is concern1.d with 
unmanned space f l i g h t s ,  which are used t o  s tudy  t h e  environment and (surface 
of the E a r t h ,  Moon, and p l a n e t s ,  as w e l l  as the  in t e rven ing  space enJironment.. 
The f l i g h t  p r o j e c t s  concerned wi th  t h e  above ob jec t ives  inc lude  sounding 
rocke t s ,  Geophysical s a t e l l i t e s ,  Explorers ,  Pioneer  probes , Mariners and 
Surveyor. The p r o j e c t  involved wi th  the  s tudy  of the  Sun i s  the  Orbi t ing  
So la r  Observatory; while  t he  purpose of the Orb i t ing  As tr 'onomical Observatory 
is  t o  s tudy  the  s tars .  The b i o s a t e l l i t e  program w i l l  cont inue development SI:) 

as t o  launch i t s  f i r s t  f l i g h t  i n  1966. I n  the  area of a p p l i c a t i o n s ,  p r o j e c t  
Nimbus w i l l  cont inue t o  suppor t  t he  p re sen t  and f u t u r e  relquirements of t he  
ope ra t iona l  weather s a t e l l i t e  systems f o r  the  Weather Bureau. E f fo r  1 w i l l  
a l s o  cont inue i n  t h e  development of t he  Appl ica t ions  Technology S a t e  Llite 
which w i l l  give u s e f u l  in format ion  f o r  a p p l i c a t i o n  t o  meteorology and com- 
municatilons as w e l l  as s c i e n t i f i c  s p a c e c r a f t  systems. 

ADVANCED RESEARCH AND TECHNOLOGY 

The advanced r e sea rch  and technology e f f o r t  c o n s t i t u t e s  a cont inu  Lng ove r -  
a l l  program aimed a t  meeting the technology goals  of t he  n a t i o n  wi th  p a r t i c u l a r  
a t t e n t i o n  t o  providing the  t e c h n i c a l  base f o r  ca r ry ing  out  a t t r a c t i w !  f u t u r e  
aero-space iniss ions.  This e f f o r t  covers the  spectrum of a c t i v i t y  from b a s i c  
research  t o  improve our fundamental knowledge of phys i ca l  and l i f e  s1:ience 
phenomena, through appl ied technology t o  improve our p r a c t i c a l  capab I - l i t y  
f o r  developing advanced systems. 
research  and technology program are b a s i c  r e sea rch ,  biotechnology ant1 hunian 
r e sea rch ,  e l e c t r o n i c s  and c o n t r o l ,  nuc lear  systems and space power , (:hemica1 
propuls ion ,  space veh ic l e  r e sea rch  and technology, and ae ronaut i  cs  . 

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

TRACKING ANiDLATA ACQUISITION 

The t r ack ing  and d a t a  a c q u i s i t i o n  e f f o r t  i s  d i r e c t e d  toward provitl ing the 
necessarly suppor t  requi red  by t h e  inc reas ing  a c t i v i t y  of ithe NASA spitce 
f l i g h t  programs, During FY 1967 increased  numbers of launches are scheduled 
f o r  both the  manned and unmanned space f l i g h t  programs, thereby requ:.ring 
a d d i t i o n a l  e f f o r t  by the  world-wide network of t r ack ing  s t a t i o n s .  Aclditiona:ll)., 
the  program provides f o r  supplementing and maintaining the t r ack ing  itnd d a t a  
a c q u i s i t i o n  c a p a b i l i t y  of the  network as requi red .  



TECHNOLOGY W Z J I Z A T I O N  

The technology u t i l i z a t i o n  program provides  f o r  the  d i s t r i b u t i o n  and 
d i s s e m i n a t i o ~ i  of t he  s c i e n t i f i c ,  t echnologica l  and engineer ing  i n f o r n a t i o n  
and concepts r e s u l t i n g  from NASA programs s o  as t o  permit  t h e i r  f u l l e s t  use 
i n  accomplishing n a t i o n a l  ob jec t ives .  I n  order  t o  a s s u r e  f u l f i l l m e n t  of 
t h i s  b a s i c  c h j e c t i v e ,  s e v e r a l  s u b s i d i a r y  ob jec t ives  must be r e a l i z e d .  They 
are: 1. Est.atrl ishing e f f e c t i v e  mechanisms and systems f o r  a s s u r i n g  t h a t  
a l l  new knowledge i s  i d e n t i f i e d ,  c o l l e c t e d ,  eva lua ted  and made a v a i l a b l e  i n  
the  most usefu l  manner; and 2 .  E s t a b l i s h i n g  e f f e c t i v e  mechanisms f o r  
announcing arid d isseminat ing  t h i s  new knowledge i n  order  t o  assure  the widest  
poss ib l e  a p p l i c a t i o n  and u t i l i z a t i o n  the reo f .  

FINANCING, 

The FY 1967 budget t o  suppor t  t he  r e sea rch  and development program, which 
i s  discussed i n  d e t a i l  i n  t h i s  volume, i s  $4,246,600,000. This compares 
with a program t o t a l i n g  $4,511,644,000 f o r  FY 1966. 

Expenditures f o r  t he  cu r ren t  f i s c a l  year  are es t imated  a t  $4,520,0110,000 
and $4,340,0~00,000 for FY 1967 
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NATIONAL AERONATUICS AND SPACE ADMINISTRATION 

CONSTRUCTION OF FACILITIES 

GENERAL STATEMENT 

This appropr i a t ion  provides  f o r  c o n t r a c t u a l  s e r v i c e s  f o r  t he  des ign ,  
cons t ruc t ion  arid modi f ica t ion  of f a c i l i t i e s ;  t he  purchase of equ€pment 
r e l a t e d  t o  cons t ruc t ion  and mod i f i ca t ion ;  and advance design of f a c i l i t i e s  
planned f o r  f u t u r e  au tho r i za t ion .  The p r i n c i p a l  p r o j e c t s  i n  the  1967 
program are descr ibed below: 

MANNED SPACE FLIGHT: The e s t ima tes  inc lude  funding requirements f o r  
operati:GiL and t e s t i n g  f a c i l i t i e s ,  u t i l i t y  i n s t a l l a t : i o n ,  and 
a d d i t i o n s  and modi f ica t ions  t o  e x i s t i n g  f a c i l i t i e s ,  t:o support  t he  
Apol.10 t ipmecraf t  and Sa turn  launch v e h i c l e  programs and o t h e r  
researc:h and support  a c t i v i t i e s .  

SCIENTIJI: INVESTIGATIONS I N  SPACE: 
w i l l .  support  a c t i v i t i e s  i n  space sc ience .  The estimates provide 
f o r  mocli.fj.cations t o  launch f a c i l i t i e s  ; new launch arid serv ic ing ,  
f a c i  lit:?,es f o r  Delta v e h i c l e s ,  an Aerobee launch f a c i l i t y ,  and 
addi ticria1 u t i l i t y  i n s t a l l a t i o n s .  

P r o j e c t s  i n  t h i s  category 

SPACE 'IflSCIINOLOGY: These p r o j e c t s  comprise r e sea rch  l laboratoriez; ,  a 
s u p p o r < f a c i l i t y ,  and a chemical d i s t r i b u t i o n  f a c i l i t y .  

A1RCRAI;"PTECHNOUX;Y: 
expansiim of t he  propuls ion systems l abora to ry ,  and modif icat ior is  
f o r  a hypersonic  propuls ion  f a c i l i t y .  

Funds w i l l  provide f o r  a V/STOL wind tunnel'l, 

SUPYORT:CN(; ACTIVITIES : Funds a r e  included f o r  f a c i  li t y  planning: 
and detxtgii; a 40-foot antenna test  bed, and a u t i l i t y  i n s t a l l a t l o n  
---- 
t o  z;uppwt t r ack ing  and d a t a  a c q u i s i t i o n  requirements ,  

The aplxropriation f o r  FY 1966 w a s  $60,000,000 and the  a u t h o r i z a t i o n  was 
$62,376,350,, 'fie reques t  f o r  1967 is $101,500,000; an i n c r e a s e  of 
$41,500,000 €rm t h e  1966 appropr ia t ion .  T o t a l  expendi tures  a r e  estj  mated t o  
be $300,000,000 i n  FY 1967, a decrease  of $195,000,000 frtnn t h e  $495,000,000 
estimated f o c  IX 1966. 

The budget r eques t  con ta ins  $20,000 t o  provide a f a l l - o u t  s h e l t e r  
p ro t ec t i tm  f o r  a new f a c i l i t y  a t  Kennedy Space Center. 
determined fin consu l t a t ion  wi th  t h e  Department of Defense based on DOD pol icy  
and c r i  t e r i i t  . 

The amount has  been 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ADMINISTRATIVE OPERATIONS 

GENERAL STATEMENT 

The Aclmin:isl:rative Operat ions a p p r o p r i a t i o n  provides  f o r  personnel ,  t ravel ,  
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  i n c l u d i n g  Headquarters,  
These in s t a l .  Lations are i n s t i t u t i o n a l l y  adminis tered by t h e  Associate 
Administrato:: who h a s  prime r e s p o n s i b i l i t y  f o r  t h e  Research and Development 
programs conducted a t  each i n s t a l l a t i o n .  The Associate  -4dministrator f o r  
Manned Space F l i g h t  i s  respons ib le  f o r  t h e  Kennedy Space Center ,  Manried 
Spacecraf t  Center ,  and t h e  Marshal l  Space F l i g h t  Center. Goddard Space 
F l i g h t  Center  ixnd Wallops S t a t i o n  a r e  under t h e  i n s t i t u t i o n a l  ccgnizznce of 
t he  Associate  Adminis t ra tor  f o r  Space Science and Appl ica t ions ,  The Associat:e 
AdmJnistrat ,>r €or Advanced Research and Technology i s  i n s t i t u t i o n a l l ) p  
respons ib le  f o r  t h e  A m e s  Research Center ,  and t h e  E l e c t r o n i c s  Researcih Center ,  
t h e  F l i g h t  17l?scarch Center ,  t he  Langley Research Center ,  t h e  T-ewis Rtbsearch 
Center ,  :and the  Space Nuclear P r o p i l s i o n  Off ice .  Headquarters repor1:s 
d i r e c t l y  t o  t h e  Deputy Associate  Adminis t ra tor ,  and the  Western Operat ions 
O f f i c e  r e p o r t s  t o  t h e  A s s i s t a n t  Adminis t ra tor  f o r  Indus t ry  A f f 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 i n  th:.s volume 
i n  accordance with the  prime missions of t he  i n s t a l l a t i o n s .  

Vanpower 

NASA o r i g i n a l l y  planned f o r  a t o t a l  of 34,100 c i v i l i a n  personnel  3,osition:s 
i n  FY 1966, However, due t o  t h e  s u c c e s s f u l  a c c e l e r a t i o n  i n  the  manned space 
f l i g h t  program, a d d i t i o n a l  manpower was requi red  t o  support  t h i s  prosram, As 
a r e s u l t ,  an a d d i t i o n a l  424 p o s i t i o n s  were assigned t o  thle Manned S p x e c r a f t  
Center  and t h e  Kennedy Space Center br inqing  t h e  t o t a l  end of y e a r  p x i t i o n s  
t o  34,524, 
E l e c t r o n i c s  Research Center  i n  accordance wi th  t h e  phased b u i l d  up f s r  t h a t  
i n s t a l l a t i o n ,  P o s t - f l i g h t  s t u d i e s  of t h e  e a r l y  Gemini f l i g h t s  showej a 
s t r o n g  r e l a t i c a s h i p  between s p a c e c r a f t  hours  i n  f l i g h t  and manhours i n  
f l i g h t ,  and requirements  f o r  suppor t ing  personnel  f o r  launch, rnissio.1 
o p e r a t i o n s ,  and t racking ,  A s  a r e s u l t  of t hese  workload i n d i c a t o r s ,  i n  
a d d i t i o n  t c  t h e  424 p o s i t i o n s  assigned i n  FY 1966, a f u r t h e r  a l l o c a t i o n  of 
365 posi t ioms f o r  t h e  Kennedy Space Center  and the  Goddard Space F l i g h t  
Center t o  support  t h e  heavy emphasis on launching and t r a c k i n g  of manned 
space f l i g h t .  missions i s  planned, These i n c r e a s e s  a r e  p a r t i a l l y  o f f s e t  by a 
t a r g e t  reduct ion  of 400 p o s i t i o n s  throughout t h e  agency which w i l l  n o t  be 
f i l l e d  upor becoming vacant .  A t o t a l  of 34,939 p o s i t i o n s  i s  requested f o r  
FY 1967. 

I n  FY 1967 a n  a d d i t i o n a l  450 p o s i t i o n s  are planned f o r  t i e  

The r.umtrer of p o s i t i o n s  requested and t h e  grade l e v e l  of t h e  employees i s  
a product of t he  Human Resources Study conducted by NASA over a s i x  month 
per iod,  Tt11.s s tudy included a d e t a i l e d  pos i t ion-by-pos i t ion  sticly a t  a l l  
NASA i n s t a l .  Laticins with the  i n t e n t  of e l i m i n a t i n g  o r g a n i z a t i o n a l  e n t i t i e s  or 
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p o s i t i o n s  no t  considered necessary f o r  t h e  assigned missions,, The stiidy 
v e r i f i e d  t h a t  manpower w a s  and i s  being used e f f e c t i v e l y  and t h a t  eveiy 
e f f o r t  i s  bel-ng made t o  provide f o r  
t he  au thor ized  manpower l e v e l ,  An important  p a r t  of t h e  s tudy w a s  the) 
development o €  is  computer-assisted technique f o r  assignment of grade and 
s a l a r y  level:; throughout t he  agency, 
t he  f a c t o r s  which had the  g r e a t e s t  impact on grade and s a l a r y  l e v e l s  arere: 
(1) promotion p r a c t i c e s ,  ( 2 )  ra te  of s epa ra t ion ,  (3) level of access ions ,  
and (4) s t a t u t o r y  wi th in  grade pay increases .  The computer program u t : i l i zed  
these  fou r  f o r c i n g  f a c t o r s  t o  e v a l u a t e  s e n s i t i v i t y  of p o l i c i e s  r e l a t i n g  t o  
promotions, :;izpisrations, and access ions  and provided a method t o  make long 
range f o r e c a s t s  of the  e f f e c t  on average grade and s a l a r y  of d i f f e r i n i ;  
concepts  of personnel  management, The estimates f o r  personnel  cornpentiation 
contained i n  the budget have been e s t a b l i s h e d  through t h i s  technique,  I n  
a d d i t i o n  t o  developing a technique f o r  e s t ima t ing  grade and s a l a r y  r equ i r e -  
ments, t h e  Human Resources Study inc ludes  a follow-up procedure which 
cont inuously 'evaluates  the  p rogres s  of t he  manpower a c t i v i t y  a g a i n s t  the  
pro  j ec t i on. 

new requirements  by adjustments  w i t h i n  

The h i s t o r i c a l  s tudy had indicaf.ed t h a t  

The fo:Llowing t a b u l a t i o n s  i n d i c a t e  the  d i s t r i b u t i o n  of NASA personriel by 
program and tile numbers of personnel  by c e n t e r :  

P e r  sonne 1 D i  s t r i  bu t i on 

1967 -- 1966 -- 1965 

Direc t  Persoiine --- 1 by Program 

Manned !;pacx F l i g h t  

Gemini....O.......O.~~o.......o.w 
Apollo.........O.o....o...ee..... 
Advanced .niss ions.  ............... 

Space Science and Appl ica t ions  

Physics  a n d  astronomy.. .......... 
Lunar and p l ane ta ry  exp lo ra t ion .  
Sus t a in ing  m i v e r s i t y  program.. .. 
Launch ve h i  : le development ....... 
Launch vehi c le  procurement ....... 
Bioscience....................... 
Meteo:rologica'L s a t e l l i t e s ,  ....... 
Communi c a t  i on and app li c a t i  on s 

technology s a t e l l i t e s . .  ........ 
S u b - t o t a l ,  S S A . .  ............... 

1,050 
9,369 

2 50 

10,669 

1,357 
342 

72 
265 
317 
2 60 
275 

154 

3,042 

1, '168 19 7 
9,1528 :.O ,356 

302 -- 2 7 3  -- 
I- 10 969 .10,855 

1, :330 
:376 

7 1  
241 
:351 
267 
:2 44 

158 -- 
3 1738 2- 

1,295 
38 7 

71  
176 
352 
2 69 
237 

16 1 .- 
2,948 



1966 -- 1967 1965 

Advanced Rgsearch and Technology 

Basic rezearch. .  ............... 
Space vet i c  l e  systems.. ........ 
Electronfcz systems... . . . . . . . . .  
Human f a c t o r  systems.. ......... 
Space power and e l e c t r i c  pro- 

pu l s ion  systems.. ............ 
Nuclear rocke ts . . . . . . . . . . . . . . . .  
Chemical propuls ion. .  .......... 
A e r o n a u t i . c s . . . . . . . . . . . . . . . . . . . .  

1,258 
1,483 
1,068 

2 30 

1,284 
1,488 
1 , 264 

235 

1,286 
1,485 
1 , 629 

245 

800 
59 3 
680 

1 ~ 743 

807 
607 
660 

1. , 679 - 

931 
7 74 
50 5 

1,513 

Sub-tot:al., ART... ............ 8 ,461  - 88,024 7 , 762 

7 80 

47 

22,300 

83 1 9 53 Data Acquis i t ion. .  .. 
45 -- 

- 2 21 ,907  

45 

23 262 A- 

Techno 1.ony-C:il ization. .......... 
Sub~-tot:al., d i r e c t  pos i t ions . .  

Support E’ersxmriel 

D i rec to r  and s t a f f . .  ............. 1,092 
Adminis, t rat: ion. .................. 4,872 
Research isid development support .  4,936 

1,096 

- 4b981 
41,940 

1,092 
4,941 
5,044 

11,077 - 11,017 Sub-t:ota:l, support  pos i t i ons . .  . 10,900 

Total., pernianent pos i t ions . .  ... 33 , 200 33,924 34,339 

6 00 -- 6 00 Total., c)thtx pos i t ions . .  ....... 1,100 

Grand To ta l ,  a:L1. p o s i t i o n s o . .  ...... 34 , 300 

Personnel  Requirements 

1.966 -- 1967 1965 

Manned Space F l i g h t  

2,750 

7 , 2 2 1  
4,747 

Kennedy Space Center..  ......... 
Manned Spacecraf t  Center..  ..... 
Marsha1:l Space F l i g h t  Center. . 

>! , 620 
4,809 
- 7,317 

2 , 428 
4,237 
7,510 

Sub-to:aL, MSF.. ............. 14,718 14,746 - 14,175 
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1966 -- 1965 1967 

Space Science and Appl ica t ions  

Goddard Space F l i g h t  Center..  ... 3,704 3,577 3,759 
P a c i f i c  'Launch Operat ions Of f i ce  19 --- --- 
Wallops S ta t ion . . . . . . . . . . . . . . . . .  5 18 5 18 5 18 

-I_ 

Sub- to ta l ,  SSA................ 4,241 4,095 4,277 

Advanced RgEarch  and Technology 

Ames Research Center.. .  ......... 2,210 2,220 2,191 
E lec t ron ic s  Research Center..... 244 550 1,000 
F l i g h t  Research Center.......... 6 05 6 04 596 
Langley F.esearch Center......... 4,244 4,234 4,179 
Lewis Research Center........... 4,815 4,810 4,747 
Space Nuc l c a r  Propuls ion Off ice .  117 117 115 -- 

Sub-tctal . ,  ART.. .............. 12,235 I 12,535 12,828 

Supporting,&: t i v i t  i e s  

Headquar't:ers, NASA.. ............ 2,163 2. , 162 2,135 
Western Operat ions Office. .  ..... 386 386 38 1 -- 

. ................... 2,548 2,516 Sub t 01: a :L 2,549 - 
Permanent p o s i t  ions.  ............ 33,200 33,924 34 , 339 

............... 6 00 600 Other: pos i t i ons . .  1,100 -- 
Grand t o t a l ,  a l l  pos i t i ons .  ....... 34,300 34,524 34,939 -- 

Funding 

The FY 1966 NASA budget included a r eques t  f o r  $609,400,000 f o r  A t h i n i s t r a -  
t i v e  Operations.  T u i s  w a s  reduced by t h e  Author iza t ion  Act t o  
$591,048,850 and f u r t h e r  reduced by the  Appropriat ion A c t  t o  $584,000,090, 
A d e t a i l e d  ,ana lys i s  of requirements t o  be funded under Administrativc! 0perat:ioris 
r e s u l t e d  i n  t h e  conclusion t h a t  t h e  estimate could be reduced by $5,1392,000 
t o  a t o t a l  of $603,508,000, With t h e  peak workload approaching, howl?ver, an)' 
amount bcelow t h i s  l e v e l  would make i t  impossible  t o  conduct successf l i l ly  t h e  
planned f l i g h t  missions.  I n  a d d i t i o n  t o  t h i s  requirement,  t h e  recen:  Federa l  
Employees Sa la ry  Act of 1965 c r e a t e d  a new funding requirement of $8,312,000 
f o r  a t o t a l  of $611,820,000 f o r  t h e  Adminis t ra t ive  Operat ions appropr i a t ion .  
A s  a r e s u l t ,  a t o t a l  of $27,820,000 has  been reprogramned and t i -ansfzr red  frrm 
t h e  Research and Development appropr i a t ion  t o  inc rease  funding t o  $6l1,820,0OO, 
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The FY 1967 funding r eques t  f o r  Adminis t ra t ive  Operat ions i s  $663,900,000 
an i n c r e a s e  of $52,080,000. 
r e l a t e d  t o  the  manned lunar  landing program wi th  t h e  Cape Kennedy M e r r t t t  
I s l a n d  Launch Area approaching i t s  f u l l  development and t h e  Manned Spa2ecraf t  
Center approaching i t s  f u l l  o p e r a t i o n a l  c a p a b i l i t y ,  as w e l l  as the  supl?ort of 
t h i s  program i n  o t h e r  c e n t e r s ,  p a r t i c u l a r l y  t h e  Goddard Space F l i g h t  C2nter. 
The o t h e r  m a j c r  area of i n c r e a s e  i s  r e l a t e d  t o  t h e  b u i l d  up of t h e  E l e - t r o n i c s  
Research Centemr. The o b j e c t  c l a s s i f i c a t i o n  d e s c r i p t i o n  of resources  r q u e s t e d  
i s  t abu la t ed  t~elow : 

The major reason  f o r  t h e  inc rease  requestlzd i s  

ANALYSIS OF RESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION 

(Thousands of Do l l a r s )  

1967 -- 1965 - 1966 

11. 
12. 
21. 

22. 
23. 
24. 
25 
26 
31. 
32. 
42 I 

Persolnnel. compensation.. ........... 
Personnel  benef i t s . . .  .............. 
Travel  and t r a n s p o r t a t i o n  of per-  

sons............................. 
Transpor ta t ion  of things. .  ......... 
Rent !, comrnunications and u t i l i t i e s  
Print:ing arid reproduction..  ........ 
Other serv ices . .  ................... 
Suppllies arid materials.. ........... 
Equipmeni:. .......................... 
Lands and s t r u c t u r e s . .  ............. 
Insurance claims and indemnit ies . .  

332,722 
23,713 

20,427 
4,543 

46,424 
4,174 

85,045 
24,553 
86,370 

6,539 
27 

3855 , 5 11 
25,299 

20,841 
4,689 

49,795 
4,615 

1.07,584 
21,156 

5,300 
32 

16 ,998 

375 , 354 
27,090 

21,279 
5,048 

56,417 
4,916 

127,538 
26,122 
14,696 
5,408 

32 

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

The a n a l y s i s  of changes by Object C l a s s i f i c a t i o n  FY 1966 t o  ET 1967 fo1low:s: 

Change 
i n  I'Y 1967 - 1965 1966 1967 

Personnel Compensation 
and Benef i t s  $356,435 $380,8 10 $402,444 +! i 2 1 ,6 34 

In  FY 1967 the  c o s t  of personnel  compensation and b e n e f i t s  w i l l  be $21.6 
m i l l i o n  g r e a t e r  than  FY 1966. Of t h i s  amount $3.8 m i l l i o n  i s  caused by t h e  
f u l l  year  e f f e c t  of t h e  Federa l  Employees Sa la ry  Act of 19/55, e f f e c t i - r e  i n  
October 1965. The most s i g n i f i c a n t  i nc rease  r e f l e c t s  t h e  (cost of proyiiding 
f o r  a n e t  i nc rease  of 846 manyears f o r  permanent personnel.  Actual  i i i c reases  
inc lude  6 2 1  manyears f o r  new FY 1967 p o s i t i o n s  a t  t h e  Kennedy Space Clmter, t h e  
E lec t ron ic s  Research Center ,  and t h e  Goddard Space F l i g h t  Center,  and an 
inc rease  of ---- 425 manyears r e l a t e d  t o  t h e  new p o s i t i o n s  f i l l e d  during F I  1966. .- 
- a / Inc  l u d e s  !;14,573,000 comparative t r a n s f e r  frm R e  searchi and Deve IC pment. - b/ Inc ludes  $2'7,820,000 appropr i a t ion  t r a n s t e r  from Research and Dew lopment. 



These increase:; of 1,046 manyears a re  p a r t i a l l y  o f f s e t  by th le  saving of 200 
manyears resul.l:itig from not  f i l l i n g  400 vacancies  due t o  t h e  1965 r e t i r emen t  
l e g i s l a t i o n .  
m i  1 l ion .  

!be cos t  of t h e  n e t  a d d i t i o n a l  manyears i s  est:imated a t  $9.8 

Reimbursement t o  t h e  Department of Defense f o r  m i l i t a r y  personnel  d e t a i l e d  
t o  NASA wil.1 j.ncrease by $1.1 m i l l i o n  i n  FY 1967 over  FY 1966. I n  FY 1966, 
128 t r a i n e d  mi:lit:ary personnel ,  who became a v a i l a b l e  because of t h e  phase- 
ou t  of t he  A t l . a s  and T i t a n  I missi le  systems, were d e t a i l e d  t o  NASA fo r  t h e  
support  of Geni:inF and Apollo f l i g h t  ope ra t ionso  I n  FY 1966 t h e  Departnent 
of Defense pa id  t h e  e n t i r e  cos t  of t h e s e  personnel.  NASA w i . 1 1  assume t h e  
funding res;pon: ; ibi l i ty  f o r  t hese  personnel  i n  FY 1967. 

I n  addit . ion t o  the  increased  c o s t s  r e s u l t i n g  from t h e  s a l a r y  i n c r e a s e ,  addi -  
t i o n a l  manyear:;, and reimbursement f o r  m i l i t a r y  personnel ,  t h e r e  i s  an  inc rease  
of $9.9 mi1.lic)n r e s u l t i n g  from t h e  s t r u c t u r a l  changes i n  t h e  personnel  comple- 
ment. The tot :a l  i nc rease  of $24.6 m i l l i o n  i s  o f f s e t  by a decrease of $.4 
m i l l i o n  i n  teniporary employment and $2.6 m i l l i o n  i n  overt ime and ho l iday  pay, 
f o r  a n e t  i .ncrease of $21.6 mi l l i on .  The n e t  i nc rease  f o r  personnel  compensa- 
t i o n  and benef:.ts c o n s i s t s  of $19.8 m i l l i o n  f o r  compensation and $1.8 n i l l i o n  
f o r  benef i t.s. 

Change 
i n  FY 1967 -- 1965 - 1966 1967 - 

Travel  and Trstrisporta- 
t i o n  of Persona $20,427 $20,841 $21,279 +$438 

The e s t ima te  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 i n  FY 1967 r e p r e s e n t s  an 
i nc rease  of $51;!5 thousand f o r  E lec t ron ic s  Research Center,  K.ennedy Space Center ,  
and Manned Spacecraf t  Center o f f s e t  by a r educ t ion  of $87 thousand i n  o t h e r  
centers .  ?'he inc rease  of $45 thousand f o r  t h e  E lec t ron ic s  Research Center i s  
r e l a t e d  t o  t h e  growth of t h e  Center. The inc reases  of $93 thousand a t  t h e  
Kennedy Space Center and $387 thousand a t  t h e  Manned Spacecraf t  Center a r e  
d i r e c t l y  r e l a t e d  t o  t h e  increased  f l i g h t  a c t i v i t y  which inc ludes  t h e  l a s t  
t h i r d  of t h e  C:cmi.ni f l i g h t s ,  t h e  f i r s t  manned Apollo spacec ra f t  launching on 
t h e  Sa turn  I B  and t h e  f i r s t  Saturn V launch during t h i s  time period. 

Change 
i n  FY 1967 -- 1965 1966 1967 - 

Transportat ion.  o f  Things $4,543 $4,689 $5 , 0148 +$359 

The ma jo r i ty  of t h e  FY 1967 i n c r e a s e  of $359 thousand i n  t h i s  o b j e c t  c l a s s  
r e s u l t s  from t h e  expansion of  personnel  and f a c i l i t i e s  a t  t h e  M e r r i t t  I s l and  
Launch Area and Launch Complex 39 a t  Cape Kennedy as t h e  Apollo program moves 
i n t o  t h e  f l i g h t :  sitage. Other i nc reases  are  r e l a t e d  t o  a d d i t i o n a l  E a c i l i t i e s  
coming i n t o  use  at t h e  Goddard Space F l i g h t  Center and t h e  phased b u i l d  up a t  
t h e  Electronics;  FLesearch Center. 
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Change 
1965 1966 1967- - i n  IFY 1967 

Rent , Communications 
and U t i l i t i e s  $46,424 $49,795 $56,417 --$6,622 

The major i nc reases  i n  FY 1967 requirements  over  FY 1966 inc lude :  increased  
space r e n t a l  a t  t h e  E lec t ron ic s  Research Center, increased  r e n t a l  of ADP equip- 
ment, increased  communications, and increased  u t i l i t i e s .  :Cn FY 1967 t h e  Elec- 
t r o n i c s  Research Center w i l l  add 450 p o s i t i o n s  a s  p a r t  of the  approved c e n t e r  
b u i l d  up plan. It is  es t imated  t h a t  an a d d i t i o n a l  100,000 square feel: of 
space w i l l  be r en ted  a t  a cos t  of $544 thousand t o  accommodate t h e s e  ])ersonne:l. 

The e s t ima te  f o r  ADP r e n t a l  c o s t  i n  FY 1967 i s  $2.7 m i l l i o n  greatei-  than i n  
FY 1966. The ma jo r i ty  of  t h e  inc rease  w i l l  be a t  t h e  Goddard Space F'.ight 
Center whlere an overlapping of equipment w i l l  be r equ i r ed  during t h e  lhase -  
out  of second genera t ion  equipment and t h e  i n s t a l l a t i o n  of t h e  super-:;peed 
complex. The E lec t ron ic s  Research Center w i l l  begin i n s t a l l a t i o n  of ILDP 
equipment. In  FY 1967 t h e  i n i t i a l  ADP system w i l l  be  i n s t a l l e d ,  and t h e  cos t  
w i l l  incr 'ease from $27 thousand i n  FY 1966 f o r  EAM equipment t o  $543 1:housand 
f o r  ADP and EAM equipment i n  FY 1967. The Langley and Ames Research (:enters 
r e q u i r e  an i nc rease  i n  equipment r e n t a l s  t o  supplement NASA owneci sys1:ems as 
a p r e r e q u i s i t e  t o  so lv ing  t h e  more complex problems presented  by planned 
research  programs. Other Centers  ' requirements  r e f l e c t  minor reduct ions  as the  
f u l l  e f f e c t s  of FY 1965 and FY 1966 equipment purchases a r e  r e a l i z e d .  

There i s  a n e t  i n c r e a s e  i n  t h e  manned space f l i g h t  c e n t e r s  i n  FY 1067 of 
$.3  milliton, A t  t h e  Marshal l  Space F l i g h t  Center t h i r d  genera t ion  eqiiipment 
w i l l  be i n s t a l l e d  t o  r e p l a c e  t h e  present  second genera t ion  equipment. I n  
a d d i t i o n ,  t h e  new equipment w i l l  change t h e  method of ope ra t ion  a t  th::s Center 
by r ep lac ing  s e v e r a l  s m a l l  systems s e p a r a t e l y  loca t ed  i n  each of t h e  Labora- 
t o r i e s  with a l a r g e  c e n t r a l  processor  wi th  remote i n q u i r y  s t a t i o n s .  ;3ecause 
of t h i s  change i n  method of opera t ion ,  NASA w i l l  i n i t i a l l y  lease t h i s  equip- 
ment. This w i l l  cause overlapping of lease c o s t s  i n  FY 1967 i n  t h e  amount 
of $.7 mi l l ion .  O f f s e t t i n g  t h e  i n c r e a s e  a t  t h e  Marshal l  Space F l i g h t  Center ,  
t h e  lease cos t  a t  t h e  Manned Spacecraf t  Center w i l l  be $ .4  m i l l i o n  lower i n  
FY 1967 which r e p r e s e n t s  t h e  f i r s t  f u l l  yea r  e f f e c t  of t h e  l e a s e  sav ings  r e -  
s u l t i n g  from t h e  FY 1965 equipment purchase program. 

The inc rease  i n  manned f l i g h t  a c t i v i t y ,  and t h e  e f f e c t  (of increase11 Federal  
Telecommunications Systems rates and l i n e s  f o r  t h e  f u l l  ye<ar, w i l l  r e : ; u l t  i n  
about about ij.6 m i l l i o n  more communication cos ts .  

I n  FY 1967 t h e  number of f a c i l i t i e s  becoming o p e r a t i o n a l  w i l l  r e s u l t  i n  an 
inc rease  of i ;2. .7mill ion i n  u t i l i t y  cos t s .  About one-half  of t h i s  w i l l  be 
f o r  t h e  a c t i v a t i o n  of  t h e  M e r r i t t  I s l and  Launch Area and Launch Complex 39 a t  
t h e  Kennedy Space Center,  NASA. The inc rease  i n  c o s t s  a t  o t h e r  cente 'rs i s  a 
r e s u l t  of the  completion of f a c i l i t i e s  au thor ized  i n  p r i o r  years.  
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I n  summary, t he  i n c r e a s e  of $6,6 m i l l i o n  c o n s i s t s  of $.5 m i I l t o n  f o r  
r e n t a l  of s p a t e ,  $2.7 m i l l i o n  f o r  ADP leases, $.6 m i l l i o n  f o r  communications, 
$2.7 m i l l i o n  f o r  u t i l i t i e s ,  and $.l m i l l i o n  f o r  a l l  o t h e r  i t e m s  in t h i s  
ca tegory  . 

Change 
1965 1966 1967 i n  FY 1967 -- - 

P r i n t i n g  and RE! pr oduc t i on $4,174 $4,615 $4,916 +$30 1 

The ma jo r i ty  of t h e  i n c r e a s e  i n  t h i s  o b j e c t  c l a s s  is f o r  Headquarters and 
f o r  t he  Kennedy Space Center ,  NASA. 
thousand results from t h e  growing volume of s c i e n t i f i c  anc! t e c h n i c a l  
i n fomat i . on  being generated by the  NASA resea rch  and development prof;rams and 
t h e  s t a t u t o r y  requirement t o  make t h i s  in format ion  a v a i l a b l e  t o  t h e  s c i e n t i f i c  
c m u n i t y .  Another i n c r e a s e  of $122 thousand i s  at t he  Kennedy Spaces Center , ,  
NASA, t o  prtrride t h e  necessary  suppor t  f o r  t he  g r e a t e r  number of perr:onnel 
mannlng !:he completed Merritt I s l a n d  Launch Area and Launch Complex :I9 
f a c l L i t i e s ,  There a r e  minor i n c r e a s e s  a l s o  a t  t h e  E l e c t r o n i c s  Research 
Center and t i e  Guddard Space F l i g h t  Center r e l a t e d  t o  inc reased  a c t i i r i t y  a t  
t hese  centex  s. 

The Headquarters i n c r e a s e  of $LflO 

Change 
1965 1966 -- 1‘367 --- i n  FY 1967 

Other Se rv ices  $85,045 $107,584 S127,538 -b$19,9 54 

The i n c r e a s e  i n  o t h e r  s e r v i c e s  r e p r e s e n t s  requirements resu1t.ing Erom 
program development and t h e  completion of new c o n s t r u c t i o n  begun i n  x i o r  
years .  The l a r g e s t  i n c r e a s e s  are s t r i c t l y  r e l a t e d  t o  t h e  sxppo7-t of the  
planned f l i g h t  schedules,  F l i g h t  schedules  a r e  being m e t  and the  i n i i c a t i o n s  
a r e  that t h i s  will cont inue ,  A s  a r e s u l t  of t he  g r e a t e r  complexity si t he  
mis s ions ,  cons iderably  more support  i s  requi red .  This  i s  p a r t i c u l a r l y  true 
a t  t h e  Kennedy Space Cen te r ,  where t h e  l o g i s t i c  support  f o r  a l l  launzh 
v e h i c l e  s t a g e  c o n t r a c t o r s  w i l l  be provided through t h i s  accoun t ,  and where 
t h e  huge M e r r i t t  I s l a n d  Launch Area and Launch Complex 39 w i l l  become f t i l l y  
ope ra t iona l .  The completion of a d d i t i o n a l  f a c i l i t i e s  a t  near1.y a 2 1  locat:i.ons 
w i l l  r equ i r e  a d d i t i o n a l  c u s t o d i a l  and maintenance s e r v i c e s ,  and the  l a r g e  
s c a l e  procurement of ADP equipment i n  p r i o r  y e a r s  w i l l  r e q u i r e  inc reases  i n  
maintenance c o s t s  and programming e f f o r t .  

The l a q e s t  i n c r e a s e  f o r  o t h e r  s e r v i c e s  i s  t o  support  t h e  expanded a c t i v i t y  
a t  t h e  Kennedy Space Center ,  FY 1967 requirements r e f l e c t  t h e  Eull  year  
e f f e c t  cf  the  FY 1966 base suppor t  s e r v i c e s  b u i l d  up, During 1366 t h e  
major i ty  of the Merritt I s l a n d  Launch Area and Launch Complex 33 f a c i l i t - t e s  
w i l l  be conipleted and w i l l  become o p e r a t i o n a l ,  Accordingly, as c!ach fact  Litv 
i s  completed, i t  w i l l  be manned by NASA and c o n t r a c t o r  personnel, ,  
provide basic? o p e r a t i o n a l  s u I p o r t ,  S5.7 m i l l i o n  more c \ r i l1  be requirec i n  FY 
1967 th2.n i n  13” l966, I n  a d d i t i o n ,  a d m i n i s t r a t i v e  suppor t  f o r  the expanded 
e f f o r t  w i l l .  r e q u i r e  an i n c r e a s e  of $2,8 m i l l i o n ,  f o r  a t o t a l  inci-ease of 
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$8.5 m i l l i o n  f o r  c o n t r a c t u a l  services o u t s i d e  the  government:. 

As t he  NASA manned and unmanned f l i g h t  a c t i v i t y  i n c r e a s e s  a t  Cape Kennedy, 
NASA i s  assuming the  funding r e s p o n s i b i l i t y  f o r  more f ac i1 i t : i e s  from t k ' e  A i r  
Force,  Also, iaS the  o v e r a l l  NASA a c t i v i t y  i n c r e a s e s ,  t he  amount of services 
provided by the  Air Force on a reimbursable b a s i s  i n c r e a s e s  accordingly 
This  w i l l  r e s u l t  i n  an  inc rease  of $1.3 m i l l i o n  i n  FY 1967, 

The combination of the  r i s e  i n  A i r  Force reimbursements c:oupled w i t l -  t he  
inc rease  i n  coiit:cactual s e r v i c e s  ou t s ide  the  government r e s u l t s  i n  a t o t a l  
i nc rease  f o r  o t h e r  services a t  Kennedy Space Center ,  NASA of $9.8 mi l l i on ,  

Another s j g i i i f i c a n t  i nc rease  i n  FY 1967 over  FY 1966 w i l l 1  be f o r  thc 
t e c h n i c a l  docuineiitation and s c i e n t i f i c  and t e c h n i c a l  in format ion  progrzims. 
This  expanded a c t i v i t y  i s  occasioned by t h e  advancement i n  the  Apollo 
program from des-ign and development e f f o r t  t o  t e s t i n g ,  q u a l i f i c a t i o n  arld 
f l i g h t ,  I n  a d d i t i o n ,  as o t h e r  NASA f l i g h t  and r e sea rch  programs achie\re 
a d d i t i o n a l  m i  Lesitones, the  n e c e s s i t y  f o r  documentation, c l a s s i f i c a t i o n  and 
disseminat ion of the  r e s u l t s  obtained inc reases ,  It  is es t imated  t h a t  t h e  
c o s t  of t h i s  ( ? € f o r t  w i l l  r e q u i r e  an a d d i t i o n a l  $2.4 m i l l i o n  i n  FY 1967, 

The requireinents f o r  ADP programming, ope ra t ions  suppor t ,  and maintcmance 
a r e  es t imated  t o  inc rease  i n  FY 1967 by $2,7 mi l l i on ,  The c o s t  of 
maintaining NASA owned ADP equipment w i l l  be $.5 m i l l i o n  g r e a t e r  than  j n FY 
1966, This  i i icrease r e f l e c t s  t he  e f f e c t s  of t h e  FY 1965 and FY 1966 prirchase 
programs. The e s t i m a t e s  f o r  ADP programming and ope ra t ions  support  a r c  $2.2 
m i l l i o n  h ighe r  i n  FY 1967, The l a r g e s t  i n c r e a s e s  are i n  support  of the! 
E lec t ron ic s  R e  search Center and the  increased  complexity of t he  wcrk conducted 
by the  Goddard Space F l i g h t  Center I n s t i t u t e  of Space S tudies .  

I n  FY 1967 the es t imated  c o s t  of maintenance and c u s t o d i a l  s e r v i c e s  w i l l  
be $3.7 m i l l i o n  h igher  than i n  FY 1966, The increased  phys ica l  p l a n t  ::or 
which c u s t o d i a l  s e r v i c e s  are r equ i r ed ,  coupled wi th  t h e  f u l l  yea r  e f f e c t  of 
the  Serv ice  Contract  .Act of 1965 on NASA s e r v i c e  c o n t r a c t s ,  w i l l  r a i s e  the  
c o s t  i n  t h i s  ,are3 by $1.5 m i l l i o n ,  As t h e  NASA c a p i t a l  investment grows 
l a r g e r  and f a c i l i t i e s  become o l d e r ,  the  c o s t  of maintenance and r e p a i r  
i nc reases  accordingly,  I n  FY 1967 i t  i s  es t imated  t h a t  t he  cos t  of ma:.ntaining, 
the  NASA p l a n t ,  inc luding  equipment, w i l l  be $2.2 m i l l i o n  g r e a t e r  than i n  FY 
1966, 

The balance of t h e  i nc rease  over FY 1966 i s  r e f l e c t e d  i n  minor changes i n  
many c a t e g o r i e s  of s e rv i ce ,  The l a r g e s t  i t e m s  i n  t h i s  ca tegory  a r e  the  
inc rease  i n  medical s e r v i c e s  a t  the  Manned Spacecraf t  Cente:r caused by 
g r e a t e r  as  troiiaut a c t i v i t y ,  and an i n t e n s i v e  s tudy by Headquarters of .:he 
i n c e n t i v e  c o n t r a c t i n g  pol icy  and  procedure,  
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Ch ang e 
1965 1966 1967 - i n  I'Y 1967 

Suppl ies  and IYlaiterials $24,553 $21,156 $26 122 +$4,966 

I n  FY 1967 t h e  requirement f o r  s u p p l i e s  and materials' t o  support  the l a r g e r  
number of facilities which w i l l  become o p e r a t i o n a l  i n  FY 1966 and FY 1967, 
and t h e  g r e a t e r  number of  personnel ,  both c i v i l  s e r v i c e  and c o n t r a c t o r ,  w i l l  
i nc rease  by !$4.6 m i l l i o n  as t h e  Apollo program moves i n t o  t:he f l i g h t  mission 
s tage .  The balance of t h e  inc rease ,  $.4 m i l l i o n ,  i s  r equ i r ed  t o  suppcr t  t h e  
b u i l d  up a t  t h e  E lec t ron ic s  Research Center and f o r  adjustments  a t  o t k e r  
centers .  

Change 
1965 1966 1967- - i n  F,Y 1967 

Equipment $86,370 $16,998 $14,696 - $2,302 

The tot :a l  c o s t  of equipment r equ i r ed  i n  FY 1967 i s  $2.3 m i l l i o n  less than  
t h a t  needed i n  17Y 1966. The r educ t ion  i s  d i r e c t l y  a t t r i b u t a b l e  t o  the 
ADP equipment: purchase program which has been reduced from $7.9 m i l l i c n  i n  
FY 1966 t o  $2!,,8 m i l l i o n  i n  FY 1967. This reduct ion  i s  p a r t i a l l y  o f f s e t  by an 
inc rease  of $2.:t m i l l i o n  t o  provide equipment t o  support  t h e  b u i l d  up requi red  
f o r  manned fl.:ight support  ope ra t ions  a t  t h e  Kennedy Space Center,  t h e  Manned 
Spacecraft. Center,  and t h e  Goddard Space F l i g h t  Center. The o t h e r  Q.7 m i l l i o n  
i nc rease  i.s r equ i r ed  t o  o f f s e t  t h e  deferment of equipment purchases i n  r e c e n t  
years  and t o  i llow f o r  modernizat ion of labora tory  equipment. 

Change 
i n  FY 1967 1965 1966 1967- -- 

Lands and Struct:ures $6,539 $5,300 $5,408 +$lo8 

I n  FY 1967' t h e  amount reques ted  f o r  lands and s t r u c t u r e s  r e f l e c t s  a n e t  
i n c r e a s e  i n  requirements  of $108 thousand. The a d d i t i o n a l  resources  r equ i r ed  
t o  support  t h e  expansion of Apollo f l i g h t  a c t i v i t y  are es t imated  t o  be s l ight1:y 
i n  excess  of $31.3 thousand, o f f s e t  by a r educ t ion  a t  Ames Research Center of 
$205 thousand;, 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1967 ESTIMATES 

--- SUMk[AR.Y OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY BUDGET 
ACTIVITY AND RELATED FINANCING 

Fiscal Year Fiscal Year Fiscal Year 
1967 - - 1965 19 66 

Budget ActiviQ.: 

1. Manned Space F l i g h t :  
(a) Ceaini . .  . . . . . . . . . . $308,400,000 $226,611,000 $40,600,000 
(b)  Apc~llo.. . . . . . . . . . . 2,614,619,000 2,967,385,000 2,974,200,000 
(c) Advanced mission 

studies......... 26,000,000 10,000,000 8,000,000 

2. Scient i f ic  Investigations 
in Splace: 

(a) Physics and 

(b) Llunar and planetary 
astronomy.. . . . . 176,029,000 189,132,000 167,300,000 

exploration.. . . 267,442,000 326,523,000 260,800,000 
(c) Bioscience....,.. 31,001,000 46,200,000 39,900,000 
(d) Launch vehicle 

development.. . . 138,191,000 90,300,000 61,700,000 

3. Space Applications.. . . . 70,467,000 83,682,000 88,100,000 

4. Space Technology .....,. 299,320,000 248,500,000 247,900,000 

5. Aircraft Technolo gy.... 35,240,000 41,496,000 33,000,000 

6. Supporting Activit ies:  
(a) Tracking and data 

(k) Sustaining 
acquisition... .  2 53,236,000 231,065,000 279,300,000 

university 
program........ 46,000,000 46,000,000 41,000,000 

ut i l izat ion. .  . . 4,750,000 4,750,000 4,800,000 
( c )  Technology 

Total Budget Plan.... $4. 270.695.000 $4.511 -. 644 -000 34,246 600 -000 

SUM 1 



Financing: 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1967 ESTIMATES 

--- SUMIARY OF RESEARCH AND DEVEUIPMENT BUDGET PLAN BY BUDGET 
ACTIVITY AND RELATED FINANCING 

Appropriat:iori.. ............ 
Transfer red  to- 

"Construct ion of 
fac,ili.i:ic!s" (78 S t a t .  
658). . ................ 
operat:ions" (79 S t a t .  
534). .................... 

"Admini s1:rct t ive  

Appropriat ion 
(sd j w t e d )  ......... 

Transfer red  t o  "Construe ti on 
of faci l f i t f ies"  i n  FY 1966 

P r i o r  year: funding app l i ed  - 
a v a i l a b l e  from adjus tments  
t o  FY 1962 and p r i o r  
budget p'lans ............. 

Reprograming t o  (-) or 
from p r i o r  y e a r  budget 
p l ans  ...................... 

Compara t iw t r a n s f e r  t o  

F i s c a l  Year 
1965 

F i s c a l  Year 
1966 

F i s c a l  Year 
1967 

$4,363,594,000 

-3,545,000 

-0 -  

4,360,049,000 

- 354,000 

2,263,000 

-76,690,000 

"Adrninieitrative Operations" - 14,573,000 
T o t a l  f i nanc ing  of t he  

budget plan.. ........ $4.270 -695.000 

$4,531,000,000 

-27,896,000 

4,503,104,000 

$4.511.644.000 

$4,2401,600, OOCl 

4,2461,600, OOCl 

$4.2461.600 OOC! 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1967 ESTIMATES 

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

Fiscal Year 
19 66 - 

Fisciil Year 
1!)67 - 

BUDGET Fiscal Year 
ACTIVITY --A OFFICE/PROGRAM 1965 

$3,203,996,000 $3,022,800,000 MANNED SPACE -- FLIGHT.. ..... $2,949,019,000 

308,400,000 
2,614,619,000 

26,000,000 

226,611,000 
2,967,385,000 

10,000,~000 

40,600,000 
2,974,200,000 

8 ,000,000 

la  
lb 
I C  

2a 
2b 

6b 

2d 

* 
2c 
3 

3 

4 
4 
4 
4 
4 

4 
4 
5 

6a 

Gemini.., ............... 
Apollo.. ................ 
Advanced missions....... 

SPACE SCIENCE AND 
APPLICATIONS. ........... ----- - $66 1,400,000 

131,400,000 

$732,362,000 

139,082,000 

$783,237,000 

143,500,000 Physics and astronomy... 
Lunar and planetary 

exploration.. ......... 
Sustaining university 

program ................ 
Launch vehicle 

development. .......... 
Launch vehicle 

procurement...... ..... 
Bioscience..,,.......... 
Me t eor ci logi ca 1 

sate 1.li tes.. .......... 
Communication and 

applications 
technology sa t e l l i t e s .  

251,337,000 197,900,000 206,027,000 

46,000,000 46,000,000 41,000,000 

55,300,000 33,700,000 96,500,000 

154,487,000 
28,50 1,000 

178,700,000 
36,700,000 

152,000,000 
35,400,000 

30,99 1,000 38,900,000 43,600,000 

30,774,000 32,800,000 26,400,000 

ADVANCED RESEARCH AND 
-, $278,300,000 

23,000,000 
36,000,000 
36,800,000 
17,000,000 

$288,596,000 

22,000,000 
35,000,000 
32,300,000 
14,900,000 

TEcHN01mx.. ............ 
Basic research.. ........ 
Space vehdc le systems, . . 
Electrclnics systems.. ... 
Human f:ac:tor systems.. .. 
Space power and e l ec t r i c  

prop:.il.sion systems.. .. 
Nuc lea 1’ rocket 8 .  ........ 
Chemical propulsion.. ... 
Aerona.uti.cs.. ........... 

---- $331,328,000 

2 1,231,000 
44,19 3,000 
25,622,000 
13,320,000 

58,220,000 
57,000,000 
76,502,000 
35,240,000 

45,200,000 
58,000,000 
39,700,000 
41,496,000 

42,500,000 

37,000,000 
33,000,000 

53,000,000 

TRACKING AND DATA ............ $231,065,000 - - $2 79,300,000, $253,236,000 



BUDGET Fiscal Year Fiscal Year Fisce 1 Year 
1’367 - - ACTIVITY OI?F:CCE/ PROGRAM 1965 1966 

6c TECHNOLOGY -- 1JTILIZATION. . . $4,750,000 $4,7 50,000 $4.800,000 

--- 

TOTAL IPJDGET PLAN ...... 34.  270.695.000 $4.511.644,000 $4-246,600.000 

*Funds for ti114 procurement of launch vehicles are s t a t i s t i c a l l y  d is tr j  buted 
to  unmanned f l i ght  programs (e.g. Physics and Astronomy, Space Vehicle 
Systems). 
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NATIONAL AERONAVTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1967 ESTIMATES 

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

( I n  thousands of do l l a r s )  

WESTERN 

GFFICE OFFICE 

L bNGLEY L E W I S  S F A C t  ' iUCLEIR kMES E L E C T R O N I C S  FLlCnT J. F. KENNEDY XINNED G G O O A R O  P A C I F I C  L A U N C H  
TOTAL SPACE CENTEQ, '+FACECRtF' SPACE F L I Z H T  S P r C E  FLIGHT C P E R I T I O Y S  WALLOPS X E S E A R C H  RESEARCH RESEARCH R E S E A R C H  R E S E A R C H  P R G F U L S ~ G N  HEADQUARTERS O P E R A T I O N S  PROGRAM OFFICE 

C E V E R  CENTER CEWTFR CENTER CENTER C E Y T E R  CENTER CENTER OFFICE ST I T  I O N  N P S A  
___ ___ 

Off ice  of Manned Space F l i n h t  

1965...... .............. 3 9h9, n1a ?:,:IC i ,4 i6 ,&u 1,435,989 

1967,....... ............ 3,022, 800 164,505 1,363,400 1,466,295 
1966.................... 3,203,996 121,109 1,479,182 1,574,635 

Off ice  of Space Science and 
Appl ica t ions  

1965.................... 
1966........... ......... 
1967.................... 

Off ice  of Advanced Research and 
Technology 

1965.................... 
1966. ................... 
1967.... ................ 

Off ice  of Tracking and Data 
Acquis i t ion  

1965... ................. 
1966.................... 
1967.................... 

732.362 
783,237 
661,400 

331,328 
288,596 
278,300 

253,236 
231,065 
279,300 

2,674 
3,327 
4,019 

250 
250 

389 
425 
500 

2,608 1,462 186,868 
14,400 10,607 195,404 
15,200 495 189,193 

1,512 28,911 8,517 

3,370 17,496 9,701 
2,355 17,264 9,678 

- 2,000 179,252 
1,500 155,950 
1,500 199,600 

39 
230 
250 

99 1,150 34,683 

3,640 '31,463 
2,830 37,948 

275 
650 
?50 

2,400 1,160 33,367 917 
700 25,215 2,500 

25,350 2,500 

10 67,388 199,063 107.230 128,832 

15 35,560 147,371 93,146 140,148 
5 68,217 179,843 106,597 163,409 

31,648 28,581 
37,765 20,638 

- 19,391 2,333 7,638 34,953 122,084 45,760 - 18,775 6,554 14,919 40,749 69,431 50,218 - 21,455 12,400 7,925 41,127 61,603 48,500 31,833 22,640 

5,100 - 1,900 2,200 7,015 55,769 
5,835 - 1,880 2,000 10,400 53,500 
6,400 - 2,100 2,100 12,000 55,600 

Off ice  of Technology Ut i l i za t ion  
and Pol icv  Planning 

- - 4,750 
4,750 
4,800 

1965.................... 4,750 
1966.................... 4,750 
1967............. 4,800 ....... 

Tota l  Budget Plan  

................. 99 6,250 54,113 2.608 9,548 106,941 322,327 $5,760 184,010 214,099 1965... 4,270.695 58,784 1,422,768 1,468,362 375,026 
1966............... 4,511,644 124,686 1,495,937 1,604,006 361,457 ..... 8,665 56,953 7,204 16,804 111,666 249,274 50,218 184,727 240,047 
1967............ ........ 4,246,600 168,774 1,381,970 1,485,786 398,994 10,040 53,168 13,150 10,040 79,187 208,974 48,500 167.129 220,888 
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NATICNAI. AERWAI-TICS AND SPACE .42?f?SISF,ATX3; 

FISCAL YEAR 1967 ESTPIATES 

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

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

d 

In m 
Op 

MANNED MARSUILL  ';OOOARD P A C I F I C  LAUNCH AMES E L E C T R O N I C S  FLICHT LANGLEY L E W I S  SF I C E  NUCLEAR W E S T E R N  J. F. K E N N E O Y  
- 

PROGRAM :oTAL h P l C E  CENTER,  b F A C E C R l F T  ,SPACE FL IGHT SPACE FLIGHT OPERATIONS WALLOPS R E S E A R C H  RESEARCH RESEARCH R E S E A R C H  RESEARCH PROPULSION HEAOQIJARTERS O P E R A T I O N S  
C E N T E R  CENTER OFF ICE CENTER CENTER CENTER OFFICE OFF I C E ' '  - C E N T E R  S T A T I O N  CFNTER 

~ 

YAbA CENTER 

OFFICE OF 
TOTAL - 

Gemini 

Apollo 

MANNED SPACE FLIGHT, 
1965 
1966 
1967 

1965 
1966 
1967 

1965 
1966 
1967 

Advanced mission s t u d i e s  1965 
1966 
1967 

OFFICE OF SPACE SCXENCE 
AND APPLICATICNS, - TOTAL 1965 

1966 

Physics  and astronomy 

Lunar and p l ane ta ry  
exp lo ra t ion  

Sustaining un ive r s i ty  
program 

1967 

1965 
1966 
1967 

1965 
1966 
1967 

1965 
1966 
1967 

Launch v e h i c l e  development 1965 
1966 
1967 

Launch veh ic l e  procurement 1965 
1966 
1967 

;);VOC;WCc: 

Heteorological  s a t e l l i t e s  

LYb3 
1966 
1967 

1965 
1966 
1967 

Comnunication and app l i ca t ions  
technology s a t e l l i t e s  1965 

1966 
1967 

2,949,019 56,110 1,418,648 1,435,989 389 39 2,400 1,160 33,367 317 - 3,203,996 121,109 1,479,182 1,574,635 425 230 700 25,215 ?,%e 
3.022.800 1f%, 505 1.363,4@2 1,656,235 502 ~- 250 kl. j > u  2.500 

308,400 
226,611 
40,600 

2,614,619 
2,967,385 
2,974,200 

26,000 
10,000 
8,000 

- 
55,610 

120,509 
163,905 

500 
600 
600 

732,362 2,674 
783,237 3,327 

70R,n5n 
226,211 
40,300 

1,100,973 
I, 249,371 
1,320,500 

9,625 
3,600 
2,600 

2,608 
14,400 

1,430,516 389 
1,569,135 425 
1,461,795 500 

5,473 
5,500 
4,500 

1,462 186,868 
10,607 195,404 

99 

- 

1,150 
2.830 

39 
230 
250 

34,683 
37.948 

- 

275 
650 

1,200 
700 

- 1,200 

10 67,388 
5 68.217 

661.400 4,019 15,200 -495 189i193 3;640 31;463 750 15 35i960 

139,082 
143,500 
131,400 

206,027 
251,337 
197,900 

46,000 
46,000 
41,000 

96,500 
55,300 
33,700 

154,487 
178,700 
152,000 

28.501 
36,700 
35,400 

30,991 
38,900 
43,600 

30,774 
32,800 
26,400 

- 2,608 
14,400 
15,200 

1,321 - 
820 
700 

1,353 
2,507 
3,319 

- 

755 
62 
25 

435 
375 
300 

- 
- 

152 
10,000 

- 

- 
120 
170 
170 

- 
- 

110,244 
108,498 
100,961 

1,267 
1,164 
1,200 

- 
1,557 

250 

19,496 
18,580 
22,205 

385 
420 
420 

29,505 
2-0 ,vc-2 

39,300 
* c  ,,.A 

24.414 
31,092 
25,107 

99 

1,090 
2,550 
3,400 

- 

- 

60 
100 
100 

- - -  :as 
140 

- 

1,557 
2,586 
2,563 

15,734 
12,763 

7,000 

- 

- 

17,392 

21,900 
22,599 

- 

- - - 
- 
- 

100 
200 
250 

- 

175 
450 
qnn 

- 

2,226 
2,272 
1,100 

50,050 
53,115 
23,200 

- 
735 
5 70 
600 

13,737 
11,600 
10,400 

30 
30 

425 
630 
L7C 

215 - 

1,160 

- 

350 
400 
300 

24,087 
24,515 
24,750 

8,930 
300 
300 

64 5 
2,500 
2,500 

272 

128,832 99,083 107,230 
79,843 106,597 163,409 
47.371 93.146 140.148 

- 
97 

11 

91,302 
42,820 
31,550 

107,673 
137,023 
115,821 

- 

- 

22,866 
27,075 
22,836 

9,256 
12,913 
14,300 

45,986 
46,000 
41,000 

1,333 
640 
600 

12,129 
5,625 

9,145 
11,214 
10,450 

7 66 
2,070 
i,OOu 

5.749 

1,100 
i ,060 

3 34 
452 
500 

126,580 156,607 

136,700 

3 

- 

3,365 
255 

1.519 

2,500 
2,337 

396 
648 
193 

In 0 N 

SUM 6 



NATIONAL AERONAUTICS AND SPACE A D M I N I S T K A T I O N  

FISCAL YEAR 1967 ESTIMATES 

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

( I n  thousands of do l l a r s )  

! 

Ql u 
k 
v 

W cn 
I 

0 
v) W 
m 

v) 0 cu 

J, K. KENNEDY MANNED MARSHALL G O O D A R O  P A C I F I C  L A U N C H  S P A C E  NUCLEM NESTERN AMES ELECTRONICS FLIGHT L A N G L E Y  L E W I S  

PROGRAM T O T A L  SPACE CENTER,  SPACECRAFT SPACE F L I G H T  SPACE F L i w T  OPERATIONS WALLOPS RESEARCH RESEARCn RESEARCH R E S E A R C H  R E S E A R C ~  PROPULSION H E A O Q U A R T E R S  OPERATIONS 
UASA C E N T E R  CENTER CENTER OFFICE S T A T I O N  C E N T E R  CENTER CENTER C E N l E R  CENTER O F F I C E  O F F 1  CE"  

OFFICE OF ADVANCED RESEARCH AND 
T E c & z X : .  T E A L  1965 

Basic r e sea rch  

Space veh ic l e  systems 

E lec t ron ic s  systems 

Human f a c t o r  systems 

Space power and e l e c t r i c  
propulsion systems 

Nuclear r o c k e t s  

Chemical propuls ion 

Aeronautics 

OFFICE OF TRACKING AND 
DATA ACQUISITION 

Tracking and da ta  acqu i s i t i on  

OFFICE OF TECHNOLOGY 
LTILIZATION Am POLICY 
PLANNING 

Technology u t i l i z a t i o n  

TOTAL BUDGET PLAN 

1966 
?96? 

1965 
1966 
1967 

1965 
1966 
1967 

1965 
1966 
1967 

1965 
1966 
1967 

1965 
1966 
1967 

1965 
1966 
1967 

1965 
1966 
1967 

1965 
1966 
1967 

1965 
1966 
1967 

1965 
1966 
1967 

1965 
IYbb 
1967 

1965 
I966 
1967 

1965 
1966 
1967 

28,911 8.51  7 - 19,391 2,333 7,638 34,953 
L l t , j l l l  '" , , l t7 

331,328 1,512 
Z81),>Yb L3U L, 355 l I , . L O *  
2 7 8 -  3nn 7 50 7,370 17.496 9.701 - 21.455 12.400 7.925 41.127 

.. n.n I n  - I n  , C r l  ut,,-+ .n --- 5,676 - IO,,,, 
.- _ _ .  

21,231 

23,000 

44,193 
35,000 
36,000 

25,622 
32,300 
36,800 

13,320 
14,900 
17,000 

22,000 

58,220 
45,200 
42,500 

57,000 

53,000 

76,502 
39,700 
37,000 

35,240 
41,496 
33,000 

58,000 

253,236 
231,065 

- 

629 
435 
6 70 

465 
525 
450 

365 
795 

1,100 

53 
100 
650 

- - 

500 
500 

- 

916 
815 
850 

16,444 
4,201 
3,096 

3,685 
4,003 
4,200 

355 
310 
300 

2,415 
2,010 
1,650 

1,375 
1,125 

900 

3,721 
4,800 
6,500 

- 

2.000 

257 
117  
120 

1,231 
1,751 
2,081 

2,967 
2,975 
2,960 

25 

3,512 
4,260 
3,990 

- 

550 
550 
550 

179.252 

1,966 
1,910 
2,100 

3,354 
3,076 
3,475 

3,480 
3,718 
4,100 

4,233 
5,224 
5,830 

191 
110 

50 

- 
540 
5 00 

6,167 
4,197 
5,400 

95 
595 

1,000 

250 
250 

2,178 
5,110 

10,000 

60 
359 
700 

- 
50 

300 

- - 
- 

- 

190 
150 

3 
30 
30 

1,825 
1,010 
1,010 

1,038 
698 
660 

1,750 
1,500 
1,250 

- - 

- - - 
3,022 

11,681 
4,975 

1,900 
1.880 

1,901 

2,200 

10,594 

2,119 

11,466 
14,282 

6,660 
7,260 
7,420 

4,053 
4,246 
5,000 

1,324 
846 
700 

- 
1,369 
2,877 
2,900 

9,052 
11,935 
8,625 

2,200 
2.000 

1 2 2  I n  " I , - t > l  ~ 084 ,?. 

- __ 61,603 

2,234 
2.731 
2,800 

2,408 
3.087 
3,223 

400 
539 
540 

232 
125 

43,517 
28,768 
26,065 

9,846 
6,599 
3,550 

49,588 

12,800 
15,205 

13,859 
12,377 
12,625 

45,760 

48,502 
r n  q.0 
,",&I" 

- 

- 
45,760 
50,218 
48,500 

- 
- 

31.648 28.581 

31.833 22.640 
sn L 1 0  
L", "a" 

11 -I<= 
a,,#"> 

7,503 
8,627 
8,500 

3,474 
6,006 
3,713 

2.022 
3,906 
3,180 

2,172 
2,216 
2,820 

1,351 
4,565 
3,045 

13 
58 
50 

11,973 
11,271 
4,300 

3,140 
1,116 
1,225 

7.015 
101400 

6,356 
5,056 
5,400 

4,234 
3,718 
4,200 

2 , 7 2 7  
3,566 
3,290 

100 
100 

5,857 
4,491 
6,050 

6 

9.301 
3,707 
3,700 

55.769 
1; 500 155;950 5;835 53; 500 

279.300 1,500 6,400 2:100 2;100 12;ooo 55.600 199,600 

- -  - ~ "  - >>, I U 7  I ,UL> 

231,065 1,500 5,835 1,880 2,000 10,400 53,500 155,950 
279,300 1,500 199,600 6,400 2,100 2,100 12,000 55,600 

- - ~ -  . - -  - - - -  253,236 2,000 179,252 >, IUW 1,YUU L , L U U  

4,750 - 4,  i 5 G  
4 , I > U  1 - 7 ~  

4.800 4.800 

4,750 

4,800 
4,750 

4,750 
4,750 
4,800 

4,270.695 58,784 1,422,768 1,468,362 375,026 99 6,250 54,113 2,608 9,548 106,941 322,327 45,760 184,010 214,099 
4,511,644 124,686 1,495,937 1,604,006 361,457 8,665 56,953 7,204 16,804 111,666 249,274 50,218 184,727 240,047 
4.246.600_ 168 774 1.381.970 .1,485,786 398 . 994 ~ 10.040 53.168 13.150 10.040 79,187 2 

- 1/Amount for  Western Operations Off ice  includes funds f o r  the Jet Propulsion Laboratory a s  s h a m  i n  the Research and Development program j u s t i f i c a t i o n  (Vol. 11) SUM 7 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1967 ESTIMATES 

.- SUIWARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN AS 
RECONCILED TO FINANCING SCHEDULE 

F i sca l  Year F i sca l  Year Fisc :a l  Year 
1965 1966 - 1967 

Budjwttic t i v i  t v  

1. Manned !;:?ace F l igh t  .......... 
2. Scient i fLc Inves t iga t ions  

i n  Space ................... 
3. Space App1:Lcations.. ......... 
4. Space Technology. ............ 
5. Aircraft: Technology.. ........ 
6. Supportiing Ac t iv i t i e s . .  ...... 

To t:al :3udge t Plan. ......... 
Financiryp: 

Approp:ri.int ion. ............. 
Transferred from (78 S t a t .  

65821 - 
"Res  earch and develop - 

matit". ................. 
Appropriation 

(adjusted).  ........ 
Transferred from (78 S t a t .  

058) - "Research and 
Dc!ve:Lopment". .......... 

Reprogramming t o  or from 
(-) pr ior  year  budget 
plans.. ................... 

Total  f inancing of 
htdg e t plan ............ 

$199,770,096 $21,401,350 $5~1.,378,000 

8,342,600 7,084,000 0,322,000 

21,291,000 13,435,000 11 ,089,000 
--- --- - - .. 

3,729,000 682,000 21,011,000 
27,974.000 16,984.650 - t i ,  700, OOC! 

$261.106.696 $59,587.000 $101.500.00C! 

$262,880,500 $60,000,000 $101,500,000 

266,425,693 60,000,000 101,500,000 

--- -5,672,797 -413.000 - 

$261.106.696 $59,587.000 ~ , 5 0 0 , 0 0 0 -  - 

SUM 1 

http://Approp:ri.int


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1967 ESTIMATES 

SUMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN 
BY BUDGETACTIVITY SHOWING LOCATION TOTALS INCLUDED IN EACH ACTIV  IT^ 

1. MANNED SPACE FLIGHT. . o 

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

Manned Spacecraft  Center 
Marsha.11 Space F l ight  

Center.. . . . . . . . . . . . . . .  
Michoud Assembly F a c i l i t y  
Miss i ss ippi  Test 

F a c i l i t y .  ............. 
Various Locations.. ..... 

2 .  SC IENTIF ' IC W E  STIGATIONS 
IN SPACE 0 .  e . 
Ames F:esearch Center. ... 
Goddard Space F l igh t  

Cent.er.......... ...... 
J e t  Propulsion Laboratory 
John E'. Kennedy Space 

Various Locations. ...... 
Wallops S ta t ion , ,  ....... 

Center, NASA. ......... 

3 .  SPACE AI'PLICATIONS . 
4 SPACE TEZENOLOGY . o v 

Ames Research Center.. .. 
E 1 e c t ron i  c s  Research 

Cen.t.er.. .............. 
Langley Research Center..  
Lewis Research Center..  . 
Various Locations. ...... 

Fisca l  year  F i sca l  Year 
1965 1966 

$199.770.096 $21,401,350 

85,044,000 6,895,000 
23,907,500 4,180,000 

12,454,096 2,309,450 
6,449,500 284,750 

58,891,000 1,910,450 
13,024,000 5,821,700 

$8,342.600 $7.084.000 

--- 2,749,000 

605,000 2,400,000 
3,582,000 --- 
2,180,800 887,000 

1,699,000 1,048,000 
275,800 --- 

$21,291,000 $13.. 435.009 

3,038,000 --- 
10,000,000 5,000,000 

2,540,500 7,568,000 
770,000 867,000 

4,942,500 --- 

F i s - a 1  Year 
1967 ._ - 

$5~$.378,00Q 

31j ,497,000 
13,800,000 

581,000 
7 OO,OO[) 

1,700,000 
1,100,000 

$6.322.00g 

- - .. 
--- 

3 50 ,000 

1,379,000 
4,388,000 

205,000 

- - .- L - 
$11,089 .OOO 

--. 
10,000,000 

1,089,000 -- - -- - 

SUM 2 



Fiscal Year Fiscal Year Fiscal Year 
1965 1966 - 1967 

5 AIRCRAFT 'ICECHNOLOGY $3.729.000 $682,000 $21.,011 a000 

--e --- Ames Rwearch Center.. ..... 2,630,000 
Langley Research Center. ... 1,099,000 682,000 5,011,000 
Lewis ELesearch Center ...... --- --- 16,000,000 

6. SUPPORTIN(; ACTIVITIES. . . $27.974.000 $16.984.650 $8.700.000 

Goddarcl Space Flight Center 1,709,000 --- 710,000 
John F. Kennedy Space --- --- Center, NASA.. ........... 1,393,000 
Var i.ouh: Locat ions.  ......... 14,872,000 14,361,000 990,000 
Faci.lit:y I?lanning and 

D e s i g ; i i .  ................... 10 .ooo ,000 2.623.650 7 ,000.000 

. ...................... 9.587 .OOO $101,500.000 TOTAL PLAN. ,, $261 .1O6.69fj3 $5 - 1  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1967 ESTIMATES 

--- SUMMARY OF CONSTRUCTION OF FACILITIES BUDGET PLAN BY LOCATIObi. 

Locat ion ---- 

Ames Research Center .  ........... 
E l e c t r o n i c s  Research Center. . . . ,  
Goddard Space F l i g h t  Center .  .... 
J e t  Propu1s:Lon Laboratory.  ...... 
John F. Kemed:y Space Center ,  

NASA.... . . . . . . . . . . . . . . . . . . . . . .  
Langley Research Center . .  ....... 
L e w i s  Research Center. .  ......... 
Manned Spacecraf t  Center .  ....... 
Marshal l  Space F l i g h t  Center.. .. 
Michoud Assrmbly F a c i l i t y  ....... 
M i s s i s s i p p i  Test F a c i l i t y , . . .  ... 
Various ILoc #a t ions  ............... 
Wallops Station.. . . . . . . . . . . . . . . .  
F a c i l i t y  P1,anning and Design... .  

To ta l  Plan.................... 

F i s c a l  Year 
1965 

$5,668,000 
10,000,000 
2,314,000 
3,582,000 

88,617,800 
3,639,500 
770,000 

23,907,500 
12,454,096 
6,449,500 
58,891,000 
33,114,300 
1,699,000 
10 .ooo ,000 

$261,106.696 

F i s c a l  Year 
1966 

$2,749,000 
5,000,000 
2,4OO,OOO --- 
7,782,000 
8,250,000 
867 , 000 

4,18O,OOO 
2,309,450 
28[+,7 50 

1,910,450 
20,182,700 
1,048,000 
2.623.650 

$59.587.000 

Fis, cal Year 
1967 .. - 

- - .. $ 
10,000,000 

7 10,000 
350,000 

3;' , 876,000 
~~,100,000 

lt,,OOO ,000 
111 ,800,000 

581,0001 
700,000 

:- ,700 ,OO(E 
f i  ,478,00(3 
205 , 000 - * I  ,000 , OOQ 

The geographic l o c a t i o n  of NASA i n s t a l l a t i o n s  i s  shown on the fol lowing page. 
I n s t a l l a t i o n s  for which c o n s t r u c t i o n  p r o j e c t s  are reques ted  i n  t h e  f i s c a l  
yea r  1967 budget are i d e n t i f i e d .  

SUM 4 



NASA INSTALLATIONS 

* LEWIS RESEARCH CENTER 

* ELECTRONICS RESEARCH 

WESTERN TEST RANGE 
(KSC) 

WALLOPS STATION * JET PROPULSION 
L AB0 RAT0 RY 
(CONTRACTOR) NASA HEADQUARTERS 

RESEARCH CENTER 
FLIGHT RESEARCH 
CENTER 

SPACECRAFTCENTER 

* MARSHALL SPACE 
FLIGHT CENTER I / *MiCHOUD ASSEMBLY FA;ILiTY / 

(!A$ F c: I 
-. - .  - ---.-.e- 

NULLCAK nuLnsi 
DEVELOPMENT 
STATION (NASA-AEC 1 

* Installations for which construction I projects are requested in FY 1967 budget. 
* MISSISSIPPI TEST FACILITY 

I L . C C P \  
[ .W>T.- ; 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1967 ESTIMATES 

AIRlINISTRATIVE 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 
196 i  1966 - ____-- 1965 

MANNED SPACE ITLIGHT 

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

Manned Spacecraf t  Center . .  .... 
Marshall  S p a c e  F l i g h t  Center . .  

$52,416,000 
9 1,036,000 

137,787,000 

$79,723,000 
87,550,000 

128,260,000 

$ 9 8 ,  loti ,000 
98,21;:,000 

131,93l.,000 

SPACE SCIENCEAND APPLICATIONS 

92,570,000 64,040,000 71,68; ' ,000 Goddard Spisce F l i g h t  Cen te r . . .  
P a c i f i c  Laiinch Operat ions 

O f f  i c e .  ..................... 
Wallops S t a t  ion.  .............. 844,000 

10,931,000 
- .- - 

9,446,000 

ADVANCED K E S E G C H  AND TECHNOLOGY 

32,923,000 
6,233,000 
9,335,000 

63,006,000 
67,207,000 

33,47,j,OOO 
1.5,14:3,000 
9 ,64  1,000 

62,58 7,000 
66,281, ,000 

31,807,000 
3,201,000 

10,523,000 
58,998,000 
68,546,000 

A m e s  Re:sea.rch Center . .  ........ 
Elec t ron ic s  Research Center . . .  
F l i g h t  .Re search Center .  ....... 
Langley Research Center . . . . . . .  
Lewis Research Cen te r . . . . . , . . .  
Space Nuclear Propuls ion  

O f f i c e . . . . . . . . . . . . . . . . . . . . . .  1,669,000 1,824,000 1,847,000 

SUPPORTING ACTIVITIES 

58,667,000 
6,143.000 

56,286,000 
5,987,000 

NASA Headquarters ............. 
Western Operat ions Of f i ce . . . . .  

51,516,000 
22,693,000 

$611,820,000 $634,537,000 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1967 ESTIMATES 

A D M I N I  STRAT I V E  OPERAT IONS 

NUMBER OF POSIT IONS BY INSTAUAT ION 

F i s c a l  Year F i s c a l  Year Fiscal. Year 
1907 --- 1965 1966 

MANNED SPACE F:LIGHT 

John F. Kemedy Space Center ,  
NASA... . . . . . . . . . . . . . . . . . . . . .  

Manned Spacecraf t  Cen te r . . . . . .  
Marshall  :Space 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  L.aunch Operat ions 

O f f i c e . . . . . . . . . . . . . . . . . . . . . .  
Wallops S t a t i o n . . . . . . . . . . . . . . .  

ADVANCED RESEARCH AND TECHNOLOGY 

A m e s  Research Cen te r . . . . . . . . . .  
E l ec t ron ic s  Research Cen te r . . .  
F l i g h t  Research C e n t e r . . . . . . . .  
Langley Research Center . . . . . . .  
L e w i s  Research Cen te r . . . . . . . , .  
Space 'Nuclear Propuls ion 

Of f i ce . . . . . . . . . . . . . . , . . . . . . . .  

SUPPORTING CPERATIONS 

2 ,491  2,666 
4 , 4 3 1  4 ,928  
7 , 7 5 4  7 ,486  

3 ,782  3 ,625  

22 
555 

-0- 
530 

2 ,270  2 , 240 
2 50 550 
6 69 618  

4 , 3 7 4  4 , 3 0 4  
4,917 4 , 842 

117 117 

NASA Headquarters ............. 2 , 263 2 , 227 
Western Operat ions O f f i c e . . . , .  40 5 39 1 

TOTAL....... ............... 34 ,300  34 ,524  - 

2, ; '96  
4,1166 
7 ,:I90 

3 , 1i07 

2 ,211  
1 , 000 

4,249 
4,779 

1510 

L15 

2 , 200 
386 -- 

34  339 A= 



NATTONAL AERONALTICS AND SPACE ADMINISTRATION 

Yersonne compensation 

305,000 1,54G,OOO 100.000 441.000 2,880,000 3,375,000 9 4 ,  onn ;:1,000 L,YZY,OOC 

ioo,uuu 643,000 118.000 221.000 i,L?n,rinn :,!.6;,xC, :y9.oon 7/',?!T :,;;U,UUL 

..>,VU" LJ.UUU 28,000 ~0,000 373.000 107.000 4.om ,""I, ,",,I)UIJ 

and u t i l i t i e s  i 4~,424,000 3.964. onn 7, : :G,ccG is, 034,000 7,245,000 41,000 623,000 ~,575,nnn YJC,?OO X ~ , O : J U  4.9a4,ooo 3,839,000 - _ _  349,000 i,Rw,onli 

Pcrsannel b e n e f i t s  23,713,000 1,355,000 3,154,000 i , < ? R ,  7. hll, O'Ji' 1 j, 000 

I? nnn ..^ " - -  6. nnn RG.nnn 3:7,:f.: i,InL,uuu 

z e n r e .  ----lri-,:;,,,,, 

15,000 ~,iln,nn@ 

37,000 522,000 12,654,000 

b14.000 1,025,000 398,000 6,000 3?,00o ? i , o o o  15,000 23,000 1is.000 50.000 - _ -  ' r i n t i n g  and reproduct ion  4,174,nW 216.000 

Ither services 74,310,000 14,970,000 11,427,000 18,610,000 5,092,000 42,000 1,001,000 1, 61:.0C0 3ln, MI0 ?,/iS?,OOC 2,654,uOu 3,862,000 

12,000 2,778,000 

- - -  ::,s20 >uu,uoo 

399,000 164,000 77,000 137,000 464,000 37,000 63,000 139,000 17,000 services of o ther  a g e n c i e t  !.0,715,000 3,163,000 743 ,OCO 2 502,000 

i u p p l i e s  and m a t e r i a l s  24,553,000 3,534,000 4,282,000 5,820,000 1,927,000 91,000 1,450,000 1,296,nnn 64.000 L22,ouv 2,081,005 L , ~ ~ J ~ , O O O  

equipment 86,370,nnn 7~1,000 ~L?, 'sY~, ,ooo 6,744,iluo 32,840,000 ~ 4 , 0 0 0  ; , x i , u o o  bo8,ooo 396,000 I , ~ R ~ , O O O  3,$01,000 b, )23,000 - - _  17. G85. O m  !, 9 ' e  .1s: 
. a n d -  3n* SLTUituleS 6,539,000 938,000 1,?35,000 i, 212,000 

rnsurancc claims and 

- - -  771,000 184,000 i l  fi,CIQ(' :ii, ;;c --_ 101,000 957,000 312,000 --- _ _ _  

2,000 --- 8,000 _ - _  
-. _ _ _  

--- --- --. _-_ indemni t i e s  27,000 10,000 1,000 6,000 --- --_ --_ 
T o t a l s  634,537,000 52.416.000 91.036.000 137,787.000 92.570.000 844.000 10.931.000 31.807.000 3.201.000 10.523.UOO 58.998.000 68.546.000 1.669.000 22.693.000 51.516.000 

PISCAL YEAR 1966 

'ersonnel compensation 355,511.000 28,546,000 49,917,000 80,206,000 38,455,000 _ _ -  4,692,000 21,935.000 3,389,000 6,312,000 41,036,000 47,993,000 1,460,000 4,289,000 27,281,000 

'ersonnel b e n e f i t s  25,299,000 1,930,000 3.368.000 5,558,000 2,737,000 --- 333,000 1,584,000 262,000 453,000 2,993,000 3.499.000 106,000 309,000 2,167,000 

' rave l  6 t ransp  o f  pers 20,841,000 2,080,000 4,874,000 3,769,000 2,636,000 -_ -  185,000 676,000 302,000 222,000 1,503,000 1,470,000 200,000 282,000 2,642,0001 

45,000 295,OOC 3,000 rransporta t ion  of t h i n g s  4,689,000 862,000 893,000 366,000 1,264,000 _-- 153,000 25,000 70,000 40,000 370,000 303,000 

Rents, c m u n i c a t i o n s .  

and u t i l i t i e s  49,795,000 5,565,000 9,068,000 9,255,000 8,000,000 --_ 430,@00 4,733,000 €88,000 317,000 5,607,000 3,389,000 - - -  402,ooo 2,341, on0 

15,000 1,925,000 

514.000 15,048,000 38.000 

11,000 14,000 2,472,000 

53,000 555,000 

64,000 1,550,000 

700.000 1,038,000 240,000 _-_ 35,000 27,000 25,000 20,000 201,000 50,000 --- Print ing  and reproduct ion  4,615,000 339,000 

Dther s e r v i c e s  94,231,000 28,315,000 13,199,000 19,106,000 7,102,000 - -_ 1,390,000 1,537,000 610,000 911,000 2,807,000 3,654,000 

S e r v i c e s  of other  agcncire  13,353,000 6,761,000 612,000 2,632,000 188,000 --_ 53,000 140,000 258,000 4,000 63.000 139,000 

--- 1,250,000 1,148,000 229,000 475,000 2,700,000 2.028,OOO - - -  
Equipment 16,998,000 818,000 800,000 1,000,000 1,040,000 --- 480,000 730,000 400,000 480,000 5,256,000 4.380,OOO -__  

5,300,000 947,000 1,200,000 1,000,000 450,000 - _ -  445,000 388,I700 _ _ _  lG5.000 i i i i , u O U  300,000 _-- 

.. --- 1,000 _ _ _  ~ 2 , C C C  ~ --- 

Suppl i e s  and materials 21,156,000 3,550,000 2,918,000 4,322,000 1,928,000 

_- - -  _ - _  Lands and Structures  

Insurance claims and 
.-- 1lJ.000 __ __ ~ -~ 

- _ _  ~- izdemnitirs 32,000 10,000 1, u00 8,000 --- --- 

Total- 6ii .Biu. UOO 79,723.000 87.F50.000 128.260,000 M1, L%C, 000 _- -  '1.446,LiOO 32.Y73.00n 6.233.000 9.335.000 63,006,000 67,2(!7,20P 1.824.0OU 5,987,000 56,286 000 ~ 

FISCAL YEAR I967 

'ersonnel compensation q 7 c , ? ? ' , Y X  X,,,,,uuu 54,866,000 80,271,000 41,563,000 _ - _  4,865,000 22.>72,00~ 9,01?.000 6,510,000 41,999,000 49,064,000 1,483,000 4.~26,oon 27,946,000 

'ersonnel beneflts 27,090,000 2,068,000 3,824,000 5,660,000 2,'1?4,000 _ - _  34 5,000 1,629,000 687,000 4 8  1,000 3,04 3 ,  G O D  3 ,  ,81,000 108,000 317,000 2,371,000 

185,000 b70.000 347.000 220,000 1,489,000 1,455,000 198,000 7 ~ 7 .  nnn 2.642 nnc rravel  6 t ransp  of yerb 21.279.000 2,173,000 5,261,000 3,124,000 2,633,000 _- -  
rransporta t ion  O E  things 5,048,000 1,127.000 884,000 366,000 1,32j.ono - - -  .-, irltilillll  ̂ I^ L : , ~ S O  i j o , o u u  40,000 370,000 703,nnn 5" nnn - , -  ^ ^ ^  

I P Z t C ,  :Cr-G<,,,:< a! inn? ^-A 

' 5.1JJ.ii00 1,636,000 270,000 6,035,000 3,44Q,000 _ - _  4n2.000 2, ::c,ooo u t i l i t i e s  * - ' ' U  i 56,417,000 7.flhh nnn -,. I , , W U  Y,  I ) : ,  noo -.. 

--_ o 2, ( I ,  7 . :inn 

L. /Lq,0nn 1, :C.5,:% i, ' I Y U , U U U  989,000 3,319,000 3,656,000 38,000 T I  7.nnn l r ,n7 , .  , x c  
17,000 58.000 ? . n n 7 , m  

' r i n t i n g  and r e p r o d ~ ~ t i o n  4.91 6,000 461,000 700,000 i ,  nix, 000 250.000 .-. 3i,uOO 27,000 44,000 20,000 201,000 50,000 

k h e r  s e r v i c e s  12,917,000 36,756,000 th,tn4,noo 20,429,000 ~ , 7 h n , n o 0  _ _ -  
615,000 2,628,000 170,000 _ _ _  L E  - 2 , 1 y y  " m "  iju,uuu 359,000 4.000 63,000 139,000 

__. 53,000 555,000 

- _ -  29,000 1,55I7,000 

- - -  l,i.51,000 i,lCC,SOO 412,000 506,000 2,720.000 2,055,000 

IU,bYb,000 1,970,000 1,147,000 1,000,000 2,312,000 - - -  480,000 280,000 320,000 500,000 2,878,000 2,230,000 

1 S v r v i c e s  of other I F  _..- Lc : 5 , i i i , u u u  8,146,000 

h y p l i e r  2?.< netc l id i s  ~' 2b,122.000 6,594,000 3,350,000 5,397,000 I ,  929,000 

:g i l l  pme"? 

- _ _  .and and s t c u c t u r e s  j,408,000 960,000 1,300,000 1.200.000 450,000 - - _  445,000 183,000 _ - -  100,ooo 4 7 n . n ~  :CG.OCG _ _ _  _ _ _  
:nsurance claims and __  _ _ _  10,000 _ _ _  _ _ _  _ - _  _ - -  1.000 - - -  2,000 - _ _  indrmnlties J?. 000 10,000 I * 000 8,000 - _ _  

Totals $63,900.000 98,108,000 98,212,000 131, Y 34,000 71,687,000 -.- 10,166,000 33.475.000 15,143,000 9.641.000 62.587.000 66.284.000 1,847,000 6.149.000 58.667.000 

sux 3 
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NATIONAL AERCNAmICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1967 ESTMTES 

COMPVPATION OF PERSCtiNEL COSTS By INSTALLATION AND FISCAL YEAR 

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

d 

W W 

0 

W E S T E R N  

N A S A  CENTER C E N T E R  CENTER OFFICE C E Y T E U  CENTER C E N T E R  C E N I E R  OFFICE O F F I C E  

LEWIS S P A C E  N U C L E A R  L l N C L E Y  AMES F L E C T R O N I C S  FL IGHT J. F. KENNEDY M A N N E D  V A R S H ~ L L  GODDARD P A C I F I C  L A U N C H  

FISCAL YEAR 1965 ACTUAL T O T I L  S P A C E  CENTER, SPICFCRIFT > P A C E  F L I G H T  S F ~ C E  F L I G H T  O P E R A T I O N S  W L L L O P S  R E S E A R C H  R E S E A R C H  R E S E A R C H  R E S E A R C H  R E S E A R C H  r R O P u L s 8 o N  H E ~ O Q U I P T E R S  O P E R * i t a * s  

S T A T I O N  CE\TER 

a r sonne l  Compensation: 
Permanent p o s i t i o n s  $325,818 $24,069 $41,391 $73,635 $37,965 $204 $3,862 $21.093 $2,593 $5.689 $38,587 $45.017 $1.419 $26,308 $3.985 
Pay above t h e  s t a t e d  annua l  r a t e  1 ,271  92 159 280 146 1 38 80  1 0  22 148 173  5 101  15 

-170 -115 -2.464 - Lapses  (deduc t )  -16.039 -5.849 -187-1.283 -2.100 - -112 -638 -1.301 - - 71  - -876 - -859 - 
7 u7n 3 b , O i i  1 Y 1  3,766 23,535 I,>"& l , ? O ?  ??,?I: 5 _.--. 

285 - 1.795 - -  4.713 6.714 ._ 2.046 - 22 649- 492 - 60 - 465 - 2 . 1 0 8 -  9 1.366 - Other psrscmel cm.:easetior! 22.71R 

$25.311 $4.115 , t a l  p e r s o n n e l  compensat ion 3333.268 $20.107 $46.076 $79.346 $38.057 $213 $4.437 221.027 $1.362 Sa.los 339.355 346.439 $1.318 
Reimbursable  54 6 -_- 1 54 5 
NASA funded 332,722 20,107 46,076 79.345 37,512 213 4.437 21,027 1,362 6,105 39,355 46,439 1,318 25.311 4,115 

- -  - 14 

. I l n  -- " C O  , I  11, 
,,W" ,,,",> -.-.,>.,* . -.n- . ". 41,363 / L , b $ L  N e t  c o s t  of permanent p o s i t i o n s  311,050 18,312 

-__ -_- --- _ _ _  -__ _-- --- --- _-- --- _-- 

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

Dtal  pe r sonne l  c o s t s  
Reimburdrsble 
NASA funded 

$1.959 $289 --- --- $ 3 0 5 -  $100 $ 4 4 1 $ 2 . 8 8 0 $ 3 . 3 7 3  s94 --_ --_ -_-  --- _- -  --- - - -  $23.758 $1.355 $3.154$5.528 $?.716 $15 --- 4 5  --- --_ --- 45 
23.713 1.355 3,154 5,528 2,671 15 305 1,549 100 94 1 ,959  289 441  2,880 3,373 

$357.026 921.462 $49.230 $84.874 340.773 $228 $4.742 322.576 $1.462 s6.546 342.235 $49.812 $?.412 $27.270 $4.404 

356,435 21,462 49,230 84.873 40,183 228 4,742 22,576 1,462 6,546 42,235 49.812 1.412 27,270 4,404 
__- --- _-_ __- --- --- --- --- -_-  __ -  --- 1 590 --- 591 

FISCAL YEAR 1966 ESTIMATED 

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  annua l  r a t e  
Lapses  (deduc t )  

N e t  c o s t  of permanent p o s i t i o n s  
Othe r  p e r s o n n e l  compensat ion 

Dtal  p e r s o n n e l  compensat ion 
Reimbursable  
NASA funded 

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

Dtal  p e r s o n n e l  c o s t s  
Reimbursable  
NASA funded 

$353,072 
1,355 

-20.755 

333,672 
22.471 

$356.143 
632 

355,511 

$25.346 
47  

25,299 

9 3 8  1.489 
679 

380,810 

$27,808 
107  

-1,909 

2 . 5 4 0  

- 
26,006 

3 28.546 

28.546 
--- 

$1.930 --- 
1,930 

930.476 

30,476 
--- 

$50,226 
193  

-5.793 

5.291 
44.626 

$49.917 

49,917 
_ _ _  

s3.368 --- 
3,368 

$53.285 

53,285 
_ _ _  

$76,173 
293 

-2,129 - 
74,337 
5 . 8 6 9  

380.206 

80,206 
--- 

$5.558 

5,558 

985.764 

85,764 

-__ 

--- 

$38,559 
148 

-1.408 

1,)88 
37,299 

939.08 7 
632 

38,455 

$?.784 
47 

2.737 

341.871 
679 

41.192 

$4,211 
16 - 106 - 

4 ,121  
571 - 

$4,692 --- 
4,692 

s333 -_- 
333 

$5.025 --- 
5,025 

$22,299 
84  

-997 

21,386 

LI- 

549 

$21.935 

21,935 
--- 

$1.584 --- 
1,584 

& 2 U  --- 
23.519 

$5,919 
23 

-2.678 

3,264 
125 - 

$3.389 

3,389 

$262 

--- 

--- 
262 

$3.651 -_-  
3,651 

$5,979 
23 

-229 - 
5,773 

539 - 
__- 

6,312 

$453 -__  
453 

s6.765 --- 
6,765 

$40.491 
156 

-1.148 

39,499 
1.537 

$41.036 _-_ 
41,036 

$2.993 --- 
2,993 

$44.029 

44,029 
--_ 

$47,854 
184 

-1.900 

46,138 
1.855 

$47.993 

47.993 

$3.499 

3.499 

--- 

--_ 

251.492 

51.492 
--- 

$1,510 
5 

-64 

1.451 

- 
9 

$1.460 --- 
1,460 

$106 -_- 
106 

--- 
1.566 

$27.849 
107 

-?.165 

1.490 
25.791 

$27.281 

27.281 
_-- 

$2.167 --- 
2,167 

$29.448 

29,448 
--- 

$4,193 
1 6  

-228 

3,981 
308 

- 
- 

$4.289 --- 
4.289 

$309 --- 
309 

$4.598 

4,598 
--- 

FISCAL YEAR 1967 ESTMTED 

e r  sonne l  Compensation : 
$364,599 $29,897 $50.790 $76,720 $41,163 --- $4,315 $22,435 $10,604 $6.009 $40,627 $48.371 $1,501 $27,945 $4,221 

r a y  aDwe r'nr a r a ~ r c i  a u t n w ~ ~  LCILS . A,d," ..,..I :O: 105 p f i  1911 _ _ _  17 86  40 23 156 186 5 107 16 
Permanent p o s i t i o n s  

-47 -519 -1.835 __ - 24 - -133 -1.399 __ -32 -1.3J(( -111 - -  --- Lapses  (deduc t )  -10.644 -1.703 -453 -1.747 -1.100 - 
N e t  cost o f  permanent p o s i t i o n s  355,351 28,302 50,533 75,269 40,221 --- 4,285 22,002 8,809 6,008 40,650 47.158 1.474 26,514 4,126 

300 Othe r  p e r s o n n e l  compensat ion 20.568 2.475 - 5 . 0 0 2  1,907 - --_ - 580 - 570 __ 203 502 -1.906- 9 ?.432 - 

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

o t a l  p e r s o n n e l  c o s t s  
Reimbursable  
NASA funded 

_-_ $5.210 $24.201 $9.699 $6.991 345.042 $52.645 $1.591 $30.319 $4.743 _-- - - -  _ _ _  - _ -  __- --- -__  --- --- $403.051 $32.845 $58.690 385.931 $45.144 - 
402,444 32.845 58,690 85.931 44.537 _-_ 5,210 24.201 9,699 6,991 45,042 52.645 1,591 30,319 4,743 

--- 607 _-- --- --- 607 



NATTONAT. ARRNALVICS !UP SPACE AD>:2:::SXATIG4 

FISCAL YEAR 1967 ESTIMATES 

DISTRIBUTION OF PERSONNEL POSITIONS BY INSTALLATION AND FISCAL YEAR 

- ~~~ 

FISCAL YEAR 1965 ACTUAL 
W E S T E R N  LEVIS SPACE NUCLEAR P l C l F l C  LAUNCH hHEs ELECTPONICS F L l O H T  LINCLEY J. F. KENNEDY ?INNED HARSHALL G O D D A W  

TOTAL SPACE C E N I E R ,  S P l C E C R l F T  SPACE F L I G H T  SPACE F L I C H ~  O P E R A l I O N S  WALLOPS R E S E ~ R C H  R E S f I R C H  R E S E l R C H  R E S E A R C H  R E S E A R C H  FROPULSION HEIDQUARTERS O F E R l T I O H  

CENTER C E N T E R  CENTER OFFICE O F F I C E  N A S A  N A S A  CENTER CENTER CENTER OFF1EE S l L l l O N  CENTER CEHlER 

TOTAL EXCEPTED POSITIONd 
General Schedule Pos i t i ons :  

GS-16 
GS-15 
GS-14 
GS- 13 
GS-12 
GS-11 
GS- 10  
GS- 9 
GS- 8 
GS- 7 
GS- 6 
GS- 5 
GS-4 
GS- 3 
GS- 2 
GS- 1 

POTAL GENERAL SCHEDULE POSITIONS 
rOTAL WAGE BOARD POSITIONS 
POTAL PERWNEW POSITIONS 

>RAND TOTAL POSITIONS - N 1965 
OTHER TEMPORARY POSITIONS 

439 

259 
1,756 
2.824 
4,020 
4,080 
3,653 

58 

96 

693 
1,776 
1,677 
1.141 

195 
28 

26,257 
6,504 

33,200 

34,300 

- 

2,4l!9 

: , s 2  

- 
- 
1.100 

16 

14 
87 

204 
340 
5 34 
324 

1 
205 

3 

56 
160 
136 

95 
5 

- 

I-- 

133 

36 

20 
211 
385 
639 
635 
600 

- 

-... 
2" L 

2 
JW 

57 
263 
240 
166 
32 
25 

3,960 
241 

4,237 

4.431 

- 
- 
3 

49 

57 
409 
692 
990 

1,069 
861 

2 
3% 

4 
300 

70 
361 
458 
316 
8 3  
1 

6,032 
- 1,429 
7,510 

244 

- 

- 

- 
7,754 

36 

29 
209 
389 
566 
512 
501 

J Y l  
11 

165 
80 

219 
182 
124 
22 

3,400 
268 

3,704 

3.807 

- 

- 
- 
3 

- 

1 
4 
1 
5 
3 

1 
1 
3 

- 
19 

19 
3 

22 

- 
- 

2 

1 
4 

10  
23 
32 
40  
24 
49 
12 
36 

7 
4 1  
30 
22 

9 

340 
176 
518 

12  
530 

- 

- 
- 
- 

26 

20 
105 
154 
205 
169 
165 

6 
165 

94 
35 

124 
115 

5 5  
4 

1,416 
7 68 

2,210 
60 

2,270 

- 

- 
- 
- 

10 - 

27 
43 
34 
21 
10 

14 

1 3  
2 

14 
45 
11 

- 
234 

244 
6 

250 

- 
- 

31 - 6 30 

23 
146 
310 
582 
504 
161 

308 
21 

138 
57 

139 
179 
143 
20 

3,047 
1.738 
4,815 

4,917 

- 

., 
I" 

- 
- 
3 

2 

5 
18 
24 
26 

3 

- 

2 

1 
7 

13 
7 
6 
2 

115 

117 

117 

- 
- 
- 

191 

60 
376 
300 
178 

91 

8 
81 
40 

160 
221 
183 

80 
75 
10 
2 

1,951 

2.163 
100 

2,263 

- 

O L  "" 

- 
- 21 

4 

1 
13 
46 
58 
86 
4 ;  
1 
9 
1 
4 

14 
61 
38 

7 

- 
382 
- 
386 

19 
405 
- 

4 25 
15 135 
27 236 
51 327 
56 363 
70 486 

4 1  445 
i 

21 181 
13 13 
19 178 
19 145 
9 112 
2 6 
- - 
34 7 2,714 

605 4,244 
- 6 4 -  130 

252 __ 1,499 

669 4,374 

- 
2,300 

112 
2,428 

63 
2,491 

- 

FISCAL YEAR 1966 ESTIMATED 

lOTAL EXCEPTED POSITIONS?/ 
General Schedule Pos i t i ons :  

GS- 16 
GS-15 
GS- 14 
GS-13 
GS-12 
GS-11 
GS-10 
GS-9 
GS-8 
GS- 7 
GS- 6 
GS- 5 
GS-4 
GS- 3 
GS- 2 
GS- 1 

XYTAL GENERAL SCHEDULE POSITIONS 
:OTAL WAGE BOARD POSITIONS 
:OTAL PERMANENT POSITIONS 

OTHER TEMPORARY POSITIONS 
;RAND TOTAL POSITIONS - PI 1966 

439 

293 

- 17 

16 
85 

213 
44 7 

- 49 36 

29 61 
211 3 60 
404 761 
785 1,012 
788 1.020 
759 806 

2 
514 340 

2 3 
233 275 

60 59 
305 355 
248 393 
168 313 
49 107 

- - - 35 

30 
205 
3 76 
553 
507 
491 

384 
11 

145 
74 

184 
169 
106 
39 

2 

1 
4 

10  
38 
36 
44 
13  
51 

5 
36 
17  
55 
47 
15 

26 

20 
120 
139 
235 
212 

6 
110 

90 
35 

125 

54 

- 

186 

loa 
1 

10 

10  
46  
73 
79 
44 
70 

64 

34 
4 

34 

- a 
3 

20 
23 
64 
58 
65 

39 

31  

25 
156 
215 
397 
379 
508 

400 
2 

151 
73 

179 
139 
80 

- 30 

26 
1 5 5  
301 
672 
513 
508 

21 
203 

23 
125 
€4 

142 
149 
133 

15 

- 1 

6 
25 

191 

65 
377 
300 
202 
114 

95 
8 

81 
42 

159 
224 
185 
59 
35 

5 

- 3 

1 
12 
47 
56 
94 
42 

5 
1 
5 

16 
61 
39 

3 

1,776 
2.879 
4,567 
4,370 
3,925 

51 

17  
27 

3 
1 

602 
350 

1 
2,391 

92 
1,382 

707 
1.824 
1,569 
1,039 

237 

200 
3 

102 
61  

170 

2 
6 

13  
7 
6 
2 

25 
14 
16  
20 

2 
4 

132 
101 

15 

59 
23 

- - - - - - - 2 - - - 44 L - 42 
27,146 2,498 4.555 5,909 3,274 372 1,441 540 353 2,704 3,050 115 1,953 382 

33,924 2,620 4,809 7,317 3,577 518 2.220 550 604 4,234 4.810 117 2,162 386 
- - - - - 18 1,499 1,730 - 245 __ - 6,339 - 105 218 - 1,359 268 144 - 753 - - 

5 - 600 - 46 3 -  169 - 48 - 1 2  - 20 2 - 14 7 0 -  32 
34,524 2,666 4.928 7,486 3,625 530 2,240 5 50 618 4,304 4,842 117 2,227 391 

- - 65 - 

FISCAL YEAR 1967 ESTIMATED 

'OTAL EXCEPTEn P n s T T T i W d  
General Schedule Pos i t ions :  

GS-16 
GS- 15 
GS- 14 
GS-13 
GS- 12 
CS-ll 
GS- 10 

GS-8 
GS- 7 
GS- 6 
GS- 5 
GS-4 
GS-3 
GS-2 
GS- 1 

n 
"I I 

rOTAL GENERAL SCHEDULE POSITIONS 
rOTAL WAGE BOARD POSITIWS 
POTAL PERMANENT POSITIONS 
OTHER TEMPORARY POSITIONS 

:RAND TOTAL POSITIONS - FY 1967 

I I" _ _  - 
293 

1,932 
3,158 
4,607 
4,501 
>*-n 

50 
L . N U  

92 
1.378 

722 
1,780 
1,548 
1,087 

""^ 

.- . I  - 
16 
88 

225 
4 72 
662 
33: 

1 
2Zb 

3 
109 

67 
123 
139 
105 
26 

. _ -  

- _  
>" - 
29 

219 
425 
785 
800 

I C ,  , 3.. 

474 
2 

179 
62 

310 
251 
159 
40 

J3 

30 
227 
417 
577 
543 
537 

389 
11 

154 
70 

191 
174 
io8 
39 

- 2 

1 
6 

13 
38 
37 
44 

45 
5 

36 
17 

47 
15 

1 7  

< 9  

- 26 - 10 a 31 

25 
180 
2 34 
397 

506 

393 
2 

144 
73 

i 3 3  
109 

77 

- 

101  
2 " L  

30 

26 
175 
320 
646 

497 

153 
23 

122 
64 

i44 
130 
135 

15 

- 

c - 0  J L Y  

-. 
L L  

2 
6 

25  
17 
26 

191 

65 
399 
321 
182 

Ys- 
75 
8 

81 
42 

159 
224 
185 

59 
35 

5 

- 4 

1 
12 
47 
54 
74 
40 

5 
1 
5 

16 
60 
39 

3 

61 
373 
801 

20 10 3 
130 77 21 
190 126 22 
230 137 63 
183 ??r 5s 
180 91 71 

< 

m 

1,000 
1.012 -... 

I , ,  

2 
315 

3 
265 

54 
365 
328 
351 

99 
26 

N 

95 88 36 

90 97 16  
14 33 22 

:lB 6i 10 
116 123 20 

53 36 2 
5 4 

._ 
2 
6 

13  
7 
8 

d. 

233 
28 

27,648 
6,252 

34,339 

- 
- 

(D (D - 
2,629 

104 
2.750 
- 

- 
4,495 

216 
4.747 
- 

- - - - - - - -- - 
372 1,448 990 34 6 2,660 2,999 113 1,926 377 

- 18 

17 70  14 70 32 65 

- - 244 - 1,488 1.718 - 144 - 
518 2,191 1,000 596 4,179 4,747 115 2.135 381 

5 

- '17 .: 

- 
5,826 
1,346 
7.221 
- 

- 
3,467 

257 
3,759 

48 

3.807 

- 
- 

0 
Ua 
m 
m I 

Ua 
0 N 

600 - 
34,939 

46 

2,796 
- 119 

4.866 
- 169 

7,390 
- - - - - -- 

L _ -  

._ - 
530 2,211 1,000 610 4,249 4,779 115 

- - 
2,200 386 

*/Total  Excepted Pos i t i ons  inc lude  tvo  (2) Spec ia l  Ungraded and twelve (12) F. L. 313 p o s i t i o n s .  
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.JATIONAL AEROI!fiUTICS ATJD SPACE ADMIMISTRATIOM 

FISCAL YEAR 1967 ESTIMAmS 

ADMII\JISTRATIVE OPERATIONS 

AI?ALYSIS O F  REQUIREMEI!Tl?S FOR PASSENGER-CARRYIMG MOTOR VEHICLES - ---- 

The appropr ia t ion  language provides  f o r  t h e  a c q u i s i t i o n  of 31 pa:;senger 
motor veh ic l z s ,  of which 15  are f o r  augnentat ion t o  t h e  f i s c a l  year  19% 
ending inventory and 16 are for replacement. A l l  veh ic l e s  sched-ded :-or re-  
placement m e ~ ~ t ,  o r  t r i l l  meet, t h e  c r i t e r i a  e s t a b l i s h e d  by t h e  General Ser -  
v i ces  Adminis t rs t ion f o r  replacement of veh ic l e s  due e i t h e r  t o  a;;e, mileage, 
annual maint?nance c o s t s ,  o r  a combination of t hese  f a c t o r s .  

A swnmary ana lys i s  of t h e  planned a c q u i s i t i o n s  by c l a s s  of .crehic'Le i n  
f i s c a l  year  1367 i s  as fo l lows:  

On hand J u l y  1, 1966.. 

Acquis i t ions  : 

a .  By purchase ..... 
b .  By t r a r s f e g  ... 

Sub to ta l  .......... 
(For  r ep lace ren t )  ... 

rep laced)  ......... 
(Disposed - not  

On hand June 3C, 1367. 

Tota l  

1.79 

20 

11. 

31 

( 1.6 ) 

( - 1  

134 

- 

- 

Medium Other S t a t i o n  
Sedans Sedans Wagons Ambulances - -- Brses 

1 42 114 11. 11 

lf During f i s c a l  yea r  1966 t h e  Research Range a t  Fort  Church i l l ,  Canada, 
was t r a n r f e r r e d  €rorn t h e  Department of Defense t o  t h e  Nat ional  Aeronau- 
t i c s  and Space Adminis t ra t ion because NASA vas t h e  princip1.e user of t h e  
f a c i l i t y .  Involved i n  t h i s  t r a n s f e r  a r e  11 veh ic l e s  which w i l l  augment 
t h e  NASA passenger-carrying motor veh ic l e  f l e e t .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF A D V h S E D  RESEARCH AND TECHNOLOGY BASIC RESEARCH PRbiXRAM 

PROGRAM OBJEC~UJES AND JUSTIFICATION : 

The purpose c f  t he  Basic Research Program i s  t o  i n i t i a t e  and adminis ter  
fundamental research  i n  the  physical  and mathematical sciences .  This  re- 
search w i l l  provide an understanding of phenomena which i s  necessary fDr 
o t h e r  NASA prclgrams f o r  t he  development of cu r ren t  and f u t u r e  a i r c r a f t  and 
spacecraf t .  This bas i c  research  i s  c a r r i e d  ou t  i n  NASA's Research Centers  
with some con t r ac t  a s s i s t ance  by u n i v e r s i t i e s ,  i n d u s t r i a l  l a b o r a t o r i e s  and 
o t h e r  Governntent. l abo ra to 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  fo r  NASA's programs t o  advance i n  an o rde r ly  manner and on a 
s c i e n t i f i c  bas i s .  Basic research  i n  NASA has ,  t he re fo re ,  t o  cover a b ide  
range of clisc.i.pl.ines, 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 ture  of the atomic nucleus and i t s  i n t e r n a l  ene rg ie s  t o  more applied r e -  
search i n  mat.eri.als f o r  app l i ca t ions  such as the  supersonic t r anspor t  o r  
e n t r y  vehic les .  Much of  t he  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.i:h cu r ren t  NASA p ro jec t s .  Its broad ob jec t ive  i s  t o  increase  
man's knowledge and understanding of  the phys ica l  l a w s  of na ture  and c f  t h e i r  
mathematic:al expression,  d e f i n i t i o n ,  and i n t e r p r e t a t i o n .  

The Basic Research Program i s  concentrated i n  four  d i s c i p l i n a r y  a reas :  
F lu id  Phys ics ,  E lec t rophys ics ,  Materials, and Applied Mathematics. 

The understanding and p red ic t ion  of  the  tremendous hea t ing  loads e x  - 
perienced by space veh ic l e s  during r een t ry  i n t o  the  e a r t h ' s  atmosphere 
from missions t o  the  moon and beyond has been an important p a r t  of  the re- 
search program i n  f l u i d  physics .  This  research ,  which had been extended 
t o  s t u d i e s  invo:tving e n t r y  i n t o  the  atmospheres of  o the r  p l ane t s ,  has  
succeeded i n  che pas t  year  i n  uni fy ing  p red ic t ions  of f r i c t i o n a l  heat ing 
so t h a t  any g a s ,  c h a r a c t e r i s t i c  of any atmosphere, can be handled by t h e  
same simpI.iffied ana lys i s .  S imi la r  research  i s  being pursued on o t h e r  gas 
dynamic a spec t s  of atmosphere e n t r y  and w i l l  l ead  t o  the  design of e f f i c i e n t  
hea t  p ro t ec t ion  and atmosphere braking systems f o r  i n t e rp l ane ta ry  spacecraf t .  
F lu id  physic:; research a l s o  encompasses f l u i d s  having p rope r t i e s  very much 
d i f f e r e n t  from the atmospheric gases ,  as f o r  example, magnetic l iqu id : .  
Liquids r eac t ing  t o  magnetic f i e l d s  may lead  t o  unique space power sy:,tems, 
and provide ia means f o r  s tudying and c o n t r o l l i n g  f l u i d s  i n  "zero gravi ty"  
s i t u a t i o n s .  

Electrophysics  encompasses t h e o r e t i c a l  and experimental  physics  research  
devoted t o  explor ing and expla in ing  the  bulk and atomic behavior o f  s o l i d s ,  
l i q u i d s ,  and gases subjected t o  g r a v i t a t i o n a l ,  e l ec t r i c ,  magnetic, ant1 
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nuclear  fo rce  f i e l d s .  It i s  designed t o  increase  our  understanding of 
phys ica l  phenomena, information which i s  e s s e n t i a l  f o r  advances i n  tech-  
nology areas such as e l e c t r o n i c s ,  space power, and propulsion. For es- 
ample, an experimental i n v e s t i g a t i o n  us ing  the  nuc lear  magnetic resonaince 
technique has  been under way t o  determine the  presence of  hydrogen nuc le i  
i n  var ious  at:om:s. The equipment s e n s i t i v i t y  has  been so improved tha t  
extremely s m a l l  q u a n t i t i e s  o f  hydrogen may be recognized. Since hydrogen 
i s  a const:ituenlr of water, t h i s  now becomes a means of determining whether 
trace amounti; o.E water may be present  i n  rock and s o i l  samples from tke 
moon and p lane ts .  The presence o f  water may i n d i c a t e  the  ex i s t ence  of 
some form of Li.Ee. 

The demands of the  manned and unmanned space programs are p u t t i n g  un- 
precedented requirements on a l l  classes of  materials. Designers are c a l l i n g  
f o r  l ightweight  s t r u c t u r a l  materials, chemically s t a b l e  and r a d i a t i o n  re-  
s i s t a n t  coa t ings ,  high temperature and high s t r eng th  materials f o r  prcbpulsion 
systems, high temperature a b l a t i v e s  f o r  thermal p r o t e c t i o n ,  v e r s a t i l e  e l e c -  
t r o n i c  ma te r i a l s ,  and high temperature bear ings  and lub r i can t s .  New zip- 
proaches iand concepts are requi red  t o  meet these  requirements.  The goal  
of bas i c  ma te r i a l s  research  i s  t o  understand how and why ma te r i a l s  cart be 
s t rengthened by a l loy ing  add i t ions  and f ib rous  reinforcements and madc 
r e s i s t a n t  t o  a l l  t he  components of  t he  space environment. The behavior of 
w e l l  charac te r ized  materials in e l e c t r i c a l  f i e l d s  i s  a l s o  being studic!d so  
t h a t  b e t t e r  e l e c t r o n i c  devices  may be developed f o r  space communication and 
c i r c u i t r y .  

Applied mathematics i s  concerned with research  i n  mathematical tecliniques 
r e l evan t  o r  necessary f o r  app l i ca t ion  t o  s c i e n t i f i c  o r  technological  pro- 
blems which a r i s e  i n  ca r ry ing  ou t  any p a r t  of t h e  NASA funct ions.  Suc:h 
mathematical research performed prel iminary t o  the  phys ica l  opera t ion  of 
which i t  i s  an a b s t r a c t  model can u s u a l l y  r e s u l t  i n  considerable  economies 
of t o t a l  opera t ion ,  and o f t e n  i s  the  only f e a s i b l e  approach t o  the  problem. 
Recent examples of t h i s  have been the  successfu l  Ranger and Mariner f l i g h t s  
which a t t a i n e d  t h e i r  ob jec t ives  as scheduled. These r e s u l t s  cou1.d ne.rer 
have been achieved through non-mathematical experimentation, bu t  had :o 
follow procedures d i c t a t e d  by previous ex tens ive  mathematical researci .  

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

1965 1966 - 1967 

Supporting research and 
technology ............... $21,231,000 $22,000,000 $23,0013.000 

Tota l . . . . . . . . .  ........... $21,231,000 $22,000,000 $23,000,000 - 
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Distribution-of Program Amount by I n s t a l l a t i o n :  

1967 -- 1965 1966 - 
Marshall Space F l i g h t  Center..  $916,000 
Goddard Space F l i g h t  Center. . .  257,000 
Je t  Propuls ion Laboratory ..... 5,792,000 
Ames Research Center. . . . . . . . . .  1,966,000 
Elec t ron ic s  Research Center. . .  95,000 

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

F 1 igh t Re Erea.r c h Center ........ 3,000 

Western Operations Off ice . .  ... 564,000 

$815,000 
117,000 

5,056,000 

595,000 
30,000 

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

1,910,000 

$850,000 

S ,400 , 000 
120,000 

2,100,000 
L ,000,000 

2 , 200,000 
30 , 000 

2,800,000 
8,500,000 --- 

BASIS OF FUND RE;QUIREMENTS : 

Supporting Research and Techno lox  

1967 -- 1965 1966 

F l u i d  physics  ................... $7,803,000 $8,043,000 $8,200,000 
Electrophysics  4,039,000 4 , 404 , 000 4 , 800 , 000 
Materials . . . . . . . . . . . . . . . . . . . . . . .  8,034,000 8 , 193,000 8,500,000 

.................. 
Applied mathematics.. ........... 1.355.000 1,360.000 1.500.000 

Total . . . . . . . . . . . . . . . . . . . . . . . . .  $21,231,000 $22,000,000 .j23,000.000 

F l u i d  Physics 

The ef f ic ien t :  design of spacec ra f t  conf igura t ions  and hea t  p ro t ec t ion  
systems , of nozzles  f o r  a i r -b rea th ing  and rocket  fue led  propuls ion systems, 
and the  a b i l i t y  t o  solve the  communications blackout r e e n t r y  problem, a l l  
depend on a kxiowledge of non-equilibrium flow processes ,  i .e. ,  on flohis 
i n  which t.he t i r e  f o r  temperature-induced chemical r eac t ions  occurring i n  
the  gas  i s  of the  same o rde r  as t h e  t i m e  f o r  t he  gas  t o  flaw along the body. 
Thus, an i.mpoirtant p a r t  of t he  FY 1967 research  program i n  f l u i d  physics  
i s  concerned with the  determinat ion of chemical r e a c t i o n  rates i n  f loh  
s i tua t ions ;  of i n t e r e s t .  These rates w i l l  be determined p r imar i ly  i n  chemical 
shock tubes til: temperatures up t o  15,000° F,  as w e l l  as i n  " i n  s i t u "  rozz le  
flows. 

Non-equi1j.l)r:ium flows occur i n  regions of reduced pressure  and dens.ity 
o r  a t  moderate a l t i t u d e s .  However, a t  very high a l t i t u d e s ,  e .g . ,  a t  100 
miles and above, the  dens i ty  of a i r  i s  so low t h a t  i n t e r - p a r t i c l e  c o l l i s i o n s  
which cause chemical r e a c t i o n s  and normal gas-dynamic e f f e c t s  are a l m c i s t  
non-exis tent ,  This  so c a l l e d  "free-molecule" f l i g h t  regime i s  of g rea t  
importance i n  p red ic t ing  such phenomena as the  drag and hea t ing  of s a t e l l i t e s ,  
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o r b i t a l  1ifetim.es of  sa te l l i t es ,  the  hea t ing  and t h r u s t  loss from con t ro l  
rocke ts  i n  space, and t h e  contamination of t he  luna r  su r face  by rocke t  
exhausts.  All of these  phenomena are d i r e c t l y  inf luenced by the enerigy 
and momentum t r a n s f e r r e d  by a p a r t i c l e  t o  a sur face  during impact, by 
adhesion t o  the  sur face ,  and by the  sur face  material and sur face  condi t ion.  
By means of a l abora tory  research  program, gas-surface i n t e r a c t i o n s  w i l l  
be s tud ied  i n t e n s i v e l y  i n  FY 1967 both t h e o r e t i c a l l y  and i n  molecular-beam 
devices  desig,ned t o  dup l i ca t e  the  dens i ty  and energy of space c o n d i t i m s .  
These s tud ie s  will l a y  the  foundation and provide the  i n t e r p r e t i v e  da t a  
f o r  poss ib le  f u t u r e  f l i g h t  experiments t o  i n v e s t i g a t e  the  phenomena with 
a c t u a l  s a t e l l i t e s .  

Another research  area t h a t  w i l l  receive increased a t t e n t i o n  during the  
next f i s c a l  year  i s  the  flow of "s t range f lu ids" ,  i .e . ,  f l u i d s  having 
viscous,  e l a s t i c  and magnetic p r o p e r t i e s  t h a t  d i f f e r  g r e a t l y  from those of 
conventional l i q u i d s  and gases.  These f l u i d s  are more than s c i e n t i f i :  c u r i -  
o s i t i e s  and a r e  being s tudied  with aerospace app l i ca t ions  i n  mind. Visco- 
e l a s t i c  s tud ie s  include,  f o r  example, the  flow of  blood i n  p a r t s  of tne 
c i r c u l a t o r y  system, and the  f a s c i n a t i n g  phenomenon of g r e a t l y  reduced drag 
of l i q u i d  anc polymer mixtures when flowing through a channel. Addi t iona l ly ,  
the  physical  p rope r t i e s  of magneto-fluids are being inves t iga t ed  i n  o rde r  
t h a t  such f l u i d s  can be considered as a base f o r  new space power genera t ing  
sys  terns. 

Considerable progress  has been achieved during r ecen t  years  i n  devizloping 
electromagnet ic  gas a c c e l e r a t o r s ,  demonstrating t h a t  e lectromagnet ic  i n t e r -  
a c t i o n  on ionized gases  may become a powerful i n v e s t i g a t i v e  technique i n  
f u t u r e  high temperature gas  technology. More fundamental research  i n  plasma 
physics  i s  needed, however, because the  p rope r t i e s  of  plasmas depend s e n s i t i v -  
e l y  on i n t e r a c t i o n s  with e l e c t r i c  and magnetic f i e l d s ,  i n  addi t ion  t o  t h e i r  
dependence on temperature and pressure  as i n  rea l  gas  dynamics. 

In  FY 1967 increased emphasis w i l l  be placed on the  i n v e s t i g a t i o n  Df 
plasma p rope r t i e s  i n  t h e i r  func t iona l  r e l a t i o n  with system parameters. 
Chemical phenomena under the  extreme (high and low) environments o f  tiem- 
pera ture  and pressure w i l l  be expanded, as  w i l l  chemical k i n e t i c s  as appl ied 
t o  propulsioz. systems and aerodynamic braking i n  p lane tary  atmospheres. 
The c l a s s i c a l  p r i n c i p l e s  of f l u i d  physics  w i l l  be u t i l i z e d  t o  exp la in  fund- 
amental b i o l c g i c a l  and physiological  processes  t o  generate  new concepts i n  
organic  physics.  

Electrophysics  

The e l ec t rophys ic s  program c o n s i s t s  of in-house and ex te rna l  experimental  
and t h e o r e t i c a l  i nves t iga t ions  i n t o  the  i n t e r a c t i o n s  of p a r t i c l e s  and force  
f i e l d s .  The program includes t a sks  i n  c l a s s i c a l  and quantum physics  i n  
areas of nuc lear ,  atomic and molecular physics ,  s o l i d  state phys ics ,  and 
t h e o r e t i c a l  Fhysics.  
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Research is being conducted on the  determinat ion of t he  behavior of t he  
pos i t ron  i n  t h e  e a r t h ' s  g r a v i t a t i o n a l  f i e l d .  
matter, can Icombine with an e l e c t r o n  whereby the  p a i r  i s  ann ih i l a t ed  iind 
energy i n  the  form of a gamma ray ,  t h a t  i s  an electromagnet ic  wave, i:; 
re leased .  
negat ive helium ions  could be measured. A f t e r  t h i s  f e a s i b i l i t y  s tudy ,  
a l a r g e r  experimental  apparatus  was  constructed.  This newer equipmeni: 
i s  being c:hel:ked f i r s t  by measuring w e l l  known e l e c t r o n s ;  then the  pos i t rons '  
g r a v i t a t i o n a l  character is t ics  w i l l  be determined. I f  t he  experiment :.s suc- 
c e s s f u l ,  information on poss ib le  a n t i g r a v i t y  i n  na ture  w i l l  be obtainctd. 

A pos i t ron ,  a form of a n t i -  

Using a prel iminary experimental  arrangement t h e  l i f e t i m e  of 

A comprehensive a n a l y s i s  has  been made of t he  s c a t t e r i n g  of a lpha ~)ar t ic le : ;~ 
(helium) from t h e  nuc le i  of t i n  atoms conta in ing  even numbers of protons.  
Such experiments y i e l d  information on the  e x c i t a t i o n  of  the  nucleus and i n  
p a r t i c u l a r  on i n t e r a c t i o n s  with ind iv idua l  p a r t i c l e s  i n  the  nucleus.  The 
r e s u l t s  demonstrate t h a t  p re sen t ly  known theory adequately descr ibes  .:hese 
experiments. T h i s  work i s  p a r t  of a comprehensive program aimed a t  uiider- 
s tanding inuclear i n t e r a c t i o n s  and s t r u c t u r e .  

A much more accura te  measurement has  been made of  t he  l i f e t i m e  of 1:he 
p o s i t i v e  p i  meson o r  pion -- a fumdamental p a r t i c l e  o f  na tu re ,  The p.!on 
i s  be l ieved  t o  be respons ib le  f o r  binding p a r t i c l e s  toge ther  t o  form :he 
nuc le i  of atoms. The l i f e t i m e  of t h e  f r e e  pion i s  one of i t s  charac tczr i s t ics  
which determines i t s  a b i l i t y  t o  perform t h i s  funct ion.  

I n  FY 1967 increased e f f o r t  w i l l  be made i n  nuc lear  physics  research.  
Experimental and t h e o r e t i c a l  i nves t iga t ions  w i l l  be conducted t o  obtaiLn more 
d e t a i l e d  information on nucleon-nucleon r eac t ions .  The da ta  from t h i s  work 
w i l l  con t r ibu te  t o  our  understanding of c o l l i s i o n s  between s o l a r  protons 
and ma te r i a l s  of t he  spacec ra f t  s t r u c t u r e .  The information i s  needed t o  
improve the  design of t he  sh i e ld ing  material thus  prevent ing r a d i a t i o n  
damage t o  eqiiipnent on t h e  spacec ra f t .  Furthermore, a t  the  E1ectronic:s 
Research Center,  a research  program concerned with a b e t t e r  understanciing 
of the  fundamental energy exchange processes  i n  c r y s t a l l i n e  s o l i d s  w i . 1  be 
pursued; and the emission, absorp t ion ,  and s c a t t e r i n g  of eLectromagne1:ic 
waves w i l l  be s tud ied .  Such information provides  the  base of  knowled1;e 
requi red  by the E lec t ron ic s  and Control  Program t o  improve r e l i ab i1 i t : r  and 
use fu l  liEe of c r i t i c a l  components. It w i l l  a l s o  l ead  t o  b e t t e r  signil l  
sources  for space communications. 

Materials 

Understanding why materials behave as they do i n  mechanical, chemical 
r a d i a t i o n ,  and thermal environments i s  the  goal  of  the  materials reseirrch 
program. The stcope ranges from s o l i d  state physics  - the  na tu re  of s o l i d  
matter - t o  tne app l i ca t ion  of such fundamental knowledge t o  advanced 
ma te r i a l s  f o r  N44SA's fu tu re  missions as w e l l  as def in ing  c o r r e c t i v e  a c t i o n s  
f o r  cur ren t  rnsterial problems. For example t h e  premature f a i l u r e  of t i t an ium 
oxid izer  tanks and t i t an ium s t r u c t u r a l  members may w e l l  be avoided as a r e s u l t  
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of the  r ecen t ly  i n i t i a t e d  research  e f f o r t  on s t r e s s -co r ros ion  cracking. 
When chosen f o r  use i n  these  app l i ca t ions ,  i t  was bel ieved t h a t  titariium 
w a s  immune tic) s t r e s s -co r ros ion  cracking,  a kind of unheralded and o f t e n  
catastrophic:  f r a c t u r e  a t  normal s t r e s s e s  i n  c e r t a i n  cor ros ive  environments. 
Recent failw:eo, however, show t h a t  some t i tan ium a l l o y s  w i l l  c rack  i n  
n i t rogen  tet.i:oxide and even i n  w a t e r .  Kesearch w i l l  be conducted both in -  
house and by con t rac t  t o  e s t a b l i s h  the  ex ten t  and g r a v i t y  of the  problem 
and t o  f ind  :;ol.utions, both s h o r t  range and long range. 

Another exaniple of bas i c  research  motivated by cu r ren t  de f i c i enc ie s  
i n  ma te r i a l s  i s ;  t h e  research  on polymers f o r  use a t  low temperatures.  
Glass re inforced  propel lan t  tanks r equ i r e  the  use of a l i n e r  t o  minimize 
the  loss of hydrogen through the  w a l l s  of the  tank by permeation. Polymeric 
materials a r e  being s tud ied  f o r  such app l i ca t ions ;  however, they a r e  sub jec t  
t o  cracking a t  low temperatures.  Basic s t u d i e s  t o  understand the  r e l a t i o n -  
sh ip  between the  s t r u c t u r e  of polymers and t h e i r  p rope r t i e s  a t  cryogenic 
temperatures: a r e  under way. This  understanding should provide the  nec- 
e s sa ry  in fo rna t ion  f o r  synthes iz ing  and processing polymers f o r  use a t  
very low teniperatures. 

Considerable progress  is now being made i n  obta in ing  si.mple and t rouble-  
f r e e  1ubricat:ion systems f o r  advanced space vehic les .  
would be one i n  which the  bare  metals s l i d e  upon one another  without binding 
o r  wearing. It: now appears t h a t  t h i s  i s  poss ib l e  i f  the  d i s t r i b u t i o n  and 
arrangement of the  metal and impurity atoms i s  con t ro l l ed  by a l loy ing ,  
mechanical working, and hea t  t reatment .  Current research  should e s t a b l i s h  
the  guide l ines  t o  be followed i n  performing these  operat ions.  

The i d e a l  system 

Advanced i t i r c r a f t  engines on the  o the r  hand can continue t o  use l i q u i d  
lub r i can t s  provided they are pro tec ted  from oxida t ion  and thermal decom- 
pos i t i on  a t  t:eniperatures severa l  hundred degrees higher  than those used i n  
cu r ren t  comniercial power p l an t s .  Current research  a t  NASA Research Centers 
and i n  severa l  research c o n t r a c t s  i s  emphasizing severa l  a l t e r n a t e  techniques 
f o r  preventing degradation. One technique i s  t o  use i n e r t  gases  t o  p r o t e c t  
the  lubricant:. Another involves  the  "once through" concept which c o n s i s t s  
of continuotirrly feeding f r e s h  lub r i can t  i n t o  the  bear ings i n  a very low but  
adequate flow r a t e .  

Fundamental research  i n  e l e c t r o n i c  p rope r t i e s  of materials f o r  c i r c u i t r y  
i n  communicait:ions devices w i l l  be continued. The c r e a t i o n  of new e l e c t r i c a l  
devices based upon cu r ren t  understanding of materials behavior i s  fac ing  
diminishing r e tu rns .  There i s ,  the re fo re ,  an urgent  need t o  acce le ra t e  t he  
fundamental s t u d i e s  of a l l  material phenomena. Research i.s being increased 
both a t  the  Centers as wel l  as on con t r ac t  t o  ob ta in  more knowledge c f  the  
mechanisms clli such phenomena as d i f fus ion ,  spu t t e r ing  and e l e c t r o n  and ion  
emission frclni s o l i d s  and e l e c t r o n - l a t t i c e ,  and e lec t ron-defec t  i n t e r a c t i o n s  
i n  c r y s t a l s .  The r o l e  of impur i t ies  and a l loy ing  add i t ions  on semiconductors, 
e l e c t r i c a l  i n s u l a t o r s  and f e r r o e l e c t r i c  ma te r i a l s  i s  a l s o  being pursued. 
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I n  FY 190;’ tihe general  f i e l d  of  s o l i d  s ta te  physics  w i l l  be expanded 
with part:icu:,ai: emphasis on e l e c t r o n i c  p rope r t i e s .  This i.s a v i t a l  a r e a  
and one i.n which the  E lec t ron ic s  Research Center w i l l  con t r ibu te  heaui ly .  

Applied Mathematics 

Research :in appl ied  mathematics i s  concerned with the  development 
of improved mathematical techniques f o r  the  s o l u t i o n  of physical  problems, 
The probl.ems which may arise i n  aerospace science o r  engineer ing usua l ly  
r equ i r e  the :;ol.ution of  non-l inear  d i f f e r e n t i a l  equat ions.  Fas t  and simple 
so lu t ions  a r e  des i r ed  f o r  planning experiments and p red ic t ive  eva lua t ion  
of re s u l  t:s . 

Research w i l b l  continue i n  aerodynamic mathematics f o r  p red ic t ing  gas 
flow around o r  wi th in  a body moving a t  hypersonic speeds,  and for de t e r -  
mining optinnim aerodynamic shapes of a i r c r a f t  wings and bodies  i n  super- 
sonic  and hypei:sonic a i r - f  lows. Grav i t a t iona l  and o rb i t a l .  mathematic s 
w i l l  be used t o  determine more accu ra t e ly  what t r a j e c t o r i e s  could prcduce 
a successful. lunar  o r b i t i n g  veh ic l e ,  as w e l l  as t o  make progress  i n  the  
cont inuing problem of more accura te  and economical predict: ions of orb i t s  
and posit.ion:; of  e a r t h  sa te l l i t es  and o t h e r  space vehic les .  Grants and 
c o n t r a c t s  i n  mathematical research  are a l s o  planned f o r  i nves t iga t ion  of 
methods f o r  :;o;tving equat ions of  heat-f low i n  r een te r ing  spacec ra f t ,  
supersonic a i r c r a f t ,  and tu rb ine  b lades ,  and f o r  s tudying programs f c r  
optimum perforroance of a i r c r a f t  us ing  t h e  ca l cu lus  of  v a r i a t i o n s .  
w i l l  a l s o  continue i n  the  theory of p l a t e s  and s h e l l s  of var ious  shapes 
a t  var ious  t:emperatures as a mathematical b a s i s  f o r  s a f e  and e f f i c i e n t  
design of advanced o r  proposed ae ronau t i ca l  and spacecraft .  s t r u c t u r e s .  

S tudies  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PROGRAM, 

PROGRAM OBJE&U.VES AND JUSTIFICATION : 

The basic  ob jec t ives  of the  Space Vehicle Systems program, namely t o  
i d e n t i f y  and so lve  c r i t i c a l  design problems assoc ia ted  wi th  space f l i g h t  and 
advance the  s t a t e -o f  - the -a r t ,  r equ i r e  t h a t  t he re  be a cont inua l  s h i f t  i n  
emphasis d i c t a t e d  f i r s t  by the  progress  and d i r e c t i o n  of t h e  o v e r a l l  U S A  
space program, secondly by the  r e v e l a t i o n  and inves t iga t ion  of new f indings  
and concepts ,  and a l s o  by the  necess i ty  f o r  developing immediate so lu t ions  t o  
pressing technica l  problems on cur ren t  NASA and m i l i t a r y  space vehiclles. 
Conversely, the program i s  planned and implemented t o  provide much of t he  
research tha t  e s t a b l i s h e s  the  f e a s i b i l i t y  and inf luences  the  course oE t he  
o v e r a l l  NASA space program. 

To cope w i t h  t he  technica l  problems assoc ia ted  with space veh ic l e  launch, 
ascent  through the  atmosphere, f l i g h t  i n  space,  en t ry ,  and landing,  t he  
program encompasses the  technica l  a reas  of Aerothermodynamics, S t r u c t i n e s ,  
Space Environmental Fac tors ,  Design C r i t e r i a ,  and F l i g h t  Experiments. The 
f i r s t  t h r e e ,  coupled with r e l a t e d  F l i g h t  Experiments, comprise t h e  ba-kbone 
of t he  research and technology e f f o r t .  
t he  e f f o r t  required t o  d i g e s t  the  v a s t  q u a n t i t i e s  of t echn ica l  informntion 
flowing from the  research e f f o r t  and from opera t iona l  experience and present 
i t  i n  compact, s imp l i f i ed ,  and a u t h o r i t a t i v e  form t h a t  can be used by the  
designer .  

The a r e a  of Design C r i t e r i a  represents; 

I n  the  a r e a  of spacecraf t  aerothermodynamics a h ighly  s i g n i f i c a n t  ,accomplish - 
ment was r ea l i zed  during FY 1966 i n  the  second successfu l  P ro jec t  F i r i ?  f l i g h t .  
That experiment determined very accura te ly  the  peak hea t ing  environment due 
t o  both convective and r a d i a t i v e  hea t ing  processes f o r  a b lunt  ba1iisl:ic type 
of veh ic l e  en ter ing  t h e  e a r t h ' s  atmosphere a t  lunar  r e t u r n  speeds of nbout 
37,000 f e e t  per second, The two Pro jec t  F i r e  f l i g h t s  have now e f f e c t i v e l y  
def ined the  e a r t h  en t ry  hea t ing  environment f o r  Apollo. 
placed during the  coming year  on consol ida t ing  and bui ld ing  on t h e  new 
f indings  of Pro jec t  F i r e  t o  develop improved knowledge of the  extreme hea t ing  
environment assoc ia ted  with en t ry  from plane tary  f l i g h t ,  involving spl2eds of 
50,000 f e e t  per second and g rea t e r .  
s t r u c t u r e s  , a t t e n t i o n  w i l l  be d i r ec t ed  t o  advanced a b l a t i v e  thermal picotectioia 
systems t h a t  w i l l  be required f o r  such an environment, and work w i l l  jlroceed 
toward t h e  development of techniques f o r  anchor-point experiments i n  € l i g h t  
a t  these  extreme speeds which a r e  beyond the  reach of labora tory  f a c i l i t i e s .  

Emphasis w i l l  be 

I n  c lose ly  assoc ia ted  research oil 
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Research emphasis i n  aerothermodynamics and s t r u c t u r e s  w i l l  a l s o  be 
d i r ec t ed  toward advanced manned space f l i g h t  i n  near-ear th  reg ions ,  as  
exemplified by the  l i f t ing-body c l a s s  of maneuverable en t ry  veh ic l e s .  
At ten t ion  w i l l  be focused e spec ia l ly  on t h e  f l i g h t  problems i n  the  c r i t i c a l  
terminal  approach and landing phase using the  M-2  and HL-10 t e s t  veh ic l e s  and 
on the  techn.cklcigy of e f f i c i e n t ,  r e a d i l y  re furb ishable  a b l a t i v e l y  pro tec ted  
s t r u c t u r e s ,  Increased a t t e n t i o n  w i l l  a l s o  be given t o  new concepts of 
maneuverable en t ry  veh ic l e s  t h a t  incorpora te  propuls ive l i f t  f o r  terminal  
descent and. landing. 

Consideratlly g r e a t e r  emphasis w i l l  be given i n  FY 1967 t o  parachute and 
dece le ra to r  technology f o r  s eve ra l  important appl ica t ions .  New developments 
i n  s t e e r a b l e  pakrachutes and pa rag l ide r s  with non-rigid s t r u c t u r a l  eleinents 
may provide r e l i a b l e ,  con t ro l l ed  descent and touchdown c a p a b i l i t i e s  on land 
f o r  cur ren t  manned spacecraf t  types such as Apollo. The t h i n  atmosphere of 
Mars has  placed new demands on parachute technology f o r  luwering instrument 
payloads t o  the  sur face  a t  impact v e l o c i t i e s  low enough f o r  them t o  s i iwive  
and opera te .  
s t r u c t u r a l  i n t e g r i t y  with l i g h t  weight,  and s t a b l e  descent a t  the  low 
atmospheric d e n s i t i e s  a n t i c i p a t e d ,  
v e r i f y  ground -based research.  

I n  t h i s  app l i ca t ion  p r inc ipa l  needs a r e  f o r  r e l i a b l e  deployment, 

F l i g h t  experiments w i l l  be needed t o  

I n  the  a reas  of space environmental f a c t o r s  and i n  space s t r u c t u r e s ,  
s eve ra l  notable  accomplishments were made during FY 1966. Major s t r i d e s  
were made toward determining the  pene t r a t ing  meteoroid environment i n  near -  
e a r t h  space through t h e  successfu l  launching of t h ree  Pegasus Spacecraft  by 
Saturn I launch veh ic l e s .  These t h r e e  la rge-area  spacecraf t  toge ther  wi th  
the  e a r l i e r  smaller  Explorer XVI and XXIII s a t e l l i t e s  a r e  providing q i ian t i t i es  
of s t a t i s t i c a l  meteoroid pene t r a t ion  r a t e  da t a  i n  s t r u c t u r a l  specimens up t o  
16 mils i n  thickness .  These da t a  have already been of g rea t  va lue  i n  the  
Apollo program and w i l l  he lp  def ine  the  design environment f o r  t h e  Maimed 
Orbi t ing  Laboratory. 
technology research e f f o r t  involves  the  ty ing  toge ther  of f l i g h t  measirements:, 
l abora tory  impact and penet ra t ion  measurements, and ground-based observat ions 
of na tu ra l  meteors. A s u b s t a n t i a l l y  augmented ground-based program i t 3  needed 
and is  planned f o r  FY 1967. Addit ional  f l i g h t  experiments a r e  a l s o  meded t o  
extend the  thickness  range of s t r u c t u r a l  specimens subjec ted  t o  meteoroid 
pene t ra t ion  i n  near-ear th  o r b i t s  and t o  extend the  pene t ra t ion  measur2ments 
t o  the  v i c i n i t y  of Mars and i n t o  the  a s t e r o i d  b e l t  where the  populat ion of 
pene t ra t ing  meteoroids may be much g r e a t e r  than near  t h e  ea r th .  

An e s s e n t i a l  and c lose ly  r e l a t e d  p a r t  of t he  meteoroid 

Toward t h i s  end research has a l ready produced a notab le  advance i n  
technology toward the  development of t he  very high q u a l i t y  penetrat io .1  and 
impact sensors  t h a t  w i l l  be required.  

Research , w i l l  be  continued on the  e f f e c t s  of high-energy space r a d i a t i o n  
on spacecraf t  ma te r i a l s  and components, s o l a r  r a d i a t i o n  e f f e c t s  and 
temperature con t ro l ,  the  s to rage  of cryogenic l i q u i d s  such as l i q u i d  hydrogen 
f o r  long periods of  time i n  space,  and the  behavior and cont ro l  of f l u i d s  i n  
t h e  weight less  s t a t e .  
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I n  launch veh ic l e  aerothermodynamics and s t ruc tures , technology research 
w i l l  be continued on a wide v a r i e t y  of problems of importance t o  cur ren t  
types of launch! veh ic l e s  such as base hea t ing  assoc ia ted  with l a r g e  mul t ip l e  
rocket  i n s t a l l a ~ t i o n s ,  i n t ense  acous t i c  no ise ,  s t r u c t u r a l  loads ,  more advanced 
and e f f i c i e n t  s t r u c t u r a l  des igns ,  and dynamics of l a r g e  space veh ic l e  
s t r u c t u r e s .  Special  a t t e n t i o n  w i l l  be given t o  t h e  exceedingly d i f f i c u l t  
t echn ica l  prclblems involved i n  t h e  recovery and reuse of launch veh ic l e  
s t a g e s ,  both from the  s tandpoint  of devis ing  techniques f o r  t h e  recovery of 
e x i s t i n g  t y p e s  of veh ic l e s  and from t h e  s tandpoint  of completely d i f f e r e n t  
types of advmced veh ic l e s  designed from t h e  o u t s e t  f o r  reuse.  

SUMMARY OF RZBURCES REQUIREMENTS: 

1965 

Supporting research and 

P ro jec t  Fire. . . . . . . . . . . . . . . . . . . . .  1,811,000 
L i f t i n g  body f l i g h t  and landing 

tests. . . . . . . . . . . . . . . . . . . . . . . . . .  1,400,000 

technology. .................... $25,707,000 

Scout reent ry  p ro jec t  ............ 400,000 
Pro jec t  Pegasus (Saturn-launched 

Small space veh ic l e  f l i g h t  

Scout launched meteoroid 

meteoroid experiment) .......... 13,690,000 

experiments...  ................. 1,010,000 

experiments. ................... 175 .OOO 

Total . . . . . . . . . . . . . . . . . . . . . . . . . .  $44,193.000 

Distributicmn of Propram Amount by I n s t a l l a t i o n :  

1965 

Manned Spacecraf t  Center. . . . . . .  $629,000 
Marshall Space F l igh t  Center. . .  16,444,000 
Goddard Space F l i g h t  Center.. . .  1,231,000 

Ames Research Center. . . . . . . . . . .  3 , 354,000 
Elec t ronics  Research Center. . . .  --- 

. F l i g h t  Research Center. . . . . . . . .  1,825,000 
Langley Research Center . . . . . . . .  10,593,800 
Lewis Research Center . . . . . . . . . .  2,407 , 831 

Western C'perations Off ice . . . . . .  635,000 

J e t  Propulsion Laboratory ...... 3,599,400 

NASA Headquarters.. .  ........... 3,473,969 

1966 

$26,000,000 
500,000 

1,000,000. 
3 , 000,000 

2,500,000 

2,000 , 000 

$35,000,000 

1966 

$435,000 
4,201,000 
1,751,000 
3 , 718 , 000 
3,076,000 

250 , 000 

11,466,000 
3,087,000 
6,006,000 

1,010 , 000 

--- 

1967 - 

$28,700,000 --- 
1,000,000 
4 , 800,000 

1,500,000 

$36,000,000 - 

1967 - 
$6 70,000 

3,096,000 
2,081,000 
4,200,000 
3,475,000 

250 , 000 

14,282,000 
3,223,000 
3 , 7 13,000 

1,010,000 

--- 
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BASIS OF FUNLREQU1REMENT.S : 

Supportinp Research and Technology 

1965 1966 

Spacecraft  a.erothermodynamics. ... $5,723,000 $6,191,000 
Spacecraft  s t ruc tures . . . . . . . . . . . .  5,819,000 6,201,000 
Launch veb.ic l e  aerothermodynamics 1,488,000 855 , 000 
Launch veh ic l e  s t ruc tu res . . . . . . . .  3 , 398,000 2 , 554,000 
Space veh ic l e  environment 

Advanced space veh ic l e  concepts. .  606 , 000 500 , 000 
Space veh ic l e  design c r i t e r i a . . . ,  634,000 1,725.000 

factors. . . . . . . . . . . . . . . . . . . . .  ... 8,039,000 7 , 974 , 000 

Tota l  ........................... $25,707.000 $26,000,000 -- 

- 1967 

$5,346,000 
6 , 710,000 
1,300,000 
3 , 264,000 

10,805,000 

- 1 , 275,000 

$23,700,000 

--- 

- 
Spacecraf t  Aerothermodynamics 

Research i.n spacecraf t  aerothermodynamics i s  concerned with atmospneric 
hea t ing ,  f l ig ,h t  performance, s t a b i l i t y ,  and aerodynamic con t ro l  assoc ia ted  
with hyperveloci ty  en t ry  of veh ic l e s  i n t o  the  atmospheres of t h e  e a r t n  and 
o the r  planets, .  The program a l s o  seeks t o  devise  new concepts of  veh ic l e s  and 
f l i g h t  techniques t o  enhance our  space f l i g h t  c a p a b i l i t i e s  by soph i s t i ca t ed  
use of  p lane tary  atmospheres f o r  maneuvering and braking. A c l o s e l y  r e l a t e d  
ob jec t ive  i s  t h a t  of advancing t h e  technology r e l a t i n g  t o  t h e  terminal  
descent and I artding of both manned and unmanned spacec ra f t .  

I n  add i t ion ,  t he  program provides technological  support  i n  t h e  s o l u t i o n  of 
s p e c i f i c  prc~hlems encountered i n  v e h i c l e  development p r o j e c t s  of NASA and the  
m i l i t a r y  s e r t k e s .  The program a l s o  provides  the  i n s t i t u t i o n a l  support  f o r  
t he  J e t  Propuls ion Laboratory wind tunnels .  

A major a,c:complishment of t h e  pas t  year  was t h e  successfu l  f l i g h t  o f  F i r e  
I1 and t h e  ana lys i s  of r een t ry  hea t ing  da ta  from both f l i g h t s  of P ro jec t  F i r e  
a t  speeds of about 37,000 f e e t  per  second. The d a t a  i n d i c a t e  t h a t  a t  speeds 
of t h i s  magnittide most r a d i a t i v e  component of the  aerodynamic hea t ing  i s  
assoc ia ted  with r a d i a t i o n  i n  t h e  very s h o r t  wave length u l t r a v i o l e t  p a r t  o f  
t h e  energy spec:trum. This new f ind ing  has  a l ready  had a s i g n i f i c a n t  impact 
on t h e o r e t i c a l  and ground-based experimental  research.  New e f f o r t s  w i l l  b e  
made t o  underst.and t h e  exact na tu re  of  t he  phys ica l  and chemical processes 
governing the production and absorpt ion of t h e  r ad ian t  energy. Such an under- 
s tanding  i s  e s s e n t i a l  t o  t he  extension of  our  knowledge of aerodynamic hea t ing  
t o  h igher  speed regimes of 50,000 f e e t  pe r  second and g r e a t e r  a s soc ia t ed  with 
atmospheric entry from plane tary  f l i g h t .  Such high speeds are beyond our  
capac i ty  f o r  d i r e c t  s imulat ion i n  t h e  labora tory ,  hence ground-based research 
w i l l  need support and confimiat ion by f l i g h t  experiments which w i l l  be d i r ec t ed  
toward determinat ion of both t h e  hea t ing  environment and the  performance of 
thermal prot ect:ion systems. 
e s s e n t i a l ,  work w i l l  be c a r r i e d  out  on developing both t h e  f l i g h t  and recovery 
techniques f o r  such app l i ca t ions .  

Since recovery of t h e  experiment payload appears 
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An important a r e a  t o  which s u b s t a n t i a l  e f f o r t  w i l l  be d i r ec t ed  i n  IT 1967 
i s  the  technology of advanced manned spacecraf t  having s u b s t a n t i a l  maneuvering; 
c a p a b i l i t y  i n  t h e  atmosphere. The a b i l i t y  to  produce appreciable  aerodynamic 
l i f t ,  and t h e  a b i l i t y  t o  con t ro l  t he  amount of l i f t  and drag,  promise:; l a rge  
b e n e f i t s ,  which include: g r e a t l y  reduced peak g-loads on crew and passengers;  
widened, l e s s  c r i t i c a l  en t ry  co r r ido r s ;  g r e a t e r  l a t e r a l  f l i g h t  range which 
provides a l a r g e r  number of p o t e n t i a l  landing s i t e s ,  and thus improveti over- 
a l l  opera t iona l  f l e x i b i l i t y ;  and p rec i s ion  i n  re turn ing  from o r b i t .  With 
these  end ob jec t ives  i n  mind, emphasis was placed during t h e  past  yeai: on 
(1) development and cons t ruc t ion  of the  M2-F2 and HL-10 manned low-speed 
f l i g h t  research vehic les  now en te r ing  the  f l i g h t  t e s t  phase, (2) l abora tory  
research on the hypersonic performance and hea t ing  of the  Lifting-bod:r veh ic l e s  
of t h e  M-2/HL-10 c l a s s  configured t o  have good f l i g h t  c h a r a c t e r i s t i c s  a t  low 
speeds,  (.3) general ized mission and prel iminary design s t u d i e s  involvmg 
l i f t ing-body types of veh ic l e  f o r  guidance of research planning, and ( 4 )  
preliminary inves t iga t ion  of l i f t i n g  en t ry  conf igura t ions  r ad ica l ly  dLfferent  
from the  M-2 o r  HL-10. This research w i l l  be continued a t  the  Lang1e:r and 
Ames Researc'h Centers i n  FY 1967. Some of t he  advanced conf igura t ion ;  t o  be 
inves t iga t ed  may possess b e t t e r  hypersonic performance than the  M-2 o c  HL-10 
c l a s s  of v e h i c l e s ,  while o the r s  may have p o t e n t i a l l y  b e t t e r  a i rp l ane  :ype 
landing capab i l i t y .  Some concepts w i l l  incorpora te  parachute and propuls ive 
l i f t  f o r  soft v e r t i c a l  landing. The F l i g h t  Research Center w i l l  be h2avi ly  
involved - w i t h  the  f l i g h t  t e s t  program on the  M2-F2 and HL-10 veh ic l e s  
during FY 1967. 

I n  the  area of terminal  descent and landing increased emphasis w i l l  be 
given t o  parachute and dece le ra to r  technology wi th  s p e c i a l  re fe rence  to 
(1) the  s o f t  landing of instrument packages on Mars, (2) terminal  deszent 
over land areas  with con t ro l  of the  f l i g h t  path f o r  manned b a l l i s t i c  3r semi- 
b a l l i s t i c  entry v e h i c l e s ,  and (3) recovery of launch veh ic l e  s tages .  In  the  
Mars landing app l i ca t ion ,  the  very t h i n  atmosphere of Mars compared t 3  t h a t  
of t he  e a r t h  requi res  the  deployment of l a rge  l ightweight  parachutes a t  
r e l a t i v e l y  high speeds a t  very l o w  atmospheric d e n s i t i e s .  Research information 
i s  required t o  assure  high r e l i a b i l i t y  of deployment, provide accurate  infIormi3- 
t i o n  on aerocynamic f o r c e s ,  and provide f o r  s t a b l e  descent with the  proper 
terminal  o r  impact ve loc i ty .  Because of the  dynamics involved sca l ing  from 
small  models i s  d i f f i c u l t  and a program of f l i g h t  t e s t s  a t  r e l a t i v e l y  l a rge  
s c a l e  i s  needed t o  v e r i f y  and extend ground-based research.  At ten t ion  w i l l  
a l s o  be given t o  the  aerodynamic problems and performance of high-speed 
a u x i l i a r y  dece le ra t ion  devices ,  including towed b a l l u t e s  and i n f l a t a b l e  o r  
otherwise extendable s k i r t s ,  f o r  increas ing  the  f r o n t a l  a r e a  and hence the  
drag of the  has i c  p lane tary  en t ry  veh ic l e  t o  increase  the  t r a n s i t  time 
through the  th in  atmosphere and reduce the  speed f o r  terminal  parachute 
deployment. 

I n  the  appli .cations t o  manned spacecraf t  and t o  booster recovery techno1og:y 
requirements a r e  genera l ly  s i m i l a r ,  and w i l l  involve the  study of advanced 
controllaLble g l id ing  types of parachute conf igura t ions  such a s  the  so-ca l led  
l i m p  paragl ider  which uses no r i g i d  s t r u c t u r a l  members, and inves t iga t ion  of 
the  deployment of l a rge  parachutes beyond the  present  s t a t e - o f - t h e - a r t  for  
heavy payloads, 
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Spacecraf t  S t ruc tu res  

The ob jec t ive  of t h i s  program is  t o  i d e n t i f y  and so lve  c r i t i c a l  spacecraf t  
s t r u c t u r a l  protllems through a n a l y t i c a l  and experimental research .  
elements of t.he program include:  advanced s t r u c t u r a l  concepts and ma te r i a l s  
app l i ca t ions ,  p ro t ec t ion  aga ins t  en t ry  hea t ing  and space environmental 
hazards ,  determinat ion of c r i t i c a l  loads and s t r u c t u r a l  response,  p ro t ec t ion  
aga ins t  v i b r a t i o n  environments and landing impact, and prolonged s to rage  of 
cryogenic 1 icluids i n  space. 

Major 

I n  the  realm of advanced concepts,  requirements f o r  f u t u r e  systems a r e  
an t i c ipa t ed ,  and pe r t inen t  advances i n  s t r u c t u r e s  and ma te r i a l s  technology 
which may hewe been developed independently a r e  combined t o  eva lua te  t h e i r  
f e a s i b i l i t y  cincl usefulness  i n  p r a c t i c a l  appl ica t ions .  A cur ren t  example 1 s  
a con t r ac t  arid in-house study of i n f l a t a b l e  lunar  s h e l t e r s  a t  t h e  Langley 
Research Cen.t.er. Preliminary work has ind ica ted  a promising p o t e n t i a l  t h a t  
such s h e l t e r s  may provide a s h i r t - s l e e v e  environment, complete l i f e  support  
and communication f a c i l i t i e s ,  i n t e r n a l  temperature c o n t r o l ,  and meteoroid 
pro tec t ion .  

Another advanced concept being s tud ied  under con t r ac t  c.oncerns l a r g e  o r b i t  - 
ing antennas. f o r  unmanned s c i e n t i f i c  missions.  I n  t h i s  case ,  requirements frmn 
o the r  discip1.ines assoc ia ted  with r ad io  astronomy a r e  blended with advances in 
spsce struct.urc?s t o  provide the  technology necessary f o r  l igh tweight ,  l a r g e  
a rea  antenna systems. 

Expanded e f f o r t  w i l l  be d i r ec t ed  i n  FY 1967 t o  the  problems involved with 
improved str-tict:ures t o  withstand atmospheric en t ry .  One a rea  i s  assoc ia ted  
wi th  refuLrbi.:;hable e a r t h  en t ry  v e h i c l e  s t r u c t u r e s .  As t h e  frequency and 
magnitude of e a r t h  o r b i t a l  opera t ions  increase  , economic advantages nay  be 
gained by reuse of spacecraf t  i f  t he  c r i t i ca l  areas of t h e  s t r u c t u r e  could 
be r ead i ly  r e s to red .  Current spacecraf t  and t h e i r  hea t  s h i e l d s  a re  rormally 
i n t e g r a l  s t r u c t u r e s  which do not f a c i l i t a t e  r e p a i r  o r  replacement of  damaged 
comp0nent.s. Various concepts f o r  providing refurbishment without s ac r i f i c ing ,  
s t r u c t u r a l  e:Eficiency w i l l  be inves t iga ted .  

Another a rea  of emphasis concerns p lane tary  en t ry  struc:tures f o r  Lse i n  
conjunction with the  explora t ion  of  Mars, 
es t imates  of t h e  Martian atmosphere i n d i c a t e  t h a t  the  atmospheric prcssure  i a  
s o  low ccmpa.ced wi th  t h a t  of e a r t h  t h a t  s a t i s f a c t o r y  terminal  condi t j  ons 
cannot be achieved with conventional veh ic l e s .  Consequently , i t  i s  r.ecessary 
t o  r e l y  on 17ery l ightweight  veh ic l e s  with l a rge  f r o n t a l  a reas  i n  ordcmr t o  
minimize impact v e l o c i t y  and enhance capsule  su rv iva l .  
Propulsion 1,aboratory and the  Langley Research Center i s  endeavoring t o  
i s o l a t e  and reso lve  the  s t r u c t u r a l  problems of such veh ic l e s  i n  order  t o  
permit them to  be designed with confidence.  

As mentioned previously , cur ren t  

Research a t  the  J e t  
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Among o the r  important problems, increased emphasis i s  required during 
FY 1967 i n  t h e  a r e a  of high frequency v i b r a t i o n s  t o  provide more adequate 
a n a l y t i c a l  and experimental techniques f o r  coping wi th  the  extremely complex 
problems encctmtered i n  the  wide v a r i e t y  of v i b r a t i o n  environments encountered 
by spacec ra f t .  I n  another a rea ,  s to rage  of cryogenic p rope l l an t s ,  t h e  
technology f c r  tank s t r u c t u r e s  and i n s u l a t i o n ,  is wel l  advanced f o r  smort-time 
s torage  i n  launch veh ic l e s .  Increased research i s  required f o r  prolonged 
s to rage  of cryogenic l i q u i d s ,  such as l i q u i d  hydrogen, i n  spacec ra f t .  Planetary 
missions w i l l  involve s torage  per iods of years  r a t h e r  than hours o r  days. The 
s i g n i f i c a n t  advantages of l i q u i d  hydrogen a s  a propel lan t  cannot be f J l l y  
r ea l i zed  unless  f u r t h e r  advances a r e  made i n  cryogenic tank s t r u c t u r e s  and 
thermal protemction systems. These inves t iga t ions  a t  the  Lewis Research Center 
and the  Marstlall  Space F l ight  Center w i l l  be extended i n  FY 1967. 

Launch Vehicle Aerothermodynamics 

This prog,r.am i s  concerned pr imar i ly  with hea t ing ,  acous t i c ,  aerodynamic 
and recovery problems assoc ia ted  with present  and f u t u r e  launch veh ic l e s .  

Considerahle research has  been accomplished on t h e  measurement of temper- 
a t u r e s  i n  the  base a rea  of both model and f u l l  s c a l e  c lus t e red  rocke ts  t o  
determine the  hea t ing  caused by the  j e t  exhaust and t h e  burning of en t ra ined  
gases i n  the base a rea  of the  veh ic l e .  However, a sound understanding of the  
problem and adequate p red ic t ion  and con t ro l  of  launch veh ic l e  base hea t ing  
have been. severe ly  hampered by the  l ack  of bas i c  information on the  na ture  of 
the  complex flcbws i n  the  base region. The s i t u a t i o n  has been aggravated by 
inadequate techniques f o r  measuring the  flow f i e l d s  with t h e  accuracies  
required.  P m  e lec t ron  gun technique r ecen t ly  developed under t h e  auspices  of 
t he  Marshall Space F l igh t  Center appears t o  o f f e r  considerable  promise f o r  
mapping the  flow dens i ty  and temperature i n  t h e  base region f o r  high a l t i t u d e  
f l i g h t  regimes. 
experimental i r ives t iga t ions  using sca led  models of c lus t e red  rocket nozzle 
arrangements# Hopefully, t h i s  will lead t o  improved means of pred ic t ing  the  
base temperatures on ac tua l  launch veh ic l e s  and i n  c o n t r o l l i n g  the  flow t o  
reduce base temperatures i n  c r i t i c a l  h o t  spots .  Also i n  FY 1967 e f f c r t s  
w i l l  be c.ont.:,nued t o  develop techniques appl icable  t o  i n f  1 i g h t  flow nieasure- 
ment on 1auru:h veh ic l e s  e a r l y  i n  t h e  launch t r a j e c t o r y  a f t e r  l i f t  o f f .  

I n  FY 1967 t h i s  technique w i l l  be employed i n  seve ra l  

A b e t t e r  understanding of t h e  base flows w i l l  l ikewise  generate  iaproved 
understanding of f a c t o r s  a f f e c t i n g  no i se  pressures  i n  t h e  base r eg io r .  I n  
FY 1967 rest!;m:h w i l l  be augmented a t  the  Marshall Space F l i g h t  Centcr on 
sound pressures  experienced on the  veh ic l e  and on t h e  surrounding t e r r a i n  
during opera t ion  of l a rge  s c a l e  c l u s t e r e d  rocket  motors. 
t o  b e t t e r  understand the  no i se  source,  and continued research on atmospheric 
f a c t o r s  i.nfl.uexicing sound propagation, g r e a t l y  improved ac:curacy shot Id  be 
poss ib l e  i n  p red ic t ing  sound l e v e l s  a t  a l l  d i s tances  and azimuths surrounding 
launch vehic:te rocket  engine f i r i n g s  f o r  both s ta t ic  t e s t s  and actual  launches. 
This will.  be o:E considerable  va lue  i n  planning and scheduling engine f i r i n g s  
t o  avoid o r  ::educe dis turbances t o  adjacent  communities arid nearby bui ld ings  :, 
or  t o  a l e r t  c e r t a i n  a reas  where noise  l e v e l s  a r e  expected t o  be high. Also 

Through t h i s  research 
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i n  FY 1967 research w i l l  be emphasized on the  s u b s t a n t i a l l y  magnified sound 
pressures  on launch veh ic l e s  i n  regions of separa ted  flow behind ven t s  and 
pro t ub e r  ance s o f var ious  kinds . 

The research e f f o r t  on launch v e h i c l e  aerodynamics i n  FY 1967 w i l l  continuce 
t o  be l a rge ly  concerned with i n v e s t i g a t i o n  of spec ia l i zed  problems wi':h e x i s t  
ing launc'h veh ic l e s  o r  those under a c t i v e  development, and with i .nvest igat ion 
of f u t u r e  launch veh ic l e  concepts,  many of which involve recovery.  Recovery 
i n j e c t s  a campletely new dimension t o  the  aerodynamics, f l i g h t  con t ro l  and 
hea t ing  of launch veh ic l e s ,  i r r e s p e c t i v e  of whether t h e  recovery mode ranges 
from t h a t  of a f i r s t  s t age  landed i n  t h e  ocean by parachutes ,  o r  of a second 
s t age  from o r b i t  t o  a landing on land by l i f t i n g  su r faces .  
number anld v a r i e t y  of advanced launch veh ic l e  concepts and recovery modes, 
many of w'hich have commonality i n  technology with manned spacec ra f t  a ;  wel l  
as hypersonic c r u i s e  and supersonic  t r anspor t  a i r c r a f t .  A modest: e f f x t  has 
been expended i n  FY 1966 t o  exp lo i t  t h e  l a t t e r  technologies  as  app l i e3  t o  
launch v e h i c l e s ,  while  a t  the same time emphasizing s t u d i e s  t o  eva1ua':e t he  
many poss ib le  concepts,  s i z e s  and conf igura t ions  of f u t u r e  launch veh ic l e s  t o  
i d e n t i f y  those of g r e a t e s t  i n t e r e s t  f o r  concentrated research inves t iga t ions .  
This e f f o r t  w i l l  be expanded i n  FY 1967. 

There a r e  a l a r g e  

Launch Vehicle S t ruc tu res  

The primary ob jec t ives  of t h i s  program a r e  t o  explore  and eva lua te  advanced 
s t r u c t u r e s  and ma te r i a l s  concepts f o r  launch veh ic l e s ,  t o  provide improved 
methods f o r  determining the  loading and response of v e h i c l e  s t r u c t u r e s ,  and t 'o  
develop more r e l i a b l e  means of p red ic t ing  and confirming t h e  s t r eng th  of 
launch veh ic l e s .  

Primary s t r u c t u r a l  design condi t ions  f o r  most launch veh ic l e s  a r e  assoc ia ted  
wi th  atmospheric wind loadings,  i . e . ,  ground winds p r i o r  t o  launch and f l i g h t  
winds a f t e r  launch a t  a l t i t u d e s  up t o  about 50,000 f e e t .  Progress is  being 
made a t  the  Pines and Langley Research Centers i n  experimental s t u d i e s  of 
ground wind loadings on f u l l  s c a l e  veh ic l e s  for  comparison with wind tunnel 
d a t a ,  and techniques f o r  s imulat ing atmospheric turbulence i n  wind  tunnel  
tests a r e  being evaluated. These e f f o r t s  w i l l  cont inue i n  FY 1967 wi th  t h e  
ob jec t ive  of providing more p rec i se  methods which a r e  needed f o r  p red ic t ing  
ground wind loads.  The e f f o r t s  t o  develop an accura te  system f o r  measurement 
of f l i g h t  wind condi t ions have r e s u l t e d  i n  r ada r / sphe r i ca l  bal loon system now 
i n  rout ine  use a t  t h e  Kennedy and P a c i f i c  launch s i t e s .  The roughened, two- 
meter,  spherj.cn1 ba l loon  wind sensor  developed a t  the  Marshall Space F l igh t  
Center has  d emclnstrated s t a b l e  ascent  through t h e  atmosphere and r a p i d  response 
charac te r i s t j . co  previously una t t a inab le  with o the r  techniques.  

Without ccmmprehensive d e t a i l e d  design s t u d i e s ,  i t  is  o f t e n  d i f f i c u l t  t o  
eva lua te  the mer i t s  of e x i s t i n g  o r  p o t e n t i a l  advances i n  s t r u c t u r a l  concepts 
and ma te r i a l s  app l i ca t ions  as appl ied t o  launch veh ic l e s .  Techniques f o r  
rap id  eva.lua!t:ion of these  merits a r e  being inves t iga t ed  under con t r ac t .  The 
techniques under s tudy show s i g n i f i c a n t  promise f o r  def in ing  the  r e l a t i v e  
payoffs ,  e . @ , ,  , weight and cos t  sav ings ,  t o  be expected from a wide range of 
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advanced s t r u c t u r e s  technology. 
f u t u r e  research which would be appl icable  e i t h e r  f o r  modif icat ion of e x i s t i n g  
veh ic l e s  o r  f o r  the  development of new launch veh ic l e s ,  
of launch vehic1 .e~  c r e a t e  a number of formidable s t r u c t u r a l l m a t e r i a l  problems. 
Although the  technology being developed f o r  reusable  manned spacecraf t  w i l l  be 
appl icable ,  csrt :ain problems unique t o  t h e  reuse of t he  l a r g e r  and l e s s  dense 
s t r u c t u r e s  of launch veh ic l e s  must  be s tud ied .  P a r t i c u l a r  a t t e n t i o n  w i l l  be 
focused during; IY 1967 upon s u b s t a n t i a l l y  d i f f e r e n t  conf igura t ions  f o r  f u t u r e  
generat ions clli 1 aunch veh ic l e s .  

Such d e f i n i t i o n  w i l l  provide guidance f o r  

Recovery and reuse 

A general  purpose computer program is  being developed f o r  t h e  ana lys i s  of 
complex space veh ic l e  s t r u c t u r e s .  
t h a t  i t  can h c !  used by a l l  of  t he  NASA Centers .  It w i l l  be ava i l ab le  t o  
indus t ry  so that: t h e  r e s u l t  may improve the  s t r u c t u r a l  ana lys i s  c a p a b i l i t y  
of indus t ry  on the  whole. It may e l imina te  a l s o  t o  a l a rge  ex ten t  the  need 
f o r  s p e c i a l  purpose programs t h a t  a r e  now cons tan t ly  under development, and 
s e k e  a s  ZIR e f f c x t i v e  means of communicating s t r u c t u r a l  information between 
NASA cont rac tors  and NASA Centers.  Since the  program w i l l  provide s u b s t a n t i a l  
improvement i n  s t r u c t u r a l  systems ana lys i s ,  it might be used a l s o  by o the r  
i n d u s t r i e s  imrol.ving s t r u c t u r a l  design. It should be completed and put i n t o  
general  use by t:he end of FY 1967. 

This program w i l l  be s tandardized such 

Space Vehicle Environmental Fac tors  

This research program i s  concerned with the  veh ic l e  design problems 
incurred by the  environment of space. The ob jec t ive  of the  program i s  t o  
determine i n  d e t a i l  t he  na ture  of t he  space environment fram the  veh ic l e  
design s tandpoin t ,  t o  i n v e s t i g a t e  the  e f f e c t s  of the  environment on space- 
c r a f t ,  and t o  f ind  so lu t ions  f o r  r e l a t e d  technica l  problems, The scope of 
t he  research e f f o r t  includes high energy r a d i a t i o n  e f f e c t s  and sh ie ld ing ,  
t he  meteoi:oid environment and impact hazard,  thermal r a d i a t i o n  and temperature 
c o n t r o l ,  high VixCUUm technology, and the  behavior and con t ro l  of f l u i c ' s  under 
zero g rav i ty  condi t ions.  

Research :is being performed t o  determine r a d i a t i o n  e f f e c t s  on engineering 
p rope r t i e s  of s e n s i t i v e  spacecraf t  ma te r i a l s ,  devices ,  and components and 
t o  increase  the understanding of t he  bas i c  mechanisms f o r  r a d i a t i o n  dmnage 
t o  permit devlzlopment of improved r a d i a t i o n  r e s i s t a n t  ma te r i a l s  and spacecraft:  
components. Completion of new r a d i a t i o n  f a c i l i t i e s  a t  t h e  Langley Res\earch 
Center and tht? Goddard Space F l igh t  Center w i l l  r e s u l t  i n  increased emphasis 
OR in-house ixsearch during FY 1967. The new Space Radiation Ef fec t s  
Laboratory a t  Langley, operated by t h e  Vi rg in i a  Associated Research Center 
under con t r ac t  to NASA, w i l l  become the  p r i n c i p a l  cen te r  f o r  NASA expc~imental .  
research on high energy proton and e l ec t ron  r a d i a t i o n  e f f e c t s .  
funds a r e  reqIJired i n  FY 1967 f o r  t he  opera t iona l  support  of t h e  labora tory ,  
a s  wel l  a:; f o r  support  of increased appl ied  r a d i a t i o n  research  at LangLley. 
Radiation environmental t e s t i n g  and s imulat ion techniques,  and c o r r e l a t i o n  
of damage by t h e  var ious  types of r a d i a t i o n  w i l l  r ece ive  increased emphasis 
a t  t h e  new Goddard Space F l i g h t  Center r a d i a t i o n  f a c i l i t y .  

Increased 
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I n  connect::ion wi th  t h e  p ro tec t ion  of man and equipment from t h e  e f f e c t s  of 
high energy i:iad:iation i n  space,  t h e o r e t i c a l  and experimental  s t u d i e s  zlre being; 
performed t o  provide da t a  on t h e  sh i e ld ing  e f f ec t iveness  o f  materials with 
s p e c i a l  emphasis on t h e  secondary r a d i a t i o n  produced w i t h i n  t h e  shielcling 
material. 
genera l  increase  i n  research devoted t o  advanced sh ie ld ing  concepts.  Research. 
i n  an advanced and promising sh ie ld ing  concept which uses  EI combinaticn of 
both magnetic and e l e c t r o s t a t i c  fo rces  t o  d e f l e c t  charged p a r t i c l e s ,  such as 
protons arid e l e c t r o n s ,  o f f e r s  promise of very  l a r g e  savings i n  s h i e l d  weight 
f o r  extended Inissions. 

A cont inuing e f f o r t  i n  sh i e ld ing  research w i l l  be requi red ,  with a 

A broad raisearch program including both labora tory  and f l i g h t  expel iments 
i s  under way to  ob ta in  d e f i n i t i v e  da t a  on t h e  c h a r a c t e r i s t i c s  o f  metecroids 
and t h e i r  ha;:ards t o  spacecraf t .  A major milestone has  been accomplished i n  
t h e  launchinlg o.E t h r e e  l a r g e  a r e a  Pegasus meteoroid de t ec t ion  s a t e l l i t  es. 
These spacec ra f t  a r e  providing d e f i n i t i v e  d a t a  i n  near  e a r t h  regions cn  
meteoroid penet:ration of much t h i c k e r  s t r u c t u r a l  ma te r i a l  specimens t f  an any 
previously flli~wn. However, it i s  now clear t h a t  da t a  on s t i l l  t h i c k e r  ma te r i a l s  
are needed f o r  support  of f u t u r e  long dura t ion  manned missions where the  
p robab i l i t y  o E  encountering l a r g e r  meteoroids i s  much g r e a t e r  than i n  sho r t  - 
dura t ion  f l i g h t s .  Such measurements m u s t  be made with high s ta t i s t ica l  
r e l i a b i l i t y ,  and emphasis w i l l  be given t o  t h e  continued development clf 
improved meteoroid f l i g h t  sensors .  I n  add i t ion  t o  f l i g h t  experiments : t h e  
Harvard College Observatory and Smithsonian Astrophysical  Observatory under 
NASA con t rac t  a:re s tudying n a t u r a l  meteors en te r ing  t h e  e a r t h ' s  atmosphere using 
r ad io  r e f  llect ion and o p t i c a l  techniques.  Such observa t iona l  measurements 
y i e l d  da t a  on t he  near  ea r th  meteoroid populat ion f o r  t h e  l a r g e r  meteclroids. 
Increased emp1ia:;is w i l l  be placed i n  t h i s  area of research s ince  an urgent  
need e x i s t s  to develop means of c o r r e l a t i n g  these  d a t a  with t h e  f l i g h t  
measurements of ac tua l  meteoroid pene t ra t ions  t o  provide design d a t a  f o r  t h e  
widest  poss ib le  range of  meteoroid s i z e s .  
v e l o c i t y  limpia1:t w i l l  a l s o  be continued and expanded s ince  t h i s  phenomenon 
must be b e t t e r  understood before  the  des i r ed  c o r r e l a t i o n  can be accomlblished 
with conf idenze. One of t he  important and cu r ren t ly  unce r t a in  f a c t o r s  involved 
i n  impact t h e l r y  and i n  c o r r e l a t i o n  of ground observat ions and f l i g h t  da t a  
i s  p a r t i c l e  dens i ty .  A t  the  Ames Research Center prel iminary l abora to ry  
s imulat ions of meteoroid e n t r y  i n t o  the  atmosphere have shown t h a t  met .eor i t ic  
rock undergoes foaming and a r a d i c a l  change of shape a t  high hea t ing  r a t e s .  
This  new f inding ,  which has been i n j e c t e d  i n t o  the  meteor observa t iona l  
program, : indicates t h a t  p resent  deductions of meteoroid dens i ty  based on 
measured meteor v e l o c i t i e s  and dece le ra t ions  i n  t h e  e a r t h ' s  atmosphere may be 
i n  e r r o r .  

Laboratory research  on hyper- 

Laboratory hypewe loc i ty  impact research i s  s t i l l  l imi t ed  by t h e  i n a b i l i t y  
t o  s imulate  meteoroid s izes  and v e l o c i t i e s  simultaneously.  Continued 
emphasis will be given t o  the  development of promising techniques f o r  
achieving b e t t e r  s imula t ion ,  along wi th  improvement of present  in-hou:;e 
equipment t o  keep pace with new developments i n  t h i s  area. 
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The zero g rav i ty  f l u i d  behavior program w i l l  continue t o  be concernled 
pr imar i ly  w i t h  research on f l u i d  dynamics as i n  f u e l  tanks under near  zero- 
g rav i ty  condi t ions wi th  p a r t i c u l a r  emphasis on e f f e c t s  of a t t i t u d e  con t ro l  
maneuvers on behavior of t h e  l i q u i d  vapor i n t e r f a c e ,  response t o  outflow 
d is turbances  and f l u i d  c o l l e c t i o n  and i n t e r f a c e  formation t imes.  The r e s u l t s  
of such research is  important t o  any on-board f l u i d  system. Much of tile 
research i n  t h i s  a r ea  w i l l  be performed i n  the  new 400-foot drop tower fac i l i t ! r  
a t  the  Lewis B.esearch Center.  While similar s t u d i e s  with very small models 
i n  the  100-foct Lewis drop tower f a c i l i t y  have l ed  t o  good q u a l i t a t i v e  under- 
s tanding of th.e phenomena involved, t he  experiments i n  the  new f a c i l i t y  w i l l  
r e s u l t  i n  da t a  fo r  l a r g e r  s i z e  models g iv ing  much g r e a t e r  confidence t 3  

ex t rapola t ions  t o  f u l l  s i z e  f l i g h t  systems. 

The exchange of hea t  t o  and from veh ic l e s  i n  space i s  s o l e l y  by thermal 
r ad ia t ion .  Since the  r a d i a t i v e  c h a r a c t e r i s t i c s  of spacecraf t  sur faces  a r e  
known t o  be a l t e r e d  by s o l a r  u l t r a v i o l e t  and o the r  space r a d i a t i o n s  i n  
combination w i t h  space vacuum condi t ions ,  accura te  q u a n t i t a t i v e  temperature 
p red ic t ions  far long dura t ion  f l i g h t s  are d i f f i c u l t .  Present  design 
techniques include i t e r a t i v e  o r  mul t ip le  t r i a l  processes  involving t e s t s  i n  
l a r g e  f ac i l i t i . e sq  where adequate s imulat ion of t he  s o l a r  spectrum is d i f f i c u l t .  
Test ing of spacecraf t  thermal con t ro l  coa t ings  i n  space and i n  the  labora tory  
w i l l  continue along with t h e  development of new more s t a b l e  coat ings.  Methods 
w i l l  be developed t o  measure the  s p e c t r a l  r e f l ec t ance  of ma te r i a l s  over a wide 
range of condj.ti.ons, along with the  development of new computer programs t o  
apply such da1t.a t o  extensive i n t e r - r e f l e c t i o n  between sur faces  of  complex 
spacecraf t  shapes. Research on new thermal r a d i a t i o n  sources w i l l  continue 
a s  w i l l  research i n  the  a rea  of thennal  s c a l e  modeling. The Mariner I V  space- 
c r a f t  conf igurat . ion was se l ec t ed  f o r  an experimental eva lua t ion  of s c a l e  modeling 
techniques.  1:esults obtained i n  t e s t i n g  of  a ha l f - sca l e  thermal model of the  
Mariner IV have been most encouraging with respec t  t o  the  app l i ca t ion  of these 
techniques whi.ch could reduce s i g n i f i c a n t l y  the  f u t u r e  requirements f o r  l a r g e  
s o l a r  simulat :Lori f a c i l i t i e s .  

I n  the  t e s t i n g  of spacecraf t  and ma te r i a l s  under simulated combined thermal 
and vacuum ernrironmental condi t ions of space,  a s e r i e s  of new problems has 
developed due t o  an unpredicted contamination of sur faces  i n  vacuum chambers. 
This contamination produces unwanted changes i n  the  thennal. balance of space- 
c r a f t  under t e s t  and adds t o  the  d i f f i c u l t y  i n  analyzing e f f e c t s  due t o  u l t r a -  
v i o l e t  and ot:her r ad ia t ions .  This and o ther  problems assoc ia ted  with the  
c r e a t i o n ,  maj-nttmance and measurement of simulated space vacuum w i l l  ke under 
continued study i n  FY 1967. 

Space Vehicle Design C r i t e r i a  

Space veh ic l e  f a i l u r e s  have occurred because of t he  app l i ca t ion  of inadequate 
o r  inapproprj-ate design condi t ions  o r  procedures.  Moreover, the  probl em of 
r e t r i e v a l  of information appl icable  t o  t h e  design of f u t u r e  space vehj c l e s  
continues t o  grow more complex a s  the  mass of new technical. informaticn 
r e s u l t i n g  from research s t u d i e s  veh ic l e  p ro jec t  development and oper:.ting 
experience increases .  The ob jec t ive  of t h i s  program i s  t o  a s s i s t  pro; e c t  
managers and designers  by providing them with t echn ica l  information st i t a b l y  
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f i l t e r e d  from t h e  t o t a l  mass of d a t a  ava i l ab le  and arranged i n  use fu l  forms 
f o r  uniform app l i ca t ion  t o  design. Attainment of  t h i s  ob jec t ive  e n t a i l s  
i d e n t i f i c a t i o n  of design problems t h a t  must be considered t o  ensure th,? 
f l i g h t  worthiness  of  space v e h i c l e s ,  formulat ion of  e x i s t i n g  technica l  
information bear ing on these  problems i n t o  a u t h o r i t a t i v e  guides t o  design,  
disseminat ion of t hese  guides i n  an o rde r ly  and usable  set  cof design c r i t e r i a  
documents t o  NASA and indus t ry  users ,  and updating as required.  

This e f f o r t  encompasses the  prepara t ion  of design c r i t e r i a  i n  t:he t x h n i c a l  
areas of environment; s t r u c t u r e s ;  propulsion; and s t a b i l i t y ,  guidance and 
con t ro l .  The work e f f o r t  is being c a r r i e d  out  a t  seven of the  NASA C e i t e r s ,  
a t  t he  J e t  Propulsion Laboratory,  and by con t r ac t  wi th  seve ra l  aei:ospa:e 
companies and consul t ing  f i rms.  To provide foca l  po in t s  f o r  d e t a i l e d  :ontrol 
and guidance of t h e  program e f f o r t ,  t h ree  of  t h e  NASA Centers func t ion  as lead  
Centers:  Langley Research Center - St ruc tu res  C r i t e r i a ;  L e w i s  Researcli Center 
Propuls ion C r i t e r i a ;  and E lec t ron ic s  Research Center - Guidance and C o i t r o l .  
F i s c a l  year  1967 funds w i l l  provide f o r  cont inuing con t r ac t  effort:  by the 
l ead  Centers  and o the r  Centers  necessary f o r  t he  t imely formulation of design 
c r i t e r i a  i n  each t echn ica l  a r e a  where c r i t e r i a  are t o  be e s t ab l i shed .  

I n  calendar year 1965 c r i t e r i a  monographs pe r t a in ing  t o  s o l a r  e l e c t r o -  
magnetic r ad ia t ion ,  buckling of t h i n w a l l e d  cy l inde r s  and aerodynamic snd 
ground wind loads were issued t o  indus t ry  and i n t e r e s t e d  government agzncies .  
I n  add i t ion  t o  t he  monographs i ssued ,  work was continued o r  i n i t i a t e d  'm 
approximately f o r t y - f i v e  d r a f t s  of planned monographs. 

The cont inua t ion  of t h i s  program i n  FY 1967 should reduce t h e  chanczs of 
f a i l u r e  i n  the f u t u r e ,  and ensure an optimum balance between r e l i a b i l i t y  
and performance as permit ted by t h e  l a t e s t  a v a i l a b l e  knowledge and e x p x i e n c e .  

L i f t i n g  Body F l i g h t  and LandinP Tes t s  

1965 1966 1367 

F l i g h t  vehic le  and support  s e rv i ces . .  $1,400,000 $1,000,000 $1,300,000 

The l i f t i n g  body class of  r een t ry  veh ic l e  conf igura t ion  h a s  received 
considerable  research a t t e n t i o n  because of t h e  improved atmospheric maieuver- 
ing performance over t h a t  of b a l l i s t i c  and s e m i - b a l l i s t i c  veh ic l e s  of the 
Gemini and Apcllo type.  This research leads  t o  widened r een t ry  c o r r i d x s ,  
reduced g-loads on crew and passengers ,  and g r e a t e r  l a t e r a l  ranging a b i l i t y  
with consequently improved ope ra t iona l  f l e x i b i l i t y  and p rec i s ion  3-n r e  tu rn  
from orbi:. The l i f t i n g  body types of veh ic l e  a l s o  o f f e r  t h e  c a p a b i l i t y  
of  ho r i zon ta l  landing a t  prepared land s i t e s .  
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One of the most important quest ions with such veh ic l e s  i s  t h a t  of terminal 
approach and landing,  i nves t iga t ion  of which is  the  ob jec t ive  of the  lcurrent 
f l i g h t  research p ro jec t  being c a r r i e d  out  a t  t he  F l i g h t  Research Centxr on 
t h e  Ames M-2 and Langley HL-10 conf igura t ions .  
constructed by the  Northrop Corporation t o  NASA spec i f i ca t ions .  They are 
b u i l t  of aluminum using conventional a i rplane-type cons t ruc t ion  and arlapting 
o f f  - the-shelf  components such as landing gear ,  con t ro l  systems , h y d r a d i c  
systems, e j e c t i o n  s e a t s ,  e t c . ,  and incorpora te  a b a l l a s t  f e a t u r e  by which 
l a r g e  changes i n  weight can be made covering a wide range of platform loadings.  
The M - 2  has reached t h e  f l i g h t  t e s t  s t age  a f t e r  being thoroughly testlzd i n  
the  Ames 40- x 80- foo t  wind tunnel .  The HL-10, del ivered  i n  January 1966, 
w i l l  reach f l i g h t  readiness  i n  the  sp r ing  of 1966 a f t e r  undergoing similar 
40- x 80- foot  tunnel  t e s t s .  They w i l l  be c a r r i e d  by a B - 5 2  ( the  same a i r -  
c r a f t  used f o r  launch of t he  X-15)  t o  an a l t i t u d e  of 40,000 f e e t  and A speed 
of about Mach number 0.8 and re leased  t o  g l i d e  back t o  ea r th .  

These t e s t  veh ic l e s  wlare 

The funds i n  FY 1967 w i l l  provide f o r  the  cont inuing aggressive anti 
extensive f l i g h t  t e s t  program, i n  which both NASA and USAF t e s t  p i l o t s  w i l l  
p a r t i c i p a t e ,  covering a wide range of veh ic l e  loading and opera t iona l  
condi t ions.  

Scout Reentry P ro iec t  

1965 1966 - 1967 

Spacecraf t  and support . . . . . . . . . . . . . .  $400,000 $3 , 000,000 $4 ,800,000 
Scout (Launch Vehicle Procurement 

Program) .......................... CL.260,OOO) ( --- ) (1 ,800,000 ' )  

Tot a1 (.inc luding launch veh ic l e s  ) . ($2 , 660 , 000) ($3 , 000,000) a;, 600, OOO:, - 
The ob jec t ive  of t h i s  p ro jec t  i s  t o  support  the  advancement of atmosphere 

en t ry  technology by performing c r i t i c a l  anchor poin t  experiments i n  h - p  v e r -  
v e l o c i t y  reentr:y f l i g h t .  Emphasis i s  on the  technologies  of aerothermodynamics 
and high temperature s t r u c t u r e s  and thermal p ro tec t ion  systems with the  aim 
of  c o r r e l a t i n g ,  ve r i fy ing  , and extending research r e s u l t s  obtained i n  laborator],  
f a c i l i t i e s .  

I n  hea t  s h i e l d  technology an experiment w i l l  be flown t o  a r een t ry  speed of 
about 27,000 f e e t  per  second t o  determine the  performance of an advanced low- 
dens i ty  phenolic nylon heat  s h i e l d  ma te r i a l  of p a r t i c u l a r  i n t e r e s t  t o  b a l l i s t i c  
and semi-bal L i s t i c  en t ry  veh ic l e  app l i ca t ion .  The f l i g h t  w i l l  subject. the  t e s t  
hea t  s h i e l d  t h  a high i n t e n s i t y ,  s h o r t  dura t ion  hea t  pulse  wi th  t h e  ol i ject ive 
of ve r i fy ing  the p red ic t ion  of t he  performance of t he  ma te r i a l  based cin a very 
thorough :Laboratory determination of i t s  physical  and chemical propert . ies and 
i t s  performan:e i n  a r c  j e t  t e s t s .  
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Further  heat. s h i e l d  ma te r i a l  experiments a r e  being devised t o  determine 
i n  a s imi la r  way the  behavior of s eve ra l  promising a b l a t i o n  ma te r i a l s  of 
e spec ia l  i n t e r e s t  f o r  l i f t i n g  en t ry  veh ic l e  app l i ca t ions .  These m a t e r i a l s ,  
of which s i l i c o n e  elastomers a r e  one example, have c h a r a c t e r i s t i c s  s u i t e d  t o  
long dura t ion ,  r e l a t i v e l y  low l e v e l  hea t ing ,  wi th  s h o r t  dura t ion  high hea t ing  
r a t e s  superimposed during maneuvers. Problems assoc ia ted  with ease oE 
refurbishment a r e  an important cons idera t ion ,  and spacecraf t  recovery i s  an 
e s s e n t i a l  f ea tu re  of these  f l i g h t  experiments t o  study a t  f i r s t  hand ' i ea t  
s h i e l d  damage and i t s  r e p a i r .  

I n  the  a r e a  of aerothermodynamics, two f l i g h t  experiments w i l l  be :onducte8d 
t o  provide bas i c  da t a  on the  hea t ing  r a t e s  assoc ia ted  with turbulen t  i3oundary 
l aye r s  a t  high Mach numbers and Reynolds numbers, and t o  i n v e s t i g a t e  €ac to r s  
which a f f e c t  t r a n s i t i o n  from laminar t o  turbulen t  flow under these  co,Niditions., 
The da ta  a r e  important i n  p red ic t ing  hea t ing  r a t e s  and sk in  f r i c t i o n  on a 
v a r i e t y  of advanced veh ic l e s ,  including l i f t i n g  reent ry  veh ic l e s ,  b a l l i s t i c  
m i s s i l e s ,  hypersonic c r u i s e  a i r c r a f t  and c e r t a i n  c l a s s e s  of reusable  launch 
veh ic l e s .  The da ta  cannot be obtained i n  ground t e s t  f a c i l i t i e s  and anchor 
poin t  da t a  from f l i g h t  experiments a r e  needed t o  reso lve  disagreement; among 
var ious  tlneories used t o  p red ic t  t u rbu len t  hea t ing  r a t e s .  

A t  speeds assoc ia ted  with en t ry  i n t o  the  atmosphere of Venus and rl?entry 
i n t o  the  ea r th ' s  atmosphere on r e t u r n  from planetary f l i g h t ,  c h a r a c t e r i s t i c a l l y  
45,000 t o  50,000 f e e t  per  second and h igher ,  c r i t i c a l  f l i g h t  experiments w i l l  
be needed t o  provide anchor poin t  da t a  on both the  hea t ing  environmenl: and 
the  behavior of thermal p ro tec t ion  systems i n  t h i s  extreme hea t ing  enTrironmentt.. 
Such experiments, f o r  which spacecraf t  recovery is  e s s e n t i a l ,  a r e  d i f f i c u l t  
t o  devise  and w i l l  r equi re  long l ead  time f o r  t h e i r  development. 1ntc:rmediatct~ 
s t e p s  w i l l  be necessary.  To t h i s  end, conf igura t ion  and instrumentati-on con- 
cepts  w i l l  be developed, along with a v e l o c i t y  package, f o r  launch t o  intermediate  
r een t ry  slpeeds of around 36,000 f e e t  per  second by Scout launch vehic  .es .  

Small Space Vehicle F l i p h t  Experiments 

1967 1965 1966 - 
Spacecraft  and support . . . . . . . . . . . . . .  $1,010,000 $2,000,000 $1,500,000 

Planetary-Entry Technolopy - One of t he  most c r i t i c a l  problems assoc ia ted  
wi th  the  explora t ion  of Mars by unmanned spacecraf t  is t h a t  of terminill descent 
and noncatastrophic  landing on the  sur face .  The very low dens i ty  of the  
Martian atmosphere w i l l  r equi re  the  use of l a rge  , l ightweight  parachu1:es t h a t  
can be deployed with high aerodynamic and s t r u c t u r a l  r e l i a b i l i t y  a t  r e l a t i v e l y  
high speeds and low dynamic pressures .  While severa l  promising paracttute 
concepts have baeen i d e n t i f i e d  , t h e i r  opening and s t r u c t u r a l  loading ct iaracter-  
i s t i c s  under the expected condi t ions  have not  been e s t ab l i shed  and carmot be 
e s t ab l i shed  b y  ground t e s t s  alone. The problems w i l l  t he re fo re  be st t idied by 
means of high a l t i t u d e  f l i g h t  t e s t s  under condi t ions t h a t  c lose ly  simiilate 
planetary atmospheric condi t ions .  
c a r r i e d  out using Nike rocket  launch veh ic l e ,  coupled c lose ly  wi th  la i -ger  s c a l e  
experiments, l o f t ed  by bal loons and rockets  launched a t  high a l t i t ude : ' .  

A s e r i e s  of scaled-model t e s t s  w i l l .  be 
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Heat S h i e E  Mater ia l s  Technology - As discussed under Scout Reentry Heat- 
ing  Experiments f l i g h t  measurements of t h e  performance of a b l a t i v e  hea t  shie1.d 
ma te r i a l s  c o n s t i t u t e  a continuing program t o  provide c r i t i c a l  anchor poin t  
da t a  and t o  improve understanding of t he  complex a b l a t i v e  process.  Ihe  Scout- 
launched experiments provide d a t a  a t  speeds corresponding t o  ac tua l  spacec ra f t  
reen t ry  speeds,  A v i t a l  l i n k  between the  Scout experiments and ground-based 
research is  provided by f l i g h t  t e s t s  using the  smaller  low-cost Pacemaker 
rocket s y s t a n  to provide f l i g h t  da t a  a t  condi t ions  t h a t  can be c lose ly  
approximated i n  labora tory  f a c i l i t i e s  and the re fo re  a f fo rd  d i r e c t  comparison., 

An importanit aspect  of t h e  hea t  s h i e l d  materials technology program i s  
recovery and examination and ana lys i s  of specimens a f t e r  f l i g h t  t e s t  
i n t o  recoveiry (concepts and instrumentat ion a ids  w i l l  be conducted i n  t h i s  
program during FY 1967. 

Researckt 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

I 

o F F I C E O E ' A I C E D  as- ELECTR ONICS SYSTEMS FROGRAM 

The purpose of t h e  Elec t ronics  Systems Program i s  t o  insure  t h e  a v a i l a b i l i t y  
of e l ec t ron ic  technology capable of s a t i s f y i n g  t h e  s t r i n g e n t  r e l i a b i l i t y  and 
performance requirements of f u t u r e  space and ae ronau t i ca l  systems and r e l a t e d  
support functions.  The scope of t h e  program extends from conceptual systems 
research,  including performance p red ic t ions  derived from s t u d i e s  of con t ro l  
and information theory,  through the  development and eva lua t ion  of advanced 
e l e c t r o n i c  techniques and components, t he  elements common t o  a l l  opera t ing  
e l e c t r o n i c  systems. 
performance cenlands of f u t u r e  missions and t h e  opera t iona l  l i m i t a t i o n s  of 
today's equipment. Typical genera l  ob jec t ives  a r e :  (1) at ta inment  of t he  
extended opera t ing  l i f e t i m e s  and r e l i a b i l i t y  requirements of f u t u r e  space 
missions,  anc ( 2 )  performance and a d a p t a b i l i t y  of instrumentat ion,  commu- 
n i ca t ions ,  ds.ta. processing, con t ro l  and guidance subsystems. The program 
u t i l i z e s  both a n a l y t i c a l  and experimental  research  approaches prosecuted i n  
i n d u s t r i a l ,  Lnivers i ty ,  and government l abora to r i e s .  F l i g h t  experiments a r e  
performed, wlrLen. necessary and prudent,  t o  circumvent t h e  l i m i t a t i o n s  of t he  
earth-bound l abora to ry  research  programs. 

The e f f o r t s  of t h i s  program a r e  motivated by the  

Supporting research  and 
technolog,y ............... $23,222,000 $30,000,000 $34,000,000 

Fl igh t  p r o j e c t s  ............ 2.400.000 2.309.000 2.800- 

Tota l  .................... 00. OOQ 

P i s t r i b a s a d  P r o a r m  Amoun t bv I n  s t a l l a t l  a 0  p. . 

Manned Spacecraf t  Center.  ..... 
Marshall Space F l i g h t  Center . .  
Goddard Space F l igh t  Center . . .  
Jet PropulsZon Laboratory. .  ... 
Ames Research Center .......... 
Elec t ronics  Research Center . . .  
F l i g h t  Research Center ........ 
Langley Research Center ....... 
Lewis  Research Center ......... 
NASA Headquarters ............. 

1965 
$465,000 

3 , 685 , 000 
2 , 967,000 
2 , 727,000 
3 , 480 , 000 
2,178,000 
1 , 038,000 
6,660,000 

400 , 000 
2,022,000 

1965 
$525 , 000 

4,003,000 
2,975,000 
3,566,000 
3,718,000 
5,110,000 

698,000 
7,260,000 

539 , 000 
3,906,000 

$450,000 
4,200,000 
2,960,000 
3,290,000 
4 , 100 , 000 

660,000 
7 , 420,000 

540,000 
3,180,000 

10,000,000 
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SUDD o r t i n n  Research an d Technoloe;y, 

Guidance systems. .............. $4,523,000 $6,050,000 $6,250,000 
Control systems ................ 5 , 351,000 6 , 000 , 000 6,150,000 

Tracking and da ta  a c q u i s i t i o n . .  2,860,000 3,550,000 3,700 , 000 
Data handling and processing. .  . 3 , 17 2,000 3 , 6 50,000 4,15O,OOO 

Electroi i ic  techniques and 

Communications ................. 4,190,000 4 , 800 , 000 5,60O,OOO 

Instrumentat ion.  ............... 3 , 126 , 000 3 , 9 50 , 000 4,15O,000 

................... 2.000.000 4,OOO.OOO components --- 
Tota l  ........................ $23.222. 000 53 0.000.000 S34.,oOQ 

Guidance Systems 

Guidance S y s t e m  research and technology e f f o r t s  are d i r ec t ed  toward 
iden t i fy ing  requirements and c h a r a c t e r i s t i c s  of f u t u r e  space guidance and 
navigat ion s:ystiems, and developing sensors ,  components and subsystems capable 
of a t t a i n i n g  advanced performance goals.  Systems and t r a j e c t o r y  analyses  
provide the  Eramework f o r  examining sensor,  instrumentat ion and da ta  
processing t rade-off  assessments f o r  f u t u r e  space missions and f o r  t h c  
development of guidance equat ions,  navigat ion log ic  and advanced systt!ms 
concepts. From these  ana lyses ,  t he  research  ob jec t ives  lead ing  t o  advanced 
sensors ,  re fe rence  elements and assoc ia ted  instrumentat ion components a r e  
derived. %e program emphasizes research i n  i n e r t i a l ,  o p t i c a l  and e l e c t r o -  
magnetic phenomena t o  develop the  sensors  and techniques d i r e c t l y  rel2tted t o  
space guitlanc e and navigation. 

I n  the  a r e a  of i n e r t i a l  guidance components, new a c t i v i t i e s ,  designed t o  
improve componeiot performance and r e l i a b i l i t y ,  w i l l  be concentrated i r i  t he  
Guidance Laboratory a t  the  Elec t ronics  Research Center. A t y p i c a l  example 
of t h i s  work is the  l a s e r  gyro. This  device makes use of laser beams t o  
sense i n e r t i a l  q u a n t i t i e s ;  add i t iona l  research  i s  necessary t o  r e a l i z e  i t s  
opera t iona l  po ten t i a l .  Proper mixing of gases  t o  con t ro l  t h e  l a s e r  modes of 
o s c i l l a t i o n  i3nd the  u l t i m a t e  means f o r  rep lac ing  gas lasers with sol i t l  s t a t e  
l a s e r s  a r e  the  a reas  of endeavor t o  be explored during the  next phase of i t s  
deve 1 opmerit . 

I n  view of t he  f a c t  t h a t  t he  sun, c e l e s t i a l  and p lane tary  bodies provide 
the  primary 1:'srgets f o r  space navigat ion and a t t i t u d e  reference,  expansion 
of research 011 pnssive electromagnet ic  sensors ,  p a r t i c u l a r l y  t h a t  r e l a t e d  t o  
improved de tcx to r s ,  nomoving-part  and l ightweight  t racking  devices  is planned 
f o r  t h i s  f i s c a l  year,  p r imar i ly  a t  t he  Elec t ronics  Research Center. 

Increased e f f o r t s  i n  a c t i v e  r ada r  and laser devices  are required t c t  e f f e c t  
f u t u r e  rende;:vous and p lane tary  letdown por t ions  of manned and unmanncld 
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missions. 
due t o  l i m i t a t i o n s  of ava i l ab le  personnel and f a c i l i t i e s  a t  t he  Centers. 
major increase  i n  t h i s  e f f o r t  w i l l  be i n  the  Guidance Laboratory a t  l:he 
Elec t ronics  Research Center. 

' . h i s  a r ea  of technology has  not here tofore  received proper emphasis 
The 

Current and cont inuing e f f o r t s  i n  t h i s  program w i l l  provide t h e  components 
and technology necessary t o  support t he  development of f u t u r e  guidance and 
navigat ion :j:yStems. Planned e f f o r t s  w i l l  der ive  t h e  requirements f o r  advanced 
research and spec i fy  c h a r a c t e r i s t i c s  and components t o  m e e t  t h e  demands of 
long term space missions f o r  i n t e r p l a n e t a r y  explora t ion  and t r a v e l  , 

Control Systems 

The research e f f o r t s  sponsored by the  Control and S t a b i l i z a t i o n  program 
provide the  technological  base f o r  f u t u r e  aerospace veh ic l e  con t ro l  r;ystems. 
Areas of s tudy include manned and automatic f l i g h t  con t ro l  systems, spacecraf t  
a t t i t u d e  sta bi: l ization and con t ro l ,  and t h e  development of mathematical t o o l s  
f o r  system mia:Lysis and synthesis .  Spec i f i c  ob jec t ives  include : more p rec i se  
mathematical1 desc r ip t ions  of manual and automatic con t ro l  performance, t h e  
development m d  app l i ca t ion  of modern con t ro l  theory t o  f u t u r e  systeni problems, 
and the  advancement of the  s ta te -of - the-ar t  of con t ro l  and d i sp lay  sjrstem 
component: s . 

During the  coming year,  i n t ens ive  e f f o r t s  w i l l  continue i n  t h e  arcma of 
mathematical. modeling of both automatic and manual con t ro l  performance. Past: 
e f f o r t s  have provided q u a s i l i n e a r  desc r ip t ions  of a p i l o t ' s  con t ro l  perform- 
ance and the  techniques capable of l imi ted  app l i ca t ion ,  These models have 
been shown t o  be valuable  i n  both the  a n a l y s i s  and design of veh ic l e  con t ro l  
systems, 
f o r  manually con t ro l l ed  launch vehic les ,  and f o r  l i f t i n g  body research  
vehic les ,  The e f f o r t s  i n  FY 1967 a t  the  Ames  Research Center w i l l  extend 
and r e f i n e  the  app l i ca t ions  of these  techniques,  and i n  add i t ion  wi l l  
concentrate  heavi ly  on descr ib ing ,  mathematically,  the con t ro l  func t ion  i n  
terms t h a t  iiicllude dec i s ion  making, t i m e  varying, and adapt ive charac t e r i s t i c s  
of t he  human's con t ro l  performance, 

They have been used i n  system designs f o r  t h e  supersonic t ranspor t , ,  

The e f f o r t  i n  the  a r e a  of system syn thes i s  i s  i l l u s t r a t e d  by a problem i n  
o p t i c a l  t:echiioltogy, the  poin t ing  of extremely narrow beam laser te lescopes.  
System s t u d i e s  ind ica t e  requirements t o  poin t  t hese  beams with accurac ies  of 
up t o  0.01 arcseconds of angle ,  a requirement f a r  exceeding e x i s t i n g  con t ro l  
capabili t :y,  
t h i s  goal.. :Cn the  coming year  e f f o r t  w i l l  be d i r ec t ed  by the  Langlejr 
Research Cen1:ei: toward the  component development necessary t o  demonst r a t e  
t he  concept ;fez1 s i  b i l  it y , 

System s t u d i e s  have generated p o t e n t i a l  means of accomplishing 

During the  pas t  year ,  t he  component development program e f f o r t s  have been 
devoted t:o advancing the  s t a t e  of t he  a r t  of d i sp l ay  media through the  
development of X-Y, v e r t i c a l  s ca l e ,  and alphanumeric e lectroluminescent  
d i sp l ays ,  and development of electromechanical components such as b r l s h l e s s  
DC motors;, and momentum exchange devices.  Other component:s under de1,elopment. 
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include i3 d i sp lay  f o r  a i r c r a f t  zero-zero landing research ,  an optica:l. system 
f o r  p i l o t  remote v i s i b i l i t y ,  sa te l l i t e  a t t i t u d e  con t ro l  hardware, both a c t i v e  
and passive,  such as n u t a t i o n  dampers and a dual  redundant a t t i t u d e  con t ro l  
valve,  and te l levis ion s imulat ion d isp lays .  A s i g n i f i c a n t  FY 1967 expansion 
i n  con t ro l  components w i l l  provide an important payoff i n  r e a l i z i n g  iinalyticial 
concepts devel'oped over t he  l as t  few years.  The primary expansion i t ;  a t  t he  
Elec t ronics  Research Center ;  o t h e r  Centers w i l l  maintain e s s e n t i a l l y  the  same 
l e v e l  of e f f o r t  a s  i n  the  past .  

Communications 

The ccxmniinications subprogram provides  a f i n n  technology base upoii which 
t o  r e f i n e  prestent systems and t o  bui ld  f u t u r e  genera t ions  of deep spikce 
communici3tii3ns systems. Research e f f o r t s  con t r ibu t ing  t o  t h i s  f i rm t ech -  
no1ogica:l base are i n  t h e  microwave, submill imeter and o p t i c a l  frequcmcy 
domains . 
Ucrowaves 

Extrerne1:y high d a t a  rates ( lo7  t o  1 0 l 2  b i t s / s e c )  are required f o r  r e a l  time 
t ransmission of high r e s o l u t i o n  photography and te lemet ry  f o r  s c i e n t i f i c  pu r -  
poses from the  ou te r  p lane ts .  Deep space communication d a t a  rate i s  d i r e c t l y  
r e l a t e d  t o  t h e  power of t he  spacecraf t  t r a n s m i t t e r  tube,  and consequcmtly, 
our  research i n  microwave tubes f o r  spacecraf t  i s  o r i en ted  towards higher  
powered tubes.  Mariner I V ,  using a t e n w a t t  tube,  t ransmi t ted  a t  8-:1./3 b i t s / '  
sec from Mars. A 2 0 w a t t  tube has  been developed by Watkins-Johnson f o r  t he  
Langley Research Center. A 1 , 0 0 0 w a t t  tube would improve our  communication 
da ta  rate b y  100 t i m e s  over t he  Mariner 10-watt  tube. 

E f f o r t s  t o  be undertaken i n  FY 1967 a t  the  E lec t ron ic s  Research Ctmter 
include s t u d i e s  and l abora to ry  experiments t o  develop t h e  technology required. 
f o r  space-qual i f ied 500-to 1 , 0 0 0 w a t t  tubes  f o r  f u t u r e  missions. 

Reentry c3mnunications i s  t h e  subjec t  of an in t ens ive  research  e f f o r t .  
Upon reenter ing  the  e a r t h ' s  atmosphere, a spacecraf t  i s  enveloped i n  a plasmin 
sheath which causes a blackout i n  communications. 
i s  conducting #a Reentry Attenuat ion Measurements (RAM) f l i g h t  projeci: t o  
provide bas ic  da t a  concerning t h e  plasma sheath and t o  t e s t  t h e  wate:: i n j e c -  
t i o n  method 3f a l l e v i a t i n g  the  e f f e c t s  of t he  plasma. A f u r t h e r  disc:ussion 
on RAM appears i n  t h e  F l i g h t  P r o j e c t s  sect ion.  
understanding *and e l imina t ing  the  e f f e c t s  on communicatioiis of plasm;& is  
necessary i n  order  t o  provide r e l i a b l e  communications and t r ack ing  f o r  l una r  
and in t e rp l ane ta ry  mission r een t ry  v e l o c i t i e s  of 36,000 t o  70,000 fec t / sec .  
Research wi:Ll (continue i n  t h i s  area during FY 1967 a t  t h e  Langley Re:;earch 
Center with m j o r  emphasis on eva lua t ing  r e s u l t s  of f l i g h t  data .  

The Langley Research Center 

A major break-through i n  both 

Advanced laliactronics devices  which u t i l i z e  the  plasma engulf ing the  
spacecraf t  i d r e  being inves t iga t ed  by t h e  E lec t ron ic s  Research Center f o r  
communicatin~ through t h e  blackout per iod of reentry.  Techniques t o  maintain 
communications while en te r ing  t h e  atmospheres of o t h e r  p l a n e t s  w i l l  ills0 be 
s tud ied  dur:i.ag FY 1967. 
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Advances in technology are handicapped by the lack of stable, efficient 
sources. 
is not possible, 
region will make the millimeter-submillimeter region useful for future deep 
space communications. Research being initiated by the Electronics Research 
Center should yield this capability in the future. Preliminary studiiss have 
shown that atmospheric attenuation in this region may be serious enough to 
require the use of orbiting relay stations to convert from submillimeter to 
microwave frequencies for retransmission to the earth station. Results of 
studies by the Mission Analysis Division concerning efficient, long life 
orbiting comntunication relay stations will be used to guide the research 
effort in FY 1967. 

At the present time deep space communication using these frequencies 
Successful development of suitable sources in this Ereauency 

Electro-optical systems show promise of improving data rate capability 
from deep space by as much as three orders of magnitude over that possible at 
microwave freauencies, To realize these high data rates reauires considerable 
improvement in both laser and optical technology. For example, 30 to 60 inch, 
diffraction-'limited, lightweight, space telescopes with surface tolerances of 
,000002 cm are required for optical comunications, but are not in existence 
today, Studies are under way to select and develop optimum detection tech- 
niques for the ground terminal. The Electronics Research Center, for which 
a Space Optics Laboratory is included in this year's facility request, will 
be the major research facility for the implementation of the total optical 
program. 

Techniques t o  remotely monitor and control surface characteristics and 
the alignment. of large primary segmented mirrors in space are under study at 
the Langley Research Center, The segmented approach to achieving large 
lightweight diffraction-limited optical telescopes will be applicable to 
both optical ccmunications and astronomy. This effort will continue in 
FY 1967, 

Tracking and Data Acquisition 

Tracking and data acquisition systems capabilities are generally con- 
strained by the: physical characteristics of the system components, 
provide means of circumventing these limits, research in this program 
includes: irivestigations of multiple ground antenna arrays, large light- 
weight spacecraft antenna development, and optical tracking. 

To 

Increased deita rates can be achieved by increasing the effective area of 
ground antennas. Antennas larger than 210 feet are confronted with severe 
structural, naec:hanical and cost problems. The alternative of arraying many 
smaller antermas effectively increases the area while simultaneously reducing 
structural design and fabrication problems. However, the electronic problem 
of phase locking low level signals is introduced and must be solved. 
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Stanford Research I n s t i t u t e ,  Research Tr iangle  I n s t i t u t e ,  and E lec t ron ic  
Comunicatiorts Inc. have completed antenna a r r a y  s t u d i e s  f o r  t h e  Langley 
Research Cent:er and f o r  t h e  Goddard Space F l i g h t  Center. Experiments are 
being forntul.ated during t h i s  f i s c a l  year  f o r  a r r ay ing  of two 15-foot antennas 
a t  t h e  Goddarrd Space F l i g h t  Center t o  f u r t h e r  i d e n t i f y  s c i e n t i f i c  and opera-  
t i o n a l  prob1,ems p e c u l i a r  t o  a r r a y s  of t h i s  type. These experiments h i i l l  be 
undertaken in FY 1967 wi th  major emphasis on t h e  phase locking of the i n d i -  
v idua l  si.gn~t1.s and t h e  i d e n t i f i c a t i o n  of opera t iona l  problems. 

Increasing: t:he s i z e  of spacec ra f t  antennas i s  another approach used f o r  
improving; d a t a  rates, but prelaunch antennas s i z e s  l a r g e r  than  1 5  f e e t  are 
imprac t ica l ,  
invest igated, ,  A nine-foot,  deployable antenna developed by Goodyear f o r  t he  
Je t  Propuls ion Laboratory has been success fu l ly  tested and w i l l  be used i n  
FY 1967 as st l abo ra to ry  instrument t o  f u r t h e r  r e f i n e  deployment techr iques .  
I n  FY 1967 t:he J e t  Propuls ion Laboratory p lans  t o  complete a computer program 
which w i l l  a : l l o w  t h e o r e t i c a l  eva lua t ion  of pe r tu rba t ions  and modifics t i o n s  
t o  t h e  antenna r e f l e c t i n g  sur face .  These i n v e s t i g a t i o n s ,  augmented by addi -  
t i o n a l  st:udj.es a t  t h e  E lec t ron ic s  Research Center, w i l l  seek t h e  c a p a b i l i t y  
t o  e r e c t  20 to 30 foot  antennas on unmanned spacec ra f t  providing p o t e n t i a l  
d a t a  r a t e  improvements of two o r d e r s  of magnitude over present  capabj l i t i es .  

Therefore, means t o  e r e c t  l a r g e  antennas i n  space a r e  k i n g  

Additiona:l e f f o r t s  w i l l  be d i r e c t e d  towards achieving l a r g e  ape r tu re s  a t  
o p t i c a l  frequencies.  Tracking and po in t ing  accuracy techniques are problems 
assoc ia ted  with l a r g e  ground and a i rbo rne  o p t i c a l  systems, The Goddard Space! 
F l i g h t  Cente:e imd t h e  Langley Research Center w i l l  continue studying t h i s  
problem. Test:; w i l l  be i n i t i a t e d  by the  Langley Research Center and the  
E lec t ron ic s  1ie:;earch Center t h i s  f i s c a l  year  t o  determine t h e  atmospheric and 
space emriroiment e f f e c t s  on coherent o p t i c a l  transmission. 
w i l l  be continued i n  FY 1967. 

These e f f o r t s  

Data Handling and Processing 

The rap id  evolu t ion  of spacec ra f t  technology and t h e  accompanying inc rease  
i n  d a t a  ga ther ing  capac i ty  of on-board systems continue t o  t a x  t h e  diita 
processing <:#spiability. Even though s i g n i f i c a n t  advances have been made i n  
the  techrro1o:gy of both spacec ra f t  and ground d a t a  handl ing techniquef;  and 
systems, a d d i t i o n a l  research  i n  advanced components and software is  requi red  
t o  keep paca with our d a t a  sensing a b i l i t y .  

I n  FY 1967, work a t  t h e  Goddard Space F l i g h t  Center w i l l  continue t o  
develop 1:echniques and systems f o r  computer checking of veh ic l e  readi.ness 
i n  t h e  prelaunch phase and t o  program and monitor launchirigs from e a r t h ,  
o the r  ceXesi:ia:L bodies, o r  from o r b i t ,  inc luding  margin t e s t i n g  and predic-  
t i o n  of inc:i.pient f a i l u r e s ;  adapt ive  c o n t r o l  of t r a j e c t o r y  s e l e c t i o n  based 
on predic ted  p a r t i a l  f a i l u r e  ; and continuous assessment of system s t a t u s .  
Work i n  t h i s  area has  r e s u l t e d  i n  development of a comnand and c o n t r o l  l i n k  
which alllows more completely automated sequencing and programming of space- 
c r a f t  checkout, and c a l i b r a t i o n  of s c i e n t i f i c  experiments,, 
t h e  growth . in the complexity of spacec ra f t  systems and experiments, t he  

A s  an exitmple of 
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Explorer XVIIL launched i n  1963 had approximately f i f t e e n  func t ions  commandable 
from the  ground, while t he  Radio Astronomy Explorer (RAE) t o  be launched i n  
1967 will  have over t e n  thousand. 

Advances iin ground computer processing of TV p i c t u r e s  from Mars ha\re 
r e su l t ed  from pas t  research i n  t h i s  subprogram. S i m i l a r  e f f o r t s  have been 
s t a r t e d  i n  on-board p i c t u r e  s torage  and compression, and w i l l  cont inue and 
expand i n  the  next severa l  years.  

Investigat: Lon of coherent o p t i c a l  phenomena f o r  improvement of d a t a  s torage  
and manipu1at:Lon w i l l  be expanded i n  FY 1967 a t  t h e  E lec t ron ic s  Research Center. 

High capacLt:y on-board d a t a  s torage  devices  are required t o  serve lis 
temporary r e p s l t o r i e s  f o r  t he  l a r g e  amounts of da t a  gathered by TV systems. 
A s ing le  high q u a l i t y  TV system may generate  seve ra l  mi l l i on  b i t s  of :i.nforma- 
t i o n  each secmd.  Since t h i s  f a r  exceeds the  c a p a b i l i t y  of present  arid near  
f u t u r e  da t a  t ransmission l i n k s  a t  p l ane ta ry  d i s t ances ,  methods a r e  required 
t o  s t o r e  the  data u n t i l  i t  can be t ransmit ted.  The Jet Propulsion La1)oratory 
has demonstrated t h e  f e a s i b i l i t y  of a small magnetic tape  d a t a  s torage  u n i t  
which w i l l  s t m e  one hundred mi l l i on  d a t a  b i t s  i n  seve ra l  cubic  inches.  I n  
FY 1967 researc'h w i l l  cont inue t o  develop a working device as wel l  a s  t o  
i n v e s t i g a t e  o the r  methods f o r  da t a  s torage  i n  devices  having no movinl; pa r t s .  

Compression of d a t a  aboard a spacecraf t  i s  a cont inuing goal  of dai:a 
processing research required t o  match the  amount of s c i e n t i f i c  d a t a  co l l ec t ed  
with the  cu r ren t  and pro jec ted  d a t a  t ransmission capab i l i t y .  One such system, 
developed by the  Goddard Space F l igh t  Center f o r  t he  In t e rp l ane ta ry  Monitoring 
Platform s a t l e l l i t e ,  makes use of t he  mathematical p rope r t i e s  of histograms o r  
bar graphs. Data gathered by p a r t i c l e  sensors  i s  coded i n  a form which can 
be represented by such a graph. 
the  pe r t inen t  mathematical p r o p e r t i e s  and t ransmit  only these  p r o p e r t i e s  t o  
ea r th .  From these  p rope r t i e s  ground-based computers may then recons t ruc t  the 
graph. 

Special  on-board computing c i r c u i t s  c a l c u l a t e  

By t h i s  process ,  only one-tenth of the  da t a  has  t o  be transmicted. 

During FY 1967, emphasis w i l l  be placed on pe r fec t ing  such concept;  and 
extending them t o  a broader spectrum of experiments. 

Instrumentat ion 

The expansion of acrospace s c i e n t i f i c  knowledge i s  s t rong ly  dependlimt upon 
the  advancement of instrument technology and t h e  development of new m a s u r e -  
ment methods. S c i e n t i f i c  instruments  are e s s e n t i a l  t o  sense and measirre 
fundamental a s t r o p h y s i c d ,  engineer ing and b iomed ica l  parameters. 

The p r inc ipa l  goa ls  i n  instrumentat ion research  a r e  t o  increase  aclcuracy, 
t o  extend the measurement range, t o  improve energy and s i g n a l  conversion, t o  
reduce s i z e  and power consumption, and t o  e l imina te  s y n e r g i s t i c  e f f e c t s .  

S o l i d - s t a t e  e l e c t r o n i c  components have permit ted the  development of novel 
c i r c u i t  designs and new instrument t ransducers  of improved s e n s i t i v i t y .  One 
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example i s  the  clesign of a miniature  accelerometer based on semiconductor 
piezo res i s t i .ve  p rope r t i e s .  A t h e o r e t i c a l  and experimental  s tudy of t he  
s t r e s s  s e n s i t ~ v i t y  and the  e f f e c t  of mechanical s t r a i n  on semiconductor 
diodes and tr 'cmsistors,  performed by the  Research Tr iangle  I n s t i t u t e  under 
the  d i r e c t i o n  of the  Langley Research Center,  has  r e su l t ed  i n  t h e  development 
of a miniature  accelerometer with high frequency response and using a unique 
stress sensit::ive t r a n s i s t o r  i n  the  form of a s i l i c o n  needle.  This  t ransducer  
w i l l  f ind  a wide v a r i e t y  of aerospace app l i ca t ions  and the  p r i n c i p l e  lends  
i t s e l f  t o  o the r  app l i ca t ions  f o r  measuring pressure ,  s t r e s s ,  and vibrs, t ion.  
Fur ther  work :is required t o  r e f i n e  t h e  design of t h e  accelerometer anci t o  
e l imina te  s i d e  e f f e c t s  of temperature. 

An important f e a t u r e  of aerospace i n v e s t i g a t i o n s  i s  the  a c q u i s i t i o n  and 
t ransmission of p i c tu re s .  I n  t h i s  process,  o p t i c a l  s i g n a l s  are usual1 y 
converted i n t o  e l e c t r o n i c  s i g n a l s  by means of imaging devices.  I n  an e f f o r t  
t o  overcome some of t h e  d e f i c i e n c i e s  of p re sen t ly  used vidicon tubes,  micro- 
miniature  tecliniques are being explored and have made poss ib l e  t h e  development: 
of a phototransLstor  sensor.  Progress  made s ince  las t  year  has  l e d  t o  the  
design of a :maLl s o l i d - s t a t e  TV camera using a 50 x 50 matr ix  of photo- 
t r a n s i s t o r s  i n  ,an a rea  %" x %" which opera tes  a t  low vol tage  without t he  
complexity oE beam scanning. 
by Westinghouse, under the  d i r e c t i o n  of the  Marshall Space F l igh t  Center. 
Refinements of the camera t o  provide more densely spaced sensing elemcmts 
and permit non-mechanical, op to-e lec t ronic  coupling i n t o  readout e l e c t r o n i c s  
require f u r t h e r  i n v e s t i g a t i o n  during FY 1967 . 

This  camera has  been developed and demonstrated 

The higher  measurement accurac ies  required f o r  aerospace exp lo ra t ion  are 
l imi ted  by t'he e r r o r  introduced by t h e  necessary conversion of o r i g i n d  
analog s i g n a l s  f o r  long d i s t ance  t ransmission by d i g i t a l  telemetry.  X g i t a l  
t ransducers  have received increased a t t e n t i o n  t o  minimize such e r r o r s ,  t o  
s impl i fy  c i r c u i t r y ,  and achieve b e t t e r  compatabi l i ty  with d i g i t a l  telemetry.  

As an example of cur ren t  e f f o r t s ,  the  Dynamics Research Corporatioa,  under 
t h e  d i r e c t i o n  of t h e  Marshall Space F l i g h t  Center,  has  done some prel iminary 
work based on the  b i r e f r ingen t  behavior of o p t i c a l  media under stress, 
ized l i g h t  channeled through var ious  o p t i c a l  pa ths  w i l l  produce d i g i t s 1  
outputs  which r e f l e c t  t h e  appl ied  stress i n  d i g i t a l  form. Such d i g i t a l  
sensing devices  with no mechanical moving p a r t s ,  promise t o  provide consid-  
e r a b l e  system s i m p l i f i c a t i o n  and measurement r e l i a b i l i t y  and are planned t o  
be supported a t  t h e  Marshall  Space F l i g h t  Center and expanded a t  the  
E lec t ron ic s  Research Center i n  FY 1967. 

Po la r -  

Force, p ressure ,  acce le ra t ion ,  and v i b r a t i o n  are f r equen t ly  measured with 
s t r a i n  gages ma.de of metal f o i l  s t r i p s  which change t h e i r  e l e c t r i c a l  resist- 
ance when t h e i r .  l eng ths  change due t o  appl ied stress. 
gages have b'eenr developed which are many times more s e n s i t i v e  than  metal  
f o i l  gages, but here tofore  have been temperature l imi ted .  Experiments pe r -  
formed a t  t h e  Langley Research Center have r ecen t ly  shown t h a t  exposure t o  
con t ro l l ed  radi.ation reduces the  temperature s e n s i t i v i t y  of c e r t a i n  semi- 
conductor s t r a i n  gages t o  a level comparable wi th  m e t a l l i c  f o i l  type gages. 

S o l i d - s t a t e  s t r a i n  



Since t h e i r  'high s e n s i t i v i t y  i s  not a f f ec t ed ,  s t r a i n  measurements many times 
smaller can now be performed under environmental condi t ions  where temperature 
changes are experienced. 
of measurement and t o  i n v e s t i g a t e  add i t iona l  materials. 

Work i n  FY 1967 is  required t o  increase  the  range 

E lec t ron ic  Techniques and Components 

The Elec t ronic  Techniques and Components subprogram, f i r s t  e s t ab l i shed  i n  
FY 1966, is  d i r e c t e d  t o  perform the  research necessary t o  determine f u t u r e  
requirements tat extend the  s t a t e -o f  - the-ar t  ; and t o  provide the  necessary 
supporting research and technology f o r  e l e c t r o n i c  and electromechanical com- 
ponents and t h e i r  materials. The subprogram supports  in-house and cont rac tua l  
research i n  Elec t ronic  components, including high temperature and r ad ia t ion  
t o l e r a n t  devices ;  electromechanical components such as s o l i d - s t a t e  r e l a y  and 
interconnect ion concepts;  and methods and techniques f o r  q u a l i f i c a t i o n  and 
s tandard iza t ion  of components designed t o  explore  means f o r  improving and 
assess ing  t h e  r e l i a b i l i t y  and q u a l i t y  of ma te r i a l s ,  p a r t s  and devices.  

A particuil.arly c r i t i c a l  problem i n  the  microe lec t ronics  a r e a  today i s  t h e  
interconnect ion and assembly problem. 
recommendati.ons f o r  research i n  t h i s  area. The Electronic-s  Research Center 
w i l l  eva1.uat.e the  r e s u l t s  of t h i s  s tudy and o r i e n t  i t s  inves t iga t ions  t o  
those rec.onmw!nclations o f f e r i n g  the  g r e a t e s t  p o t e n t i a l  f o r  increased r e 1 i a b i l l . t ~  
and performance as p a r t  of t h e i r  FY 1967 a c t i v i t i e s .  

A contracted s tudy has  r e su l t ed  i n  

Strong entphasis w a s  placed i n  e l e c t r o n i c  component research  i n  FY 1966; 
e f f o r t s  w e r e  centered around high temperature component development and 
materials technology. These e f f o r t s  were concentrated a t  t h e  Electrclnics 
Research Centeir and w i l l  be expanded i n  FY 1967. 

The pi:obI.em of assembling e l e c t r o n i c  components i s  of g r e a t  concein t o  
Spacecraft  systems and i s  one of t he  most important i n  terms of po ter t t ia l  
r e l i a b i l i t y  improvement. The J e t  Propulsion Laboratory has  developed an 
outs tanding c a p a b i l i t y  i n  new assembly methods f o r  i n t eg ra t ed  c i r cu i t . s  i n  
space appl ica t ions .  I n  FY 1966, a technique developed a t  the  J e t  Propulsion 
Laboratory was committed for  use on the  plasma experiment of the  Orb!.ting 
Geophysical Observatory (OGO-E). As we probe deeper i n t o  space with more 
complex experiments and spacecraf t ,  t h i s  problem w i l l  be of even g r e a t e r  
concern. Adlditional support  i n  advanced assembly concepts will be rc!quired 
i n  FY 1967. 

Since the  m a r  e a r t h  r a d i a t i o n  environment i s  now f a i r l y  w e l l  known, i t  i s  
important t o  determine what e f f e c t s  t h i s  environment has on e l e c t r o n i c  circu:i.t 
devices.  A IGolddard Space F l i g h t  Center sponsored s tudy i n d i c a t e s  t h , i t  s t a t e -  
of - the-ar t  in tegra ted  c i r c u i t s  withstand the  r a d i a t i o n  environment with l i t t  i.e 
degradation. 
determining the  performance c a p a b i l i t i e s  of t he  newer c l a s s  of microelectronic  
devices  i n  the r a d i a t i o n  environment. 

These e f f o r t s  w i l l  be continued i n  FY 1967 with emphasis on 
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Since power i n  spacecraf t  i s  a t  a premium, minimization of power consump- 
t i o n  is  an important ob jec t ive .  
e f f o r t s  t o  develop low power l o g i c  func t ions  and a d i f f e r e n t i a l  ampl i f i e r  i n  
microelectronfic form. This  e f f o r t  w i l l  cont inue i n  FY 1967. The development 
of computer 1:echniques f o r  use by engineers  i n  analyzing t h e  design and 
performance c):E e l e c t r o n i c  c i r c u i t s  f o r  spacecraf t  app l i ca t ions  w i l l  be con- 
t inued as a rwaris f o r  achieving improved performance and e f f i c i e n c y  as w e l l  
as increased :re!Liability i n  space systems. 

The Langley Research Center has  i n i t i a t e d  

F l i g h t  P r o i e c t s  

Radio Attellriaition Measurements 

Small  F1 igli t Pro j ec  t s : 
(RAM-(2). . .  . i . .  .............. $900,000 $1 , 300,000 $1,300,000 

(SCANNER) ................... 1,500,000 1,000,000 --- 
(Sextant :Experiment ) ........ --- --I- 500,000 

Measurement. ................ 
Earth Coverage Horizon 

1,000.000 -I- --- 
Tota l  F l i g h t  P r o j e c t s  ....... $2,400,000 $2,300,000 $2,8OO,OOO 

Scout (Launch Vehicle 
A1.4 Procurement Program) ........ --- 00.000) (8O0.000) 

Tota l  ( including Launch 
Vehicles)  ................... ($2,400,000) ($3,700,000) ($3,600,000) 

These p r o j e c t s  provide the  v e r i f i c a t i o n  of experimental  r e s u l t s  obi-ained 
i n  labora tory  i n v e s t i g a t i o n s  and acqui re  d a t a  e s s e n t i a l  t o  t he  develol3ment of 
advanced sensors  and systems of improved performance and r e l i a b i l i t y .  Brief 
desc r ip t ions  of t hese  p r o j e c t s  a r e  provided i n  the  following paragrap'is. 

Radio Attenuat ion Measurements (RAM) 

P ro jec t  RAM w a s  designed t o  acqui re  an understanding of t he  plasma 
generated by a spacec ra f t  r een te r ing  the  e a r t h ' s  atmosphere and to determine 
means of e l imina t ing  a communications blackout caused by t h i s  plasma. 

RAM A and B thus  f a r  have shown the  r e l a t i v e  merits of material adldition, 
magnetic f i e l d s ,  aerodynamic shaping, and h igher  r a d i o  frequencies  as methods 
of overcoming t h e  blackout problem i n  t h e  v e l o c i t y  range up t o  18,000 f e e t  
per  second. 

The major ob jec t ive  of P ro jec t  RAM C i s  t o  ob ta in  r een t ry  communications 
measurements i n  t h e  v e l o c i t y  range of 25,000 t o  27,000 f e e t  pe r  second. A t  
t hese  v e l o c i t i e s  t he  dominant i o n i z a t i o n  and recombination processes  include 
not  only those experienced i n  the  low v e l o c i t y  range of RAM A and B f l i g h t s ,  
but also processes  observable only i n  the  medium and high v e l o c i t y  regimes. 
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Two f l i g h t s '  w i l l  be made by the  Langley Research Center from Wallops 
Stat ion.  The f i r s t ,  RAM C-A, w i l l  tes t  the  ma te r i a l  add i t ion  and X-band 
te lemetry conc:epts as methods of overcoming the  blackout problem. 
second, RAM C--B, w i l l  be a plasma d iagnos t i c  experiment designed t o  y i e ld  
measurements cif f r ee -e l ec t ron  and ion  concent ra t ions  a t  var ious  p o s i t i o n s  
along the  spa.c:ec.raft. 

The 

Launches a r e  scheduled i n  the  t h i r d  q u a r t e r  of calendar  year  1966 f o r  
RAM C-A and the  f i r s t  q u a r t e r  of calendar  year  1967 f o r  RAM C-B. Provis ions 
a r e  made f o r  an add i t iona l  launch f o r  calendar  year  1967 i n  the  event the  
r e s u l t s  from t.he f i rs t  o r  second launch make it advisable .  

Horizon Def in i t i on  Research (SCANNER) 

The SCANNE:I: p ro j ec t  has  the  ob jec t ive  of making d e t a i l e d  measurements, 

These d a t a  a r e  e s s e n t i a l  t o  t h e  development of accura te  
from high a l t i t u d e s ,  of the  na tu ra l  r a d i a t i o n  g rad ien t s  which def ine  t h e  
e a r t h ' s  horizmn., 
horizon sensoi:~, ,  The p ro jec t  i s  an extension of cu r ren t  labora tory  research  
on horizon c h a r a c t e r i s t i c s .  
Research Center from suborb i ta l  b a l l i s t i c  t r a j e c t o r i e s  using the  T r a i l b l a z e r  
I1 launch vetiic1.e. 
scheduled for November 1966. 

Two experiments w i l l  be performed by the  Langley 

F l igh t  111 i s  scheduled f o r  August 1966 and F l i g h t  #2 i s  

Sextant  Experiment 

Simulation st:udies a t  t he  Ames Research Center, which have included 
p a r t i c i p a t i o n  by Astronauts ,  have demonstrated the  f e a s i b i l i t y  of making 
manual sextant: s igh t ings  f o r  spacecraf t  navigation. These s t u d i e s  w i l l  be 
extended t o  experimental  manual naviga t ion  measurements by Astronauts  i n  
manned spacec:i:alit. These experiments w i l l  provide knowledge of t he  e f f e c t s  
of the  spacec:i:alit environment , including window o p t i c a l  d i s t o r t i o n  and 
a c t u a l  celest.i.al. t a r g e t s ,  on s i g h t i n g  accuracy capab i l i t y .  The performance 
w i l l  a l s o  be d i r e c t l y  compared with t h a t  of t he  more soph i s t i ca t ed  primary 
navigat ion ecpipment t o  determine the  p o t e n t i a l  of manual navigat ion 
techniques and instruments  for primary as w e l l  as backup navigat ion m e .  

Ear th  Coverage Horizon Measurement 

This p ro jec t  w i l l  extend l imi t ed  measurements a t t a i n e d  t:hrough P ro jec t  
SCANNER and supporting X-15 f l i g h t s  t o  a comprehensive measurement of the  
e a r t h  ' s horizon radiance p r o f i l e  over a broad range of seasonal and cl i m a t  i c  
va r i a t ions .  Advanced s t u d i e s  have been i n i t i a t e d  i n  FY 1966 t o  i d e n t i f y  
s u i t a b l e  f l i g h t  experiments and techniques.  I n  FY 1967, t hese  s tud ies  w i l l  
be broadened and completed, and t h e  opera t iona l  requirement:s f o r  the  1 lanned 
p ro jec t  defined,,  The Langley Research Center i s  d i r e c t i n g  the  i n i t i a l  phases 
of the  effor t :  ,, 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

B 

I 

OFFICE OF ADVk'ED RESEARCH AND TECHNOLOGY HUMAN FACTOR SYSTEMS PHOGRAM 

PROGRAM OB J E  CI'I'E S AND JUST I F  ICAT ION : 

This progr6.m has four  major ob jec t ives :  (1) t o  determine man's r eac t ions  
t o  the unique environments of space and aeronaut ica l  f l i g h t ;  (2) t o  de f ine  
the  e s s e n t i a l  requirements f o r  sus t a in ing  and p ro tec t ing  man i n  these  envi- 
ronments; (3) t o  develop the  technology necessary t o  pr0vid.e s u i t a b l e  l i f e  
s-upport and prot:ective systems; and (4) t o  i n t e g r a t e  man's c a p a b i l i t i e s  wi th  
those of machdnes t o  obta in  composite systems of super ior  performance. 

The scope, as w e l l  as the  success ,  of f u t u r e  manned space missions w i l l  
depend upon the  support  and e f f e c t i v e  u t i l i z a t i o n  of man f o r  extended per iods 
of time. Eqwil1.y important are man requirements and proper u t i l i z a t i c n  i n  
fu tu re  aeronaut ica l  systems. The understanding of man's performance capa- 
b i l i t y  and psychophysiological l i m i t a t i o n s  d i r e c t l y  a f f e c t  design considera- 
t i o n s  and a r e  e s s e n t i a l  t o  i n su re  the  e f f e c t i v e  i n t e g r a t i o n  of man as a 
funct ional  peu-t of the  t o t a l  system. Continui ty  of e f f o r t  and t imely progress  
i n  t h i s  program are e s s e n t i a l .  
investigat.ion:; and technological  developments i s  r e f l e c t e d  by the  r eq te s t ed  
funding increases  i n  the  va r ious  sub-programs. 

The increas ing  p r i o r i t y  of c e r t a i n  lagging 

This program is accomplished through a mul t i -d i sc ip l ined  approach in -  
cluding researchers  i n  near ly  every f i e l d  of medicine, biology , psychology , 
engineer ing,  physics and e l e c t r o n i c s  loca ted  i n  NASA c e n t e r s ,  Department of 
Defense aerospace medical f a c i l i t i e s  , u n i v e r s i t i e s  and indus t ry  gene ra l ly  
loca ted  throughout the  country.  

SUMMARY OF miglJRCES REQUIREMENTS: 

1965 1966 

Supportfng .research and 

Sma 1 1 b i o t t ?  c hnol ogy f 1 igh  t 
technology. .................. $12,160,000 $13,000,000 

p r o j e c t s  ..................... 1,160,000 1 , 900,000 

Tota l . . .  ..................... $13,320,000 $14,900,000 

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

Manned Spacecraf t  Center. .... $365,000 $7 95,000 

Jet PropiiLsLon Laboratory. .  .. 100 , 000 100,000 

Marshall Space F l i g h t  Center. 355,000 310,000 
Goddard :$?ace F l i g h t  Center. .  --- 25,000 

1907 
PI- 

$15,500,000 

1,5(IO ,000 

$17 ,000,000 -- 

$1,100,000 
300,000 
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I 

1965 1966 

h e s  Iksctilrch Center.  ........ $4,233,000 $5,224,000 
E lec t ron ic s  Research Center. . 60,000 359,000 
Flight: Research Center. ...... 1,750,000 1 , 500,000 
Langley I:esearch Center. ..... 4,053,000 4 , 246 , 000 
L e w i s  Research Center . .  . . . . . .  232,000 125,000 
NASA Headquarters. ........... 2,172,000 2,216,000 

I 
BASIS OF FUN11 RXQUIRENENTS: 

Supporting Research and Technology 

I 

- 1965 1966 

Human resea:cch and performance. $3,879,000 $5,102,000 
L i fe  support  and p r o t e c t i v e  

systems . . . . . . . . . . . . . . . . . . . . . .  5,503,000 4,496,000 
Man-sys terns i n t e g r a t i o n .  . . . . . . .  2 , 121,000 2,902,000 
Advanced concepts .............. 657,000 500 ,(E 

Tota l .  . . . . . . . . . . . . . . . . . . . . . . .  $12,160,000 ~ 1 3 , 0 0 0 , 0 0 0  

Human Research and Performance 

$5,8:10,000 
7CtO ,000 

1,21~0,000 
5 ,OCIO ,000 

2,8;.0,000 
--- 

$6 ,Ot10,000 

5 , 8(10,000 
3,1;!0,000 

5(10,000 -- 
$15,5(10,000 -- 

Long t e r m  manned space f l i g h t  w i l l  expose man t o  environmental conclitions 
q u i t e  d i f f e r e n t  from t..ose on e a r t h .  The ob jec t ive  of t h i s  research  j.s t o  
understand the  phys io logica l  and psychological  r eac t ions  of man t o  these  con- 
d i t i o n s  and i : ~  p r e d i c t  t h e i r  e f f e c t s  on h i s  performance and w e l l  being:. The 
environmental. phenomena considered range from zero  g r a v i t y  t o  s o l i  tarlr con- 
finement and include electromagnet ic  and p a r t i c l e  r a d i a t i o n ,  magnetic f i e l d s ,  
acce le ra t ion  Eorccs , a r t i f i c i a l l y  produced atmospheres , temperature , ttumidi- 
t y  , and v i b r a t i o n .  

During the  p a s t  year, cont inuing progress  has been made i n  radiobiology 
research .  The predominating ion iz ing  r a d i a t i o n  p a r t i c l e s  of i n t e r e s t  t o  us  
i n  space iire protons.  Prel iminary experiments ind ica ted  t h a t  a t  the  1.ethal- 
dose level- , the  b io log ica l  damage mechanism of proton r a d i a t i o n  f o r  sriall 
animals i s  somewhat s imi l a r  t o  t h a t  of gamma r a d i a t i o n .  However , addi.tiona1 
experiments o’ie r many energy l e v e l s  are requi red  f o r  v a l i d a t i o n ,  along; wi th  
i n t e r a c t i o n  vit!i o ther  parameters such as hea t  , var i ed  oxygen l e v e l s  , and 
v ibra t ion . ,  Mea:;urements of dose d i s t r i b u t i o n  from the  sk in  inward t o  a 
depth of 25 cin with 730 MeV protons shows approximately a 40 percent  :.ncrease 
i n  dose ai: a h u t  5 cm i n s i d e  the  body. This increase  i s  due t o  the  pi*oduc- 
t i o n  of scxoiida:ry r a d i a t i o n  i n  t i s s u e .  

In  the  a rea  of v e s t i b u l a r  research ,  NASA has a s u b s t a n t i a l  program t o  
i n v e s t i g a t e  1;ie funct ioning of the  primary balance mechanisms , the  ves t ibu -  
lar  organs wi th in  the  inner  ear,  and t o  determine what changes w i l l  occur i n  
t h e i r  funct ioning under zero-G condi t ions .  The percept ion  of 0r ientai : ion 
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and coordinat ion of body movements occur wi th in  t h e  general  framework of 
man's r e l a t i o n s h i p  t o  the  fo rce  of g r a v i t y .  Since the  i n t e r a c t i o n s  between 
the  balance mechanisms and the  normal one-G environment are so important ,  
there  i s  a need.  t o  know i n  d e t a i l  what the  r e s u l t s  w i l l  be when t h i s  g rav i ty  
framework i s  removed f o r  long per iods  of t i m e .  I f  i t  i s  found t h a t  man can- 
no t  adapt t o  long t e r m  weight lessness ,  one engineer ing s o l u t i o n  w i l l  b e  the  
r o t a t i o n  of the spacec ra f t .  I f  t h i s  i s  necessary,  t he  e f f e c t s  of d i f f e r e n t  
l e v e l s  of r o t a t i o n  must be known. This i s  being s tudied  a t  t he  Naval Aero- 
space 14edical I n s t i t u t e  by exposing both animal and human sub jec t s  t o  va r ious  
r o t a t i n g  environments and s tudying the r e l a t i o n s h i p s  between func t iona l  d i s -  
turbances produced by the  varying fo rce  f i e l d s  and v e s t i b u l a r  i n t e g r i t y .  

A more fur.da.menta1 approach t o  t h i s  problem i s  being s tudied  a t  the  Ames 
Research Center. There NASA i s  studying t h e  output  of a po r t ion  of t h e  inner  
ear i n  vari0u.s acce le ra t ions .  F l i g h t  hardware f o r  t h i s  experiment t o  measure 
t h i s  output  i n  an animal i n  zero-G i s  near ing completion; i t  i s  scheduled f o r  
f l i g h t  on Apclllo 205. 

Ca rd iovascu la r  Research 

There i s  concern t h a t  i n  long t e r m  space f l i g h t ,  man may s u f f e r  a iecon- 
d i t i o n i n g  of t h e  cardiovascular  system. The Ames Research Center i s  carrying 
on var ious  research  p r o j e c t s  i n  the  cardiovascular  f i e l d  i n  order  t o  deter- 
mine i f  deconditioning w i l l  occur i n  s t r e s s e d  condi t ions .  One of the  
research  tasks i n  t h i s  area i s  concerned wi th  eva lua t ing  the  changes i n  the 
p a r t  of the Kork r e s u l t i n g  from changes i n  gaseous,  chemical, anti thermal 
environments. The essence of t h i s  work ind ica t e s  t h a t  changes i l l  c a r i i a c  
performance rreasured on the i s o l a t e d  hea r t  are s m a l l  i n  response t o  a range 
of temperatures and changes i n  oxygen tens ion  which cause se r ious  d i s t u r b -  
ances t o  the c e n t r a l  nervous system. 

Metabolism a p d N u t r i t i o n  

Recent manned space f l i g h t s  have ind ica ted  t h a t  metabolic changes Zspe- 
c i a l l y  dehydrat ion,  o r  poss ib ly  a l t e r a t i o n  of water balance have occurred. 
The Ames Kesearch Center i s  car ry ing  on r e sea rch  t o  determine the bas i c  
mechanism of dehydration and a t  what l e v e l s  func t iona l  deter iorat . ion legins .  
I n  addi t i fon t o  the  above work, Ames i s  a l s o  looking i n t o  a l t e r a t i o n  oE the  
metabolism of f a t s ,  carbohydrates and p r o t e i n s  under s t r e s s e d  condi t ions .  

M i  c r  ob i o  1 O D  

There is ,a p o s s i b i l i t y  t h a t  changes i n  s u s c e p t i b i l i t y  or resis tancl :  t o  
i n f e c t i o u s  a,g,ents nwy occur under those environmental condi t ions  t o  bl? found 
i n  space t r ave l .  A con t rac t  w a s  r e c e n t l y  granted t o  the Naval Medical K e -  
search I n s t i t u t e  in  order  t o  conduct work i n  t h i s  area. Animals w i l l  be 
maintained i? hypobaric chambers wi th  se l ec t ed  a r t i f i c i a l  atmospheres,  and 
they w i l l  be coinpared t o  con t ro l  groups under normal condi t ions.  
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L i f e  Support and P ro tec t ive  Systems 

L i f e  Support and P r o t e c t i v e  Systems are those systems necessary t o  main- 
t a i n  man i n  an uns t ressed  condi t ion ,  s u s t a i n  human l i f e ,  and prevent  physi-  
c a l  injuicy .in the  h o s t i l e  environment of space. 

Present spacec ra f t  u t i l i z e  r e l a t i v e l y  s h o r t  du ra t ion  l i f e  support  systems 
i n  which the fDod, water and gases  f o r  t he  atmospheres are s t o r e d ,  arid the  
waste i s  chen ica l ly  t r e a t e d  and s to red .  S i g n i f i c a n t  reduct ion  i n  systems 
weights,  which i s  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 durai:ion 
manned space f l i g h t  (e.  g.  , t o  t h e  p l ane t s )  , i s  poss ib l e  by developing; regen- 
e r a t i v e  :;ys't?ms. Regenerative l i f e  support  systems w i l l  supply man':; re- 
quirements (food, water, oxygen) by regenera t ion  from h i s  own metabo1. i~ and 
waste products.  

The Lang:Ll.y Research Center has developed and has begun t e s t i n g  loose ly  
coupled compments of a p a r t i a l l y  r egene ra t ive  system i n  a l i f e  support  t e s t  
bed. Oxygen i s  removed from carbon d iox ide ,  and f r e s h  water from catiin con- 
densa t ion ,  ~ i r i i i e ,  and wash water. Components w i l l  be s tud ied  indiviclual ly  
as t o  efficfiency, problem areas,  and r e l i a b i l i t y ,  as w e l l  as c o l l e c t j v e l y  
while susta?iiiing four  men f o r  100 days. Several  new approaches t o  hzndling 
the  d i f f e r e n t  elements of t h e  r egene ra t ive  process  are being invest ig ,a ted 
and w i l l  be developed i n t o  broad based form f o r  study i n  the  t es t  bec.. 

Two s e p a r a t e  c o n t r a c t o r s  are s tudying ,  f o r  t h e  Ames Research Centcr ,  tech- 
niques avaiI.ab:te f o r  a c losed  r egene ra t ive  l i f e  support  system recycl  i ng  a l l  
elements inc::lutiing food. A breadboard of t h i s  system of c:hoice w i l l  be con- 
t r a c t e d  f o r  :;tucly i n  FY 1967. 

One promising development i n  advanced space s u i t s  i s  the  metal ex t rave-  
h i c u l a r  suit: being developed f o r  t he  Manned Spacecraf t  Center under a con- 
t r a c t  wit.h L i t t o n  I n d u s t r i e s .  The concept uses  cons tan t  volume j o i n t s  t o  
increase  mobi l i ty  and e l imina te  "spring back" e f f e c t s .  

By FY 1947, t h i s  metal s u i t  w i l l  have reached such a s t a t e  t h a t  a c d i t i o n a l  
e f f o r t  w i l l  t)c needed f o r  the  f u r t h e r  development and i n t e g r a t i o n  of t he  
a n c i l l a r y  ecpipment wi th  the  p r o t e c t i v e  s h e l l ,  such as thermal c o n t r c l ,  l i f e  
support ,  e t c . ;  w i th  a d d i t i o n a l  e f f o r t ,  t hese  i t e m s  can be incorpora ted  i n  
s u i t s  for  t e s t .  

Man-Systems I n t e g r a t i o n  

I n  manned r ' l igh t  systems, mathematical modelling of man and a n a l y t i c a l  and 
experimental da.ta on human performance i n  a i r c r a f t  and space v e h i c l e s  are 
developed, ccillated and evaluated t o  provide a bas i c  l i b r a r y  of man-machine 
information for  advanced system technology. For manned and unmanned f l i g h t  
systems, the  r o l e  of man as a major sub-system i s  s tud ied  i n  the  ground sup- 
po r t  a c t i v i t i e s  as w e l l .  Simulation s t u d i e s  are performed t o  provide design 
da ta  and t o  v a l i d a t e  design concepts under r e a l i s t i c  condi t ions  t o  f u r t h e r  
t he  understanding of t he  i n t e g r a t i o n  of man i n t o  aerospace systems. 
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A t yp ica l  st.udy involves  the  use of a n  advanced des ign  multi-man capsule  
The i n t e r n a l  atmos- which w i l l  b e  mounted on the  motion genera tor  a t  Ames. 

phe r i c  environment, rates of a c c e l e r a t i o n  and v i b r a t i o n ,  s e a t i n g  and working 
space l ayou t s ,  and d i sp lays  and c o n t r o l s  w i l l  be  modifiable t o  s imula te  va r -  
ious  interna.1. v e h i c l e  conf igura t ions .  This capsule  w i l l  be used t o  s tudy  
the  e f f e c t s  of t hese  f a c t o r s  on p i l o t  performance and t o  de f ine  human f a c t o r s  
des ign  c r i t e r i a  f o r  a i r c r a f t  f l i g h t  con t ro l  c h a r a c t e r i s t i c s  such as those  
involved i n  V/STOL, conventional j e t ,  supersonic and hypersonic t r a n s p o r t  
and p r i v a t e  p lanes .  S imi la r  f a c t o r s  w i l l  be  s tud ied  i n  manned boos te r s  and 
space v e h i c l e s  t o  d e f i n e  the  optimal r o l e  of man i n  launch, o r b i t  i n s e r t i o n ,  
rendezvous arid docking, mid-course f l i g h t ,  lunar  and o the r  ex t r a t e r r e s t r i a l  
de -o rb i t  and 1a.nding. 

Another t y p i c a l  s tudy  i s  concerned wi th  a s t ronau t  ex t r aveh icu la r  a c t i v i -  
t i e s  t o  determine appropr i a t e  t a sks  for  man ou t s ide  of t he  space v e h i c l e .  
H i s  e f f e c t i v e n e s s  i n  maintenance and r e p a i r  of v e h i c l e s  and s a t e l l i t e s ,  
t r a n s f e r  of personnel and cargo between v e h i c l e s ,  and assembly and support  
of l a r g e  veh ic l e s  i n  space are pacing items f o r  reduced c o s t s  and increased 
r e l i a b i l i t y  clf these  v e h i c l e s .  The i n t e r a c t i o n  of space s u i t s ,  a s t ronau t  
maneuvering u n i t s ,  and l i f e  support  systems must be s tud ied  t o  determine 
design needs. 

Subs tan t i a l  reduct ions  i n  c o s t  and human e r r o r  can r e s u l t  from s t u j i e s  of 
optimum crew s izes  and t a s k  requirements f o r  e a r t h  and lunar  ground 
support  a c t i v i t i e s ,  and o r b i t a l  launch. Minimum crew s k i l l s  needed t ]  
achieve checkout, launch, and misoion con t ro l  must be determined as sDon as 
poss ib l e  i n  order t o  be  a v a i l a b l e  i n  t i m e  t o  in f luence  planning and ds s ign  
of f u t u r e  systems. The a n a l y s i s  of performance and s h e l t e r  of a s t r o n , m t s  
and a s t ronau t  s c i e n t i s t s  on the  moon i s  a cont inuing  e f f o r t .  

Advanced Concepts 

Research on advanced concepts i n  any f i e l d  i s  e s s e n t i a l  t o  so lv ing  the  
next genera t ion  of problems i n  a p a r t i c u l a r  f i e l d .  I n  human f a c t o r s  'Ire- 
search ,  many of these  problems are l i k e l y  t o  involve ways of f u r t h e r  inte-  
g r a t i n g  man i n t o  the  ope ra t iona l  systems of f u t u r e  a i r c r a f t  and spacec ra f t .  
Several  i n t e r e s t i n g  p o s s i b i l i t F e s  have a r i s e n  i n  r ecen t  yea r s ,  some sliowing 
enough promise t o  warrant s e r i o u s  s tudy.  The following example i s  repre-  
s e n t a t i v e :  

An i n v e s t i g a t i o n  i s  being made through the  Applied Physics Laboratory 
of Johns Hop'kins Universi ty  which i s  explor ing  advanced non- 
anthropometric space s u i t  technology u t i l i z i n g  p r o s t h e t i c  type pro- 
v i s i o n s  a:l~n:3 wi th  t h e  usua l  space s u i t  a r m  and g l w e  p rov i s ions .  
Non-corivent:ional propulsion might be f e a s i b l e  as opposed t o  walking;. 
Conceptua:l des igns  which appear f e a s i b l e  and p r a c t i c a l  w i l l  be sub- 
j ec t ed  t o  Eu:cther eva lua t ion  through components mock-up and t e s t i n € , .  
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Small Biotechnology F l i g h t  P ro jec t s  

19Cl7 
I__- 

1965 1966 

Small bit0 t t x  hnology f 1 igh  t 
p r o j e c t s . .  . . . # . .  . . . .. .. .. . . . .. $1,160,000 $1,900,000 $1 ,SCiO,OOO 

In  many f:ields of aerospace technology, t h e r e  are problems t h a t  carinot be 
solved i n  the lizboratory a t  all but  must be solved i n  f l i g h t .  Apparent solu-  
t i o n s  t o  many o ther  problems can be found on the  ground but: must then be 
evaluated i n  € l i g h t  before  they can be accepted. This  sma l l - f l i gh t  p r o j e c t s  
program serves  these e s s e n t i a l  purposes f o r  the  Human Fac tors  Systems re- 
search program. 

One extimpl!~? of our cu r ren t  f l i g h t  experiments i s  the  a i r c r a f t  p i l o t ' s  
stress s tudy a t  the  F l i g h t  Research Center. The a v i a t o r s  are o u t f i t t e d  wi th  
the  bioinstruinentat ion f o r  var ious  phys io logica l  parameters;. The ac t l . a l  
c o l l e c t i o n  of the  biomedical da t a  t o  determine base l ines  of var ious  pt .ysio- 
l o g i c a l  func t ions  under stress i s  funded as a f l i g h t  projec:t. 

An example o:E a f l i g h t  experiment which r equ i r e s  the  space environnient and 
i s  the  outgrowth of labora tory  benchwork i s  an experiment a t  Ames on the  be- 
havior of t he  oiroli th organ, t he  organ of balance loca ted  i n  the  inner ear. 
For t h i s  f l i g h t  experiment, the  nerve impulse s i g n a l s  from indiv idua l  nerve 
f i b e r s  of frog':; o t o l i t h  are tapped. 
The a c t i o n  of the  o t o l i t h  under weight lessness  w i l l  be measured by recording 
i t s  nerve impu1:;es t o  g ive  an ind ica t ion  of t he  adapt iveness  of t h i s  clrgan 
t o  weightl.essiie:;s. This experiment i s  scheduled f o r  Apollo 205. 

The f r o g ' s  o t o l i t h  i s  similar t c l  man's. 

An experiment c u r r e n t l y  being b u i l t  f o r  the  E lec t ron ic s  Research Center 
f o r  f l igh t :  011 Apollo i s  a nephelometer t o  measure the  concentrat ions and 
s i z e  of dus t  pai:ticles i n  the  spacec ra f t  atmosphere under weight lessness .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF ADVP&:ED RESEARCH AND TECHNOLOGY SPACE POWER AND E L E C l I u  
PROPULSION SYSTEMS PROGRAM 

PROGRAM OBJECJZES AND JUSTIFICATION : 

The space power and e l e c t r i c  propuls ion systems program provides research arid 
technology t o  evolve new and improved methods of power generat ion and 
e l e c t r i c  propulsion f o r  space app l i ca t ions .  The program inc ludes  work aimed 
a t  more effic::Leiit and p r a c t i c a l  use of nuc lear ,  s o l a r  and chemical energy f o r  
t h e  generat ion and u t i l i z a t i o n  of e l e c t r i c  power i n  space; as w e l l  as the  
development ciji t:he technology of e l e c t r i c  t h r u s t o r s  powered by e i t h e r  s o l a r  or 
nuclear  power systems. 

A l l  space veh ic l e s  r equ i r e  e l e c t r i c  power f o r  opera t ion  of such equipment 
as communications, t e l e m e t r y ,  guidance, s t a b i l i z a t i o n  and s c i e n t i f i c  i n s t r u -  
ments. The power l e v e l  and dura t ion  v a r i e s  widely (watts t:o megawatts and 
hours t o  years)  depending on the  purpose of t he  v e h i c l e ,  b u t  t h e  trenc i s  
toward the  higher  power l e v e l s  and longer mission dura t ions .  
r e s u l t s  from i:he a v a i l a b i l i t y  of l a r g e r  launch veh ic l e s  such as t h e  S:.turn 
and from 1:he d e s i r e  t o  undertake more ambitious programs. 
experience t o  da t e  has been a t  r e l a t i v e l y  low power leve ls : ,  l e s s  than 1 
k i lowa t t ,  and the  v a s t  major i ty  of app l i ca t ions  have involved s o l a r  c d l  and 
b a t t e r y  systtans. This experience has shown t h a t  cur ren t  s o l a r  c e l l  arid 
b a t t e r y  systans w i l l  r equ i r e  major improvements i n  performance, p a r t i c u l a r l y  
a t  the  higher  power l e v e l s  and t h a t  advanced systems t h a t  are more coripact 
and independent of t he  sun w i l l  be required.  

This t rcnd  

All power system 

E l e c t r i c  ; thrustor  systems o f f e r  promise of s i g n i f i c a n t  savings i n  tipace- 
c r a f t  weight ,  t r i p  time o r  increased payload. 
watts f o r  a t t i t u d e  cont ro l  systems t o  megawatts f o r  manned in t e rp l ane ta ry  
propuls ion systems. 
the  lower power t h r u s t o r s .  
t h r u s t o r s  i n  a n t i c i p a t i o n  of s eve ra l  e a r l y  app l i ca t ions .  

The power requi red  ranges from 

Solar  c e l l s  appear t o  be s a t i s f a c t o r y  power sources  f o r  
Work is  needed on t he  system aspec ts  of e : , ec t r i c  

SUMMARY OF RggURCES REQUIREMENTS : 

Supporting research and 

Space e l e c t r i c  rocket  t e s t  (SERT) 
technology .................... 

SNAP-8 development.. ............ 
Total . . . . . . . . . . . . . . . . . . . . . . . . .  

1965 

$36,770,000 
2,300,000 

19,150,000 

$58.220.000 

1966 

$38,200,000 
3,000,000 
4,000.000 

$45,200,000 

1967 - 
$37,000,000 

- 5,500 .OOO 
--- 
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Distribut::&i of Program Amount by I n s t a l l a t i o n :  

1965 1966 

Manned Spacecraf t  Center. ...... $53,000 
Marshal 1 Space F l igh t  Center..  . 2,415,000 
Goddard Space F l igh t  Center. ... 3,512,000 
J e t  Prol?u:Lsion Laboratory. ..... 5,607,000 
Ames Re:;einrch Center. .  ......... 191,000 
Elec t ronics  Research Center..  .. 
Langley Research Center. .  ...... 1,324,086 
Lewis Research Center..  ........ 43,516,700 
NASA Headquarters. ............. 1,351,214 
Western Operations Off ice . .  .... 250,000 

--- 

$100,000 
2,010,000 

110,000 
so, 000 

4,260,000 
4,491,000 

846,000 
28,768,000 
4,565,000 --- 

BASIS OF FUNJ)%EQUIREMENTS : 

Supportine; Research and Technology 

1965 1966 

Nuclear-e:Lectric power.. ......... $13,106,000 $14,000,000 
E l e c t r i c  propulsion..  ............ 9,919,000 10,000,000 
Solar  power generat ion. .  ......... 7,911,000 9,050,000 
Chemic:al power generation..  ...... 5,834,000 5.150,OOO 

Tota l .  .......................... $36.770.000 $38.200.000 

-, 1967 

$650,000 
I ,650,000 

t1,050,000 
50,000 

300,000 
700,000 

2 t  ,065,000 

3 ' ,  990 y 000 

2 )  ,045,000 - - -. 

- 1967 .. 

$1~1~,180y000 
511 ,850 ,000 
511 ,000,000 

$3i .ooo .ooci 

- L,..970,OOC! 

- 
Nuclear-Electr ic  Power 

The prima:cy ob jec t ive  of t h e  Nuclear Electric Power Generation Technology 
program is  t o  provide a broad design b a s i s  f o r  the  energy conversion equip- 
ment t o  be used i n  the  advanced nuclear  e l e c t r i c  power generat ing sys'tems 
needed fo r  fu tu re  space missions.  Close coordinat ion and cooperatiorl. i s  
maintained with t h e  r eac to r  technology program of t h e  AEC. 

The contr,acl~or and in-house e f f o r t  i n  t h e  program a r e  concerned w i  t h  t he  
technology assoc ia ted  with (1) the  Rankine cycle  a l k a l i  metal turbogenerator 
(2) thermion:ic d i r e c t  conversion, (3) t he  Brayton gas turbogenerator ,  and 
(4) magnetoh~ydrodynamic 0) systems. The Rankine cyc le  and thermicnic 
conversion wystems o f f e r  t h e  most promise of a t t a i n i n g  t h e  l i g h t  weights need!ed 
f o r  e1ect:ric: propulsion sys t ems .  The nuclear  thermionic concept which is  i n  
an e a r l y  s t age  of research has few moving p a r t s ,  and with i t s  inherent  
redundanc:y and small r a d i a t o r  a r ea ,  may u l t ima te ly  prove t o  be the  b e t t e r  
system f o r  many appl ica t ions .  
advantages mid app l i ca t ions  a r e  discussed a s  a p a r t  of t he  s o l a r  power sec t ion  
s ince  the  same equipment is being inves t iga ted  f o r  both the  s o l a r  ancl nuclear  
energy sc)ur(:es. MHD conversion systems a r e  of i n t e r e s t  a s  a possible longer 
range a1t:ermate t o  the  high temperature turbine-generator  and thermic n i c  
approaches. 

The Brayton cycle  conversion system pcltential  
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The Rankine turbogenerator  program i n  FY 1966 obtained much use fu l  
information Ion heat  t r a n s f e r ,  working f l u i d  p r o p e r t i e s ,  c a v i t a t i o n  phenomena 
and high temperature r e f r a c t o r y  ma te r i a l s .  I n  add i t ion ,  performance and 
opera t ing  eva lua t ions  of such components as t h e  tu rb ine ,  condenser r a d i a t o r ,  
pumps, e t c . ,  a r e  cu r ren t ly  underway and progressing toward t h e  design and 
f a b r i c a t i o n  cof prototype high temperature components f o r  ground t e s t i n g .  
p resent  complonent t e s t i n g  i s  concerned exc lus ive ly  wi th  lower teniperai1:ure 
non-refractory a l l o y  test components. The component test  programs w i l l  be 
continued i n  FY 1967. 
potassium tu rb ine  a t  General Electric w i l l  be completed by the  end of FY 1966. 
F a c i l i t y  and test  u n i t  cons t ruc t ion  materials l i m i t  opera t ing  teniperalxre t o  
a maximum of about 1600OF. A 2000 hour endurance run t o  eva lua te  e ros ion  
damage i s  a l s o  scheduled t o  be completed i n  FY 1966. It i s  planned t o  extend 
endurance t e s t i n g  i n  FY 1967 t o  5000 hours i f  the test d a t a  cont inue :o be 
favorable .  This t u rb ine  program w i l l  a l s o  begin design and f a b r i c a t i o n  of a 
t h r e e  s t age  turb ine  u n i t .  S ingle  tube b o i l i n g  and condensing hea t  t m n s f e r  
programs a r e  scheduled t o  be completed i n  FY 1966. 
metal  and b o i l e r  and f l i gh t - type  condenser s t u d i e s  w i l l  begin. 

The 

"Dry" vapor performance t e s t i n g  of the  two sta:;e 

I n  JX 1967, r e f r ac to ry  

Af te r  extensive s t u d i e s ,  an advanced tantalum base a l l o y ,  T-111, W,PS 
s e l e c t e d  t o  be the  cons t ruc t ion  material f o r  a two-phase potassium cor ros ion  
loop which w i l l  opera te  a t  a b o i l i n g  temperature of 2100'F. 
components (pump, b o i l e r ,  condenser, instrumentat ion)  were success fu l ly  
endurance t e s t e d  during FY 1966 a t  r a t e d  temperature f o r  2500 hours a3 par t  
of a component development and eva lua t ion  program. The T-111 loop i s  
scheduled t o  begin opera t ion  i n  FY 1967 and w i l l  be d i r e c t e d  toward a 10,000 
hour t e s t  ob jec t ive .  

The loop 

During FY 1966, considerable  progress  w a s  made on determining the  s u i t -  
a b i l i t y  f o r  high temperature opera t ion  of var ious  electrical  i n s u l a t o r s ,  magnetic 
m a t e r i a l s ,  e l e c t r i c a l  conductors and bore seal materials. During Ey 1967 
tests of  promising materials w i l l  be extended t o  longer  times and h igher  
temperatures,  and geometries r ep resen ta t ive  of prototype e l e c t r i c a l  hardware 
w i l l  be fabricarted. 

The present  phase of t he  advanced Rankine turbogenerator  program has been 
conducted wi th  s t a i n l e s s  s t e e l  o r  supera l loy  components. Although these  a l loys  
s impl i fy  tes t .  clperations considerably,  they are use fu l  only t o  about 16000F. 
I n  FY 1966, i i  design study of a v e r s a t i l e  t e s t  r i g  capable of  t e s t i n g  r e f r a c -  
t o ry  a l l o y  cclmponents such as tu rb ines ,  b o i l e r s ,  condensers, e t c . ,  is  being 
performed. Fabr ica t ion  of t h e  t e s t  r i g  is  planned t o  begin i n  mid FY 1967. 
This w i l l  en.zib1.e Component t e s t s  t o  be performed a t  about t h e  2000°F temperature 
expected t o  be required f o r  s u i t a b l y  l ightweight  systems. 
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The major technological  obs t ac l e  assoc ia ted  with t h e  nuc lear  thermionic 
conversion approach i s  t h e  at ta inment  of f u e l  ma te r i a l s  t h a t  w i l l  be 
dimensionally s t a b l e  a t  the very high temperature (2 3000OF) and uraniigm f u e l  
burnup condi t ions  requi red  f o r  e f f i c i e n t ,  long l i f e  operat ion.  
NASA a r e  conducting coordinated nuc lear  f u e l  research programs aimed a t  
inves t iga t ing  two broad c l a s s e s  of materials: 
E l e c t r i c ,  Va l l ec i to s ,  and t h e  uranium carb ides  at General Atomic. Fuels  
t e s t i n g  w i l l  c.on!tinue during FY 1967 a t  the  NASA-Plum Brook Test K e a c t x .  

The AEC and 

t h e  uranium oxides  a t  General 

I n  add i t ion  t o  t h e  f u e l s  research e f f o r t ,  t e s t s  of e l ec t r i ca l ly -hea ted  
thermionic dicdes assembled wi th  fue led  o r  unfueled emi t t e r s  w i l l  continue 
i n  FY 1967. 
l i f e  continued. t o  be made. However, performance degradat ion with t i m e  
remains a problem. Other thermionic research includes inves t iga t ions  D f  
e l e c t r i c a l  i n s u l a t o r  and metal ceramic jo in ing  a l l o y s  aimed a t  developing 
materials and weldments which w i l l  maintain s a t i s f a c t o r y  e l e c t r i c a l  and 
s t r u c t u r a l  p rope r t i e s  i n  a nuclear  r e a c t o r  a t  t h e  high temperatures and f o r  
t h e  long periods required.  FY 1967 programs w i l l  be conducted t o  f u r t l e r  
improve diode performance and s impl i fy  diode design conf igura t ions .  

During FY 1966, s i g n i f i c a n t  improvements i n  conver te r  opera t ing  

During FY 1965, cold gas tests o f  radial-f low turbomachinery intendled f o r  
use  a t  low pow'er l e v e l s  achieved t h e  high e f f . i c ienc ies  t h a t  were predil:ted by 
design s tud ie s .  
flow gas cycle turbomachinery a r e  being conducted i n  FY 1966. The t e s t i n g  of 
%ot" gas bearing-supported r a d i a l  and axial flow turbomachinery u n i t s  w i l l  
begin i n  FY 1966 and w i l l  be continued i n  FY 1967. P a r t i c u l a r  emphasis i n  
t h i s  program continues t o  be on component e f f i c i ency  and r e l i a b i l i t y .  

S imi la r  development and test  programs on low power axial 

The Jet Prcipulsion Laboratory (JPL) is  continuing an a n a l y t i c a l  and 
experimental program on a l i q u i d  metal magnetohydrodynamic (MHD) conversion 
system. B8asic: f e a s i b i l i t y  of t he  d i r e c t  cu r ren t  (E) generator  component of 
such a system w i t s  demonstrated with room temperature t e s t  components. 

I n  FY 1967, JiPL w i l l  i n v e s t i g a t e  a l t e r n a t i n g  cur ren t  MHD genera tors .  The 
AC u n i t s  a.re t :heoret ical ly  more e f f i c i e n t  than the  d i r e c t  cu r ren t  devices and 
w i l l  a l s o  reduce the  power condi t ioning requirements t o  s a t i s f y  pred ic ted  
e l e c t r i c a l  load requirements. Tes t  programs w i l l  continue i n  FY 1967 which 
dea l  with methods of minimizing hydrodynamic lo s ses  i n  o the r  system components 
such a s  mixers, two-phase nozzles ,  s epa ra to r s ,  d i f f u s e r s ,  e t c .  
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Electric Propulsion 

The ob jec t ive  of t h i s  program i s  t o  provide the  advanced technology lead-  
ing  t o  t h e  development of e l e c t r i c  t h r u s t o r  systems f o r  space propuls:bon. 
Such t h r u s t o r  systems when used i n  conjunction with l igh tweight  s o l a r  o r  
nuc lear  power generat ion systems f o r  prime propuls ion,  o f f e r  t he  pote i i t i a l  
of s u b s t a n t i a l  increases  i n  payload reduct ions i n  veh ic l e  weight,  or  reduc- 
t i o n s  i n  t r a v e l  time genera l ly  i n  proport ion t o  the  energy requiremen'x of 
t he  contemplated missions.  E l e c t r i c  t h r u s t o r  s ta t ionkeeping  and a t t i i u d e  
con t ro l  systems o f f e r  a primary advantage of reduced system weight whtn 
compared w i t h  conventional chemical t h r u s t  systems f o r  long dura t ion  appl ica-  
t i ons .  These performance improvements r e s u l t  from the  high s p e c i f i c  impulses 
developed by e l e c t r i c  t h r u s t o r s  which convert  e l e c t r i c a l  energy in to  k i n e t i c  
energy of a propel lan t .  
f o r  e f f e c t i v e  app l i ca t ion  i s  a c a p a b i l i t y  f o r  thousands of hours of r e l i a b l e  
operat ion.  1.n add i t ion ,  a t ta inment  of high o v e r a l l  t h r u s t o r  system e f f i c i e n c y  
i s  of major importance f o r  prime propuls ion app l i ca t ions  because the  t o t a l  
power required f o r  operat ion of the  th rus to r  system, and thus the  pober p lan t  
weight anid t.he mission payload c a p a b i l i t y ,  i s  dependent on t h rus to r  system 
e f f i c i ency .  

However, a major requirement t h a t  must be a t t a i n e d  

Electr0st: iRic t h r u s t o r  systems i n  which t h e  propel lan t  atoms (or heavy 
p a r t i c l e s )  a r e  e l e c t r i c a l l y  charged and then acce lera ted  by an e l e c t r o s t a t i c  
f i e l d ,  w i l l  continue t o  rece ive  the  major emphasis i n  FY 1967. Two types ,  
the  electron-bombardment and contac t  ion  engines which d i f f e r  basical  l y  i n  t h e  
propel lan t  charging o r  i o n i z a t i o n  technique, have made t h e  most progi ess . In  
t h e  electron-bombardment t h r u s t o r  t he  propel lan t  atom i s  ionized by ctlectron-- 
c o l l i s i o n s .  The l i f e  of t he  cathode which produces t h e  necessary e l cc t rons  
i s  the  major finetor c o n t r o l l i n g  the  l i f e  of t h e  t h r u s t o r .  The cathocie l i f e  
improvement '?rogram discussed las t  year  has  r e su l t ed  i n  a successfu l  2600 
hours test  o E  ,a cesium th rus to r .  Fur ther  l i f e  t e s t s  with goals  of 3500 and 
8000 hours a r e  being conducted i n  FY 1966. I n  FY 1967, emphasis w i l l  be 
placed on f i l l1  system t e s t i n g  inc luding  t h r u s t o r ,  feed system and power 
condi t ioning.  I n  add i t ion ,  system i n t e r a c t i o n  problems which become 
important as t h r u s t o r  app l i ca t ions  inc rease ,  such as i on  beam impingrient on 
spacecraEt s t r u c t u r e s  and radio-frequency in t e r f e rence  w i l l  a l s o  be s tud ied  
i n  FY 1967. 
planetary missions show p o t e n t i a l ,  these  e f f o r t s  w i l l  mn t inue .  I n  iIddition, 
s ca l ing  of thrustors  t o  the  300 KW s i z e  required f o r  f u t u r e  app l i ca t ions  w i l l  
be continued a t  the  Lewis Research Center.  

Since s t u d i e s  of solar-powered mid-course propuls ion f o r  

I n  t h e  contact i o n  engine,  p rope l lan t  atoms are charged o r  ian ized  by 
coming i n  c,ontact wi th  a ho t  material, usua l ly  porous tungsten.  
meet engine l i f e  requirements,  over 99% of the propel lan t  atoms must  be 
ionized.  Previous d i f f i c u l t i e s  i n  achieving the  required i o n i z a t i o n  a t  
reasonable e f f i c i e n c i e s  and l i f e t i m e s  l e d  t o  a dec is ion  t o  deemphasize contact  
engine development and concent ra te  on t h e  i o n i z a t i o n  problem i n  FY 1366. 

I n  order  t o  
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However, techniques of coa t ing  porous tungsten wi th  i r id ium 
evolved which, on a labora tory  s c a l e ,  show promise of permi t t ing  the  des i red  
ion iza t ion  arid :Life expectancy. The performance of t hese  improved i o n i z e r s  
w i l l  be evaluated i n  FY 1967. Progress i n  t h r u s t o r  technology has  let1 t o  an 
important dec is ion  to  f l i g h t  t e s t  a small 
system on the  i n i t i a l  Applicat ions Technology S a t e l l i t e s  (ATS) i n  a n t j  c ipa-  
t i o n  of using s i m i l a r  systems on t h e  l a t e r  synchronous gravi ty-gradien t  
s t a b i l i z e d  KC,S € l i g h t s .  This f i r s t  NASA u t i l i z a t i o n  represents  an i n i t i a l  
and important s t e p  i n  t h e  t r a n s i t i o n  of t h e  s t a t u s  of e l e c t r i c  propu1:ion 
from an advanced idea  t o  usefu l  appl ica t ions .  
e l e c t r o s t a t i c  i on  beam d e f l e c t i o n  w i l l  be incorporated on s imi l a r  engines 
i n  FY 196'7 f o r  evaluat ion.  

and rhenium were 

(-15) contac t  i on  th rus to r  

Thrust vec to r  con t ro l  l:l?rough 

A r e s i s t o j e t  w i l l  a l s o  be considered f o r  t h e  ATS. 
an electrothermal  engine which acce le ra t e s  propel lan t  by hea t ing  and sub- 
sequent ly  expanding the  propel lan t  through a conventional converging-diverging 
nozzle system. 
f o r  cance l l ing  aerodynamic drag of l a r g e  spacecraf t  such as o r b i t i n g  'Labora- 
t o r i e s .  Research i n  FY 1967 on t h i s  c l a s s  of device w i l l  concent ra te  on 
e s t a b l i s h i n g  long l i f e  and i n  inves t iga t ing  u t i l i z a t i o n  of  waste matel:ial 
( i . e .  excess water ,  e t c . )  from manned space s t a t i o n  l i f e  support  systems as 
the  propel lan t .  
e l e c t r i c  hea te r  wi th  rad io iso tope  hea t  sources  w i l l  a l s o  be c a r r i e d  out i n  
FY 1967. 

This i s  one ve r s ion  of 

System s t u d i e s  have shown the  r e s i s t o j e t  t o  be of i n t e r e s t  

E f f o r t s  t o  evaluate  the  replacement of thce r e s i s t o j e : ' s  

The electromagnetic t h r u s t o r s ,  which employ magnetic forces  i n  the  develop- 
ment of t h r u s t ,  o f f e r  t h e  promise of super ior  performance and reduced 
complexity oker the  e n t i r e  range of s p e c i f i c  impulse and consequently w i l l  
r ece ive  research emphasis i n  FY 1967. 
v e r i f y  th.e performance of the promising MPD a r c  j e t .  
e f f i c i ency  a l l  ti s p e c i f i c  impulse of 4000 seconds has been reported.  
the  inadequacy of ground f a c i l i t i e s  t o  s imulate  the  t rue  space envircnment 
causes an uncer ta in ty  i n  these da ta .  A comprehensive e f f o r t  w i l l  be  con- 
ducted i n  FY 1967 t o  e l imina te  these u n c e r t a i n t i e s .  

E f f o r t s  w i l l  i n  p a r t i c u l a r  be nade t o  
Preilminary da t a  of 707, 

However, 

Solar  Power Generation 

Solar  photovol ta ic  c e l l s  a r e  r e l a t i v e l y  low i n  weight and have proven to 
be a prac:tic:iil and r e l i a b l e  source of spacecraf t  e l e c t r i c  power a t  l e v e l s  up 
t o  severa l  hundred watts.  However, t he  a v a i l a b i l i t y  of t h e  Saturn c l a s s  of 
launch vehic::ler; i s  making poss ib l e  much l a r g e r  spacecraf t  r equ i r ing  sub- 
s t a n t i a l ] . ~  more onboard e l e c t r i c  power, 
program was :started a t  t h e  J e t  Propulsion Laboratory and the  Marshall Space 
F l i g h t  Cente::, supported by cont rac ted  programs a t  t h e  Boeing Cornpan) , t he  

During t h e  pas t  year an in-house 
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Ryan Aeronauticnl Company, and Electro-Optical  Systems on t h e  r e sea rc t  and 
technology pr:obliems r e l a t e d  t o  very l igh tweight ,  k i lowat t  s i z e  s o l a r  c e l l  
a r r ays .  The inves t iga t ion  of such key problem areas  as more economical s o l a r  
ce l l  fabricat::ion and assembly methods, a r r ay  packaging and deployment and 
l igh tweight  s t n i c t u r e s  and fo ld ing  and unfolding mechanisms w i l l  r equ i r e  an 
increased e f f o r t  i n  FY 1967. Although improvements have been achievec., 
s i g n i f i c a n t  weight p e n a l t i e s  can s t i l l  be a t t r i b u t e d  t o  t h e  need t o  p ro tec t  
s o l a r  cellls from damage by the  ene rge t i c  p a r t i c l e  r a d i a t i o n ,  micrometcioroid 
and high temperature environments t o  be encountered by spacecraf t  opera t ing  
i n  space. A lco~atinuing e f f o r t  i s  needed i n  these  a r e a s ,  as we l l  as e f f o r t s  
t o  improve c e l l  e f f i c i ency  and reduce ce l l  weight. 

The output  of t he  a r r ay  is  a d i r e c t  cur ren t  (DC) vo l t age  which must: be 
changed ( inverted)  t o  a l t e r n a t i n g  cu r ren t  (AC) , transformed t o  h igher  or  lower 
vo l t ages ,  regula ted ,  f i l t e r e d  t o  suppress surges  and d i s t r i b u t e d  t o  the  
var ious  spacecraf t  loads.  It i s  e s s e n t i a l  f o r  t he  higher  power s y s t e m  t h a t  
t h e  e f f i c i ency  o f  t he  many e l e c t r o n i c  components and c i r c u i t s  used fo:: t hese  
purposes be improved while maintaining s a t i s f a c t o r y  r e l i a b i l i t y .  

New work on power t r a n s i s t o r s  t o  lower s a t u r a t i o n  r e s i s t a n c e  and increase  
cur ren t  and vol tage c a p a b i l i t i e s  i s  t o  be undertaken a t  t h e  Electroni1:s 
Research <Center. 
Center and a t  t he  J e t  Propulsion Laboratory w i l l  be continued with emphasis 
on higher  power handling c a p a b i l i t y ,  l a r g e r  a r e a  devices and improved i n t e r -  
connections.  

Work on in t eg ra t ed  c i r c u i t s  a t  t h e  Marshall  Space F l igh t  

The thermionic conversion of s o l a r  thermal energy appears p a r t i c u l a r l y  
promising as a source of e l e c t r i c  power f o r  spacecraf t  opera t ing  near  t o  the  
Sun. 
thermionic genera tors  which should be r e l a t i v e l y  unaffected by opera t ion  i n  
the  high tenq)er.ature and p a r t i c l e  r a d i a t i o n  environment near  t h e  Sun. Work 
during th.e past: year  has r e s u l t e d  i n  improvements i n  thermionic diode opera t ing  
l i f e t i m e ,  pcwer dens i ty ,  and conversion e f f i c i ency .  For example, one thermionic 
converter  r ecen t ly  passed 10,000 hours opera t ion  and i s  cont inuing on t e s t .  
This  i s  sign:if:icant i n  t h a t  it i s  t h e  f i r s t  such device t o  demonstrate t h e  
poss ib i l i . ty  of such opera t ing  l i f e t i m e s .  Fur ther  improvements a r e  needed i n  
uniformit:y o.E converter  c h a r a c t e r i s t i c s  and i n  e f f i c i ency  and power cens i ty  , 
and based on cu r ren t  experience appear poss ib l e  wi th  addit:ional work. 
output vo l tage  per  converter  ranges between 0.6 and 0.8 v o l t  f o r  opera t ion  at. 
173OoC but  by reducing the  i n t e r n a l  vo l t age  lo s ses  could be increasec t o  about 
1 . 2  v o l t s  with r e s u l t i n g  improvements i n  conversion ef f i c iency  . 
i s  planned o a  t h e  use  of su r face  and plasma add i t ives  t o  reduce t h e  i n t e r n a l  
l o s ses .  

These ,c;ystems make use of s o l a r  concent ra tors  and high temperature 

The 

Fur ther  reseax ch 

Work i s  cont inuing on t h e  Brayton cycle  power conversion system tcchnology 
program i n i t i a t e d  i n  FY 1963, using s o l a r  and nuc lear  power program liunds. 
The use of :Brayton cyc le  conversion systems with s o l a r  power sources w i l l  
minimize s o l a r  concentrator  s i z e  due t o  t h e  cyc le ' s  inherent  high ef : i ic iency,  
I n  a l i k e  manner, t he  use  of Brayton equipment wi th  i so tope  power soiirces 
w i l l  minimize t h e  mount  of scarce  and expensive i so tope ,  e.g. Plutonium 238, 
required.  Other s i g n i f i c a n t  advantages of importance t o  both s o l a r  m d  
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i so tope  power systems, such as reduced material compat ib i l i ty  problemo, and 
no zero-g problems are der ived from t h e  f a c t  t h a t  t h e  Brayton cyc le  uses  an 
i n e r t  gas ,  e.g. argon o r  neon as t h e  working f l u i d .  The f i r s t  experimental 
turbomachinery and hea t  exchangers have been f a b r i c a t e d ,  de l ive red ,  aiid a r e  
under test  a t  the  Lewis  Research Center.  Cold flow t e s t s  have verifi1.d 
design performance. Hot flow tests have not  y e t  been conducted. 

Both of th.e above s o l a r  thermal systems (Brayton and thermionic) r equ i r e  
focusing con.c.enttrators (mirrors) t o  develop t h e  high temperatures reqluired, 
The d i f f i c u l t i e s  involved i n  f a b r i c a t i n g  l a r g e ,  l ightweight  mir rors  (con- 
cen t r a to r s )  possessing high su r face  contour accuracies  r equ i r e  a cont inuing 
e f f o r t  leading t o  f u l l  s i z e  mir rors  of 20 t o  30 feet diameter weighing l e s s  
than  one pound per  square foot  (1 l b / f t 2 )  and having an e f f i c i e n c y  of g r e a t e r  
than 85% w i t t .  s? concent ra t ion  a b i l i t y  of over one thousand t o  one. 

Chemical Power Generat ion 

The f u e l  ce3.1 power sys tems now under development f o r  Gemini and Apollo 
can be expected t o  s a t i s f y  the  need f o r  on-board space e l e c t r i c  power f o r  the  
two-week e a r t h  and lunar  o r b i t a l  missions f o r  which they have been designed. 
With technol.ogy improvements t he  use fu l lnes s  of t h e s e  f u e l  c e l l s  can be  
extended t o  niiesion dura t ions  of 30 t o  45 days,  I n  add i t ion ,  t h e  f i r s t  r e a l l y  
long dura t ion  missions may make use of f u e l  cells f o r  a t o t a l  l i f e  of 90 days 
and longer.  Thus, t he re  e x i s t s  a need t o  extend t h e  present  technology 
ob jec t ives  fixmi t he  400 hour endurance c h a r a c t e r i s t i c  of Gemini and Apollo 
t o  1000, 2000, and eventua l ly ,  3000 hours while  maintaining t h e  high 
r e l i a b i l i t i e s  requi red  f o r  manned missions.  
t o  extend st:isndby l i f e ,  t o  improve on o r b i t a l  s ta r t  and restart c a p a b i l i t y ,  
and t o  ob ta in  l igh tweight ,  compact systems. 

Of equal importance i s  t h e  need 

Work on t h e  above problems is  cont inuing using an Allis-Chalmers 
f u e l  cell .  as  an experimental system. Experimental modules have been t e s t e d  
a t  the  Manned Spacecraf t  Center.  
more than  1500 hours and have operated w e l l  under continuous as w e l l  as 
s t a r t - s t o p  condi t ions.  

These breadboard u n i t s  have been run f o r  

A r e l i a b i l i t y  t e s t  program is  needed t o  ob ta in  parametric design data f o r  
opera t ing  dura t ions  i n  excess of 3000 hours. Work t o  f u r t h e r  improve 
e f f i c i ency  and complete the  technology f o r  low-temperature, i n - o r b i t  s t a r t u p  
i s  needed. Ln add i t ion ,  t h e r e  is a need t o  acqui re  the  technology necessary 
t o  support  t he  development of l a r g e r  f u e l  c e l l  modules i n  the  3 t o  5 kilowatt: 
s i z e .  

Primary iXId secondary (rechargeable) b a t t e r i e s  are used f o r  r e l a t i v e l y  short  
dura t ion  app l i ca t ions ,  i . e .  34 hour Gemini mission,  o r  i n  conjunctiori with 
s o l a r  power systems when the  spacec ra f t  i s  pe r iod ica l ly  i n  t h e  dark. 
spacecraf t  b a t t e r i e s  have been r e l a t i v e l y  low power devices ,  which ~1.11 not 
be ab le  t o  s a t i s f y  the  f a s t  recharge,  high power and broad opera t ing  

To da t e ,  



temperature range requirements of an t i c ipa t ed  missions.  
and ground based system experience i n d i c a t e  t h a t  it should be poss ib le  t o  
develop s a t i s f a c t o r y  u n i t s .  However, such work is  not being conducted as 
p a r t  of s p e c i f i c  b a t t e r y  development programs i n  support  of approved mlissions. 
Therefore,  NASA has i n i t i a t e d  a research and technology program aimed a t  
improving energy dens i ty ,  cycle  l i f e ,  capac i ty  r e t e n t i o n  and r e s i s t a n c e  t o  
high temperat:ure degradation. It is important t h a t  t h i s  program be strengthened 
i n  FY 1967 i n  order  t o  meet t he  an t i c ipa t ed  needs i n  the  1970's f o r  l a r g e r  
b a t t e r i e s  f o r  o r b i t a l ,  lunar  su r face  and p lane tary  mission app l i ca t ions .  

Laboratory experiments 

SNAP -8 Development 

1967 - 1965 1966 

Development.................. ...... $19,150,000 $4,000,000 $5,500,000 

The obJec t ive  of t h i s  technology p r o j e c t  is t o  conduct t h e  ground cievelop- 
ment of a 10,000 hour,  35 e l e c t r i c a l  k i lowat t  nuclear  e l e c t r i c  genera t ing  
sys tem s u i t a b l e  f o r  space app l i ca t ions  i n  t h e  1970's and beyond. 
app l i ca t ions  for  SNAP-8 a r e  l a rge  e a r t h  o r b i t i n g  space s t a t i o n s ,  l una r  
explora t ion ,  d i r ec t  TV broadcast  s a t e l l i t e s ,  and manned Mars missions.  

Pr i r tc ipal  

SNAP-8 i s  a j o i n t  NASA-AEC pro jec t  with t h e  AEC respons ib le  f o r  t h e  r eac to r  
and s h i e l d  and ISASA responsible  f o r  t h e  power conversion system and f u l l  
power system in t eg ra t ion .  It u t i l i z e s  a b o i l i n g  mercury turbogenerator  t o  
convert  thennal power developed by a compact space r e a c t o r  i n t o  e1ecti:ical 
power. The design approach p laces  p r i o r i t y  on r e l i a b i l i t y  and ease 0:': 

development (maximum use of cu r ren t  s t a t e -o f - the -a r t )  and provides f l e x i b i l i t j  
t o  adapt t o  a range of p o t e n t i a l  missions with a minimum change. 

During calendar  year 1965, NASA completed t e s t i n g  t o  determine perlormance 
data of t he  f irst  generat ion of major power conversion system components -- 
t he  systein pumps, hea t  exchange components, and the  tu rb ine  alternato::.  The 
performance was demonstrated t o  be s a t i s f a c t o r y  except f o r  the  b o i l e r  which 
although performing as required once i t  reached f u l l  thermal power, hais been 
giving e r r a t i c  superheat performance during i n i t i a l  s t a r t u p .  A b o i l e r  r e -  
designed t o  inves t iga t e  so lu t ions  t o  t h i s  problem i s  now i n  t e s t .  Endurance 
development of t he  components has  been s t a r t e d .  S ingle  u n i t  enduranci? times 
demonstrated t o  da te  range from 670 t o  2600 hours.  A s  p a r t  of the  endurance 
t e s t  program, a complete mercury loop was operated f o r  670 hours,  prollucing 
e l e c t r i c a l  power wi th in  SNAP-8 s p e c i f i c a t i o n s .  This t e s t  w a s  termina:ed by 
f a i l u r e  of t h e  f i r s t  t u rb ine  a f t e r  830 hours of opera t ion ,  bu t  mechanical 
design modifica.tions have now been completed and tu rb ine  t e s t i n g  w i l l  be 
resumed s h o r t l y .  The SNAP-8 r eac to r  completed 12,000 hours of opera t ion ,  
8,800 of which were a t  system power and temperature. The r e a c t o r  is mdergoing 
post - t e s t  ex an i n a t  ion.  
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During FY N964, NASA w i l l  continue with component performance and 
endurance development t e s t i n g  and w i l l  complete prepara t ions  f o r  t he  t c  s t  of 
a f i r s t  breadboarded power conversion system u t i l i z i n g  FY 1966 funds a t tho r i zed  
and appropriated by the  Congress. 

During FY L967, development t e s t i n g  of components w i l l  be continued and 
t e s t s  of the  Ei rs t  power conversion system w i l l  be i n i t i a t e d .  Supporti.ng 
technology programs i n  heat  t r a n s f e r ,  ma te r i a l s ,  system dynamics and endurance 
instrumentat ion which were delayed by t h e  phase-out opera t ions  w i l l  be 
i n i t i a t e d  to  provide the  necessary b a s i s  f o r  understanding system behavior and 
t o  improve performance as required.  



RESEARCH AND DEVELOPMENT 1 

B FISCAL YEAR 1967 ESTIMATES 

1 
OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PRO(= B 
PROGRAM OBJECZZES AND JUSTIFICATION : 

The mission. of  t he  nuc lear  rocke ts  program i s  t o  provide the  necesssry 
research ,  design., and engineer ing da ta ,  t es t  hardware, and general  tecnno- 
logy required t o  develop nuc lear  rocke t  systems with power l e v e l s ,  opera t ing  
t i m e s ,  r e s t a r t  condi t ions ,  and s p e c i f i c  impulse va lues  s u i t a b l e  f o r  advanced 
space explora t ion  missions.  A program d i r ec t ed  t o  meet these  ob jec t ives  
w i l l  a ssure  a v a i l a b i l i t y  of t hese  advanced propuls ion systems when they a r e  
needed. 

B 

Through. t he  use  of nuc lear  rocke t  propuls ion,  s i g n i f i c a n t  performance 
advantages acxrue t o  many advanced space missions such as lunar  base log i s -  
t i c s  operat ions: ,  deep space probing with heavy complex spacec ra f t ,  and manned 
explora t ion  of the p l ane t s .  A number o f  s t u d i e s  have been conducted t o  
eva lua te  the  p o t e n t i a l  of the  nuc lear  rocke t  i n  i t s  major app l i ca t ions .  For 
the  manned Mcurs  mission, t he  s t u d i e s  ind ica t ed  t h a t  spacec ra f t  depar ture  
weight i n  e a r t h  o r b i t  is  s u b s t a n t i a l l y  less with nuc lear  rocke t  propuls ion 
than with chemical propuls ion,  t h e  weight d i f f e rences  ranging from 1 c r  2 
mil l ion  pound:; .Eor favorable  missions modes and t i m e s  (low energy reqL i r e -  
ments) t o  many mi l l i ons  of  pounds f o r  less favorable  mission opportunj t i e s .  

The maijor areas of e f f o r t  are the  research  and engineer ing of t h e  nuc lear  
r e a c t o r  , the  development of c e r t a i n  non-nuclear components :, and the  ir i tegra- 
t i o n  of t h e  r eac to r  and non-reactor components i n t o  a complete expeririental  
engine system. 

The exper inenta l  ground tes t  engine system i s  being inves t iga t ed  t o  pro- 
vide an e s s e n t i a 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 .  Progrei3s i n  
the  technology phase warrants  t h e  i n i t i a t i o n  of s p e c i f i c  engine development 
i n  FY 1967. 

The nuclear  rocke ts  program i s  a j o i n t  AEC-NASA undertaking. To eilsure 
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 interagency agreement between AEC and NASA, manages a l l  a spec t s  of  nuc lear  
rocket  propuls ion work f o r  t he  two agencies.  
i s  conducted both i n  AEC Labora tor ies  (e .g . ,  t he  Los Alamos S c i e n t i c  Labora- 
to ry)  and NASA Centers  (e .g . ,  t he  L e w i s  Research Center  and the  Marshall 
Space F l i g h t  Center) ,  al though the  major po r t ion  of t h e  work is conducted 
by indus t ry .  

Research and technology work 
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SUMMARY OF REikURCES REQUIREMENTS : 

1965 19 66 

Supporting research  and 

N E R V A . . . . . . . . . . . . . . . . . . . . . . . . . .  35,370,000 36,000,000 
technology ................... $20,891,000 $21,000,000 

NRDS operat.j.ons ................ 739,000 1,000,000 

Total . . . . ,  .................... .!j57,000.000 $58,000,000 

Distr i b u t  i c c o  f ProEram Amount by I n s  t a l  l a t  ion  : 

Marshall !;pace F l i g h t  Center.  $1,375,000 $1,125,000 

L e w i s  Research Center..  ...... 9,846,000 6,599,000 
Space Nuc:Lear Propuls ion 

Office. . . . . . . . . . . . . . . . . . . . .  45,760,000 50,218,000 
NASA Headquarters ............ 13,000 58,000 

Je t  Propu:ls:ion Laboratory.. .. 6,000 -.-- 

BASIS OF PUNQBQUIREMENTS : 

Supporting Research and Technology 

19 65 1966 _. 

Rocket reac2to.r research. .  ...... $13,069,000 $14,250,000 
Nuclear rocke t  engine 

systems.. . . . . . . . . . . . . . . . . . . . .  6,269,000 5,150,000 
Safety. . .  ...................... 500,000 500,000 
Vehicle technology.. ........... 1,053,000 1,100,000 

Total . . . . . . . . . . . . . . . . . . . . . . . .  $20,891,000 $21,000,000 

19 67 --- 

$16,900,000 

3,000,000 
.33,100,000 
- 
$53,000,000 -- 

$9CO ,000 --.. 
3,55 0,000 

48,5ClO, 000 
510 ,000 

$11,7OO,OOO 

3,9!iO,OOO 
21i0,OOO 

1,000,000 

$16,91)0,000 -- 
The support ing research  and technology (SR&T) e f f o r t  supp l i e s  four  bas i c  

needs: (1) general  support ing research  and technological  da t a  f o r  cu r ren t  
p r o j e c t s ;  (2) necessary bas i c  technology f o r  t he  development of fu tu rz  
genera t ions  of nuc lear  rocke t  engines  and veh ic l e s ;  (3) f e a s i b i l i t y  a i a l y s e s  
of advanced nuc lear  propuls ion concepts;  and, (4) s t u d i e s  o f  t h e  spec ia l  
s a f e t y  problems of nuc lear  rocke ts .  

Rocket Reactor Research 

This  a c t i v i t y  supports  work i n  two general  areas: f i r s t  i n  the  a r e a  of 
advanced concepts and i n  t h e  design s t u d i e s  o f  r e a c t o r  concepts of i n t e r e s t  
f o r  f u t u r e  app l i ca t ions  ; secondly,  these  funds provide f o r  nozzle and pro- 
p e l l a n t  feed systems f o r  use i n  the  ground t e s t  of Phoebus 2. 
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Advanced concept work i s  concentrated on var ious  types o f  c a v i t y  r e a c t o r s ,  
i n  which the f i s s i o n a b l e  materials are i n  gaseous, l i q u i d  o r  dust  form, 
Primary in-house c a p a b i l i t y  and research is centered  a t  t h e  L e w i s  Research 
Center. Addj.l:ionally, t h e  c a p a b i l i t i e s  of i ndus t ry  and u n i v e r s i t i e s  alre 
appl ied  through c o n t r a c t s  and research  g ran t s .  The emphasis i s  on lablora- 
t o r y  research  because propuls ion systems and l a r g e  s c a l e  experiments can- 
not y e t  be defined due t o  a l ack  of bas i c  information on f e a s i b i l i t y  aind, 
i n  some c a s e s ,  ix l ack  of b a s i c  research  data.  

NASA funds t h e  development of a l i q u i d  hydrogen turbopump feed sys-em 
t o  be used i n  t h e  t e s t i n g  of high-power (Phoebus 2) r e a c t o r s  a t  the  Nuclear 
Rocket Develo~xnent S ta t ion .  This system is based on the l i q u i d  hydroE,en 
pumps and tui:l~ines developed f o r  t he  KIWI t e s t  series. 

Liquid hydrogen r egene ra t ive ly  cooled exhaust nozzles are a l s o  requi red  
f o r  the Phoebus 2 r e a c t o r  program conducted by the Los Alamos S c i e n t i f i c  
Laboratory. Development of such nozzles is underway i n  a con t r ac t  let. 
during FY 196 5. 

Nuclear Rocket Engine Systems 

This research  provides information f o r  spec i fy ing  c h a r a c t e r i s t i c s  of 
f u t u r e  genera t ions  of nuc lear  rocke t  engines as w e l l  as e s t a b l i s h i n g  i t  

general  base o f  information on the design and opera t ion  of components 
and engines. Engine component technology i s  the  r e s p o n s i b i l i t y  of NASA; 
the  in-house e f f o r t  is  conducted by the Lewis  Research Center with o t h e r  
work being accoinplished under i n d u s t r i a l  and u n i v e r s i t y  c o n t r a c t s  p r in -  
c i p a l l y  under Lewis '  d i r ec t ion .  

Turbomachinery research  i s  d i r e c t e d  a t  t h e  unique problems posed by 
a p p l i c a t i o n  to a nuc lear  rocke t  engine,  and i s  coordinated wi th  turbo- 
machinery research  conducted f o r  advancement of chemical rocke t  techno- 
logy * 

Another important supporting e f f o r t  i n  t h e  nuc lear  rocke t  program :is 
provided by t h e  nuc lear  co ld  flow rocket  engine systems tests conductc:d 
by Lewis i n  t h e  Nuclear Rocket Dynamics and Control F a c i l i t y .  These 
tests have included the  f i r s t  boo t s t r ap  starts of t he  nuc lear  rocke t  
engines,  and s t a r t - u p  tests i n  which the  turbopump w a s  d e l i b e r a t e l y  run  
i n t o  s t a l l  t o  determine t h e  s t a r t - u p  performance of a nuc lear  rocke t  
engine under such condi t ions .  

Radiation e f f e c t s  work i s  conducted a t  Plum Brook as p a r t  of t he  engine 
component research  work t o  def ine  t h e  behavior of materials i n  combined 
r a d i a t i o n ,  cryogenic, and vacuum environments. Such information supports 
a l l  phases of t h e  nuc lear  rocke t  program and is  e s s e n t i a l  f o r  t he  design 
e f f o r t .  
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The cambi-tied environments of r a d i a t i o u ,  vacuum, extreme temperatures 
and very high bear ing speeds c r e a t e  d i f f i c u l t  development problems i n  regard 
t o  bearings, ,  seals and lub r i ca t ion .  An i n p i l e  bear ing test  loop i s  I n  oper- 
a t i o n  f o r  rc!!;earch on bear ing conf igura t ions  i n  a combined r a d i a t i o n  and 
cryogenic: envii:onment. 

Research cont inuing through FY 1967 w i l l  include work on nozzles  f o r  
nuclear  rocket  engines.  
a r eas  of r e f r a c t o r y  metals and coa t ings ,  f l u i d  mechanics and hea t  t r a n s f e r ,  
s t r e s s  analysi:3 and thermal f a t igue .  

Analyses and research  have been undertaken i n  

In  FY 196'7 NASA w i l l  continue t o  support ,  al though a t  a reduced l e v e l ,  
the  National. Bureau of Standards Cryogenic Engineering Laboratory i n  re- 
search and engineer ing r e l a t e d  t o  the  use of l i q u i d  hydrogen. While t h i s  
support has  corne from the  nuclear  rocket  program, the  research  has bene f i t ed  
a l l  programs t h a t  use l i q u i d  hydrogen (e.g. , Centaur, Saturn,  the  J - 2  engine,  
e t c . )  by supplying bas ic  property da t a  and cryogenic engineer ing support .  

Propel.1ants and pressurants  i n  support  of t he  research and develoIlment 
a c t i v i t i e s  on turbopumps and nozzles  f o r  Phoebus r e a c t o r  tests a s  wel l  as 
the  Phoebus r eac to r  tests themselves are provided by SR&T funds. 

Safety 

Safe ty  work is an i n t e g r a l  p a r t  of t he  o v e r a l l  nuclear  rocket  prog;ram. 
It includes e fEor t  an hydrogen s a f e t y  by the  Bureau of Mines aimed at. 
unique s a f e t y  problems assoc ia ted  with handling l a rge  q u a n t i t i e s  of l i q u i d  
hydrogen i n  the nuclear  r a d i a t i o n  environment. Also included i s  work on 
eva lua t ion  o E  countermeasure systems t o  assure  sa fe  d isposa l  of nuclear  
engines imd (operat ional  s a f e t y  analyses  of nuclear  rocket  engines.  

Vehicle Technology 

This  prograin provides information on new concepts r e l a t i n g  t o  veh ic l e  
s tag ing  imd configurat ion f o r  fu tu re  app l i ca t ions  of  nuclear  rocket  engines 
t o  spacef l igh t  missions.  

Modular vehic le  concepts i n  which each module includes a nuclear  rocket  
engine and propel lan t  tank has  p a r t i c u l a r  a t t r a c t i o n  s ince  our bas i c  tank/ 
engine design conceivably could s a t i s f y  a v a r i e t y  of missions from lunar  
t o  p lane tary  stop-over , merely by c l u s t e r i n g  as necessary the  requis: . te 
number o E e s s e n t i a l l y  i d e n t i c a l  modules. The modular s t u d i e s  init ia1:ed 
i n  FY 1965 have defined a conf igura t ion  i n  s u f f i c i e n t  d e t a i l  t o  po in t  ou t  
a r eas  r equ i r ing  advanced technology e f f o r t .  

In  FY 1966 the f e a s i b i l i t y  of designing and cons t ruc t ing  a reasonitbly 
c lose  groun'd t e s t  vers ion  of a modular tank,  which could be used f o r  ad- 
vanced techinology development by means of cold-flow t e s t i n g  i s  being in -  
ves t iga t ed  i n  depth. 
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Examples of problem a reas  requi r ing  advanced technology development in-  
clude long term storage of l i q u i d  hydrogen i n  space f o r  per iods exceeding 
a ha l f  a year ,  and s t r u c t u r a l  design of tanks f o r  app l i ca t ions  requi r ing  
assembly i n t o  c: lusters ,  while i n  Earth o r b i t .  I nves t iga t ions  i n  these  
a reas  a re  coordinated with and complement o the r  elements engaged i n  space 
vehic le  researc:h. In add i t ion ,  nuc lear  rocket  engine-vehicle i n t e r a c t i o n s ,  
and coupling requirements a re  a l s o  important and w i l l  receive continued 
a t t e n t i o n .  

1967 - 1965 1966 

Engine syst:ems development,. ..... $5,426,000 $5,600,000 $6,000,000 
Component imci subsystem develop- 

Ground test:  and opera t ions  
m e n t . . . . . . . . . . . . . . . . . . . . , . . . . . .  12,444,000 11,800,000 9,600,000 

support . . . . . . . . . . . . . . . . . . . . . . . .  14,572,000 15,100,000 15,000,000 
Propel lan ts .  ..................... 2.928.000 3,500,000 2,500,000 

Tota l . . . . . . . . . . . . . . . . . . , . . . . . . . .  $3 5,370,000 $36,000,000 333,100,000 

The objec.t:ive of the  NERVA technology e f f o r t  is t o  develop the  technology 
of nuclear  rocket engine systems u t i l i z i n g  g raph i t e  sol id-core r eac to r s .  
Progress i n  1:he graphi te  r eac to r  program has been very good. 
technology work is conducted p r i n c i p a l l y  under a j o i n t  AEC-NASA con t rac t  
by the Aerojet-General Corporation and Westinghouse E l e c t r i c  Corporation. 
A l t i t ude  equivalent  performance l e v e l s  i n  excess of 750 seconds s p e c i f i c  
impulse a t  5!i,OOO pounds of t h r u s t  have been achieved f o r  extended dura-  
t i ons .  

The NERVA 

In view of t:he r eac to r  progress ,  increased emphasis i s  being devoted t o  
This  e f f o r t  includes the  development of c r i t i c a l  the engine system phase. 

non-nuclear components, such as the  nozzle,  turbopump and con t ro l  system, 
and the i n t e g r a t i o n  of these components with the  r eac to r  i n t o  meaningful 
nuclear  rocket  engine systems tests. It is important t o  gain a thorough 
understanding; of the i n t e r a c t i o n s  of t he  var ious components during s t a r t -up ,  
f u l l  power operat ion,  opera t ion  a t  off-design condi t ions ,  and during cool- 
down per iods ,  
leading t o  the  development of opera t iona l  f l i g h t  engine systems with a high 
assurance of success.  

With t h i s  knowledge we can develop components and systems 

Engine syrrtem work includes inves t iga t ions  of engine system t r a n s i e n t  
s t a r t - u p  charac : te r i s t ics ,  steady s t a t e  operat ing cyc les ,  system dynamics 
of engine t h r o t t l i n g  and shutdown, and inves t iga t ion  of engine restart 
charac t e r i  s t. i c  E;. 
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The development of t es t  f a c i l i t y  technology i s  necessary t o  provide conf i -  
dence i n  undert,aking a f u t u r e  nuc lear  rocket  engine development program. 
The f a c i l i t y  technology ob jec t ives  include proof of  t he  techniques f o r  remote 
t e s t i n g  oE downward f i r i n g  engines  and the  f e a s i b i l i t y  of remote hand:.ing 
opera t ions  f o r  engine system maintenance and disassembly. 

Se lec ted  engine components are being developed i n  connection with the  
engine systems eva lua t ion  program, but  component development i s  1 imitc!d 
t o  those major components which s t rong ly  inf luence  system performance , 

Valves and l i n e s  are f a c i l i t y  o r  "bo i l e r  p la te"  types wherever possib'.e. 
For the  ground t e s t  program, most components w i l l  not  be q u a l i f i e d  t o  the  
high degree (of r e l i a b i l i t y  necessary f o r  f l i g h t  opera t ion .  However, major 
components such as turbopumps, nozzles  wi th  hot-bleed p o r t s ,  and ac tu4%tor s  
f o r  engine r e a c t o r  con t ro l  w i l l  be o f  f l i g h t  design and w i l l  be adapt,%ble 
t o  " f l i gh t "  opera t ing  condi t ions.  

S ign i f i can t  accomplishments t o  da t e  i n  t h e  KIWI and NERVA p r o j e c t s  include:  
r e a c t o r  s t a r t - u p  and s t a b l e  opera t ion  using l i q u i d  hydrogen as a c o o l # m t ;  
demonstration of  a s a t i s f a c t o r y  r e a c t o r  design t h a t  avoids  the  flow-induced 
v i b r a t i o n  previously encountered; successfu l  opera t ion  of a s i n g l e  re(3ctor  
f o r  16.5 minutes a t  design condi t ions ;  r e s t a r t i n g  a r e a c t o r  and achie.Jing 
design power a f t e r  a p r i o r  run a t  design power; automatic s t a r t - u p  of  a 
r e a c t o r  from s u b - c r i t i c a l  condi t ions ,  thereby demonstrating the  c:apability 
t o  s tar t  the  nuc lear  rocket  au tomat ica l ly  as would be requi red  i n  a f l i g h t  
system; completion of s t u d i e s  confirming t h e  a b i l i t y  t o  c l u s t e r  engin2s;  
and the  conduct of a Transient-Nuclear-Test with favorable  r e s u l t s .  Other 
progress  inc ludes  improvement i n  f u e l  element q u a l i t y ,  and advances i n  
nozzle and t u  rbopump technology. 

The progrsm cal ls  f o r  t he  i n i t i a t i o n  o f  t he  NERVA engine development 
phase i n  FY 19017. It has been determined t h a t  an engine designed f o r  a 
power l e v e l  clf 4,000 t o  5,000 thermal megawatts g iv ing  a t h r u s t  of a b m t  
200,000 t o  2510,000 pounds could e f f i c i e n t l y  perform a l l  these  missions i n  
which nuc lear  rocke t s  o f f e r  s i g n i f i c a n t  advantages. Such an eng:ine s y s t e m  
w i l l  be based uipon the  high-power Phoebus 2 r e a c t o r s  technology being de- 
veloped by the  AEC'S Los Alamos S c i e n t i f i c  Laboratory.  

The preceding d iscuss ion  of NERVA has  presented t h e  p r o j e c t  from an over- 
a l l ,  integra,t:etl po in t  of view. The following paragraphs d iscuss  the  p ro jec t  
from a d i f f e r e n t  viewpoint,  t h a t  of i t s  major areas of work e f f o r t  and fund 
a l loca t ion .  

Engine Systems Development 

The objec:t:ive of  t h i s  phase of the  NERVA p r o j e c t  i s  t o  perforin the 
engineeri.ng,, f a b r i c a t i o n ,  and t e s t i n g  of experimental  engine systems. The 
program i.ncI.udc!s co ld  flow tes ts  conducted i n  a non-nuclear engine s imulator  
as w e l l  as hot  flow tests conducted with opera t ing  r eac to r s .  C h a r a c t e r i s t i c s  
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evaluated i n  t h e  co ld  flow simulator  tests include the  i n i t i a l  portioln of 
engine s t a r t - u p  with l i q u i d  hydrogen, flow s t a b i l i t y ,  flow leakage, sys tem 
pressure  lo s ses ,  and con t ro l  response times. During FY 1967, the  Cold 
Flow Development T e s t  System (CFDTS) w i l l  be modified t o  the  ground epper i -  
mental engine (XE) co ld  flow configurat ion.  The prel iminary design alad 
systems a n a l y s i s  of t he  200,000 t o  250,000 t h r u s t  engine w i l l  be continued 
i n  FY 1967. I n  add i t ion ,  e f f o r t  w i l l  be spent  on studying concepts f n -  
remote removal and i n s t a l l a t i o n  of the  engine from and i n t o  the  test  stand 
and f o r  remote disassembly and reassembly of components about t he  engine 
ex te rna l  shie  Id:. 

Component and Subsystem Development 

Development of components and subsystems include those requi red  f o r  the  
experimental engine systems and some requi red  f o r  t he  conduct of r eac to r  
experiments. P r inc ipa l  ob jec t ives  are the  development of  t he  l i q u i d  
hydrogen turhopumps, t h r u s t  chamber assembly, and engine con t ro l s .  Dluring 
FY 1967, f inad assembly and shipment of XE-1 components w i l l  be accomplished 
and f a b r i c a t i o n  and acceptance t e s t i n g  of the  t h r u s t  chamber assembly of 
the  second experimental  engine (XE-2) w i l l  be completed. A pressure vessel 
and a t h r u s t  ch.amber assembly w i l l  be f ab r i ca t ed  f o r  t he  engine and t h e  ex- 
perimental  r eac to r  program. In  add i t ion ,  a chamber gas temperature probe 
w i l l  be f ab r i ca t ed  and submitted f o r  t e s t i n g .  

Ground Test and Operations Support 

Overal l ,  thi .s  phase of the  p ro jec t  provides remote handling equipment, 
checkout and t e s t  equipment, and maintenance equipment f o r  a l l  test 
opera t ions ,  including spec ia l  t e s t  equipment f o r  components assoc ia ted  
with the  l a rge  engine. It a l s o  provides c e r t a i n  instrumentat ion f o r  diag- 
n o s t i c  and cclnt.rol purposes, f o r  r e l i a b i l i t y  and q u a l i t y  assurance t e s t i n g ,  
and f o r  operati.ona1 s a f e t y  monitoring. During FY 1967, t he  design cri teria 
and the  design and f a b r i c a t i o n  of the  requi red  t r a n s p o r t ,  handl ing,  ho t  
disassembly mil post-operat ive equipments f o r  t he  experimental  engines w i l l  
be completed.. 

The operat.ion and maintenance i n s t r u c t i o n s  and acceptance t e s t  spec i f i ca -  
t i o n  f o r  the  experimental engine co ld  flow support  equipment w i l l  be formu- 
l a t e d .  I n  add i t ion ,  design and procurement of s torage  equipment f o r  t he  
var ious  engine and r eac to r  test a r t i c l e s  w i l l  have been completed during 
FY 1967. Sa1iet.y eva lua t ion  r e p o r t s  f o r  the  experimental  engines (XE-1 and 
XE-2) w i l l  blc! issued and the  program comprehensive s a f e t y  eva lua t ions  and 
reviews and opera t iona l  s a f e t y  a t  the  t e s t i n g  s t a t i o n  w i l l  be continued. 

Propel lan ts  

Funds provided 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 ,  prj .mtrily l i q u i d  hydrogen, requi red  i n  var ious NERVA t e s t i n g  
programs. 
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- Nuclear Rocket Development S t a t i o n  Operations 

1967 -- 1965 1966 

General s i t e  support.. . . . . . . . . . . . .  $739,000 $1,000,000 $3,000,000 

The missicin of the  Nuclear Rocket Development S t a t i o n  (NRDS) Ls t o  pro- 
v ide  a s i t e  f o r  ground s t a t i c  t e s t i n g  of  t he  r e a c t o r s ,  engines ,  and eventu- 
a l l y ,  veh ic l e s  a s soc ia t ed  with nuc lear  rocke t  development. Management of the  
Nuclear Rocket Development S t a t i o n  i s  assigned t o  the  Space Nuclear Pro- 
pu ls ion  0lffic:e. 
r a t i o n ,  Westinghouse Astronuclear  Laboratory,  and the  AEC Los Alamos 
S c i e n t i f i c  1,ztboratory. 

The major u s e r s  of  t h e  S t a t i o n  are Aerojet-General Corpo- 

Maintenance,, housekeeping s e r v i c e s ,  and management func t ions  must be 
provided a t  t h i s  s i te .  These funds provide f o r  NASA's share  of the  general  
s i t e  opera t ions ,  the major p a r t  of which i s  now funded by the  AEC. 'Iechnical 
support  i s  not  included under t h i s  category but  i s  funded from the  appro- 
p r i a t e  p r o j e c t  category such as NERVA. 

NASA's share  of the  NRDS Operations c o s t s  w i l l  increase  by an amount of 
$2,000,000 i.n FY 1967 over FY 1966. The major reason f o r  t h i s  increase  
i s  the  addit::,onal maintenance support  requi red  f o r  E-MAD and ETS-1 f a c i l -  
i t i e s  which w i l l  become ope ra t iona l  i n  e a r l y  1967. Another element con t r ib -  
u t i n g  t o  the  increase  i s  the  r a i s e d  l e v e l  of housekeeping support  a s soc ia t ed  
with experinwntal engine systems t e s t i n g  a t  NRDS which w i l l  be i n i t i z  t e d  
i n  FY 1967. The f i r s t  test  w i l l  be an XE co ld  flow tes t  scheduled f c r  
November 1966 j,ollowed by the  f i r s t  XE-1 power t es t  i n  the  summer of  1967. 

General s i t e  support  inc ludes  rou t ine  maintenance and ape ra t ion  of t h e  
f a c i l i t i e s ;  Eor example, cus tod ia l  s e rv i ces ,  maintenance of  roads,  grounds, 
and u t i l i t y  systems, furn ish ing  of u t i l i t i e s ,  bu i ld ing  opera t ing  supp l i e s ,  
f i r e  protect: ion, and c a f e t e r i a  services. Included a l s o  are the  servj ces 
of a support: con t r ac to r  t o  maintain and opera te  plumbing, e l e c t r i c a l ,  
carpenter  , welding, and machine shops. Funds i n  t h i s  category also c over 
c o s t s  of m a i ~ ~ t a i n i n g  and opera t ing  support  f a c i l i t i e s  and equipment. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF AI)'I&CED RESEARCH AND TECHNOLOGY CHEMICAL PROPULSION PROGRAM 

PROGRAM OBJEJXIVES AND JUSTIFICATION: 

The objec':ive of the  chemical propuls ion program i s  t o  provide a sound 
base of tectinoLogy on which t o  develop propuls ion equipment f o r  t he  Nat ional  
space program missions.  This base must cover research  examination of funda- 
mental concc:pts , of engineer ing d a t a ,  des ign ,  f a b r i c a t i o n ,  and experimental  
t e s t i n g  t o  p.cove t h a t  t he  bas i c  technologies  can be in t eg ra t ed  t o  create 
pract ical .  propuls ion machinery. I n  add i t ion ,  the program supports  cu r ren t  
mission deve Lopments by examining s p e c i a l  problems of a research  na ture .  

Chemical propuls ion sys  tems are the  mainstay of t he  t r anspor t a t io r  needs 
of the  space program, notwithstanding the  s p e c i a l  advantages of nuclear  and 
e lectr ical  pi:opulsion. Among t h e i r  app l i ca t ions  are boos ters  upper s t ages  
and t h r u s t  augmentors f o r  launch veh ic l e s  , escape s t ages  , lunar  and F lanetary 
landing modi1 Ler; , and i n - o r b i t  maneuver, mid-course co r rec t ion ,  a t t i t t d e  
cont ro l  , rendezvous , de-o rb i t  and p rope l l an t  s e t t l i n g  systems f o r  spacec ra f t .  
Chemical propu:Lsion is  a l s o  being appl ied t o  personal  mobi l i ty  devices  , and 
fu ture  lunar  and p lane tary  exp lo ra t ion  vehic les .  I n  add i t ion ,  chemical pro- 
p e l l a n t s  a r e  used f o r  a v a r i e t y  of a u x i l i a r y  devices  such as i g n i t o r s ,  and 
s t age  sepa ra t ion  systems. These app l i ca t ions  represent  a tremendous range of 
t h r u s t   level.^;, opera t ing  t i m e s  , s ta r t  and restart  condi t ions and p rcpe l l an t  
handling problems. Furthermore, t he  continued exp lo ra t ion  of space h i l l  re- 
qu i r e  inc:rear;ecl capac i ty  and v e r s a t i l i t y  of these propuls ion systems. The 
program of advanced research and technology t o  cover t h i s  a r r a y  of appl ica-  
t i ons  and opera t ing  condi t ions must s t r i k e  a balance between these ccmplex 
requirements, and the  d i f f i c u l t i e s  of f i nd ing  p r a c t i c a l  and r e l i a b l e  so lu t ions  
and m u s t  be nanaged with percept ion  and perspec t ive  with regard t o  the 
schedule of p o t e n t i a l  needs. Such a balanced program w i l l  a ssure  continued 
advancement of the propuls ion c a p a b i l i t i e s  of the  na t ion ' s  space program. 

The work i n  chemical propuls ion covers both l i qu id  and s o l i d  p rope l l an t  
systems, and i n  f a c t  combinations of the two types ,  ca l led  hybrids .  Very 
advanced engine systems which use atmospheric a i r  during f l i g h t  through the  
sens ib l e  atmosphere are being examined. The content  of the program includes 
no t  only the propuls ion-oriented b a s i c  s c i e n t i f i c  and d i s c i p l i n a r y  tech-  
nologies  but i n  add i t ion  br ings  s t rong  focus on the problems of des ign  methods, 
f a b r i c a t i o n  and t e s t  procedures , p r a c t i c a l  opera t ing  l i m i t a t i o n s  and so  
f o r t h ,  through tes ts  of quasi-prototype hardware systems. From t h i s  work is  
gained a n  extremely va luable  i n s i g h t  i n t o  developmental p i t f a l l s  and funding 
and f a c i l i t y  requirements of any new system contemplated. This a t t e m p t  t o  
br idge the g a p  between academic research and technology inves t iga t ions  and 
development is an important and valuable  aspec t  of the chemical propuls ion 
program. 
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NASA E i e l d  cen ters  have a profound c a p a b i l i t y  i n  chemical propuls:.on with 
high e f f e c t i v i t y  i n  covering the  vas t  a r r a y  of propuls ion component and 
system types.  
s p e c i a l i s t s  using unique NASA f a c i l i t i e s  and by con t r ac t  with i n d u s t r i a l  and 
academic organiza t ions .  Such con t r ac t s  are managed c l o s e l y  by NASA r :pecial ia  t t  
who are w e l l  versed i n  propuls ion technology. 

This work is  c a r r i e d  out  both in-house by h ighly  ta len ted  

The request'ed funding of the chemical propuls ion program i n  @ART has been 
increased i n  FY 1967 i n  a n t i c i p a t i o n  of meeting new requirements f o r  extended 
o r b i t a l  and lunar  operat ions , plane tary  observat ion and landing miss:.ons . 
This program, which provides the roadbed f o r  NASA space ventures ,  necds now 
t o  lay the groundwork f o r  a new genera t ion  of high performance systerzs t h a t  
w i l l  permit the  accomplishment of more ambitious missions with reduc1:ion i n  
cos t  of (o rb i t a l  , lunar  and p l ane ta ry  space opera t ions .  

SUMMARY OF .RESOURCES -- REQUIREMENTS : 

1967 __ 1965 1966 - 
Supp0rtin.g research  and 

technology.. .................. $24,762,000 $33,500,000 $3:1,500,000 

Large s o l i d  motor p r o j e c t  ....... 26 , 800,000 4,200,000 : 3  , 500 ,OO(> 
Small cheimical propuls ion 

- - ,.. M - 1  engine p r o j e c t  .............. 24 , 9 10,000 2,000,000 

--- - - ............. f l i g h t  p ro jec t s . .  30,000 - -- 
Tota l .  ........................ $76,502,000 

Distributj.i of Program Amount by I n s t a l l a t i o n :  

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

Marshall Space F l i g h t  Center . .  

J e t  Propuls ion Laboratory.. ... 
Ames Research Center .......... 
Langley Research Center. .  ..... 
Lewis  Research Center. .  ....... 
Western Operations Off ice . .  ... 

Manned Spacecraf t  Center. .  .... 
Goddard Space F l i g h t  Center. .  . 

NASA Headquarters. ............ 

--- 
3,721,000 

550,000 
3 , 858,000 

1,369,000 
49,588,352 
11,972,422 
5,443 , 226 

--- 

$39 , 700,000 

$250,000 
500 , 000 

4 , 800,000 
550,000 

3,707,000 
540,000 

2 , 877,000 
15 , 205,000 
11 , 271,000 --- 

$250,000 
500,000 

ij,500,000 
550,000 

3,700,001:~ 
500,000 

1 2,800,000 
3 , 300,000 

I , 900,00~3 

- - .. 
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BASIS OF FUND_ REQUIREMENTS: 

Supportinp Research and Technology 

1965 1966 

Liquid Rocket Research and 

Liquid Rocket Experimental 

Sol id  Rocket Research and 

Sol id  Rocket Experimental 

Advanced Technology ........... $11,500,000 $12,720,000 

Engineering ................... 6,075,000 12,235,000 

Advanced Technology. .......... 4,995,000 5,045,000 

Engineering .................... 2,192,000 3,500,000 

To ta l . . . . . . . . . . .  .............. $24,762,000 $33,500,000 

- L967 

$12,700,000 

12,250,000 

5,050,000 

3,500,000 

$33&500 , 000 

- 

Liquid Rocket Research and Advanced Technology 

This area of broadly based research-technology i s  appl icable  t o  a l l  chemical 
propuls ion ar.d i s  the re fo re  of major s ign i f i cance  i n  the  program. It encom- 
passes s t u d i e s  of fu tu re  requirements,  conceptual work on engine cyc l?s  and 
systems t o  meet these  requirements,  examination of combustion process1.s and 
i n s t a b i l i t i e s ,  i n v e s t i g a t i o n  of d i s c i p l i n a r y  engineer ing areas such a s  pump 
des ign  and re la.ted hydrodynamic behavior ,  examination of new ma te r i a l s  and 
methods of f z b r i c a t i o n ,  development of new ins t rumenta t ion  o r  t e s t i n g  tech-  
niques,  compi 1a.tion of engineer ing information f o r  des ign ,  d a t a  t a b l e s  , e tc .  
This work, covered by nea r ly  200 t a s k s ,  provides the technological  base needed 
f o r  design arid f a b r i c a t i o n  of new chemical propuls ion systems. 

Component and materials inves t iga t ions  include va lves ,  seals, connectors,  
r e f r a c t o r y  rrlsiterials, f i b e r s ,  and r e s i n s .  New oxid izers  and fueLs i n  ge l l ed  
and i n  s lush  form are being charac te r ized .  A screening and development pro-  
gram has been under way for c a t a l y s t s  t o  use i n  l i qu id  hydrogen-liquid oxygen 
engines a s  the  primary method of i g n i t i o n .  The i n i t i a l  r e s u l t s  have led t o  
cons idera t ion  fo r  5-2 engines.  

The a l loys  of py ro ly t i c  g raph i t e  u t i l i z i n g  zirconium and hafnium a r e  being 
manufactured by new processes which are the  r e s u l t  of explora tory  work sup- 
ported by th.j.s o f f i c e .  P r i o r  manufacturing processes  w e r e  not  r igorous enough 
nor could they be cont ro l led  t o  the  degree needed f o r  making the a l l o y  form. 
Fur ther ,  a l l oys  of h a f n i d t a n t a l u m  have been manufactured under sponsorship 
of NASA by the  I l l i n o i s  I n s t i t u t e  of Technology Research. 
are the  forerunners  of a new class of  metal a l l o y s  which w i l l  be app l i -  
cab le  i n  the high temperature environment. 
from airc.raf:t: turbo-machines t o  h igher  temperature rocket  engines  t o  the 
e x t e r n a l  struct:ure of hypersonic a i r c r a f t .  The b a s i c  me ta l lu rg ica l  tech-  
nology i s  thereby adding t o  the i n d u s t r i a l  c a p a b i l i t y  of the  na t ion .  

These materials 

The breadth of use  can be 
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Combustion i . n s t a b i l i t y  has been a continuous problem of the l i qu id  rocket .  
P a r t  of the problem has been i n  r e l a t i n g  the t h e o r e t i c a l  parameters t o  designs 
of hardware. This impasse i s  being at tacked by a concentrated and cont inuing 
e f f o r t .  Engine: dynamics, i n s t a b i l i t y  and p rope l l an t  pumping a l s o  a r e  being 
inves t iga t ed ,  The realm of work i s  broad-based, incorpora t ing  b a s i c  work i n  
f l u i d  mec.hanj.cs and aerothermochemistry , materials , and des ign  technology. 

The p o t e n t i a l  of t h r u s t  vec tor  c o n t r o l ,  us ing the f l u i d  ampl i f i e r ,  i s  
being assessed f o r  la rge  engines .  The system u t i l i z e s  ho t  gas bled from the 
combustion chamber and i n j e c t e d  i n t o  the e x i t  nozzle t o  c r e a t e  shock p a t t e r n s ,  
thus applying ii s i d e  t h r u s t  t o  the  vehic le .  

A typical. support ing research  problem i s  t h a t  of leakage de tec t ion .  The 
purpose of tmrk on t h i s  problem i s  t o  e s t a b l i s h  and document a l l  modern 
methods and new labora tory  methods i n t o  a s tandard.  This s tandard w i l l  
u t i l i z e  cori:eci: t echnica l  language , leakage u n i t s ,  and ope.rating procedures 
applicabl-e t o  the  f i e l d .  This Leakage Detect ion Manual w i . l l  be d i s t r i b u t e d  
throughout NASA, t he  Department of Defense, and the  aerospace indus t ry .  'fie 
b a s i c  met:hoti, ;although the manual i s  not  y e t  complete, i s  p resen t ly  keing 
used i n  the Su:tveyor program. 

Liquid Rocket Experimental Engineering 

The l i qu id  .rocket experimental  engineer ing program is  divided i n t o  th ree  
major ca tegor ies :  launch veh ic l e  systems, space propuls ion systems , and 
a u x i l i a r y  propuls ion systems. 

Launch Vehicle Systems - Advanced engine concepts which o f f e r  g r e a t e r  pe r -  
formance capab i l i t y  than  t y p i c a l  cur ren t  engines have been under invc!stigation 
a t  low funding l eve l s  i n  the  broad-based chemical propuls ion research  tech-  
nology program. Two major concepts have emerged. The f i r s t  concept involves 
combustion a t  high pressures .  This allows g r e a t e r  expans ion i n  a conventional 
nozzle wi th in  a l imi ted  envelope.. The second concept uses a so-calltid plug 
nozzle ,  again providing g r e a t e r  expansion wi th in  a l imited volunie bul: a t  
lower cornbustion pressures. Although these  concepts represent  rathe.: d i f  - 
f e r e n t  technica l  approaches , e i t h e r  has  the  prospect  of s i g n i f i c a n t  increase:; 
i n  performance capab i l i t y  when compared t o  cur ren t  engines .  

The d iverse  technologies of each concept w i l l  be explored wit:h sc2le model. 
hardware. Test ing of var ious components such as pumps , i n j e c t o r s  , c>mbustion 
chambers and nozzles and the assembly of these  components f o r  a breadboard 
engine tes t  w i l l  demonstrate the  concepts under s tudy  t o  provide des ign  i n -  
formation f o r  advanced engine developments of the 1970's .  The s c a l e  of these  
breadboard demonstrations w i l l  be such t h a t  the hardware concepts m a y  a l s o  be 
employed to  uprate  Sa turn  veh ic l e s .  Modular concepts are under s tudy  which 
would allow use of a bui ld ing  block approach f o r  a p p l i c a t i o n  of a conmon 
module t o  s e v e r a l  vehic le  s i z e s  with considerable  reduct ion  i n  development 
cos t .  
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This a c t i v i t y  supersedes and b e n e f i t s  from the M - 1  engine p ro jec t .  As i t  
became evident  t h a t  post-Saturn veh ic l e s  would not  be required u n t i l  later 
than had been an t i c ipa t ed  when the  M - 1  was i n i t i a t e d ,  t he  M-1 program w a s  
f i r s t  rescheduled a t  a reduced funding l eve l .  The p r o j e c t  i s  now being t e r -  
minated i n  favor  of t he  technological  i nves t iga t ions  of h igher  performing 
advanced oxygen-hydrogen engines f o r  t he  l a rge  launch vehic les .  Before ter- 
mination of t h e  M - 1  engine program opera t iona l  tests of la rge  scale engine 
components , including the  oxygen-hydrogen turbopump assemblies and thc  f u l l  
scale combus t i o n  chamber , w i l l  provide s c a l i n g  c o r r e l a t i o n  f a c t o r s  thiit w i l l  
apply t o  the  development of l a rge  advanced engines of t h e  fu ture .  

Experimental engineer ing work t o  be conducted i n  the next  few year:r w i l l  
begin with expansion of the e f f o r t  now underway i n  high pressure  pumping. 
Design s t u d i e s  f o r  t h i s  f i s c a l  year  w i l l  de f ine  o the r  components s o  t h a t  work 
on high pres  sure  and t o r o i d a l  o r  annular  combus t i o n  devices  , aerodynainically 
augmented plug nozzles ,  t h r u s t  vec tor  c o n t r o l ,  e tc . ,  may be in i t i . a t ed .  By the 
t u r n  of the 'decade, a sound b a s i s  i s  expected f o r  spec i fy ing  a new geTieration 
of high performance engine systems. 

Space Propuls ion Systems - Sola r  probes,  de l ive ry  of sa te l l i t e  spa:ecraft  
t o  e a r t h  o r b i t ,  and p lane tary  o r b i t i n g  and landing missions impose unique re- 
quirements on the propuls ion system designed t o  perform these missions. Some 
of these are long-term missions r equ i r ing  s i x  months o r  more f o r  a one-way 
t r i p .  Most r equ i r e  very high energy release. Fur the r ,  t he  a c c e l e r a t i o n  t h a t  
m u s t  be imparted t o  a space payload places  a premium on the  performanl2.e of the 
spacec ra f t  s y s t e m  i t s e l f .  Obviously, i t  is d e s i r a b l e  t o  inves t  as l i t t l e  
weight i n  propuls ion systems as poss ib le  i n  order  t o  maximize the  real  payload. 
The p rope l l an t  performance a spec t s  include no t  only high t h r u s t  pe r  u n i t  mass 
burning rate of p rope l l an t s  bu t  a l s o  spontaneous i g n i t a b i l i t y  , and f o r  l and iq ;  
mane uve rs , t h  r o t  t 1 ing capab i 1 i t y  . 

The high energy deep-cryogenic fluorine-hydrogen p rope l l an t  combination is  
a t t r a c t i v e  f o r  upper s t age  veh ic l e s  where s to rage  t i m e  requirements a r e  no t  
ex tens ive .  Work with these p rope l l an t s  i s  cont inuing with lU10 engines toward 
demonstrating the performance c a p a b i l i t i e s  of a pump-fed engine conf igura t ion .  
S ign i f i can t  performance improvements are being measured i n  the cu r ren t  t es t  
program following modif icat ions of f l i g h t  weight engine components o r i g i n a l l y  
designed f o r  oxygen-hydrogen s e r v i c e .  

At ten t ion  i s  a l s o  being given the  f luo r ine  p rope l l an t  feed system area 
through a program recen t ly  i n i t i a t e d  t o  provide engineer ing c r i t e r i a  f o r  the 
des ign ,  f a b r i c a t i o n ,  inspec t ion  and se rv ic ing  of f l u o r i n e  feed system com- 
ponents such as flow l i n e s ,  con t ro l  valves  and r egu la t ing  equipment. Such 
system c r i t e r i a  w i l l  se rve  as a model f o r  cr i ter ia  applying t o  o the r  f luo r ine  
containing ox id ize r s ,  For extended-time-in-space missions such as the  p lane tary  
missions,  ex.t:ended Ear th-orb i t  missions , lunar  extended-stay-time missions,  
and p lane tary  missions,  t he re  i s  a requirement f o r  propuls ion systems of low 
weight using high performing p rope l l an t s  t h a t  can be  s tored  i n  the  space 
environment fo r  extended t i m e  wi th  minimum evaporat ive loss .  To enhance space 
s t o r a b i l i t y ,  i t :  i s  d e s i r a b l e  t o  use oxid izer  and f u e l  p rope l l an t s  with a 
c m o n  1iqui.d range a t  temperatures where hea t  ga ins  or  losses  are minimal. 
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High p rope l l an t  bulk dens i ty  i s  d e s i r a b l e  t o  reduce the  sur face  of talks ex- 
posed t o  r a d i a t i o n  and t o  meteoroid impact and t o  minimize the  i n s u l a t i o n  
required.  TIIS c l a s s  of p rope l l an t s  t h a t  most near ly  s a t i s f i e s  the recluirements 
includes oxygen-dif luor ide  (OF2) or  mixtures of oxygen and f l u o r i n e  (I’LOX) as 
oxid izers  ; high performance f u e l s  with similar l i qu id  ranges include : . iquif ied 
petroleum gases (WG) and diborane (B2H6). While these  p rope l l an t s  ei:hibit  
lower s p e c i f i c  impulse than combinations such as 02H2 o r  F2-H2, t he  milch 
h igher  bulk d e n s i t i e s  ( l i qu id  hydrogen has a d e n s i t y  about 7% t h a t  of water) 
and overlapping l i qu id  ranges are advantageous, 

The space s t o r a b l e  class of p rope l l an t s  involves  very e n e r g e t i c  ox:.dizers 
which burn at exhaust temperatures between 7000 and 8000°F, s i g n i  f i ca t i t ly  
higher  than propel lan ts  cu r ren t ly  i n  use. This f a c t  poses a se r ious  cechnical  
problem s ince  cooling a t  such exhaust temperatures i s  d i f f i c u l t ,  par t . .cular ly  
f o r  the  r e l a t i v e l y  s m a l l  propuls ion systems v i sua l i zed  f o r  long-term r i iss ions 
i n  the next decade. There are a number of t echn ica l  problems t o  be solved.  
Cooling techniques and materials of cons t ruc t ion  w i l l  be developed th4%t  w i l l  
contain these high temperature combustion products .  An OF2-MMH progr,un has 
been i n i t i a t e d  t o  i n v e s t i g a t e  the  genera l  cool ing problem represented by t h i s  
c l a s s  of propel lan ts .  Problems of using oxygen d i f l u o r i d e  i n  conibina Zion with 
l i q u i f i e d  petroleum gases i n  a pressure-fed proplusion sys  t e m  app l i ca r ion  are 
being i d e n t i f i e d .  A program t o  demonstrate t he  c a p a b i l i t i e s  of ii pump-fed 
engine u t i l i z i n g  these space s t o r a b l e  p rope l l an t s  w i l l  be pursued i n  FY 1967. 
These programs w i l l  provide vehic le  des igners  with information needed t o  assess 
r e a l i s t i c a l l y  the p o t e n t i a l  c a p a b i l i t i e s  of propuls ion systems of th i : ;  type 
and t o  l a y  the engineer ing foundation needed t o  promote order ly  d e v e l  lpmenf i n  
t he  fu tu re .  

The major i ty  of spacec ra f t  systems c u r r e n t l y  under development: use e a r t h  
s t o r a b l e  p rope l l an t s ,  i .e. those normally l i q u i d  on e a r t h .  Less complex 
equipment assoc ia ted  with these systems would enhance mission r e l i a b i  l i t y  and 
r e s u l t  i n  s i g n i f i c a n t  weight savings , which t r a n s l a t e  d i r e c t l y  t o  increased 
payload. P a r t  of the  space propuls ion e f f o r t  i s  d i r ec t ed  towards; t h i , ;  purpose. 
It is  an t i c ipa t ed  t h a t  many of the  hardware des ign  improvements w i l l  ,3lso be 
appl icable  t o  those systems employing more advanced p rope l l an t  combinations. 

Auxiliary-Propulsion Sys tems - These sys  t e m s  embrace th ree  ca tegor ies  of 
l i qu id  propel lan ts :  monopropellants, e a r t h  s t o r a b l e s  , and cryogenics ,  I n  the  
monopropellant area research  with a spontaneous c a t a l y s t  i s  being put  i n t o  
p r a c t i c e  w i t h  s p e c i f i c a t i o n s  f o r  c a t a l y s t  product ion,  hydrazine rocket  engine 
des ign ,  t e s t  program of f l i g h t  type hardware, and a des ign  handbook f x  engin’c! 
development. Earth s t o r a b l e  work includes cont inua t ion  of engine designs f o r  
g r e a t l y  extended l i f e  c a p a b i l i t y  over the  engines now i n  spacecref  a t use.  

I n  FY 1966 a pro jec t  w a s  i n i t i a t e d  t o  demonstrate techniques f o r  using 
boi l -of f  o r  d i r e c t  p rope l l an t  supply from tankage of advanced oxygen-liydrogen 
s t ages  t o  provide a u x i l i a r y  propuls ion requirements.  I n  FY 1967 breaiboard 
hardware w i l l  be b u i l t  and t e s t ed  t o  demonstrate the expected h igher  performance 
and b e t t e r  system capab i l i t y .  
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Sol id  Rocket Research and Advanced Technology 

By v i r t u e  of r e l i a b l e  performance , i n t r i n s i c  s i m p l i c i t y ,  compactness , ease 
of handling, ruggedness and e a r l y  a v a i l a b i l i t y ,  the use of cur ren t  and advanced 
state-of-t.he-art: s o l i d  propel lan t  motors f o r  space f l i g h t  propuls ion can pro- 
vide booster  iincl spacec ra f t  operat ions a t  reduced cos t .  Exploi t ing t h e  unique 
advantages of:' so l id -p rope l l an t  motors w i l l  enhance the  ear ly  and econcmic 
accomplishment of NASA space missions.  

The Sol id  Propuls ion Technology program is designed t o  provide the tech-  
nology base f o r  producing f l e x i b l e  and r e l i a b l e  s o l i d  and hybrid' propuls ion 
of high performance. Such an ob jec t ive ,  of course,  must  be supported by 
competency maintained on a long range b a s i s ,  p a r t i c u l a r l y  i n  the  fundmen ta l  
areas. P I : o ~ I : ~ u ~  f l e x i b i l i t y  i s  provided t o  allow pur su i t  of promising new 
concepts as they appear. 

High performance s o l i d  p rope l l an t s  a r e  now becoming opera t iona l ly  ava i l ab le .  
Such propellant:; are charac te r ized  by high flame tempera tures  , complex com- 
bus t ion ,  and i n  some cases ,  poorly def ined physical  and chemical p rope r t i e s .  
E f fo r t s  are being made t o  b e t t e r  understand the  fundamental problems iind t o  
def ine  the  k i n e t i c s  of decomposition, chemical e r o s i v i t y ,  i n s t a b i l i t y  char-  
a c t e r i s t i c s ,  pr(ope1lant and metal combustion processes , two-phase flow 
behavior ,  s e n s i t i v i t y  , processing c h a r a c t e r i s t i c s  , and o the r s .  I n  add i t ion ,  
there  a re  a mmber of press ing  technica l  requirements,  f o r  example: command 
s t o p ,  s tart ,  and t h r u s t  v a r i a t i o n  i n  s o l i d  propel lan t  space motors wh:.ch w i l l  
r ece ive  research emphasis. Examination w i l l  be made of techniques f o r  non- 
des t ruc t ive  t e s t i n g  t o  assure  s t r u c t u r a l  i n t e g r i t y  of the propel lan t  . , t s e l f  
i n  the  la rge  rocket  motors pro jec ted  f o r  the fu tu re .  Fur ther  support ,ng 
research and technology t o  the  Large Sol id  Motor P ro jec t  w i l l  be required.  

Hybrid systems o f f e r  advantages f o r  c e r t a i n  missions.  Problems i n  the  
app l i ca t ion  of hybrid propel lan t  sys tems must be resolved before  these  systems 
can receive cons idera t ion  f o r  use. 

Sol id  Rocket Experimental Engineering 

This a c t i v i t y  covers motors i n  three  ca tegor ies :  launch veh ic l e ,  space- 
c r a f t ,  and aux i l i a ry .  

Launch VehLcle Motors - Launch vehic le  motors are charac te r ized  by high 
t h r u s t ,  long burning t i m e ,  and la rge  s i z e .  Diameters may be g r e a t e r  than 20 
f e e t ,  and 1er.gths may exceed 100 f e e t .  Thrust  l eve l s  f o r  t h i s  c l a s s  of motor 
are i n  the multimillion-pound region; burn t i m e s  are genera l ly  two minutes o r  
longer.  This c:lass of motor f inds  app l i ca t ion  pr imar i ly  as f i r s t  s t age  
boosters  of 1.aunch veh ic l e s .  The g r e a t  weight and cos t  of these vehicles  c a l l  
for the most r e l i a b l e  p rope l l an t s  and materials. The major t e s t  work on 260" 
diameter ,  h igh- thrus t  motors i s  supported under the  Large Sol id  Motor P ro jec t  , 
but  th ree  important r e l a t e d  programs are pursued under the experimental  motor 
program. 
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The f i r s t  i s  t o  devise  instruments  and systems f o r  warning of poten: ia l  
f a i l u r e  i n  s o l i d  propuls ion systems used f o r  manned vehic les ;  ins t rume, i ta t ion  
f o r  i n t e r p r e t i n g  the warning s i g n a l s ;  and methods f o r  te rmina t ing  o r  reducing 
t h r u s t ,  s o  t h a t ,  i f  necessary,  a s a f e  escape could be made by a s t ronau t s .  
I n  p r i o r  yea r s ,  a burn-through de tec t ion  method w a s  invented,  and quenzh of 
combustion was demonstrated i n  a medium s i z e  motor. I n  FY 1967, the program 
w i l l  reach the poin t  of system engineer ing f o r  i n t e g r a t i o n  i n t o  the motor 
processing a n d  checkout complex, and t h i s  system w i l l  be tes ted i n  r e a l i s t i c  
sub-scale motcjrs , poss ib ly  of 120" diameter.  

Second, a h a s i c  requirement f o r  showing f e a s i b i l i t y  of t he  h igh- thrus t  
motors i s  denionstration of vec tor  con t ro l  ( s t ee r ing  systems). I n i t i a l l y ,  the 
program to do t h i s  e s t a b l i s h e s  t h e  des ign  of prototype systems , including 
components such as hydraul ic  ac tua to r s  and power supp l i e s ,  s o  t h a t  a quant i -  
t a t i v e  evarluskion of competing systems can be made. This has been done f o r  
the secondary l i q u i d  i n j e c t i o n  system and i s  i n  process f o r  an advanced 
f l e x i b l e  nozz.1.e concept. Work w i l l  be done on those systems o r  components 
which are most a t t r a c t i v e  on the  b a s i s  of r e l i a b i l i t y  and cos t  e f f e c t i v e n e s s ,  
by demonst.rat.:.on i n  motor t e s t s  i n  the s i z e  range of 15-25 inch diameter 
nozzles.  

Third,  met:hods f o r  recovery and re-use of la rge  motors are under i r v e s t i -  
g a t i o n  with the  objec t ives  of e s t a b l i s h i n g  designs and materials f o r  r.ozzles , 
insu la t ior i  and motor cases, s o  t h a t  mul t ip le  use can be made of each, and fo r  
e s t a b l i s h i n g  techniques f o r  recovering,  r e fu rb i sh ing  and re-qualifying; the  
major component:; of la rge  s o l i d  p rope l l an t  motors. The j u s t i f i c a t i o n  f o r  the 
e f f o r t  grows Erom the  l a rge  u n i t  c o s t  of the components of la rge  motoi's. 
Anaylsis ind:i:ates t h a t  more than 60% of the  cos t  of l a rge  s o l i d  systems i s  
represented by non-expended components, p o t e n t i a l l y  re-usable .  Recovery w i l l  
be f a c i l i t a t e d  by the  s tu rdy  s t r u c t u r e s  of la rge  s o l i d  motors; me t a l  1:hickness 
ranges from :3/4" t o  2%"; a b l a t i v e  materials are 2" t o  3" t h i ck .  

The work i n  p r i o r  f i s c a l  years  has concentrated on a n a l y s i s ,  s m a l l  motor 
t e s t i n g ,  and dynamic modeling of water impact stresses, I n  f i s c a l  year  1967, 
e f f o r t  w i l l  involve test  opera t ion  of cold-flow and hot-flow 1abcirato::y models; 
water impact t e s t i n g  of model motors, and assessment of the e f f e c t s  0.: water 
exposure 'on nozzle,  case and i n s u l a t i o n  materials. 

Sounding rockets are another  class of launch vehic le  motors f o r  which 
apprec iab le  improvement can r e s u l t  from technology inves t iga t ions .  E Efort i n  
FY 1967 w i l l  s tart  work on motors incorpora t ing  new p rope l l an t s  and advanced 
s t r u c t u r e s .  The designs w i l l  be governed by the  goals  of low c o s t ,  high 
r e l i a b i l i t y ,  and s i m p l i c i t y  of use,  r a t h e r  than high s p e c i f i c  impulse o r  high 
mass f r a c t i o n .  Two d i f f e r e n t  c l a s ses  of motor w i l l  be inves t iga t ed ,  me f o r  
s m a l l  meteorcllcgical sounding rocke t s ,  one f o r  h igher  probe missions.  

Spacecraft  Notors - Sol id  motors f o r  spacec ra f t  a p p l i c a t i o n  are gene ra l ly  
of intermediete  t h r u s t ,  weight ,  and dimensions. I n  genera l ,  they are 
character ized b'y soph i s t i ca t ed  designs and w i l l  make use of new high energy 
propel lan ts .  These motors are used  pr imar i ly  i n  the upper stage:; of small  
launch vehic1.e~ , or  f o r  deep-space, volume-limited missions.  They a r e  s t o r -  
ab le  i n  space over extended per iods of t i m e ,  and r equ i r e  few subsystems o r  
auxiliary cocipcments t o  be developed. 
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The high performance system engineer ing program is  inves t iga t ing  prototype 
motors with new high energy p rope l l an t s  and novel s t r u c t u r a l  concepts,  
d e f i n i t i o n  s tud ie s  of the  most d e s i r a b l e  concepts were completed i n  p r i o r  
years  and the  process of motor manufacture and test  w i l l  begin i n  FY 1967. 
This w i l l  a l s o  requi re  the manufacture of r e l a t i v e l y  la rge  amounts of new 
p rope l l an t s .  The test  program w i l l  determine the e f f e c t s  of i g n i t i o n  a t  
simulated a l t i t u d e ,  the  e f f e c t s  of space environment, and burning charac te r -  
i s t i c s  under spinning condi t ion ,  i n  add i t ion  t o  the  usual tests of propel lan t  
and s t r u c t u r e  . 

System 

Variable mcltclrs o f f e r  p o t e n t i a l  i n  s p e c i a l  missions such as spacec ra f t  
landing , orb i t  i n j e c t i o n  o r  payload a t t i t u d e  cont ro l  and maneuvering. They 
are c h a r a c t e r h e d  by g r e a t e r  mechanical complexity than the non-variable 
s o l i d  rocket niotor, and as a r e s u l t ,  they requi re  appreciable  devtzlopm'ent of 
s t r u c t u r e s  and con t ro l .  

The major e f f o r t  on con t ro l l ab le  motors i s  a program on hybrid propuls ion 
engineering ( i t  h.ybrid motor uses a l i q u i d  oxid izer  and a s o l i d  f u e l ) .  

I n  F i s c a l  Year 1967, the  engineer ing,  f a b r i c a t i o n  and test program w i l l  
continue w i t h  demonstrations of i n j e c t o r  designs and material, nozzle and 
motor case design;  s o l i d  p rope l l an t  processing methods and q u a l i t y  c o n t r o l ,  
and combusticxi dynamics and e f f i c i e n c y  under s ta r t  and s t o p  t r a n s i e n t s .  

Aux i l i a ry  Not.ors - The a u x i l i a r y  motor class is represented by r e t r o ,  
u l lage  and emergency escape motors, whose primary requirement i s  a high 
degree of r e l i a b i l i t y  and s a f e t y .  This class of motors i s  w e l l  e s t ab l i shed  
i n  NASA progrms ,  f u l f i l l i n g  a requirement t h a t  cannot be e f f i c i e n t l y  m e t  by 
l i qu id  prope 1 ].ant rockets .  

System s t u d i e s  of advanced concepts have been made t o  def ine  the  ma te r i a l s ,  
designs and opera t iona l  c h a r a c t e r i s t i c s  which have p o t e n t i a l  f o r  major gains  
i n  r e l i a b i . l i t y ,  performance , and c o s t  e f f ec t iveness .  Motor test programs 
s t a r t e d  i n  FY' 1966 w i l l  continue i n  FY 1967. The primary cos t s  w i l l  b e  f o r  
manufacture arid t e s t  of motors which may conta in  a few hundred pounds of pro- 
p e l l a n t  ( r e t r o  and u l lage  motors),  t o  a few thousand pounds of p rope l l an t  
(escape motors). Novel concepts of reinforcement t o  ob ta in  high s t r eng th  i n  
thin-wal l  grains; may be introduced. R e l i a b i l i t y  w i l l  be e s t ab l i shed  through 
test f i r i n g  under a l l  environmental extremes. F i n a l l y ,  the  program w i  11 
attempt t o  e s t a b l i s h  a r e l a t i v e l y  few designs which can be used f o r  many 
vehic les  and miss ions.  

Large Sol id  Motor P ro jec t  

1967 - 1965 1966 

Large s o l i d  motor p ro jec t . .  . . . . $26,800,000 $4,200,000 $3,500,000 

The object::ive of the la rge  s o l i d  motor p r o j e c t  is t o  e s t a b l i s h  the  prac-  
t i c a l i t y  of w r y  la rge  s o l i d  propel lan t  rocket  motors by demonstrating, 
technology a n d  manufacturing methods and by providing estimates of the i r  cos t  
and r e l i a b i l i t y ,  
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This p ro jcx t  was i n i t i a t e d  i n  June,  1963, when, with NASA coord ina t ion ,  the  
A i r  Force lets con t r ac t s  t o  f a b r i c a t e  and test  260" diameter s o l i d  motors. 

Acting on a ])OD reques t ,  the  NASA agreed t o  fund the  program i n  FY 1965, 
and i n  March lsf 1965 assumed complete r e s p o n s i b i l i t y  f o r  t he  program. 

I n  Februair:?, 1965, the f i r s t  major t e s t  under the  program w a s  succcss fu l ly  
ca r r i ed  out .  A 156" diameter subsca le  motor de l ivered  over t h ree  mill . ion 
pounds of t h r s t  and burned f o r  about one minute. The next  t e s t  was the  
s t a t i c  f i r i n g  oE the  f i r s t  260" diameter motor i n  September, 1965. The t e s t  
w a s  successfu l  in a l l  r e spec t s .  The average t h r u s t  w a s  over 3,000,00(1 pounds 
and a peak of more than 3,500,000 pounds w a s  a t t a ined .  

I n  FY 1963 NASA a l l o c a t e d  $ 1 3 . 0  m i l l i o n  t o  cont inue t h e  con t r ac t s  c r ig in -  
The P r e s i d e n t ' s  FY 1966 Budget d id  not provide funds t o  a l l y  funded by DOD. 

complete the cont rac ted  e f f o r t .  A f t e r  c a r e f u l  a n a l y s i s  of t he  poss ib l e  a l -  
t e rna t ives ,  i t :  tias decided t h a t  maximum b e n e f i t  t o  t h e  government would re- 
s u l t  from completion of t h e  technica l  e f f o r t ,  and i n  March of 1965, t k e  NASA 
reprogrammed $13.8 m i l l i o n  of FY 1965 funds f o r  t h i s  purpose. Congressional 
a c t i o n  on the  F'I! 1966 budget included the  add i t ion  of a $6.2 m i l l i o n  author- 
i z a t i o n  f o r  the  cont inua t ion  of l a rge  motor work beyond the program tben 
cur ren t .  

The next ob jec t ive  of the  program w i l l  be t o  i n v e s t i g a t e  and t e s t  zddi-  
t i o n a l  motor Eeatures which w i l l  be necessary f o r  vehic le  s t age  app l i ca t ions .  
Of p a r t i c u l a r  importance are the  establ ishment  of an  e f f i c i e n t  and re1 i a b l e  
t h r u s t  vector  con t ro l  system and development of f a i l u r e  warning and cclmbus t i o n  
terminat ion s:rstems. Subscale tes ts  with 156" diameter motors w i l l  be made 
p r i o r  t o  j -ntegrat ion of such advanced components i n t o  260" motor f i r i r , g s .  

The ultimai-e objec t ive  of t h i s  program w i l l  be the f a b r i c a t i o n  and t e s t  
f i r i n g  of 260'' motors genera t ing  a t h r u s t  l e v e l  of about 7,000,000 pomds f o r  
two minutes, complete with a l l  t he  b a s i c  des ign  f e a t u r e s  necessary for vehic le  
app l i ca t ion .  
program f o r  any appropr ia te  NASA vehic le  program with high confidence i n  i t s  
des ign ,  f a b r i c a t i o n  procedures,  performance c a p a b i l i t y ,  and cos t .  

This would al low subsequent i n i t i a t i o n  of a motor develclpment 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF U m J C E D  RESEA RCH AND TE cHNoLoq AERONAUTIC S PROGRAM 

PROGRAM O&@XTHVES AND JUSTIFICATI ON 

The primary r o l e  of t h e  Aeronautics program i s  t o  improve t h e  e f f i c i ency ,  
u t i l i t y ,  and s a f e t y  of a i r c r a f t .  General ob jec t ives  are: 

1. To provide leadership i n  t h e  generat ion of advanced a i r c r a f t  
conccq) t a; . 

2. To seek technologica l  advances needed t o  develop super ior  
aircraft: .  

3.  To supplty indus t ry  with advanced data f o r  t h e  design of 
new a i r c r a f t .  

The scope of t he  NASA ae ronau t i ca l  research  program includes work i n  aero-  
dynamics, st i :uctures,  ma te r i a l s ,  a i r  brea th ing  propuls ion,  operationa 1 
aspec t s ,  inc::Luding s a f e t y  and noise ,  and p i l o t  and a i r c r a f t  i n t eg ra t ion .  
S tudies  i n  t:hese areas po in t  t o  t h e  most p r o f i t a b l e  pa ths  f o r  technological  
advances i n  the  f u t u r e ,  For example, t h e  XV-SA fan-in-wing a i r c r a f t ,  t h e  
t i l t -wing XC:-142A V/STOL t r anspor t  , and t h e  variable-sweep concept f a r  t he  
F-111 a l l .  appeared seve ra l  years  ago as NASA research  concepts having g rea t  
promise. In  the  years  between t h e  f i r s t  i nd ica t ion  of t h e  value of t h e  
concept and t h e  f i r s t  f l i g h t s  of t h e  veh ic l e s ,  NASA a ided  i n  t h e  d e t a i l e d  
formulati.on of t h e  concepts and i n  s u b s t a n t i a t i n g  the  over -a l l  c a p a b i l i t i e s  
of practi.ca1. vehic les  based on these  concepts.  

I n  addi t ion, ,  NASA has conducted ex tens ive  wind tunnel  tests, s imulator  
programs, and f l i g h t  i nves t iga t ions  using appropr ia te  t e s t b e d  a i rcraf t  t o  
s u b s t a n t i a t e  pred ic ted  performance and ope ra t iona l  c h a r a c t e r i s t i c s  of these  
vehic les  and t o  a i d  i n  t h e  so lu t ion  of problems of a developmental na ture .  
I n  t h i s  regard:, advanced t echn ica l  development i n  support  of m i l i t a r y  and 
c i v i l  a i r c r a f t  procurement cont inues t o  be conducted. 
i n  cooperati.on with gwernment-sponsored con t r ac to r s  a t  t h e  reques t  of t h e  
cognizant government agencies  . 

This  work i s  performed 

Research i n  Aeronautics i n  N 1967 w i l l  include s t u d i e s  d i r e c t e d  toward 
improvement of subsonic a i r c r a f t  i s t u d i e s  of new ma te r i a l s  and s t r u c t u r a l  
design concepte requi red  t o  f a b r i c a t e  r e l i a b l e  l ightweight  s t r u c t u r e s  s u i t a b l e  
fo r  a long l i f t !  under high temperature condi t ions  f o r  supersonic  and hyper- 
sonic  a i r c r a . f t ;  s t u d i e s  of a i r -brea th ing  propuls ion cycles  and engine 
components t o  increase  e f f i c i e n c y  and p e r m i t  t h e  design of e f f i c i e n t  l i g h t -  
weight engines f o r  V/STOL a i r c r a f t ,  supersonic  t r a n s p o r t ,  and hypersonic 
a i r c r a f t ;  a n d  Eitudies d i r e c t e d  toward improving f l i g h t  s a f e t y  and increas ing  
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I 

1 
opera t iona l  f l e x i b i l i t y  of present  and proposed a i r c r a f t ,  e s p e c i a l l y  under 
adverse o r  "a l l  weather" f l i g h t  condi t ions.  

Experimental research  and development a i r c r a f t  and engineer ing t ewtp i lo t  
p rof ic iency  a i r c r a f t  considered necessary t o  c a r r y  out  and support  t he  
aeronaut ics  e f f o r t  are included under t h i s  program. 

SUMMARY OF BEsOuRcES REQUIREMENTS: 

1965 1966 

Supporting research  and 
technology .................. $ 8,163,000 $10,261,000 

X-15 research  a i r c r a f t  ........ 1,425,000 883,000 
Supersonic t r anspor t  .......... 19,953,000 14,056,000 
V/STOL a i r c r a f t  ............... 2,987,000 2,000,000 
Hypersonic ramjet experiment... 2,712,000 5,000,000 
XB-70 f l i g h t  research  program.. --- 9.296.000 

Tota:L ....................... $35.240.000 $41.496.000 

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

1965 1966 

Ames Research Center ........ $ 6,167,000 $ 4,197,000 
Elec t ron ic s  Research Center. .  --- 190,000 
F1 i gh t  Research Center.  ....... 3,022,000 11,681,000 
Langley Research Center . .  .... 9,052,000 11,935,000 
Lewis  Research Center . .  ...... 13,859,000 12,377,000 
NASA Headquarters ........... 3,140,000 1,116,000 

Fumor t inn  Research and Technolopv 

19 65 1966 

A i r c r a f t  iwrodynamics .......... $ 1,307,000 $ 2,277,000 
A i r c r a f t  :Loads and s t r u c t u r e s . .  2,021,000 2,000,000 
A i r  breathing propulsion..  ..... 2,027,000 2,250,000 
A i r c r a f t  ope;cating problems.. , . 2.808.000 3.734.000 

Tota l  ....................... 9 8.163.000 $10.261.000 

- 1967 
$ 9,000,000 

900,000 

5 ,000,000 
2 ,000,000 - 2 ,000.000 

14,100,000 

p3,goo. 000 

$ 5,400,000 
150,000 

4,975,000 
8 ,625,000 
12 ,625,000 
1 225,000 

11.9 67 - 
$ 1,,600,000 

1 :, 500,000 
3 : 000,000 
2 ,, 900.000 
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A i r c r a f t  Aerodynamics 

I 

I 

Research on the  aerodynamics of a i r c r a f t  i s  a cont inuing program toward 
improvement of f l i g h t  i n  t h e  atmosphere. General ly ,  t h e  problems art: those 
of maximizing aerodynamic e f f i c i e n c y ,  achieving s a t i s f a c t o r y  l e v e l s  of 
aerodynamic s t a b i l i t y ,  and insur ing  adequate aerodynamic con t ro l  over wider 
ranges oE operat ing condi t ions.  

For subsonic a i r c r a f t ,  f u r t h e r  improvements i n  c r u i s e  performance, i . e . ,  
improvement i n  t r anson ic  drag r ise c h a r a c t e r i s t i c s ,  and reduct ion  of boundary 
layer  l o s ses ,  of second-generation j e t  t r anspor t s  and new V/STOL types w i l l  
be sought. 
a i r c r a f t  w i l l  be continued. 

Inves t iga t ion  of t h e  s t a b i l i t y  and con t ro l  f o r  t hese  types of 

For supersonic  a i r c r a f t ,  aerodynamic research  on t r anspor t  configiirations 
w i l l  be continued t o  improve the  technology t o  extend the opera t ing  ;:ange of 
e f f i c i e n t  supersonic  vehic les  and t o  improve son ic  boom c h a r a c t e r i s t i c s .  
Basic s t u d i e s  of conf igura t ion  improvements and boundary layer  phenomena a t  
supersonic speeds w i l l  be conducted, A bas i c  i nves t iga t ion  of t:he stability 
and con t ro l  of maneuverable missiles w i l l  be continued. 

The d i f f i c u l t y  of t h e  aerodynamic problems of f l i g h t  increases  g r e a t l y  a t  
hypersonic epeljds and a l t i t u d e s ,  and increased research  e f f o r t  w i l l  be 
d i r e c t e d  t o  t h e  aerodynamics of a i r c r a f t  shapes a t  Mach numbers above 4 or  5. 
This research  is necessary t o  provide basic information f o r  conceptuiil 
s t u d i e s  and performance p red ic t ions  of f u t u r e  hypersonic c r u i s e  vehi1:les and 
recoverable  reusable  boosters .  It w i l l  cons i s t  of i nves t iga t ion  of Elow 
f i e l d s ,  'boundary layer  development, s k i n  f r i c t i o n ,  and hea t  t r a n s f e r  f o r  winged 
conf igura t ions  t h a t  include such p r a c t i c a l  f e a t u r e s  as a i r  i n l e t s  anli 
s t a b i l i z i n g  su r faces ,  The dynamic s t a b i l i t y  and con t ro l  requirement,3 of 
hypersonic a i r c r a f t  concepts w i l l  a l s o  be inves t iga t ed ,  

The take-off and landsing c h a r a c t e r i s t i c s  of advanced supersonic  and 
promising hypersonic a i r c r a f t  conf igura t ions  w i l l  be assessed  i n  la rge-sca le  
wind tunnels .  The trim, s p e e d . s t a b i l i t y ,  and l a t e r a l - d i r e c t i o n a l  cbiracter- 
i s t i c s  of var ious c l a s s e s  of a i r c r a f t  with powered-lif t  systems f o r  STOL 
opera t ion  w i l l  be f u r t h e r  explored and design c r i t e r i a  f o r  con t ro l  s:ystems i ie i  

t h i s  mode of operat ion w i l l  be b e t t e r  e s t ab l i shed .  

The funds requested are f o r  con t r ac t  s t u d i e s ,  materials, models, m d  
special  instrumentat ion u t i l i z e d  i n  t h e  in-house research ,  They include 
provis ion  f o r  wind tunnel  support  of projec ted  NASA f l i g h t  research  lxograms, 
Department of Defense development of  advanced a i r c r a f t  and m i s s i l e s  systems, 
and a i r c r a f t  r e l a t e d  p r o j e c t s  of o the r  agencies  of t h e  government su:h as 
t h e  Federa l  Aviation Agency 
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A i r c r a f t  Loads and S t ruc tu res  

A high degree of r e l i a b i l i t y  and i n t e g r i t y  is  demanded of t h e  a i r p l a n e  
s t r u c t u r e  by t h e  opera tors  and users which inc lude  t h e  m i l i t a r y  se rv ices  and 
t r a v e l i n g  publ ic .  Limitat ions of weight preclude t h e  at ta inment  of t h i s  
r e l i a b i l i t y  except t o  a l imi t ed  degree by dupl ica t ion  of s t r u c t u r a l  elements 
o r  by designing t o  low working stresses. 
research  i s  t o  achieve these  dual  and c o n f l i c t i n g  requirements of high 
e f f i c i ency  with g rea t  i n t e g r i t y .  

The ove r -a l l  ob jec t ive  of s t r u c t u r e s  

An accurat.e knowledge of t he  loads imposed on t h e  s t r u c t u r e s  is of course 
requi red  fo r  t he  at ta inment  of t hese  requirements. The important load 
sources a r e  atmospheric turbulence,  a i r p l a n e  maneuvers, landing and take-off 
and cabin p re s su r i za t ion .  
and improve t h e  d e f i n i t i o n  of t h e  s t r u c t u r a l  loads i n  keeping with i n t r o -  
duction of more advanced a i r c r a f t  and changes i n  types of  operat ion.  The 
hea t ing  cycles  a s soc ia t ed  with supersonic  f l i g h t  introduce fu r the r  complex- 
i t i e s  i n  that. t h i s  hea t ing  produces stresses i n  t h e  s t r u c t u r e  which add t o  
o r  s u b t r a c t  from the  stresses due t o  loads and, t he re fo re ,  must be accounted 
fo r  i n  design. Current and planned research  includes a n a l y t i c a l  s tud ie s  
aimed a t  development of procedures f o r  inc lus ion  of thermal stresses i n  
s t r u c t u r a l  design and experimental  evaluat ion of thermal e f f e c t s  using t h e  
X-15 research  a i r p l a n e  and t h e  XB-70. 

A research  e f f o r t  is  being maintained t o  update 

An improvtmment i n  s t r u c t u r a l  e f f i c i ency  can be ,obtained, p a r t i c u l a r l y  f o r  
high s t r e n g t h  m a t e r i a l s ,  by t h e  use of sandwich type s t r u c t u r e s  i n  which t h e  
conventional. shee t  and s t r i n g e r  is replaced by two t h i n  shee t s  on each s i d e  
of a low dens i ty  core .  The attachment of t h e  f ace  shee t s  t o  the  core  by 
welding o r  gl.uj.ng has presented se r ious  manufacturing and c o s t  problems. A s  
a r e s u l t  of t h e  development of improved p l a s t i c s  i n  recent  years  a pa r t i cu -  
l a r l y  promis;i.ng s t r u c t u r a l  concept i s  t h e  use  of  g l a s s  f i b e r  f a b r i c  o r  metal 
sandwich i n  which these  newer plastics are used as t h e  bonding agent .  
Research is  being undertaken t o  eva lua te  these  new m a t e r i a l s  i n  s t r u c t u r a l  
concepts under real is t ic  environments. 

Exploratory research  w i l l  cont inue on promising s t r u c t u r a l  concepts which 
may have merfit fo r  use  i n  a hydrogen fue led  hypersonic a i rp l ane .  Formidable 
s t r u c t u r a l  ~ ~ r o b l e m s  a r e  involved i n  such an  a i r c r a f t  as a consequence of 
aerodynamic heat ing.  The cur ren t  experimental  and a n a l y t i c a l  research  
represents  an i n i t i a l  e f f o r t  of a r e l a t i v e l y  long range program which w i l l  
u1timateI.y serve  as t h e  b a s i s  f o r  an e f f i c i e n t  and r e l i a b l e  long range 
hypersonic a i rp l ane .  

A i r  Breathing Propulsion 

Research :in t h i s  program is d i r ec t ed  toward increas ing  t h e  performance of 
cur ren t  and f u t u r e  a i r c r a f t  through improvement i n  a i rb rea th ing  engine 
components such as i n l e t s ,  compressors, combustors, t u rb ines ,  nozzles and 
ma te r i a l s  t o  provide higher  r a t i o s  of thrust-to-engine-weight,  higher r a t i o s  
of thrust:-to-engine-volume, and lower s p e c i f i c  f u e l  consumption. The research  
e f f o r t  i n  t h i s  a r ea  a l s o  includes research  on engine con t ro l s ,  l ub r i can t s  and 
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f u e l s  and t h e  i n t e r a c t i o n  e f f e c t s  of the  propuls ion system components on one 
another and of t h e  propuls ion system on t h e  a i r c r a f t .  

Research on subsonic veh ic l e  concepts including V/STOL a i r c r a f t  is  being 
continued. S tudies  of t h e  i n t e r a c t i o n  of i n t e r n a l  and ex te rna l  flows on the  
t h r u s t  and drag of var ious i n l e t  and af te rbody nozzle  combinations w i l l  
continue.  One phase of t h i s  program is  r e l a t e d  t o  t h e  increased n e t  t h r u s t  
ob ta inable  with proper ly  designed and pos i t ioned  af terbody f a i r i n g s .  Basic 
s t u d i e s  emphasi.zing research  leading t o  engines having high r a t i o s  of t h r u s t -  
to-weight and thrust-to-volume f o r  V/STOL app l i ca t ion  is  planned, The V/STOL 
propuls ion work. is funded under t h e  V/STOL p r o j e c t  although t h e  r e s u l t s  a r e  
genera l ly  appli .cable t o  o ther  subsonic vehic les .  

The supersonic  propuls ion system e f f o r t  is d i rec t ed  toward t h e  b e t t e r  
understanding; alf t h e  opera t ion  of supersonic  i n l e t s ,  i n l e t  d i s t o r t i o n ,  and 
compressor s ta l l ,  and includes bas i c  research  s t u d i e s  of boundary-shol;k 
i n t e r a c t i o n  i n  regions of adverse pressure  g rad ien t s  as w e l l  as i n  tha  
t ransonic  t h r o a t  region. Much of t h e  propuls ion research  r e s u l t s  i n  the 
supersonic  speed regime are d i r ec t ed  t o  the  supersonic  t r anspor t  s i n c s  t h i s  
veh ic l e  r equ i r e s  a t echn ica l ly  advanced propuls ion system i n  terms of  
e f f i c i ency  i n  performance and weight as w e l l  as high r e l i a b i l i t y  and long 
l i f e .  
j u s t  as app l i cab le  t o  m i l i t a r y  v e h i c l e s i i s  descr ibed and funded under t h e  
Supersonic Transport  p ro j ec t .  
t o  a i d  t h e  m i l i t a r y  se rv ices  i n  the  wind tunnel  support  of s p e c i f i c  aivanced 
a i r c r a f t  and missile propuls ion systems. 

The wark d i r e c t e d  t o  t h e  problems of t h e  supersonic  t r anspor t ,  al though 

A s u b s t a n t i a l  e f f o r t  can a l s o  be a n t i c i p a t e d  

The e f f o r t  devoted t o  hypersonic propuls ion systems conta ins  i n l e t  
research t o  determine t h e  fundamental e f f e c t s  of such parameters as w a l l  
cool ing,  leading edge b lunt ing ,  and f u e l  i n j e c t i o n  on the  system performance. 
Since t h e  supersonic  combustion ramjet engine o f f e r s  considerable  promise a t  
speeds above Mach 7 ,  bas i c  s t u d i e s  w i l l  be conducted t o  improve the  under- 
s tanding of supersonic  mixing and d i f fus ion ,  i g n i t i o n  delay and combustion, 
and d i s soc ia t ion  and recombination. The work descr ibed under t h e  Hypersonic 
R a m j e t  Experiment p r o j e c t  w i l l  provide research  information from a complete 
ramjet system as p a r t  of  t h i s  over -a l l  program. Adequate f a c i l i t i e s  iire not  
now a v a i l a b l e  fo r  propuls ion research ,  t he re fo re ,  development w i l l  be 
undertaken of a new f a c i l i t y  which w i l l  permit much needed propuls ion research  
t o  be conducted. 

A i r c r a f t  Operating Problems 

Kesearch i n  t h i s  area is d i r ec t ed  toward improving f l i g h t  s a f e t y  and 
increas ing  t h e  opera t iona l  f l e x i b i l i t y  of cu r ren t  and proposed a i r c r a f t .  
Research :in t h e  f i e l d s  of sonic  boom and a i r c r a f t  no i se  are a l s o  incliided 
i n  t h i s  program. 

P i l o t e d  s itnulators and a n a l y t i c a l  techniques w i l l  be used t o  continue 
s t u d i e s  of t h e  e f f e c t s  of atmospheric turbulence and t h e  inf luence  of a i r c r a f t  
s t r u c t u r a l  f l e x i b i l i t y  on t h e  p i l o t ' s  a b i l i t y  t o  con t ro l  t h e  ove r -a l l  system 
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with in  a i r c r a f t  opera t iona l  cons t r a in t s .  
used t o  determine t h e  instrument d isp lays  and p i l o t i n g  techniques requi red  
t o  cope w i t h  l a rge  amplitude a i r p l a n e  o s c i l l a t i o n s  and a v a r i a b l e  s t a b i l i t y  
a i r p l a n e  w i l l  be flown i n  rough a i r  t o  evaluate  s t a b i l i t y  and con t ro l  charac- 
terist ics and p i l o t i n g  techniques f o r  rough a i r  f l i g h t .  The f e a s i b i l i t y  of 
s eve ra l  techniques t o  d e t e c t  clear a i r  turbulence ( for  example, lasers, 
pass ive  o p t i c a l  and microwave devices) w i l l  be inves t iga ted .  

P i l o t e d  s imula tors  w i l l  a l s o  be 

The je t  engine no i se  problem i s  being given a high p r i o r i t y  with i t  

continuing e f f o r t  underway t o  obta in  fundamental information on t h e  (;enera- 
t i o n  and propagation of no ise  from exhaust je ts  and the  compressor and fan 
components of je t  engines,  leading t o  t h e  design of acceptably q u i e t  
propuls ion :systems. 
continued t o  determine t h e  maximum opera t iona l  g l i d e  s lope  f o r  a var:.ety of 
t r anspor t  a t r p  lanes i n  connection with landing approach noise  abatemcmt 
procedures and t he  r e l a t e d  problem of a i r c r a f t  s a f e t y  during such s t e e p  
descents ,  

F l i g h t  tests using s t eep  approach techniques wi : . l  be 

The greatlssit unknown f a c t o r s  with regard t o  t h e  propagation of sonic  boom 
pressure  waves are those a s soc ia t ed  with t h e  e f f e c t s  of var ious  atmospheric 
va r i ab le s  such as temperature,  turbulence,  wind shears  and humidity. These 
f a c t o r s  tlri1:L be s tud ied  i n  an acce le ra t ed  program which w i l l  a l s o  inc.lude 
t h e  response of bui ld ing  s t r u c t u r e s ,  humans, and window g la s s  t o  sonic  boom 
pressure  waves of var ious shapes and magnitude. The XB-70 w i l l  be u t i l i z e d  
t o  determine t h e  e f f e c t s  of a i r c r a f t  s i z e  and weight on son ic  boom gmera t ion .  

Turbojet  itii:craft are s t i l l  encountering serious d i f f i c u l t i e s  i n  s t e e r i n g  
during t a x i i n g  and i n  s topping on w e t  runways. 
Langley Iancling Loads Track t o  i n v e s t i g a t e  t h e  e f f e c t s  of var ious rurway 
sur face  addF1:ives and t i r e  t rends  on braking f r i c t i o n ,  and i n  FY 1967 
t hese  s t u d i e s  t r i l l  be continued under f u l l - s c a l e  ope ra t iona l  condi t icns .  
Ful l - sca le  t.est:s w i l l  a l s o  be made t o  determine t h e  bene f i t s ,  and information 
fo r  t he  prac.t:ic:al design,  of an a i r  jet  ahead of t h e  t i r e  t o  clear aaay 
water and slush as a follow-up t o  t h e  present  explora tory  s t u d i e s .  

S tudies  a r e  underway a t  the  

A general. purpose a i rbo rne  s imulator  (a modified Je t -S ta r  a i r c r a f t )  w i l l  
be used i n  f1.ight tests t o  i n v e s t i g a t e  t h e  s t a b i l i t y ,  con t ro l  and performance 
charac te r i s t i . cs  of a v a r i e t y  of advanced design a i r p l a n e s ,  such as t h e  
supersonic txansport  , and aerospace veh ic l e s .  

I 

Prel iminary work w i l l  be performed leading t o  a f l i g h t  research  program 
u t i l i z i n g  the F-111 a i rp l ane .  The f l i g h t  program w i l l  provide information 
on aerodynamic load and s t r u c t u r a l  temperature d i s t r i b u t i o n s ,  a e r o e l a s t i c  
e f f e c t s ,  and handling q u a l i t i e s  of a f u l l - s c a l e  variable-sweep a i r c r a f t  
configurat ion.  

RD 19-6 



$015 Research A i r c r a f t  

19 65 1966 -< 1967 

I 
k 

1 

Aerodynamics .................. $18,000 $267,000 $160,000 
Loads and s t r u c t u r e s  .......... 15,000 10,000 215,000 
Propuls ion .................... 
Operating problems ............ 1.392.000 606.000 - 5 25.000 

-0- -00 0-.. 

T o t a l  ....................... ~~ 000 -$go- 

The X-15 research  program, conducted i n  cooperat ion with t h e  Department of 
Defense, is providing data on manned, maneuverable hypersonic f l i g h t ,  During 
t h e  course of t h e  f l i g h t  tes t  program, through calendar year 1965, more than  
150 f l i g h t s  have been made, inc luding  more than 115 f l i g h t s  a t  speedi; g r e a t e r  
than a Mach number of 4. 
Mach numbers above 5. 

Of t h e s e  f l i g h t s ,  more than 75 have been made a t  

The X-15 remains t h e  only r e sea rch  c a p a b i l i t y  i n  t h e  world f o r  studying 
hypersonic f l i g h t  i n  i ts  t r u e  environment. Experimental r e s u l t s  t o  date have 
given b a s i c  i n s i g h t  i n t o  problems of aerodynamics, s t r u c t u r e s ,  p ropuls ion  and 
opera t ions  during hypersonic f l i g h t .  Of major importance, t h e  X-15 ::esults 
have given, and w i l l  continue t o  give,confidence and guidance t o  research  i n  
ground based hypersonic research  f a c i l i t i e s  enabling exp lo ra t ion  i n  depth of 
many hypersonic f l i g h t  problems. 

I n  add i t ion  t o  a continuing program i n  b a s i c  hypersonic f l i g h t  r e sea rch ,  
t h e  ope ra t iona l  success of t h e  X-15 program has opened i t s  use t o  space 
sc iences  as a carrier v e h i c l e  f o r  c e r t a i n  experiments r equ i r ing  i t s  ,mique  
performance c a p a b i l i t i e s .  For example, research  on horizon seekers  €or 
s a t e l l i t e s ;  high-speed h igh -a l t i t ude  photography and stellar u l t r a v i 3 l e t  
r a d i a t i o n  has been performed using t h e  X-15 as a carrier vehic le .  

I n  s i x  and one-half years  of f l i g h t  tes t ,  from June 1959 t o  Decemiber 1965, 
t h e  X-15 program not  on ly  has con t r ibu ted  t o  t h e  increased  confidence of 
des igners  of cu r ren t  high-performance a i r c r a f t ,  but has focused a t t e n t i o n  on 
t h e  areas which requi red  a d d i t i o n a l  research .  
d i r e c t e d  toward t h e s e  areas, t o  provide information f o r  t h e  next l o g i c a l  step 
i n  our f l i g h t  research  program which i s  manned, maneuverable hypersonic 

The f u t u r e  program w i l l  be 

c r u i s e  f1igh.t. 

Supersonic TranSD O r  t 

1965 

Aerodynamics .................. $640,000 
Loads and. s t r u c t u r e s  .......... 214,000 
Pr opu 1s ion  .................... 14,270,000 
Operating problems ............ 4.829.000 

T o t a l  ....................... $19.953. ooq 

1966 - 1967 - 
$880,000 $1,300,000 

110,000 700,000 
11,501,000 11,100,000 

1.565.000 - 1.000 .ooo 

&4.100.000 
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NASA's research  e f f o r t  and support f o r  t h e  n a t i o n a l  supersonic  t r a n s p o r t  
(SST) program w i l l  continue i n  FY 1967 a t  about t h e  same level as i n  IFY 1966, 
but with a s u b s t a n t i a l  s h i f t  i n  emphasis. 
i t s  con t r ac to r s  w i l l  by then be ca r ry ing  t h e  major a c t i v i t y  i n  pro to type  
configuration development, s t r u c t u r a l  design, and development of t h e  Eirst- 
genera t ion  engines.  
systems and materials f o r  advanced engines,  expand i t s  ope ra t iona l  re'search, 
c a r r y  major r e s p o n s i b i l i t y  i n  no i se  and son ic  boom research  and make m a i l a b l e  
i t s  unique f a c i l i t i e s  and t e c h n i c a l  resources  as needed during p r o t o t  we 
development. 

The Federa l  Avia t ion  Agency and 

NASA w i l l  maintain a major e f f o r t  on advanced prllpulsion 

A l a r g e  p a r t  of t h e  requested funds w i l l  be used i n  t h e  f i e l d  of peopul- 
s ion  f o r  continuing con t r ac t  research  on engine components and materials 
s t a r t e d  i n  FY' 1965 and 1966. I n  FY 1967, however, t h e  cont rac ted  reslearch 
program w i l l  be reduced and a t  t h e  same time, t h e  in-house e f f o r t  w i l l  be 
increased t o  provide research  information r equ i r ed  f o r  second-generation SST 
engine develcpment . 

Compressor and fan  component r e sea rch  w i l l  be d i r e c t e d  toward r e d w e d  
weight and increased performance through u t i l i z a t i o n  of such concepts as 
supersonic inf low compressors and v a r i a b l e  geometry f e a t u r e s .  
s t u d i e s  w i l l  be toward more e f f e c t i v e  cooling and stress a l l e v i a t i o n t e c h n i q u e s ,  
promising conf igura t ions  of r o t a t i n g  elements w i l l  be f a b r i c a t e d  and evaluated 
experimentally.  Combustor research  w i l l  inc lude  cons idera t ion  of advanced 
annular and swir l - type  combustor cans, as w e l l  as i n t e g r a t i o n  of comblistor and 
tu rb ine  stator t o  permit increased  t u r b i n e  i n l e t  temperatures. 1,ubri:ation 
systems, l u b r i c a n t s ,  bear ings ,  and seals research  w i l l  a l s o  i n v e s t i g a t e  
var ious  means of increas ing  opera t ing  temperatures,  with emphasis on increas ing  
t h e  f a t i g u e  l i f e  of t h e  bear ings  themselves. 

Turbine 

I n l e t  research  w i l l  be continued t o  provide design information app l i cab le  
t o  both two-dhens iona l  and three-dimensional types.  In le t -engine  f h w  
dynamics and i n l e t  c o n t r o l  systems w i l l  r ece ive  p a r t i c u l a r  a t t e n t i o n .  Because 
of t h e  l a r g e  e f f e c t  of exit nozzle  performance on ove r -a l l  f l i g h t  
e f f i c i e n c y ,  t he  e f f o r t  i n  t h i s  area w i l l  be increased  t o  determine performance 
limits and t o  f i n d  more e f f e c t i v e  methods f o r  nozzle  cooling. 

The engine materials r e sea rch  w i l l  be aimed gene ra l ly  a t  metals wi th  
higher hea t  c a p a b i l i t y  and longer f a t i g u e  l i f e .  Chromium, n i c k e l  and coba l t  
a l l o y s  w i l l  b e  i n v e s t i g a t e d  along with coa t ings  t o  elimimte oxidatioia a t  
higher opera t ing  temperatures. Methods f o r  e x p l o i t i n g  m e t a l  phase chsnge and 
supera l loy  p u r i f i c a t i o n  w i l l  be explored t o  achieve  t h e  long l i f e  des i r ed  i n  
a commercial supersonic t r a n s p o r t  engine. 

I n  t h e  f i e l d  of a i r f rame s t r u c t u r e s ,  s t r u c t u r a l  dynamics problems such a s  
v i b r a t i o n  and. f l u t t e r  w i l l  r ece ive  increased  emphasis. S tudies  w i l l  b e  
continued on e s t a b l i s h i n g  t h e  c h a r a c t e r i s t i c s  of appropr i a t e  t i t an ium a l l o y s  
and o the r  materials under r e a l i s t i c  loads and temperature environments for  
t h e  SST. 
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I n  t h e  supersonic  t r anspor t  opera t ing  problems f i e l d  s imulat ion and f l i g h t  
s t u d i e s  w i l l  be made of  t h e  low-speed approach and landing problems of 
proposed conf igura t ions  t o  def ine  t h e  ranges of a i r p l a n e  c h a r a c t e r i s t i c s  
acceptab le  t o  t h e  p i l o t  and t o  devise  means of achieving these  c h a r a c t e r i s t i c s .  
Following furthLer d e f i n i t i o n  of t h e  handling q u a l i t i e s  requirements f o r  
normal operat.ing condi t ions  f o r  low-speed approach, a d d i t i o n a l  r e s t r a i n t s  of 
adverse weather opera t ion  w i l l  be considered by a n a l y s i s  and ground s imulat ion.  

I n  t h e  f i e l d  of a i r f rame aerodynamics, t h e  opt imizat ion of perform(snce, 
s t a b i l i t y ,  and con t ro l  c h a r a c t e r i s t i c s  over t h e  e n t i r e  opera t ing  speed range 
of t he  SST w i l l .  be pursued. This cont inuing e f f o r t  w i l l  be c lose ly  a s soc ia t ed  
with the  w i n d  tunnel  and r e l a t e d  inves t iga t ions  c a r r i e d  out  i n  the  development 
of t he  SST prototypes,  and with p a r a l l e l  i nves t iga t ions  of sonic  boom 
generat ion arid propagation. 

V/STOL A i r c r a f t  

1965 1966 - 1967 

A e r  odynami.cs .................. $1,533,000 $740,000 $1,600,000 
Loads and s t r u c t u r e s  .......... 99,000 8,000 200,000 
Propulsion .................... 449,000 3 14,000 1,000 , 000 
Operating problems ............ 906.000 938.000 - 2,200.000 

Tota l  ....................... $2.987.o00& 2.000 a &,*OOO. 000 

A major p a r t  of t h e  increase  i n  funding i n  FY 1967 w i l l  r e s u l t  froln 
s t u d i e s  of a new VTOL research  a i r p l a n e  capable of providing more accu ra t e  
information cm t h e  inf luence  of a l l -weather  landing opera t ion  c a p a b i l i t y  on 
the  design of’ hdgh-performance t a c t i c a l  V/STOL types. A f e a s i b i l i t y  study 
w i l l  be i n i t i a t e d  t o  determine t h e  c h a r a c t e r i s t i c s  requi red  of such a research  
a i r p l a n e  and t o  i d e n t i f y  e x i s t i n g  conventional high-performance a i r c r a f t  which 
could be modified t o  provide t h e  veh ic l e  needed. 
undertaken tc i  determine t h e  e f f ec t iveness  of t h e  modif icat ions proposed. 
Actual modif icat ion of t h e  e x i s t i n g  veh ic l e ,  which t h e  A i r  Force has agreed 
t o  provide f r m i  i t s  inventory,  may begin. Related f l i g h t  s t u d i e s  of the  
requirements f o r  p i l o t  d i sp lays  t o  e f f e c t  s a f e l y  such VTOL al l -weather  landing 
opera t ion ,  begun i n  FY 1966, w i l l  continue using t h e  NASA Bell 204B h e l i -  
copter ;  a f l ighlt  i nves t iga t ion  of an  advanced landing approach a i d  fo r  STOL 
a i r c r a f t ,  rec.ently i n i t i a t e d  using a conventional t r anspor t  a i r p  Lane, w i l l .  
be extended i n  FY 1967 t o  more realist ic approach condi t ions  following 
procurement clf a s u i t a b l e  STOL a i r c r a f t .  

Wind tunne l  s t u d i e s  w i l l  be 

A s u b s t a n t i a l  increase  i n  e f f o r t  i s  expected on short-haul  (pr imar i ly  
commercial) t r anspor t  research ,  based i n  l a rge  p a r t  on a n t i c i p a t e d  reconunenda- 
t i o n s  made as a r e s u l t  of  cur ren t  NASA-sponsored f e a s i b i l i t y  s t u d i e s  by th ree  
U.S. a i r c r a f t  nlanufacturers. This research  w i l l  include wind tunnel  
i nves t iga t ions ,  s imula t ion ,  and f l i g h t  s t u d i e s .  
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Other wind tunnel  research  s t u d i e s  w i l l  continue aimed a t  providing bas i c  
information 0 x 1  such e f f e c t s  a s  aerodynamic in t e r f e rence  and hot gas inges t ion  
fo r  r ep resen ta t ive  m i l i t a r y  f i g h t e r  and t r anspor t  V/STOL conf igura t ions .  
Basic propuls ion s t u d i e s  w i l l  be increased s u b s t a n t i a l l y ,  emphasizing research 
leading t a  enl:iries having high r a t i o s  of thrust-to-weight and th rus t - to -  
volume . 

Fl igh t  and s imulator  research w i l l  a l s o  continue t o  provide more d e t a i l e d  
information 0x1 t:he design requirements f o r  s a t i s f a c t o r y  handling q u a l i t i e s  of 
V/STOL a i r c r a f t ! ,  including he l i cop te r s .  I n  a d d i t i o n  t o  the  NC-130C boundary 
layer  cont.ro1. STOOL a i r c r a f t  and t h e  X-14A and YHC-lA v a r i a b l e - s t a b i l i t y  VTOL 
research a i r c r a f t ,  t he  new X-22A t i l t - d u c t  and XV-SA fan-in-wing VTOL 
a i r p l a n e s  wiI.:l be u t i l i z e d  t o  provide information on more r e a l i s t i c  configu- 
r a t i o n s  and t:o provide c o r r e l a t i o n  with wind tunnel  and s imulator  pred ic t ions .  

Based i.n part: on requirements of t h e  m i l i t a r y . s e r v i c e s ,  it i s  planned t h a t  
t he  wind tunnel  and f l i g h t  e f f o r t  on compound he l i cop te r s  s t a r t e d  i n  1966 
w i l l  be increased;  such programs w i l l  u sua l ly  be conducted j o i n t l y  with t h e  
se rv ices .  Spec i f i c  eva lua t ion  of s t r u c t u r a l  dynamics and handling q u a l i t y  
advantages or pi:oblems a s soc ia t ed  with t h e  promising h inge less  ro to r  concept 
w i l l  continue using the  NASA XH-51N research he l i cop te r .  

Hmersonic  R a m i e t  Experiment 

1965 1966 - 1 , 9 6 7  

Propulsion . (, . . . . . . . . . . . . . . . . . . $2,712,000 $5,000,000 $2 ,00~ ,000  

A f e a s i b i l i t y  s tudy and design competit ion i s  near ing completion between 
t h e  Gar re t t  Corporation, t h e  General E l e c t r i c  Corporation, and t h e  Marquardt 
Corporation, to determine an optimum conf igura t ion  f o r  a l i q u i d  hydrog,en 
fueled ramjet: engine capabl-e of being operated between Mach 3 and 8. 
speed regime, using a conver t ib le  combustion arrangement, both subsonjc and 
supersonic ccnnbustion sys t ems  can be s tudied .  

I n  t h i s  

Upon completion of t h e  cu r ren t  phase I s t u d i e s ,  an  eva lua t ion  w i l l  be made 
t o  s e l e c t  one 01: more of t h e  s tudy phase con t r ac to r s  t o  cont inue with 
d e t a i l e d  design,  experimental  wind tunnel  v e r i f i c a t i o n ,  f a b r i c a t i o n ,  and 
proof t e s t  of t h e  s e l e c t e d  concepts.  
expected t o  i:equire 29 months f o r  completion. 

This second phase of  t h e  program is 

Since t h e  :research ramjet must be designed f o r  t h e  most severe an tdc ipa ted  
opera t ing  condi t ions ,  s t r u c t u r e s  must be capable of withstanding s t agna t ion  
pressures  app:coeching 5,000 p s i  and active cool ing concepts must be devised 
t o  maintain s t r u c t u r a l  i n t e g r i t y  a t  s tagnat ion  temperatures of 4,700°F.. 
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XB-7OISST F l i g h t  Research P r o i e c t  

1965 1966 - 11.9 67 

I 

Aerodynamics --- $5,146,000 --- --- 600,000 --- Loads and s t r u c t u r e s  .......... --- 850,000 --. Propuls ion .................... 
Operating prloblems ............ --- 2.700.000 $2,,000.000 

.................. 

....................... 0.. $9.296.000 & 2000.000 - Tota l  

NASA, by v i r t u e  of i t s  s t a t u t o r y  r e s p o n s i b i l i t y  f o r  ae ronau t i ca l  rcisearch 
and technology within t h e  United S t a t e s  Government, has t h e  responsibi i l i ty  
t o  provide t h e  research  information and advanced technology needed f o r  des ign ,  
development cont ruc t ion ,  and f l i g h t  test  of t h e  pro to type  supersonic t r a n s p o r t .  

The use of t h e  USAF XB-70 a i r c r a f t  as a research  t o o l  w i l l  be supported 
j o i n t l y  by t h e  USAF and NASA. 
v a l i d a t e  i t s  bas i c  aerodynamic t h e o r i e s  and experimental results obtained i n  
ground f a c i l i t i e s  t o  account f o r ,  as examples, e f f e c t s  of v e h i c l e  s i z e  
(Reynolds Number) 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  of e l a s r i c  
s t r u c t u r e  deformation on aerodynamics and t h e  e f f e c t  of hea t  soak on ':his 
deformation, e f f e c t s  of veh ic l e  i n e r t i a  combined wi th  low damping (high 
a l t i t u d e )  on veh ic l e  c o n t r o l  requirements, e f f e c t s  of v e h i c l e  s i z e  on son ic  
boom genera t ion  and propagation, i n l e t  c o n t r o l  system requirements a n i  many 
o the r s .  
major research  e f f o r t s  i n  a n a l y s i s  and ground based fac i l i t i es ;  t h e  XB-70 
program w i l l  provide v i t a l  guidance and assessment of t h e  soundness oE t hese  
programs, a s su r ing  t h a t  major programs such as t h e  supersonic t r a n s p o r t  w i l l  
proceed on a sound b a s i s .  

It w i l l  provide NASA wi th  t h e  a b i l i t y  to 

A l l  of t hese  problems have and will continue t o  be t h e  s u b j e s t  of 

The NASA por t ion  of t h e  XB-70 program is  being conducted i n  two d i s t i n c t  
phases. The f i r s t  phase, which began i n  FY 1963, cons i s t ed  of i n s t a l l a t i o n  
of instrumentation i n  t h e  two XB-70A a i r c r a f t  during manufacture and the 
a c q u i s i t i o n  a f  c e r t a i n  data of i n t e r e s t  t o  NASA during t h e  USAF f l i g h t  t e s t  
program. T h e  second phase, beginning i n  FY 1966, cons i s t ed  of cont 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 research  which 
could not  be accommodated during t h e  i n i t i a l  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, NASA funded only  t h e  c o s t s  a s soc ia t ed  wi th  
t h e  ins t rumenta t ion  and da ta  a c q u i s i t i o n  r equ i r ed  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 ope ra t ing  t h e  a i r c r a f t ,  w a s  
funded by the! United S t a t e s  A i r  Force. I n  t h e  second phase, which w i l l  be 
g r e a t l y  acce le ra t ed  i n  FY 1967, NASA w i l l  fund t h e  c o s t s  a s soc ia t ed  with 
NASA's researchL program u t i l i z i n g  t h e  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 are important t o  t h e  Federa l  
Aviat ion Agency i n  i t s  r o l e  as manager of t h e  United S t a t e s  Supersonic 
Transport  program. 
on a continuing; b a s i s .  

The FAA is kept informed on t h e  progress of t h e  program 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF TRACKING AND DATA ACQUISITION TRACKING AND I)= 
ACQUISITION PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION : 
I 

The purpose of t h i s  program is t o  provide t r ack ing  and da ta  acquis:lLtion 
support  t o  meet t he  requirements of f l i g h t  p ro jec t s .  Responsive and e f f i c i en t .  
support  is provided f o r  a l l  NASA pro jec t s ,  and as mutually agreed,  f o r  p ro jec t s  
of t he  Department of Defense, o the r  government agencies ,  u n i v e r s i t i e s ,  p r i v a t e  
corpora t ions ,  i n t e r n a t i o n a l  organiza t ions ,  and o the r  count r ies  erigageli i n  
mutual research endeavors. 

Support i s  provided f o r  manned and unmanned f l i g h t s ;  f o r  spacec ra f t ,  launch 
v e h i c l e s ,  sounding rockets ,  and research  a i r c r a f t ;  f o r  Earth o r b i t a l  and sub- 
o r b i t a l  missioris, lunar  and p lane tary  missions,  and space probes. 

I 

Types of support  provided include t r ack ing  t o  determine the  pos i t i on  and 
t r a j e c t o r y  of veh ic l e s  i n  space,  a c q u i s i t i o n  of da t a  from s c i e n t i f i c  exper i -  
ments and on the  engineering performance of spacecraf t  and launch veh ic l e  
systems, trarisrnission of commands from ground s t a t i o n s  t o  spacec ra f t ,  
communication o f  information between var ious  ground f a c i l i t i e s  and mission 
con t ro l  center:;, and processing of t he  d a t a  acquired from the  space vehic les .  
Without t h i s  v i t a l  support ,  t he  space research program would not be Fossible .  

Tracking and da ta  a c q u i s i t i o n  support  is provided by a world-wide network 
of ground s t a t i o n s  ( including Department of Defense s t a t i o n s  and instrumented 
sh ips ) ,  and by genera 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 ther  by a network of ground comunica t ions  which provides the  real.- 
t i m e  information necessary f o r  c r i t i c a l  dec is ions .  
provided t o  process i n t o  meaningful form the l a r g e  amounts of da t a  which a r e  
co l l ec t ed  from f l i g h t  p ro jec t s .  

F a c i l i t i e s  a l s o  itre 

Tracking and data acqu i s i t i on  f a c i l i t i e s  a r e  used f o r  support  of cur ren t  
missions.  
of missions i n  the  immediate fu tu re .  
p r o j e c t s  which a r e  even f u r t h e r  i n  the  f u t u r e ,  and equipment and teclimiques 
must be developed t o  assure  a sound technological  approach f o r  the  s i p p o r t  
of t he  more complex mission requirements of t h e  next generat ion.  

A t  t he  same t ime,  they must  be augmented t o  meet t h e  requirements 
Concurrently,  planning must proceed f o r  

The Research and Development appropr ia t ion  provides funds for (a) t he  
opera t ion  arid maintenance of the  world-wide f a c i l i t i e s ,  (b) t he  procurement 
of equipment: and modif icat ions t o  adapt t he  f a c i l i t i e s  f o r  new and changing 
f l i g h t  project: requirements,  and (c) the  development of advanced t r ack ing  
and data acquj-sit ion equipment and techniques.  
descr ibe  
Data Acquisi:itfion program i n  each of t hese  a reas  during M 1967. 

The subsequent s ec t ions  
p;-aris and r e l a t e d  funding requirements t o  continue the  Tracking and 
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SUMMARY OF RESCURCES REQUIREMENTS: 

1965 1966 1967 

Operations.  ..................... $95,254,000 $129,600,000 $199,000,000 

Supporting research and 
Equipment. ...................... 144,482,000 87,665,000 66,500,000 

technology ...................... 13.500.000 13,800,000 13,800,000 

Tota l . . . . .  , ..................... $253.236.000 $231,065.000 $279,300,000 

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

151167 
__I 

1965 1966 

Marshall Space F l i g h t  Center. .  $2,000,000 $1,500,000 $l,!100,000 
Goddard Space F l i g h t  Center. . .  179,252,000 155,950,000 199,000,000 
J e t  Propulsion Laboratory ..... 55,769,000 53,500,000 55,000,000 
Wallops S ta t ion . . . . . . . . . . . . . . .  5,100,000 5,835,000 6 ,dkOO ,000 
F l i g h t  Research Center . . . . . . . .  1,900,000 1,880,000 2, L00,000 
Langley Research Center . . . . . . .  2,200,000 2,000,000 2,100,000 
NASA Headquarters ............. 7,015,000 10,400,000 12,000,000 

BASIS OF FUND REQUIREMENTS: 

Operat  ions  

1965 1966 P 1967 

Manned space f l i g h t  network..... $23,118,000 $37,000,000 $60,000,000 

Deep space net:work.. ............ 19,040,000 26,500,000 32,800,000 
Other ins t rumenta t ion , .  ......... 5,930,000 6,600,000 7,000,000 

4,625,ooo 6.500.000 8,500,000 

Total. . . , , . . . . . . . . . . . . . . . . . . . . .  $95,254,000 $129,600,000 $199 ,,OOO .OOO 

Sate1  1 i t  e network. .............. 25,063,000 29,000,000 33,700,000 

Comunicat i.ona .................. 17,478,000 24,000,000 57,000,000 
Data processing.  ................ 

Manned Space F l i g h t  Network Operations 

The Manned Space F l i g h t  Network, o r i g i n a l l y  configured to support  t he  
Mercury program, i s  now a c t i v e l y  support ing the  Gemini missions.  The network 
f o r  Gemini support  c o n s i s t s  of seven primary land s t a t i o n s  loca ted  a t  Cape 
Kennedy, F lor ida ;  Bermuda; Grand Canary I s l and ;  Carnarvon, Aus t r a l i a ;  H a w a i i ;  
Guaymas, Mexico; and Corpus C h r i s t i ,  Texas; two s h i p s ,  t h e  Rose Knot Victory 
and the  Coastal  Sentry Quebec; and s i x  secondary land s t a t i o n s  loca ted  a t  
Kano, Nigeria;  Tananarive, Madagascar; Canton I s l and ;  Point  Arguel lo ,  
Ca l i fo rn ia ;  White Sands, New Mexico; and Egl in  A i r  Force Base, F lo r ida .  
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Concurrently with providing f u l l  ope ra t iona l  support  f o r  t he  Gemini 
program, the  Mctnned Space F l i g h t  Network is being augmented f o r  t h e  Apollo 
program. Not on1.y are s i g n i f i c a n t  equipment addi t ions  being made t o  e x i s t i n g  
s t a t i o n s ,  bu t  ].and s t a t i o n s ,  s h i p s ,  and instrumented a i r c r a f t  a r e  being added 
t o  t h e  network.. 

The Manned Space F l i g h t  Network, as present ly  planned f o r  Apollo, w i l l  
cons i s t  o f  t e n  s t a t i o n s  wi th  30-foot antennas,  t h r e e  s t a t i o n s  wi th  85-foot 
antennas,  one t r anspor t ab le  s t a t i o n  wi th  a 30-foot antenna, f i v e  s h i p s ,  e i g h t  
instrumented aj.rc:raft, and t h r e e  Deep Space Network s t a t i o n s  with 85-foot 
antennas f o r  backup during luna r  missions.  S t a f f i n g  of s t a t i o n s  and t r a i n i n g  
of opera t ing  personnel are well under way t o  a s su re  t h a t  t h e  network w i l l  be 
ready t o  support  Apollo missions beginning i n  e a r l y  1966. 

A s i g n i f i c a n t  increase  i n  opera t ions  c o s t s  w i l l  occur i n  FY 1967 as t h e  
network w i l l  be requi red  t o  support  both the  Gemini program and increased 
a c t i v i t y  i n  the  Apollo program. Approximately one-half  of t h e  increase  w i l l  
be f o r  t h e  operat:ion and maintenance of t h e  Apollo ins t rumenta t ion  s h i p s  and 
a i r c r a f t  whichL a r e  under the  r e s p o n s i b i l i t y  of t h e  National Range Divis ion of 
t he  Department. of Defense. Also i n  J?Y 1967, most of t he  new s t a t i o n s  being 
constructed f o r  support  of t h e  Apollo program w i l l  become ope ra t iona l .  
e x i s t i n g  s t a t i o n s ,  manning l e v e l s  w i l l  increase  due t o  Gemini/ApolLo f l i g h t  
a c t i v i t y  and t h e  more advanced equipment requi red  f o r  t he  Apollo program. 
Additional funds w i l l  a l s o  be requi red  f o r  computer programning, network 
engineer ing,  arid l o g i s t i c  support  assoc ia ted  with t h e  new equipments and t h e  
increas ing  l e v e l  of f l i g h t  a c t i v i t y .  

A t  

S a t e l l i t e  Network Operations 

The S a t e l l i t e  Network includes t h e  e l e c t r o n i c  s t a t i o n s  of t he  Space 
Tracking and Di i ta  Acquis i t ion  Network (STADAN) managed by the  Goddard Space 
F l i g h t  Center ,  arid t he  o p t i c a l  camera t racking  s t a t i o n s  operated by the 
Smithsonian Astrophysical Observatory (SAO). The STADAN s t a t i o n s  provide a 
t racking  and da ta  a c q u i s i t i o n  ground system which t r a c k s ,  determines t h e  
s t a tus  of each sa te l l i t e ,  commands the  s a t e l l i t e  func t ions ,  and acqui res  
s to red  o r  real:-tj-me data from the  s a t e l l i t e .  The o p t i c a l  camera t racking  
s t a t i o n s  provi.de spec ia l i zed  se rv ices  i n  p rec i s ion  o r b i t a l  determinat ion on 
c e r t a i n  sate1I: i tes  of s c i e n t i f i c  i n t e r e s t  as w e l l  as backup support  t o  STADAN 
during launch imd e a r l y  o r b i t  t r ack ing  of a l l  s a t e l l i t e s .  

The STADAN s t a t i o n s  operat 'e on a 24-hour day, seven-days per week b a s i s .  
The workload of !:he network w i l l  continue t o  increase  i n  FY 1967. Not only 
w i l l  more satc!:tlites be supported,  but  they w i l l  be more complex and ceirry 
more experiments which w i l l  r e s u l t  i n  an even g r e a t e r  increase  i n  the  cont ro l  
func t ions  and da ta  output t o  be handled by t h e  s t a t i o n s .  Impacting the work- 
load i n  FY 1967 w i l l  be i n i t i a l  f l i g h t s  of the  Applicat ions Technology 
S a t e l l i t e  and t h e  B i o s a t e l l i t e  p r o j e c t s ,  and add i t iona l  f l i g h t s  of t he  O r b i t -  
ing Geophysica:L Observatory, the  Orbi t ing  Astronomical Observatory, anc the  
Orbi t ing  Solar  Observatory. 
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Increased opera t iona l  c o s t s  i n  FY 1967 are due t o  the  h igher  s t a f f i n g  
l e v e l s  and 1og:ist ic support  requi red  t o  meet t h e  g r e a t e r  workload and t o  
opera te  f a c i l i t i e s  which a r e  being i n s t a l l e d  a t  Goldstone, Ca l i fo rn ia ;  
Rosman, North c2a:tolina; and ToOwoomba, A u s t r a l i a  f o r  support  of t h e  
Applicat ions TIzchnology S a t e l l i t e  p ro jec t .  

Deep Space Network Operations 

The Deep Space Network's primary func t ion  is  t o  provide t racking  ant1 d a t a  
Thc n e t -  a c q u i s i t i o n  support  f o r  unmanned luna r  and p lane tary  space f l i g h t .  

work provides t racking  da ta  which are used t o  determine and make mid-course 
cor rec t ions  t o  spacecraf t  t r a j e c t o r i e s ,  acqui res  engineering te lemetry da t a  
concerning performance of t h e  spacec ra f t  as r equ i r ed ,  t ransmi ts  commands t o  
t h e  spacecraf t  t o  execute t h e  above func t ions ,  and records t h e  scient i : l i ic  
d a t a  which a r e  acquired from the  spacec ra f t .  
one each i n  A u s t r a l i a ,  Spain,  and C a l i f o r n i a ,  w i l l  provide a backup c a p a b i l i t y  
f o r  t he  Apollo manned luna r  missions.  

Three s t a t i o n s  i n  t h e  network, 

The cont ro l  cen te r  f o r  t h e  Deep Space Network is  t h e  Space F l i g h t  Oiperations 
F a c i l i t y  (SFOE) loca ted  a t  t h e  Jet Propuls ion Laboratory i n  Pasadena, Ca l i fo rn ia .  
The SFOF rece ives  information t ransmi t ted  v i a  ground communications f r lm 
s t a t i o n s  of t h e  Deep Space Network, processes  the  d a t a ,  and d i sp lays  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 assoc ia ted  p ro jec t  personnel 
can analyze real-time mission performance, make c r i t i c a l  dec is ions  concerning 
func t ions  whic:h must be executed by t h e  spacec ra f t ,  and t ransmi t  i n s t r u c t i o n s  
t o  the  s t a t io l r t s  f o r  commands t h a t  must be s e n t  t o  the  spacec ra f t .  

The f l i gh t .  missions of t he  Lunar O r b i t e r ,  Surveyor, and Pioneer p ro jec t s  
w i l l  continuo: through FY 1967. 
scheduled f o r  launch i n  l a t e  FY 1967. To meet t h e  f l i g h t  schedule ,  t h e  Deep 
Space Network and the  SFOF must support  two o r  more missions simultaneously.  

I n  add i t ion ,  a Venus f ly-by mission i s  

A t  t he  beg:inning of FY 1967, t h e  Deep Space Network w i l l  c o n s i s t  of two 
opera t iona l  8!j-:Eoot antenna f a c i l i t i e s ,  S-band equipped, a t  each of t h e  t h r e e  
long i tud ina l  Locations requi red  t o  maintain continuous su rve i l l ance  o j  a 
lunar or  p lane tary  mission. 
f l i g h t  mission requirements.  S t a t i o n s  wi th  heavy workloads w i l l  r equ i r e  
add i t iona l  work s h i f t s .  The prototype 210-foot antenna f a c i l i t y  a t  Goldstone 
w i l l  become opera t iona l  during the  f i r s t  p a r t  of FY 1967, and w i l l  r equ i r e  
s i n g l e - s h i f t  s t a f f i n g .  The SFOF a l s o  w i l l  r equ i r e  add i t iona l  staffin!;  and 
computer capac i ty  t o  handle t h e  pro jec ted  workload i n  FY 1967. 

S t a f f i n g  a t  a l l  s t a t i o n s  w i l l  increase  t o  meet 

Other Instrumentat ion Operations 

Instrumentat ion systems are operated i n  support  of sounding rocket  programs 
conducted a t  For t  Church i l l ,  Canada, and Wallops S t a t i o n ,  V i rg in i a ,  and f o r  t he  
f l i g h t  research programs a t  the  F l i g h t  Research Center ,  Ca l i fo rn ia .  
purpose t r ack ing ,  te lemetry,  data a c q u i s i t i o n ,  recording,  t iming ,  p l o t t i n g ,  and 
communications systems are provided as w e l l  as s p e c i a l  purpose o p t i c a l  and 
sound ranging; ( ,acoust ical)  equipment f o r  s p e c i f i c  missions.  

General 
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The instrumentat ion required f o r  support  of  missions launched from kl'8lhpS 
S t a t i o n  is operated by NASA con t r ac to r s  and by o t h e r  government agencies 
such as t h e  We,ather Bureau, t h e  National Bureau of Standards,  t he  U.S. Navy, 
t he  U.S. A i r  Force, and t h e  Mi l i t a ry  Sea Transportat ion Service.  Funds, 
required i n  FY 1967 r e f l e c t  approximate c o s t s  which a r e  being experienced i n  
t h e  cur ren t  year  with a s l i g h t  increase  f o r  add i t iona l  engineering e f f o r t  
needed i n  the  areas  of da ta  ana lys i s  and computation, instrumentat ion 
development, t r a j e c t o r y  determination and impact p red ic t ion ,  and q u a l i t y  
assurance.  

E f fec t ive  January 1, 1966, management r e s p o n s i b i l i t y  f o r  t he  Fort  Churchi l l  
f a c i l i t y  w a s  t r a n s f e r r e d  from the  U.S. A i r  Force t o  t h e  National Reseai:ch 
Council of Canada. Instrumentation a t  For t  Churchi l l  is  con t r ac to r  opcrated 
and i s  funded j o i n t l y  by the  National Research Council and NASA as  a cooperative 
e f f o r t .  Costs t o  NASAwill continue i n  FY 1967 a t  about t he  same leve:. a s  
t he  cur ren t  year. 

The F l i g h t  Research Center ' s  Aerodynamic Test Range includes th ree  : s i tes  
located i n  the  Nevada and Eastern Ca l i fo rn ia  a rea .  The s i t e  at Edward:; A i r  
Force Base i s  s t a f f e d  by NASA personnel augmented by some cont rac tor  personnel.  
The Ely and Beatty sites i n  Nevada a r e  cont rac tor  operated.  Among the  programs 
t o  be supported i n  FY 1967 w i l l  be the  Lunar Lander Research Vehicle,  Izhe 
L i f t i n g  Reentry Research Vehicle,  t he  space sc iences  experiment program using 
the  X-15, t he  XB-70 f l i g h t  program, and var ious  s m a l l  a i r c r a f t  research 
p ro jec t s  including the  s tud ie s  on laminar flow. 

Communications Operations 

NASA's trac.ki.ng s t a t i o n s  and cont ro l  cen ters  are l inked  together  by a 

Commumi.cations switching cen te r s  have been e s t ab l i shed  a t  major 
s i n g l e  opera t iona l  communications system operated by t h e  Goddard Space F l i g h t  
Center.  
loca t ions  such tiis Goddard, London, and Aus t r a l i a ,  t o  maximize c i r c u i t  sharing. 
Requirements in most cases  a r e  being met by providing a l t e r n a t e  voice/data  
c i r c u i t s  i n s t ead  of s t r a i g h t  voice c i r c u i t s ,  thereby reducing the  t o t a l  
number of c i r c u i t s  needed. 

I n  t h e  ear1.y Mercury missions,  considerable  r e l i a n c e  was placed on high 
frequency rad io  c m u n i c a t i o n s .  As a r e s u l t ,  network communications were 
l imi ted  and not of s a t i s f a c t o r y  r e l i a b i l i t y .  Although t h i s  s i t u a t i o n  has 
improved with Gemini, i t  is  s t i l l  not poss ib le  t o  t ransmit  s u f f i c i e n t  vo ice ,  
te lemetry,  arid t rack ing  da ta  from remote s t a t i o n s  t o  t h e  Mission Control 
Center o r  t o  provide s u f f i c i e n t  r e l i a b l e  voice up-data and commands from 
the  Control C:enl:er t o  the  spacecraf t  i n  r e a l  t i m e .  

I n  t h e  Apo'Llo program, the  increased complexity of t h e  missions anc t h e  
number of vehic:les t o  be supported have d i c t a t e d  the  requirement f o r  \ res t ing  
complete r e s p o n s i b i l i t y  f o r  rea l - t ime mission con t ro l  d i r e c t l y  i n  a cc n t r a l l y  
located f a c i l i t y .  To achieve the  required cen t r a l i zed  c o n t r o l ,  t he  remote 
s i t e s  must have s u f f i c i e n t  communications with the  c e n t r a l  f a c i l i t y  i r t  terms of 
both r e l i a b i l  i t : y  and capaci ty  t o  provide f l i g h t  cont ro l  funct ions through remote 
opera t ion  froin the c e n t r a l  loca t ion .  
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The FY 1967 budget r e f l e c t s  the  cos t  of providing the  q u a l i t y  and -rolume 
of communications se rv ice  necessary t o  meet t he  requirements of t he  Al~ol lo  
program. Couwunications requirements w i l l  be met through the  l ea s ing  of 
s e rv i ces  provided by communications s a t e l l i t e s  as wel l  a s  through conventional. 
c i r c u i t s .  Ccmunicat ions se rv ice  v i a  s a t e l l i t e  w i l l  be provided t o  s i x  
t rack ing  s t a t i o n s :  Carnarvon, Aus t r a l i a ;  Canary I s land;  Ascension; a i d  the  
t h r e e  Apollo in . ser t ion / in jec t ion  sh ips .  F i s c a l  year  1967 a l s o  r e f l e c t s  the  
cos t  o f  leasing, t he  approximately seventy voice lda ta  c i r c u i t s ,  twenty-four 
t e l e t y p e  c i r c .u i t s ,  and two wideband channels required f o r  Apollo. 

Data Processing Operations 

1nformati .m received i n  the  form of t racking  and te lemetry from s a t e l l i t e s  
and space probes m u s t  be processed i n t o  a form t h a t  i s  use fu l  t o  both those 
performing the  r e a l  -time con t ro l  of the  space veh ic l e  and those responsible  
f o r  analyzing t:he s c i e n t i f i c  da t a  acquired by the  spacec ra f t .  

Tracking dat:a a r e  processed t o  provide o r b i t a l  elements which a r e  used t o  
supply st.ati.onc; with pred ic t ions  on f u t u r e  passes  of t h e  spacecraf t  and t o  
provide posi.l:ion information t h a t  can be used by the  s c i e n t i f i c  experimenters 
t o  determine where i n  the  t r a j e c t o r y  the  s c i e n t i f i c  measurements were made. 

Telemetry da t a  must be processed t o  sepa ra t e  the  information from the  
var ious  s c i e n t i f i c  experiments aboard the  spacec ra f t ,  t o  consol ida te  
information .Erom each experiment, t o  apply the  necessary s c a l i n g  f a c t o r s  and 
c a l i b r a t i o n s  of the  measuring instruments ,  and t o  c o r r e l a t e  these  messurements 
with the  pos i t i on  da ta  mentioned above. Processed da ta  presented t o  the  
experimenter:; ;are the  primary ob jec t ive  of the  spacecraf t  missions which 
a r e  undertal.ren t o  explore and understand space. 

The incre3sed number of spacecraf t  t o  be supported i n  FY 1967, i n  
conjunction with the  g rea t e r  number of experiments c a r r i e d  per  s a t e l l i t e ,  
p a r t i c u l a r l y  i n  the  observatory s a t e l l i t e s  , w i l l  r e s u l t  i n  a l a rge  irrcrease 
i n  the  te lemetry da t a  processing workload. Funds a l s o  w i l l  be requii ,ed i n  
FY 1967 t o  handle the  projected increases  i n  computer programming ana 
o r b i t a l  computations assoc ia ted  with such complex upcoming projecils iis the  
Orbi t ing  Asit ronomical Observatory. 

Equipment 

1967 __ 1965 1966 - 
Manned space f l i g h t  network..... $98,348,000 $50,300,000 $20,500,000 
S a t e l l i t e  network. . . . . . . . . . . . . . .  17,995,000 15,800,000 l l c  ,500 ,OO(> 
Deep space network.. . . . . . . . . . . . .  15,168,000 9,900,000 10 , 500,000 
Other instrumentat ion. . . . . . . . . . .  4,300,000 4,065,000 ~t,500,00(3 .......... 4,755,000 5,100,000 7 ,500,000 Communications........ 

. 3  ,000 ,000 Data processing 3,916,000 2,500,000 __ ................. _- 
Tota l . . . . . . . . . . . . . . . . . . . . . . . . .  $144,482,000 $87,665,000 SI ,500 ,OOQ - -- 
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Manned Space F l i g h t  Network Equipment 

The Manned Space F l i g h t  Network is now support ing the  Gemini Program i n  
the  a reas  of t racking ,  te lemetry,  command, and communications. ProcurI2ment 
and manufacture of  equipment needed t o  meet t he  g r e a t l y  increased requirements 
f o r  support  of' the  Apollo Saturn I B  and Saturn V programs were initiat1.d i n  
FY 1964 and ccntinued i n  FY 1965 and 1966. 
t o  incorporate  add i t iona l  c a p a b i l i t i e s  i n  the  network f o r  support  of t ' ie  
Apollo lunar  missions and t o  meet c o s t s  of i n s t a l l i n g  equipment at: t he  
s t a t i o n s  and in t eg ra t ing  hardware and f a c i l i t i e s  a s  a compatible, un i f i ed  
network . 

Funds a r e  required i n  FY 1367 

The augmen.t:at.ion of the  network f o r  Apollo w i l l  provide the  ground 
instrumentat ion support  necessary t o  f u l f i l l  the  present ly  defined Apollo 
program requirements; however, s p e c i f i c  mission d e f i n i t i o n  and assoc ia ted  
t racking  and da ta  acqu i s i t i on  requirements d e f i n i t i o n  a r e  cont inuing e f f o r t s .  

for  modif icat ion and equipping of t he  e igh t  Apollo/Range Instrumentat ion 
A i r c r a f t .  Tht:se a i r c r a f t ,  i n i t i a l l y  au thor ized  i n  FY 1965, w i l l  provide 
voice  comiunic:at:ions with t h e  a s t ronau t s  and te lemetry coverage during 
i n j e c t i o n  of t he  Apollo spacecraf t  i n t o  the  t rans lunar  t r a j e c t o r y  and during 
the  r een t ry  i n t o  the  e a r t h ' s  atmosphere. 
cont rac t  i s  s u b s t a n t i a l l y  g rea t e r  than fo recas t .  The FY 1967 budget includes 
funds t o  c:ovei: t h e  a d d i t i o n a l  c o s t s  of t h i s  con t r ac t .  

During the p ~ s t  year ,  t he  A i r  Force negot ia ted  and awarded the  con t r ac t  

The negot ia ted  value oE t h e  

F i sca l  year  1.967 funds a r e  a l s o  required f o r  addi t ions  t o  the  memory 
capaci ty  of  the o n - s i t e  da t a  processing equipment. A review of  f l i g h t  c o n t r o l ,  
command, and d isp lay  requirements has ind ica ted  t h a t  t he  memory capaci ty  must  
be expanded by 50 per cent  t o  cover the  rendezvous, lunar  landing,  and Earth 
r e t u r n  phases of the  lunar  missions.  Equipment and modif icat ions t o  provide 
the  necessary augmentation of memory capac i ty  w i l l  be incorporated a t  13 
land s t a t i o n s  f o r  Apollo support .  

Equipment must be added t o  the  e x i s t i n g  network cont ro l  cen te r s  t o  enable 
opera t iona l  con t ro l  of the  network during non-mission per iods and s imula t ions ,  
and t o  provide the  c a p a b i l i t y  t o  a s ses s  network performance during mission 
per iods.  F u d s  required i n  FY 1967 a r e  p r i m a r i l y  f o r  equipment t o  be i n s t a l l e d  
f o r  Apollo support  i n  t he  Manned Space F l igh t  Network cont ro l  cen ter  2 . t  t he  
Goddard Space F l i g h t  Center.  

A review of . a i r f i e l d  c a p a b i l i t y  by the  A i r  Force has ind ica ted  that 
addi t ions  and modif icat ions t o  c e r t a i n  e x i s t i n g  commercial a i r f i e l d s  w i l l  be 
required i n  sJpport  of the  e igh t  Apollo Range Instrumentat ion A i r c r a f t .  
d e t a i l e d  o n - s i t e  survey by the  A i r  Force i s  underway t o  determine the  ex ten t  
of modif icat ions required a t  severa l  loca t ions .  F i s c a l  year  1967 funds w i l l  
be required f o r  these  addi t ions  and modif icat ions.  

A 
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During FY 1967, f a c i l t i e s  w i l l  be completed and equipment w i l l  be 
i n s t a l l e d  i n  near ly  a l l  of the  network s t a t i o n s .  
from t h i s  e f f o r t  a r e  those f o r  systems engineering; f o r  the  shipment of equip- 
ment t o  the  network s t a t i o n s ;  f o r  t he  provis ion  of network d e s c r i p t i v e  
documentation, s p e c i f i c a t i o n s ,  and manuals; f o r  t he  provis ion  of s tandard 
t e s t  equipment; and f o r  t he  establishment of spare  p a r t s  i nven to r i e s  needed 
t o  preclude long periods of s t a t i o n  downtime during mission per iods.  

Costs a r i s i n g  d i r e c t l y  

S a t e l l i t e  Network Equipment 

During the  p a s t  severa l  years ,  the  primary ob jec t ive  of t he  S a t e l l i t e  
Network equipment program has been t o  achieve a general  purpose c a p a b i l i t y  
which w i l l  meet t he  more complex support  requirements of the  advanced 
s c i e n t i f i c  and app l i ca t ions  s a t e l l i t e s ,  and a t  the  same time accommodnte the  
increas ing  workload on the  network. The FY 1967 program represents  a 
cont inuat ion of equipment augmentations and modif icat ions which were i n i t i a t e d  
i n  p r i o r  years  t o  meet t h i s  ob jec t ive .  It a l s o  includes funds f o r  improvements, 
replacements, and recur r ing  support  i tems required t o  maintain t h e  general  
purpose capa t l i l i ty  . 

F i s c a l  year  1967 funds a r e  required t o  complete modif icat ions of tlie Range 
and Range Ra.te t r ack ing  systems a t  four  opera t iona l  s i t e s .  
FY 1966, these  modif icat ions involve a frequency change and improvements t o  
incorporate  g r e a t e r  systems performance ga in .  

I n i t i a t e d  i n  

For seve ra l  years ,  a long range program has been under way t o  augment the 
network w i t h  high performance te lemetry and command l i n k s  t o  meet the  
expanding wo~i:kI.oad. I n  FY 1967, add i t iona l  r ece ive r s ,  phase demodulators 
and recording equipment w i l l  be procured t o  provide the  number o.E te lemetry 
l i n k s  needed f o r  the  pro jec ted  workload. 
improved by rep lac ing  mechanical po la r i za t ion  switches with more r e l i a b l e  
s o l i d - s t a t e  components. 
new 40-foot mt:enna f a c i l i t y  i n  Alaska. 

Exis t ing  te lemetry l i n k s  w i l l  be 

Telemetry equipment a l s o  w i l l  be procured f o r  the  

Command 1.inks procured with p r i o r  years  funds have been used ex tens ive ly ,  
and c e r t a i n  de f i c i enc ie s  have been i d e n t i f i e d  which n e c e s s i t a t e  c o r r e c t i v e  
a c t i o n  t o  mi.nimize opera t iona l  complications and t o  prevent excessive main- 
tenance. Included i n  the  FY 1967 program a r e  the  replacement of tube t r a n s -  
m i t t e r s  with s o l i d - s t a t e  t r a n s m i t t e r s ,  replacement of the  rim-mounted 
command ant<:llnas on the  4iO-foot and 85-foot d i shes  with smaller  and n.ore 
r e l i a b l e  antcinxias, and the  replacement of e x i s t i n g  command encoders a t  
s e l e c t e d  sta1:ions with a more f l e x i b l e  programmable encoder. 

I n  FY 1967, new consoles w i l l  be provided a t  s e l e c t e d  s t a t i o n s  t o  
c e n t r a l i z e  the  switching of subsystems such as r ece ive r s ,  da t a  handling equip- 
ment, t ape  i:ecorders, command genera tors ,  and t r ansmi t t e r s .  Cen t r a l j  zed 
cont ro l  i s  iilecessary t o  minimize s t a t i o n  turn-around time between paE s e s  and 
t o  allow the  most e f f i c i e n t  use of the  expanding c a p a b i l i t y  of network 
s t a t i o n s .  'l.'lizis3 equipment w i l l  permit the  s t a t i o n  c o n t r o l l e r  t o  s e l e c t  the  
conf igura t ion  of subsystems necessary to  support  a given mission and t o  
monitor remotely the  opera t iona l  performance of t hese  subsystems. 
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Cer ta in  p r o j e c t s  t o  be supported by the  S a t e l l i t e  Network have spc!cializecl 
requirements which cannot be f u l f i l l e d  by the  genera l  purpose network equip- 
ment. 
Alaska and Rosman f o r  Nimbus B support  and f o r  modif icat ions t o  t h e  videband 
telecommunications system. Funds a r e  a l s o  needed f o r  i n t e g r a t i o n  of t he  
Applicat ions Technology S a t e l l i t e  ground support  equipment procured :.n 
FY 1965 and 1966. 

F i sca l  year 1967 funds a r e  required f o r  equipment supplements at 

The S a t e l l i t e  Network con t ro l  cen te r  a t  the Goddard Space F l igh t  Center 
mus t  be adapted t o  meet the  requirements of f l i g h t  p ro jec t s .  I n  FY :.967, 
equipment addi t ions  w i l l  be necessary t o  support  t he  Nimbus B mission and 
minor equipment modif icat ions w i l l  be required f o r  follow-on mission:; of the  
Orbi t ing  Geophysical Observatory, t h e  Orbi t ing Astronomical Observatory, and 
the  Explorer s e r i e s .  

To maintain t h e  c a p a b i l i t y  of the  network, a cont inuing t e s t ,  c a l i b r a t i o n ,  
and checkout program i s  required.  FY 1967 funds w i l l  be used for re>lacement; 
of the  l a r g e  d i sh  o p t i c a l  c a l i b r a t i o n  system wi th  a more r e l i a b l e  ant3 heavier  
duty u n i t .  Additional q u a l i t y  assurance equipment w i l l  be procured €or t e s t -  
ing  of gr0ur.d systems under simulated operat ing condi t ions.  
equipment w i t h  a near-real- t ime c a p a b i l i t y  f o r  analyzing antenna p a t t e r n  
measurement da t a  a l s o  w i l l  be procured. A t  the  present  t ime, t h e  antenna 
measurement da ta  a r e  re turned t o  Goddard f o r  ana lys i s  r e s u l t i n g  i n  s i b s t a n t i a l  
delays i n  determining antenna anomalies. 

F i e ld  Ca l ib ra t ion  

Funds art: required on a r ecu r r ing  b a s i s  f o r  the  r e p a i r  and modif icat ion of 
f a c i l i t i e s  t:o s u s t a i n  cur ren t  operat ions and t o  improve network perf Drmance 
and reli.abi.1.it:y. I n  FY 1967, modif icat ion of some s t a t i o n  f a c i l i t i e s  w i l l  
be necessary to house equipment addi t ions .  
cab l ing ,  augmentation of s t a t i o n  power systems, modif icat ion of a i r -condi t ion-  
ing systems, and f a c i l i t y  r e p a i r s  a t  the  s t a t i o n s .  
spares  and i:eplacement p a r t s  a l s o  a r e  included i n  t h e  FY 1967 reques t .  

Also required a r e  funds f o r  

Funds f o r  procurement of 

Deep Space Network Equipment 

The PY 1067 Deep Space Network equipment program w i l l  be d i rec ted  toward 
assur ing  the c a p a b i l i t y  of the  network t o  meet t he  per iod of peak lcading 
which i s  scheduled t o  occur i n  calendar  year  1967. I n  add i t ion ,  a Frogram 
of required engineering changes, modi f ica t ions ,  equipment replacemert ,  and 
spares  provis ioning w i l l  be conducted t o  assure  t h e  required l e v e l  c f  n e t -  
work perfonnaiice and system r e l i a b i l i t y .  

The major i t e m  of the  Deep Space Network equipment c o s t  i n  FY 1907 w i l l  
be f o r  s t a t i o n  monitoring and cont ro l  equipment. The purpose of t h i s  program 
i s  t o  implement a s i n g l e  s tandardized set of equipment a t  each s i t e  which 
w i l l  se rve  thle needs of mul t ip le  f l i g h t  programs. FY 1967 funds a r e  required 
f o r  modif icat ion of cont ro l  and monitoring consoles t o  handle d i g i t a l  formats,  
and f o r  procurement of communications bu f fe r s  and l i n e  p r i n t e r s  f o r  a l l  s i t e s .  
These modif icat ions,  along with p r i o r  year  equipment purchases,  w i l l .  provide 
a c a p a b i l i t y  f o r  continuous,  semi-automatic monitoring of equipment performance 
a t  each s t a t i o n .  It a l s o  w i l l  provide real- t ime d a t a  on t h e  operat:.onal stetits 
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of each s t a t i o n  t o  the  Space F l i g h t  Operations F a c i l i t y  so t h a t  the  necessary 
dec is ions  can be made and co r rec t ive  a c t i o n  i n i t i a t e d  when required.  

Low speed e l e c t r i c  motors t o  d r ive  the  85-foot antennas automatical ly  a t  
a s i d e r e a l  r a t e  w i l l  be procured i n  FY 1967 f o r  t he  opera t iona l  antennas.  
This d r i v e  is required f o r  long per iods of spacecraf t  coverage a t  planetary 
d is tances  when the  r o t a t i o n  of the  Earth i n  r e l a t i o n  t o  the  spacecraf t  i s  
extremely sl.ow ,, 

The Deep Space Network s tandard conf igura t ion  includes a 10 k i lowat t  
t r ansmi t t e r  i i t  each opera t iona l  s i t e .  The only high power t r ansmi t t e r  i n  the 
network is  1.ociated a t  the  Goldstone Venus research and development s t a t i o n .  
During the  ].;iter months of t he  Mariner f l i g h t  t o  Mars, t h i s  t r ansmi t t e r  
insured ii r e l i a b l e  up-l ink between the  ground and the  spacec ra f t .  It i s  
planned t:o ~ ~ n c o r p o r a t e  a high power t r ansmi t t e r  c a p a b i l i t y  a t  the  21C -foot 
antenna facn Li ty  a t  Goldstone. 
which w i l l  be procured with FY 1967 funds. 

This r equ i r e s  an augmented power sup€ l y  

Support o E  both manned and unmanned f l i g h t s  by the  Deep Space Network 
r equ i r e s  r ece ive r  compat ib i l i ty  wi th  the  Manned Space F l igh t  Network. 
Improvements and modif icat ions which have been made i n  t h e  r ece ive r  Eystems 
f o r  manned f l i g h t  support  must  be incorporated i n t o  the  Deep Space N E  twork. 
These modif icat ions w i l l  l e s sen  the  time required f o r  checkout, signzil 
a c q u i s i t i o n ,  and frequency changeover and w i l l  provide f o r  a wider t m i n g  
range . 

The FX 1'367 program includes funds f o r  general  purpose support  whj.ch i s  
required t o  sus t a in  cur ren t  opera t ions  and t o  improve network performance 
and r e l i a b i l i t y .  Included a r e  such items as genera tors ,  power systeri  
modi f ica t ions ,  microwave modi f ica t ions ,  c a l i b r a t i o n  and t e s t  equipmerit, 
i n t e r f a c e  and i n t e g r a t i o n  equipment, i n t r a s i t e  communications, and cabl ing.  

F i s c a l  year 1967 funds a r e  required t o  continue modif icat ions of i:he Space 
F l i g h t  Operations F a c i l i t y  f o r  mul t ip le  mission support .  This Control Center 
a l s o  w i l l  ble provided with a c a p a b i l i t y  for p a r t i c i p a t i o n  as an i n t e g r a l  n e t -  
work element during mission s imula t ions ,  Through such p a r t i c i p a t i o n ,  t he  
SFOF can determine network readiness  f o r  mission support  and assess  1:he l eve i  
of performance t o  be expected. I n  add i t ion ,  a c a p a b i l i t y  w i l l  be provided 
f o r  t r a i n i n g  of personnel a t  s t a t i o n s  and the  SFOF, thus improving tlie 
r e l i a b i l i t y  of the  e n t i r e  network. 

Other Instrumentat ion Equipment 

L wide v a r i e t y  of f ixed  and mobile equipment is  used t o  provide i i s t rumen ta -  
t i o n  support a t  Wallops S t a t i o n  and po in t s  off  the  main s t a t i o n ,  and a t  the  
F l i g h t  Research Center.  
maintenance program t o  assure  the  necessary r e l i a b i l i t y  f o r  mission support. 
I n  addi t ion  , a n  improvement program i s  undertaken whereby indiv idua l  sub- 
assemblies c r  components of major systems a r e  modified o r  replaced t 2  improve 
the  range, speed, accuracy, and f l e x i b i l i t y  of the  systems. The reqi i rement  

This equipment i s  under a continuous prevent ive 
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f o r  t hese  improvements i s  generated by t h e  l a r g e  number and types of rocke ts  
i n  the  cu r ren t  and planned f l i g h t  schedules of Wallops S t a t i o n  and by the  
high performance c h a r a c t e r i s t i c s  of the  f l i g h t  p r o j e c t s  supported by t h e  
F l i g h t  Research Center.  

During FY 1967, t he  F l i g h t  Research Center w i l l  continue to update t h e  
te lemetry systems of t he  Aerodynamic Test  Range. 
purchased f o r  the  Edwards s i t e  i n  FY 1966 w i l l  be i n s t a l l e d  and made 
opera t iona l .  
s t a t i o n .  
radar  a t  the  Edwards s i t e  w i l l  be o u t f i t t e d  with a s o l i d - s t a t e  p rec i s ion  da ta  
system i n  order  t o  decrease maintenance time. 

Equipment which w a s  

S imi la r  equipment w i l l  be procured and i n s t a l l e d  a t  the  Ely 
Display systems w i l l  be updated t o  meet program requirement:;. The 

A t  Wallops S t a t i o n ,  funds w i l l  be required i n  FY 1967 t o  update thl? 
telemetry system on the  6O-foot antenna, t o  modify su rp lus  Department of 
Defense radars  t o  meet NASA's requirements,  and t o  modify and in tegra :e  
range cont ro l  systems. Funds a r e  a l s o  included f o r  t he  procurement oE non- 
recoverable  hardware required i n  support  of t h e  var ious  missions.  

Communications Equipment 

Funds f o r  FY 1967 r e f l e c t  the  cont inua t ion  of a planned program t o  i n s t a l l  
switching equipment a t  major communication foca l  po in ts .  With the  buildup of 
t h e  Madrid complex, a s o l i d - s t a t e  switch w i l l  be i n s t a l l e d  t o  m a x i m i 2 2  
c i r c u i t  shar ing and t o  handle the  high speed da ta  t ransmissions required by 
Apollo. A s c l i d - s t a t e  switch w i l l  a l s o  be i n s t a l l e d  a t  t h e  J e t  I'ropuLsion 
Laboratory (JPL,) t o  handle t h e  high speed da ta  from the  Deep Space Network, 
and t o  interconnect  c i r c u i t s  with Goddard Space F l i g h t  Center.  

Funds w i l l  also be required i n  FY 1967 t o  provide a l i n e  concentrat ion 
switch a t  Guam i n  support  of Apollo and f o r  major modif icat ion of the  switch- 
ing c a p a b i l i t y  a t  Goddard t o  accommodate the  inc reas ing  flow of communications. 
Expansions of' t he  switching u n i t s  a t  London, Canberra, and H a w a i i  w i l l  be 
required t o  kandle the  high speed da ta  t ransmissions assoc ia ted  with Apollo. 

Other modi.fi.cations planned i n  FY 1967 include an upgrading of the  Goddard 
and JPL telet .ype and voice systems. Recurring equipment i tems which a r e  
necessary t o  maintain and update e x i s t i n g  systems w i l l  a l s o  be required.  
These inc1ud.e s i g n a l  genera tors ,  modulating and demodulating devices ,  high 
frequency ra.clio da t a  modems, da t a  q u a l i t y  monitors,  da t a  de t ec t ion  and e r r o r  
co r rec t ion  equi.pment, and d i s t o r t i o n  measuring u n i t s .  

Data Processing Equipment 

The opera t iona l  da t a  processing equipment w i l l  continuously r equ i r e  minor 
redesign,  modif icat ion,  and improvement as w e l l  as normal maintenance and 
r e p a i r .  Although the  da t a  processing l i n e s  a r e  made as f l e x i b l e  as poss ib l e ,  
modif icat ions must be made t o  the  l i n e s  t o  s a t i s f y  requirements of new programs 
a s  the  1i.fet.j.mes and da ta  t ransmissions of  o lde r  s a t e l l i t e s  terminate .  Funds 
i n  FY 19617 will. continue t o  provide the  components f o r  t hese  modif icat ions and 
improvement E; I 
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I n  FY i96'7, an addi t iona l  l i n e  of t h e  high capac i ty  Phase I1 S a t e l l i t e  
Telemetry Aul-ornatic Reduction System (STARS) is t o  be procured by the 
Goddard Space ]?light Center. 
requirements of t he  Nimbus B and t h e  Applicat ions Technology S a t e l l i t e ,  and 
t o  serve  as backup t o  o t h e r  l i n e s  which w i l l  be loaded t o  capac i ty  bq such 
high da ta  raze  s a t e l l i t e s  as the  Orbi t ing  Geophysical Observatory (OC-lO), Polar  
Orbi t ing  Geophysical Observatory (POGO), the  Orbi t ing  Astronomical Okservatory 
(OAO), and the  In t e rp l ane ta ry  Monitoring Platform (IMP). 

This l i n e  is needed t o  meet the  d a t a  processing 

Additional te lemetry reduct ion and processing equipment i s  needed t o  provi.de 
f l e x i b l e , ,  h igh speed reduct ion of d a t a  f o r  quick-look ana lys i s  by exFlerimenters. 
This i s  of finc:reasing importance as spacec ra f t  become more complex and have t.he 
c a p a b i l i t y  o E  opera t ing  i n  var ious  modes. This r equ i r e s  t h a t  decisiclns be made 
i n  monitoring experiments and i n  the  da t a  r a t e s  t o  be used. A f l ex i l l l e ,  high 
speed reduct: ion c a p a b i l i t y  provides ,  i n  rap id  fashion,  t h e  informaticln necessary 
t o  make t h e m  decis ions.  

T e s t  equipment, spa res ,  and replacements a r e  needed t o  maintain tlie var ious  
da t a  processing l i n e s ,  
l e v e l s  t o  insure  m a x i m u m  da t a  usage and opera t ing  e f f i c i ency .  

A l l  equipment must be maintained a t  peak opera t ing  

Supporting Research and Technology 

New systems ..................... 

Antenna subsystems .............. 
subsystems .................... 

Spacecraf t  subsystems ........... 

In tegra ted  systems a n a l y s i s ,  
development . and t e s t . .  ....... 

Receiver and t r a n s m i t t e r  

Data handling and control . . . . . . .  
Data processing and reduction..  , 

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

1965 

$1,580,000 

3,025,000 
2,511 , 000 

2,674,000 
1,729,000 

780,000 
1,201,000 

$13,500.000 

1966 

$1,160,000 

2,690,000 
2,150,000 

2,700,000 
2,400 , 000 
1,220,000 
1,480,000 

$13.800,000 

1967 _I 

$500,OO(b 

:I ,500,000 

- 

L ,600,000 

:!,300,000 
'2,100 ,000 
:! , 100 , 000 
1,700,001L 

%3,800,000 -.. - 
Supporting Research and Technology (SR&T) is  the  a c t i v i t y  whereby techno1og:I 

of advanced systems, components and techniques is developed which arc? then 
used t o  implement the  var ious  networks t o  meet t he  requirements of n:w f l ight :  
p r o j e c t s ,  both manned and unmanned. Complementary spacecraf t  subsys:ems a r e  
developed as wel l  as new equipment f o r  ground instrumentat ion support .  Opera- 
t i o n  of development s i t e s  i s  conducted so t h a t  t h e  performance and r2 l iab i l i t :y  
c h a r a c t e r i s t i c s  of new components and subsystems a r e  proven before  t i e  equip- 
ment i s  committed t o  t h e  network. Supporting Research and Technology e f f o r t  
i s  a l s o  d i r ec t ed  a t  reduct ion of r i s i n g  opera t ions  c o s t s  by inves t iga t ing  
techniques bhich lead  toward eventual s t a t i o n  automation. 
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With the  t rend  toward complex, long-duration f l i g h t  p r o j e c t s ,  t he  FY 1967 
SR&T program w i l l  p lace  g r e a t e r  emphasis on improvements f o r  increas ing  t h e  
r e l i a b i l i t y  and l i f e t i m e  of e x i s t i n g  systems and f o r  determining tecliniques 
f o r  e f f i c i e n t  u t i l i z a t i o n  of these  systems t o  meet upcoming requirements. 
The SR&T program is  organized i n t o  seven func t iona l  a reas  of  e f f o r t  which 
a r e  described below. 

New Systems 

E f f o r t  will begin i n  FY 1967 on a i r c ra f t -based  o p t i c a l  and in f r a red  t r ack -  
ing  instrummt.at ion systems which w i l l  be required i n  support  of f u t u r e  NASA 
f l i g h t  research programs, p a r t i c u l a r l y  atmospheric r een t ry  p r o j e c t s .  F i e ld  
t e s t  and e v d u a t i o n  of t he  Airborne Range and Orbi t  Determination (AROD) 
system and t:he S-band in te r fe rometer  w i l l  be concluded with FY '1966 funding. 

In t eg ra t ed  Systems Analysis ,  Development, and Tes t  

With network opera t ions  becoming a major expense, t he  e f f ec t iveness  of 
present  and, pl.anned opera t iona l  techniques must be c l o s e l y  examined and 
evaluated. 
equipping the  networks, t h a t  i s ,  using experimental s i t e s  t o  ensure rap id  
t r a n s i t i o n  from concept t o  labora tory  model t o  f i e l d  implementation. Areas 
t o  be inves t iga ted  i n  FY 1967 include t r a i n i n g ,  s imulat ion,  and means of 
assur ing  rc!:.ieble support  during c r i t i c a l  phases of a mission such as t h e  
Mars encouni:er . 

miis program w i l l  use the  method t h a t  has  proved e f f e c t i v e  f o r  

Antenna Subsystems 

A s  workload and mission complexity continue t o  inc rease ,  t h e r e  i s  a 
correspondiiig:ty g r e a t e r  dependence upon antenna system r e l i a b i l i t y  s ince  a 
backup c:apabiLity does not e x i s t  a t  most s t a t i o n s .  Consequently, ar.tenna 
subsystem cksign f o r  servo d r i v e s ,  antenna s t r u c t u r e s ,  and wideband feeds,  
must incorporate  t h e  l a t e s t  improvements i n  t h e  s t a t e -o f - the -a r t  . I n  
recent  year; ,  numerous mathematical t o o l s  have been developed which a r e  
va luable  i n  designing antenna subsystems. Because of t h e  ex is tence  of 
d e t a i l e d  mathematical models of t he  c r i t i c a l  p a r t s  of t h e  system , t h e  210- 
foot  Advanced Antenna System (AAS) at  Goldstone, C a l i f o r n i a ,  was suc:cessfull.y 
b u i l t  t o  perflwmance s p e c i f i c a t i o n s  w i t h i n  the  o r i g i n a l  budget and schedule 
es t imates .  I n  FY 1967, a c t u a l  opera t iona l  t e s t s  of t he  AAS w i l l  be employed 
t o  eva lua te  and r e f i n e  the  mathematical elements which were used i n  i t s  
design. 

Receiver and Transmit ter  Subsystems 

I n  FY 1967, the  r ece ive r  e f f o r t  w i l l  c o n s i s t  p r imar i ly  of dcweloxnent of 
a broader data bandwidth capaci ty  as wel l  a s  automatic r ad io  frequency 
cont ro l  fo r  pre- t racking  c a l i b r a t i o n ,  s i g n a l  a c q u i s i t i o n ,  and ac tua l  mission 
t racking .  
necessary t o  accommodate the  support  requirements of long-durat ion manned 
Earth o r b i t a l  missions.  Automatic r ad io  frequency con t ro l  i s  1:he f i r s t  of 

Increas ing  the  bandwidth of some of t h e  cu r ren t  r ece ive r s  i s  
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a s e r i e s  of a l . t e rna t ives  being evaluated t h a t  show promise of providing 
p a r t i a l  autorrlation of ground equipment f o r  some of t h e  c r i t i c a l  con t ro l  
funct ions.  

I n  the  a rea  of t r ansmi t t e r  subsystems, e f f o r t  w i l l  continue on improving 
the  re l iab i l i . t :y  of a 100 t o  400 ki lowat t  power ampl i f ie r .  

Data Handling and Control 

Future spac:ec:raft missions w i l l  be charac te r ized  by increas ing  complexity 
and long dura t ion .  This r equ i r e s  t h a t  t he  networks have increased opera t iona l  
f l e x i b i l i t y  and improved system r e l i a b i l i t y .  
becoming p a r t i c u l a r l y  c r i t i c a l  i n  such a reas  as antenna r e d i r e c t i o n ,  frequency 
changing, and. s h i f t i n g  t o  d i f f e r e n t  demodulation formats.  One of the  areas  t o  
be inves t iga ted  i n  FY 1967 w i l l  be t h e  use of computer-to-computer con t ro l  t o  
achieve g rea t e r  f l e x i b i l i t y  with e x i s t i n g  s t a t i o n  equipment. C r i t i c a l  para-  
meters of stad:ion s t a t u s  which a r e  monitored during a c t u a l  missions w i l l  be 
analyzed, and.  preliminary d e f i n i t i o n s  w i l l  be developed f o r  adapting computers 
t o  the  var  iou 5; t asks .  

Operational f l e x i b i l i t y  i s  

Data Processing and Reduction 

Ef fo r t  i n  t h i s  a r e a  is d i r ec t ed  toward more e f f i c i e n t  methods of process-  
i ng ,  reducing:, and d isp lay ing  extremely l a rge  volumes of s c i e n t i f i c  da t a  
which a r e  gathered,  usua l ly  i n  magnetic tape  form, from the  many s a t e l l i t e s  
and spacecraft: i n  the  NASA programs. 

I n  FY 1967,  it  s tudy w i l l  be i n i t i a t e d  t o  determine t o  what ex ten t  t he  
techniques, devel.oped f o r  t h e  S a t e l l i t e  Telemetry Automatic Reduction System 
(STARS) can k ~ c i  appl ied t o  meet f u t u r e  rea l - t ime mission con t ro l  needs during 
f l i g h t .  The i n i t i a l  s t e p  w i l l  cons i s t  of processing s e l e c t e d  da ta  immediately 
so  t h a t  a 1imi.ted number of c r i t i c a l  dec is ions  can be made by the  experimenter 
i n  near-re:al-t:inie. 

Spacecraf t  Subsystems 

Spaceborne el .ectronic equipments a r e  c lose ly  mated i n  c a p a b i l i t i e s  with 
equipment used f o r  the  t racking  and d a t a  acqu i s i t i on  networks. 
of component technology and technology f o r  applying information theory i s  
making pobsib:.e appreciable  increases  i n  o v e r a l l  support  c a p a b i l i t y  through 
improvements :.n spacecraf t  subsystems. 

The advancement 

I n  FY 1.967, a standard s o l i d - s t a t e  te lemetry t r ansmi t t e r  opera t ing  a t  136 
megacycles wK-1 be developed which is  s u i t a b l e  f o r  use i n  a v a r i e t y  of small 
spacecraft: .  Over approximately a t h r e e  year  per iod ,  a family of s tandard,  
r e l i a b l e ,  sol.:.d--state t r ansmi t t e r s  w i l l  be developed which can be appl ied to 
a wide variet:y of NASA programs. 

Investi.gat::.on of on-board da ta  handling techniques w i l l  continue.  I n  
FY 1967, it st:tidg w i l l  be made t o  de f ine  on-board d a t a  handling systems using 
previously devel-oped log ic  modules and memory u n i t s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1967 ESTIMATES 

OFFICE OF TECHELOGY UTILIZATION TECHNOLOGY UTILIZA'L1ION PROGRAM 

PROGRAM 0BJECJ:Tj:XfES AND JUSTIFICATION : 

The pri.maqr ob jec t ive  of t h e  Technology U t i l i z a t i o n  program is t o  Frovide 
f o r  t h e  wi.dest p rac t i cab le  and appropr ia te  disseminat ion to indus t ry  c f 
information c:oncerning NASA a c t i v i t i e s  and r e s u l t s  which appear t o  have 
indus t r ia l .  app l i ca t ions  p o t e n t i a l .  The NASA program o f f e r s  U.S. indus t ry  
unique opport:iinities t o  improve e x i s t i n g  i n d u s t r i a l  techniques and t o  develop 
new products and methods. It is  t h e  purpose of Technology U t i l i z a t i o r  t o  
assist i n  iden t i fy ing  quickly these  many oppor tun i t i e s  and t o  in su re  t h e i r  
expedi t ious disseminat ion f o r  t h e  b e n e f i t  of American indus t ry ,  and u l t imate ly  
t h e  individua' l  1J.S. c i t i z e n .  Technology U t i l i z a t i o n  a l s o  includes p r c j e c t s  
t o  s tudy and Ievaluate those f a c t o r s  which w i l l  improve our understanding of 
t h e  impl ica t ions  of t h e  space program. 

SUMMARY OF RXgLTRCES REQUIREMENTS: 

1967 - 1965 1966 

I d e n t i f i c a t i o n . ,  ................. $1,235,000 $1,220,000 $1 ,165,000 
Evaluation....................... 645,000 680,000 650,000 
Dissemination.................... 1,970,000 2,000,000 2,085,000 
Analysis..... .................... 900,000 850.000 - 900 * 000 

$4,750,000 $4,800,000 - Total........................., $4,750.000 

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

1965 1966 - 1967 

NASA Beadquarters...... ......... $4,750,000 $4,750,000 $4,800,000 

BASIS OF FUNQIIEQUIREMENTS : 

I d e n t i f i c a t i o n  

The 1dent i . f i .cat ion e f f o r t  is c a r r i e d  out  by NASA personnel;  s p e c i a l i s t s  
from research i n s t i t u t e s ,  u n i v e r s i t i e s  and indus t ry ;  and, by s c i e n t i s t s  and 
engineers  worki.ng f o r  NASA and NASA cont rac tors .  
ideas, innovat ions,  processes and techniques which appear t o  have pot en t i a1  
f o r  non-aero&pa,ce app l i ca t ion  and r e p o r t  them quickly t o  NASA Headquarters. 
These r epor t s  a r e  now coming i n  a t  t he  r a t e  of 1,200 per  year  and w i t h  t he  
present  emphasis on t h e  implementation of t h e  New Technology Reporting Clause 

These personne:t search f o r  
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i n  NASA c o n t r a c t s  t he  rate of repor t ing  is expected t o  increase .  The 
i d e n t i f i c a t i o n  e f f o r t  a l s o  includes t h e  i d e n t i f i c a t i o n  of incremental  cidvances 
i n  technology. Research i n s t i t u t e s ,  u n i v e r s i t i e s  and p r i v a t e  companie:; 
i d e n t i f y  these  incremental  advances i n  technology by reviewing broad a..-eas of 
space research and developing s t a t e - o f - t h e - a r t  summaries, c a l l e d  l.'echnology 

program w i l l  b e  continued a t  about t h e  same l e v e l  during FY 1966 and FI 1967. 

I 

I Surveys. During FY 1965, con t r ac t s  f o r  12 surveys were negot ia ted.  miis 

Evaluation 

The technical  information repor ted  t o  Headquarters i s  forwarded t o  a group 
of Research 1.1istitutes and evaluated f o r  novel ty ,  t echn ica l  f e a s i b i l i t y  and 
relevance t o  riori-aerospace industry.  
t h e  I l l i n o i s  h s t i t u t e  of Technology Research I n s t i t u t e .  Innovat ions of meri t  
a r e  then  eval.uat:ed i n  d e t a i l  by t h a t  I n s t i t u t e  and one of four  o ther  con t r ac to r s :  
Arthur D. Lit:l:le, Ba te l l e  Memorial I n s t i t u t e ,  Stanford Research I n s t i t u t e ,  and 
Southwest Research I n s t i t u t e .  The product of t h i s  eva lua t ion  is a flow of 
new items .1 processes and techniques having non-aerospace po ten t i a l .  'Ihese 
processes a r e  then made ava i l ab le  i n  one of s eve ra l  publ ica t ions :  
Technology Ut i l i z a t  ion Notes, o r  Technology U t i l i z a t i o n  Handbooks. 
Br i e f s  a r e  one to two page b u l l e t i n s  about innovations,  published i n  t h i s  
format i n  order  t h a t  t h e  new developments may reach the  p o t e n t i a l  user  as 
quickly as poss i b l e .  
are more comprelnensive publ ica t ions  r e s u l t i n g  from in-depth eva lua t ions  by 
research con t r ac to r s  and prepara t ion  of more complete information on t.he 
subjec ts  covered. 
i s  expected t o  increase  the  r a t e  of documents coming i n t o  the  system, the  
funding requested f o r  FY 1967 w i l l  permit cont inua t ion  of t h i s  eva1ual:ion 
e f f o r t  a t  about t h e  same l e v e l  as f o r  FY 1966 and FY 1965. 

A preliminary review i s  conducted by 

Tech Br i e f s ,  
TE ch 

The Technology U t i l i z a t i o n  Reports , Notes and Handbooks 

Although the  cu r ren t  emphasis on new technology repor t ing  

Dissemination 

Dissemination a c t i v i t i e s  a r e  focused on exp lo i t i ng  the  normal chanie l s  of 
communicatior, t h a t  a r e  i n  ex is tence  o r  which can be developed. 
techniques of dissemination a r e  employed. 
cons i s t ing  of over 8,000 i n d u s t r i a l  companies and ind iv idua ls  who rece ive  
information i n  some cases  on a l l  Technology U t i l i z a t i o n  pub l i ca t ions ,  and i n  
o the r s  only those i n  t h e i r  t echn ica l  a r eas  of i n t e r e s t .  
disseminaticm is through experimental reg iona l  dissemination cen te r s .  The 
f i r s t  experi.rienta1 regional  program was e s t ab l i shed  i n  January,  1962, wi th  
t h e  Midwest Itesearch I n s t i t u t e  (MRI) at Kansas Ci ty ,  Missouri .  MRI h a s  
employed a broad, general ized approach i n  disseminating ideas  and innovations 
t o  over 1,000 i n d u s t r i a l  f irms i n  t h e  Midwest area.  
w i l l  cont:inue t h e  bas i c  program and develop new programs for working more 
c lose ly  with the  Midwestern indus t ry  on a problem so lv ing  b a s i s ,  u s i r g  
computer sup~?o:rt from the  Aerospace Research Applications Center (AEWC) a t  
Indiana Universi ty .  
t h r e e  bas i c  se rv ices :  
semination t:3 (companies of t h e  Technology U t i l i z a t i o n  publ ica t ions  w ~ t h  
follow-up app l i ca t ions  engineering s e r v i c e ,  (2) Se lec t ive  Disseminati.on Servitct-, 

93.10 general  
The f i r s t  i s  by mail ing l i s t s  

The second form of 

During FY 1967, MRI  

This c e n t e r  was e s t ab l i shed  i n  January, 1963. I t  o f f e r s  
(1) I n d u s t r i a l  Applicat ions Service,  a weekly d i s -  
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a bi-weekly computer read-out of t h e  new addi t ions  t o  the  NASA magnetic tapes  
t o  provide companies wi th  cu r ren t  announcements of items coming i n t o  t h ?  
information system; and, (3) Retrospect ive Search Service,  which a r e  responses 
t o  s p e c i a l  t echn ica l  quest ions,  accomplished by computer searching of t he  
e n t i r e  f i l e  of NASA documents (now t o t a l l i n g  approximately 200,000 items).  
During FY 1964 and FY 1965, s i x  Centers i n  add i t ion  t o  MRI and AEUC werc 
es tab l i shed .  I'hese are a t  Wayne S t a t e  Universi ty  (Det ro i t ) ;  t he  Universi ty  
of Pi t tsburgh;  Universi ty  of Maryland; Southeastern S t a t e  College a t  Durant , 
Oklahoma; the  North Carol ina Science and Technology Research Center;  an3 the  
Universi ty  of New Mexico. These Centers a r e  serv ing  over 120 member 
companies w i t h  more than 3,000 f i rms rece iv ing  some degree of s e rv i ce .  F i s c a l  
year  1967 fundE will be used t o  support  cur ren t  programs a t  these  Centers 
with appropriat  e modif icat ions and improvements; and a l s o  provide support  f o r  
s eve ra l  p i l o t  p ro j ec t s  with o the r  agencies.  
dissemination c:enters are planned. 

I n  add i t ion ,  two new experimental 

Analvsis 

I n  recognit:j.orr of t h e  much broader impact of NASA programs than simply 
t h a t  of a major one i n  advancing sc ience  and technology, support  is given t o  
a study prograri t:o analyze t h e  impact of t he  space program on t h e  reg iona l  and 
l o c a l  economy,, arid on i n d u s t r i e s ,  p r i v a t e  i n s t i t u t i o n s  and d i f f e r e n t  types of 
manpower. 
NASA's impact as it has a f f ec t ed  t h e i r  regions and t o  develop analyses  which 
lead t o  consiclaxiition of improved p o l i c i e s  wi th in  the  c o n s t r a i n t s  of ex i s t ing  
l e g i s l a t i o n .  
d i s t r i b u t i o n  c):f subcont rac ts  under the  Gemini program, regional  d i f f e rences  
i n  t h e  dist:ributiion of NASA and t h e  o the r  Federal  expendi tures ,  t he  r o l e  of 
Defense/Space programs i n  t h e  na t iona l  economy, and the  supply and demand f o r  
s c i e n t i f i c  manpower. These and similar s t u d i e s  w i l l  be conducted during 
FY 1967 t o  enhimce NASA's understanding of t h e  implicat ions of t h e  space 
program. 

The! pr inc ipa l  a i m  here  is t o  have researchers  assist i n  cha rac t e r i z ing  

1Jnder one g ran t ,  f o r  example, a study is  being made of t h e  

A recogni t ion  of t h e  need t o  so lve  c r i t i ca l  management problems and 
possibly t o  de1re:lop wholly new techniques f o r  managing such a l a r g e  anc complex 
research and t3l?vvcElopment e n t e r p r i s e  as t h e  NASA l e d  t o  t h e  support  of s tudy 
areas  t h a t  include t t i 2  o rganiza t ion  and management of l a r g e  R&D p r o j e c t s ,  t he  
d i v e r s i f i e d  r o l e s  of  the  research d i r e c t o r ,  t h e  government - indus t ry  cont rac t ing  
system, condi t ions under which t h e  t r a n s f e r  of new technology takes  p lace  i n  
t h e  economy, ind  top l eve l  po l icy  and decision-making i n  l a rge  R&D organiza- 
t i o n s .  During Ff 1967 NASA w i l l  continue t o  support  a modest program of 
research on snzh management problems, t h e  s o l u t i o n  of which w i l l  promot e 
increased manapeinent e f f i c i ency  both w i t h i n  t h e  agency and wi th in  those  
i n d u s t r i e s  witn whom NASA has con tac t s .  
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ELECTRONICS RESEARCH CENTER 
FISCAL YEAR 1967 ESTIMATES 

L O C A T I O N  PLAN 
CAMBRIDGE, MASS 

E X P A N S I O N  

B R O A D W A Y  
?-, 7' 

100 0 Io0 - 
SCALE IN FEE1 

0 0.1 0.2 0.3  0.4 0.5 - 
SCALE I N  MILES 

@ TOWER-E/A 8 GENERAL PURPOSE LABORATORIES 

@ MICROWAVE RADIATION 
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@ DINING (BASEMENT) 

@ UTILITY TUNNEL 
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8 QUALIFICATIONS LABORATORY 8 STANDARDS/ELECTRONIC COMPONENT! 

@ SPACE GUIDANCE/OPTICAL COMMUNICATIONS LABORAT06 

L E G E N D  

0 ~ ~ - 6 5  a 66 FACILITIES 

FACILITIES PROPOSED I N  1967 ESTIMATES 

BASEMENTS ASSOCIATED WITH FY-67 FACl LlTlES 
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N A T I O N A L  AERONAUTICS AND SPACE ADMINISTRATION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 19% BUDGET ESTIMATES 
(Eoiiars in ihousunds) 

FY 1965 INSTALLATION MISSION The mission of the Electronics Research P E R S O N N E L  S T R E N G T H  

Center i s  t o  increase the agency's capabi l i ty  i n  space -NASA PERSONNEL (Endof Year) 250 
electronics  by providing the knowledge and advanced -0 - 
technology needed t o  overcome deficiencies  i n  e l ec t ron ic  TOTAL ALL PERSONNEL 250 

and conducts a comprehensive program of basic  and applied N A S A - O W N ~ ~  

point for  nat ional  space e l ec t ron ic s  research, coordinat- (Leases, eaaansnte) 

research conducted by industry,  un ive r s i t i e s  , and pr ivate  
i n s t i t u t i o n s .  

CONTRACTOR AND O T H E R  PERSONNEL 

systems and components. The Center organizes , manages, L A N D  

space e l ec t ron ic s  research. It a l s o  provides a focal  O T H E R  GOVERNMENT AGENCY-OWNED 

ing nationwide research e f f o r t s  and sponsoring e l ec t ron ic  TOTAL LAND 

TOTAL CAPITAL INVESTMEN7 
(Including NASA-Owned Lmd) (ee of June 30, 19 65 ) 

FY 19 66 FY 19 67 
550 1000 
-0 - 40 
550 1040 

- NO. ACRES 

- - - 
' - 

PROJECT L I N E  I T E M  

Space Guidance/Optical Communications Laboratory 
Qua 1 i f  i ca t i ons and Standards 1 E le c t  ronic Components 

Center Support F a c i l i t i e s  (Phase 111) 
Laboratory 

ALL OTHER PROJECTS 

0 
h! TOTALS 
F 

.. I NASA FORM 1029 (REV. JUN 651 PREVIOUS EDITIONS ARE OBSOLETE.  
m u  

Includes work in process .  

C O G N I Z A N T  
O F F I C E  

ART 

ART 
ART 

F Y  1 9 6 3 T H R U  
C U R R E N T  YEAR 

624 

140 
130 

.^ 1 - 1  
I 0 , U U V  

18 900 

FY 19 67 
(Eetimated) 

4 , 954 
3,046 
2,000 

F U T U R E  (Est imated)  YEARS T O T A L  
A L L  YEARS 
(Estlmated) 

5,578 

3,186 
2 , 130 



CONSTRUCT ION OF FAC I L I T I E  S 

FISCAL YEAR 1967 ESTIMATES 

SPACE GUIDANCE/OPT ICAI, COMMUNICATIONS 
SPECIAL PURPOSE LABORATORY 

AUTHORIZATION &,E 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  of Advanced Research and Techno'logy 

LOCATION OF PROJECT: Cambridge, Middlesex County, Massachuset ts  

COGNIZANT NASA-INSTALLATION: E l e c t r o n i c s  Research Center  

TYPE OF CONSTR&QION PROJECT: New 

FUNDING : 

FY 1966 and P r i o r  Years $624,000 

FY 1967 E s t j m a i t e  4,954,000 

T o t a l  Fundimg Through FY 1967 $5,578.000 

PROJECT COST E:STlMATE : 

Unit  of 
Measure Q u a n t i t y  

Cons t ruc  t icz; 

4 -s t or:y 1-aborat o r y  
buil .ding Sq. Ft. 

S p e c i a l  c o n s t r u c t  i on  sq .  F t .  

Equipment 

Space Guidmce Lab : 

I n e r t i a l  t e s t  equipment 
S p e c i a l  i n s t rumen ta t ion  
O p t i c a l  dwices 
Analys is  Zquipment 
E1ectron:ic support  

equipment 

LS 
LS 
LS 
LS 

LS 

Unit T o t a l  
c o s t  c o s t  

$3.200 .ooo 

72,464 $33.98 2,462,000 
7 2,464 10.18 738,000 

$1,754.000 

--- 235,300 235,300 --- 110,6C)O 1.10,600 --- 346,200 346,200 --- 99,100 99,100 

--- 124,600 I. 24,600 
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Unit of 
Measure Quant i t  y 

Unit Total. 
c o s t  c o s t  

-I - 

I 

Prec i s  i o n  machinery 

Instrumlentation assembly 
--- equ ipinen t LS 

equipment LS --- 
Optical  &mnun ica t ions  Lab: 

0ptica:L t ransmission 

Optical  recept ion  

Opt ica l  ana lys i s  

Optics  prepara t ion  and 

equi pnent LS 

equ ipnen t LS 

equipment LS 

ma te r i a l  equipment LS 

--- Des inn  

--- 
--e 

Fa l lou t  S1ie:Lter --- 
TOTAL 

$42,300 $42,300 

32,900 32,900 

239,300 239,300 

277,600 277,600 

153,600 153,600 

92,500 92,500 

--- - - .. 
- 0 .* --- 

a,. ,954.000 
PROJECT PURP(3sII: 

This pro:jc.-ct w i l l  provide labora tory  f a c i l i t i e s  and s p e c i a l  equipment f o r  
conducting research on space guidance and o p t i c a l  communications systems, 

PROJECT DESCIIII?TION : 

This  SpecLal Purpose Laboratory i s  a four  s t o r y  bui ld ing  housing spec ia l  
research equipiment f o r  t he  Space Guidance and Optical Communications Labora- 
t o ry  funct ions.  
26,900 square f e e t ,  w i l l  provide ground level support  f o r  heavy equilment 
and equipment requi r ing  v ib ra t ion - f r ee  mounting and e x t r a  he ight  of rmre 
than twe.lve f e e t .  
square f e e t ,  w i l l  provide space f o r  s p e c i a l  research equipment of lesser 
bui ld ing  to le rances  than t h a t  which i s  c l o s e l y  a s soc ia t ed  with the  equipment 
i n s t a l l e d  a t  ground l e v e l .  
u t i l i t y  equfpment i t e m s  such as pumps, vacuum devices ,  fans ,  hea t  t r ims fe r  
u n i t s ,  e l e c t r i c a l  t ransformers ,  conver te rs ,  r egu la to r s ,  etc.,  necessliry t o  
provide the spec ia l  environment required f o r  t h i s  research.  

The basement, which extends under the  podium l e v e l  providing, 

The podium l e v e l  and two upper f l o o r s ,  each wi th :  :l.5,200 

Space i s  provided f o r  u t i l i t y  l i n e s  and .oca1 

Laborato1:y equipment w i l l  be provided i n  t h e  Space Gddance space t o  
analyze,  t e s t ,  s imulate  and generate  concepts,  techniques and elements f o r  
f u t u r e  space navigat ion and guidance systems. 
include equ i~men t  f o r  sensing and generat ing v e l o c i t i e s ,  acce l e ra t ions ,  

Spec ia l ized  tes t  devic ea w i l l  
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angular r a t e s : ,  g rav i ty  fo rces ,  and i n e r t i a l  re fe rences  and w i l l  include 
analog and. di.g;it:al da t a  c o l l e c t i o n  and reduct ion equipment. 
vacuum and mag;netic f i e l d  con t ro l  equipment w i l l  be included f o r  research on 
new types of guidance sensors .  

Cryogenic and 

Optical  Coalmumications po r t ion  of t he  bui ld ing  w i l l  conta in  s p e c i a l  purpose 
equipment for the  measurement, a n a l y s i s ,  generat ion and recept ion  of o p t i c a l  
energy i n  the 100 Angstroms t o  100 microns wave length region. Equipment 
such a s  spectrographs,  o p t i c a l  benches and in te r fe rometers  w i l l  be comple- 
mented by high i n t e n s i t y  l i g h t  sources ,  sensors ,  and s p e c i a l  de t ec to r s  f o r  
generat ing a n d  analyzing the  u l t r a - v i o l e t  , i n f r a - r ed  and v i s i b l e  emissions.  

PROJECT JUS TIE' K A T  ION : 

The Space g;ddance Laboratory w i l l  conduct research i n  guidance and 
navigat ion techn.iques and concepts,  and i n  new guidance ins t rumenta t io i .  
Theore t ica l  s t u d i e s ,  i nves t iga t ions ,  experimentation and t e s t s  i n  t r a j x t o r y  
ana lys i s ,  i n e r t i a l  reference and sensory techniques,  navigat ion arid guidance 
components development a s  wel l  a s  t h e  t e s t i n g  of electromagnetic and o ? t i c a l  
guidance devices on a component and subsystem b a s i s  w i l l  be undert:aken. 

Current space guidance systems were o r i g i n a l l y  developed f o r  a i r c raE t  and 
b a l l i s t i c  mi s s i l e s  which required very high accuracy f o r  sho r t  dura t ion  
f l i g h t s .  While the  extended performance of these  m i s s i l e  guidance sysiems is 
s a t i s f a c t o r y  f o r  present  missions,  t he re  i s  a press ing  need t o  do rese(3rch 
i n  guidanc'e techniques optimized f o r  long dura t ion  p lane tary  f l i g h t s .  These 
new techniques m u s t  y i e l d  h ighly  r e l i a b l e ,  l ightweight  systems capable of 
opera t ing  f o r  extremely long per iods without s e r ious  degradat ion of pe:rfom- 
ance . 

The Space Q s i c s  Laboratorx w i l l  conduct research on o p t i c a l  radiat:.on 
sources  and components, da t a  t ransmission and recovery techniques,  and 
propagation phenomena. 

The emergence of t he  l a s e r  i nd ica t e s  t h a t  t he  wavelength band betwecm 100 
Angstroms and 100 microns o f f e r s  an impressive p o t e n t i a l  f o r  the  solut:.on of 
problems r e l a t e d  t o  space explorat ion.  Applications of o p t i c a l  concepts 
include commuinication, guidance and con t ro l ,  and computers and displayii .  
Few of these  (xncep t s  have progressed beyond bas i c  research.  
a b e t t e r  uiide:rst.anding of the  r e l a t e d  na tu ra l  laws i s  evident .  

The need f o r  

The t h e o r e t i c a l  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 poiinting accuracies  of 0.1 seconds of a r c  a t  system s e n s i t i v i t y  
of 0.01 seconds of a r c  a r e  t h e o r e t i c a l l y  poss ib l e  with in t e r f e romet r i c  tech-  
niques,  compamd with minutes of a r c  f o r  e x i s t i n g  astronomical antennaE. 
Ranging with a pulse  r i s e  t i m e  of a b i l l i o n t h  of a second may become f e a s i b l e  
over considerable  d is tances  with accuracies  of a few meters ,  a f ford ing  
c a p a b i l i t y  f o r  topologica l  soundings of the  moon , o r  p l ane t s ,  from orbj  t i n g  
spacecraf t  ,, l a 4 ~ s e r s ,  used i n  conjunction with image conver te rs  and imag,e 
o r th i cons ,  m a y  be usefu l  f o r  reconnaissance on the  dark s i d e  of p lane ts .  

CF 1-5 



The v e r t i c d  d i s t r i b u t i o n  of r a d i a t i o n  near  t h e  e a r t h ,  as w e l l  a s  t he  
spec t r a  of the  sun and stars a r e  l a r g e l y  unknown. Such unknowns have caused 
malfunctions of  i n f r a r e d  horizon seekers .  They a f f e c t  t h e  performance of 
pass ive  optic:al connnunication devices  and introduce undes i rab le  complications 
i n t o  the  cr i t i .ca1 beam o r i e n t a t i o n  procedures f o r  o p t i c a l  comunica t ions  . 
Optical  instruments do not opera te  r e l i a b l y  i n  space when pointed wi th in  a 
few degrees of t h e  sun, because i n t e n s i t y  and s p e c t r a  of space backgrcund 
r a d i a t i o n  and s t r a y  l i g h t  a r e  not  known with s u f f i c i e n t  accuracy t o  bc 
considered i n  t h e  design of seekers .  These da t a ,  once e s t ab l i shed ,  w i l l  he lp  
so lve  many of t he  problems of space explora t ion .  

Laser and ;associated concepts f o r  o p t i c a l  communications provide access 
t o  a frequency band t h a t  i s  a t  least t h r e e  o rde r s  of magnitude wider than  
the  e n t i r e  R-13 band. 
t o  explore! thr: p o t e n t i a l i t i e s  of t h i s  region f o r  space app l i ca t ion  anci t o  
develop the  1:c:chnology t o  exp lo i t  t h i s  p o t e n t i a l .  It is  bel ieved that  i n  
1975 a bit: r a t e  of one hundred m i l l i o n  b i t s  per  second w i l l  be requircd over 
d i s t ances  of  severa l  astronomical u n i t s  and t h a t  o p t i c a l  means show promise 
i n  f i l l i n g  t h i s  requirement. I n  add i t ion ,  research w i l l  be conducted on 
passive o p t i w l  techniques,  r a d i a t i o n  de tec to r s ,  and information theory.  
The laboratoi::~ program w i l l  provide the  base f o r  the  development of l i g h t  
weight ,  r e l i d ) l e ,  o p t i c a l  components f o r  p r e c i s e  o p t i c a l  systems whicl.. w i l l  
enable space veh ic l e s  t o  opera te  f o r  long per iods of  t i m e  a t  g r e a t  d i s tances .  

This f a c i l i t y  w i l l  be used i n  t h e  conduct of a Elrogram 

ESTIMATED FUTI39 YEAR FUNDING FOR THIS PROJECT: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 196 7 ESTIMATES 

. -  QUALIFICATIONS AND STANMRDS/EUCTRONIC COMPONENTS 
OSE LABORATORX 

A U T H O R I Z A T I ( I L n :  E l e c t r o n i c s  Research Center  

-UFORLPROJECT: 

LOCATION QE-UOJECT: 

COGNIZANT USA-: E l e c t r o n i c s  Research Cen te r  

'JXE OF CQlQTB-: New 

FUNDING: 

Off ice of Advanced Research and Teclinology 

Cambridge, Middlesex County, Massachusetts; 

FY 1966 and P r i o r  Years $140,000 

FY 1967 Estimate 3.046.00 0 

Tota l  Funding Through FY 1967 $3.186.000 

band Acqll Q U  

Build in.g 
Spec ia l  c o n s t r u c t i o n  

Q u a l i f i c a t i o n s  and 
standards env i ron -  
mental  test equipment 

l a b - s p e c i a l  l a b  
equipment 

E 1 ec t r c d  c component s 

Uni t  of 
Measure Quant i t X  

Unit  
&& 

--- 
T o t a l  
Cost, 

sq .  F t .  38,600 $33.16 1,280,000 
Sq, F t .  38,600 17.22 665,000 

LS --- 898,000 898,000 

203,000 

--- 
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Unit of Unit Total  
U a s u r e  m t i t v  Cost (=est 

This  p ro jec t  w i l l  provide t h e  l abora to ry  f a c i l i t i e s  and spec ia l  pui:pose 
equipment f o r  research  i n  new e l e c t r o n i c  components and the  s tandards by 
which t o  yua:L€f:y them. 

This  Special  Purpose Laboratory Building w i l l  house i n  i t s  four  l e v e l s  
(Basement, Podiiim, 2nd and 3rd Floors)  a v a r i e t y  of spec ia l  research €:quip- 
ment and w i l l 1  provide working space f o r  a number of personnel who w i l l  
support t he  ob jec t ives  of t he  Qua l i f i ca t ions  and Standards Laboratory and 
the  Elec t ronic  Components Laboratory, both subdivis ions of the  Component 
Technology Division. The ground l e v e l  (Basement) comprises 14,400 sqiLare 
f e e t  of fl.ooi: space i n  which w i l l  be loca ted  most of t he  equipment with 
unusual bu i ld ing  design c h a r a c t e r i s t i c s  ( i . e .  , g r e a t e r  than normal f l o o r  
loads ,  spec ia l i zed  foundations,  v ib ra t ion  i s o l a t i o n  mounts and c l e a r  c e i l i n g  
he ights  i n  excess of twelve f e e t ) .  The podium ( 1 s t  Floor)  l e v e l  c o n s i s t s  
of 8,000 r;qua.re f e e t  and w i l l  conta in ,  l i k e  the  2nd and 3rd f l o o r s ,  a 
por t ion  of the spec ia l  l abora tory  a reas  f o r  f a b r i c a t i o n  and modif icat j  on 
of experimental  e l e c t r o n i c  models and some of the  research o f f i c e  spaces.  
The 2nd and 3jrd f l o o r s  each conta in  8,000 square f e e t  which w i l l  be dc - 
voted t o  the  .;pecial l abora tory  a reas  with l e s s e r  load and c l e a r  heiglit 
requirements ias w e l l  as a number of research  work spaces.  The bui ldir ,g  
w i l l  be of pe:cmment type cons t ruc t ion  and w i l l  conta in  the  necessary 
u t i l i t y  1i.nes arid equipments such as fans ,  pumps, e l e c t r i c a l  t ransformers ,  
conve r t e r / r e  g;ii 1 a t  o r  s as requi red  t o  provi  de the  spec i a 1 i z e d envi  ronmer . t a 1 
requirements o f  these  labora tory  a reas .  

The Elec t ronic  Components Laboratory i s  needed t o  provide f a c i l i t i e s  
f o r  increas ing  basic  knowledge and f o r  advancing technology i n  the  a r e a  of 
e l e c t r o n i c  ccaipc)nents i n  order  t o  provide the  necessary c a p a b i l i t y  fox 
meeting t h e  e1.ec:tronic components requirements f o r  successfu l  accomplish- 
ment of NASA space missions.  Advanced research  w i l l  be c a r r i e d  out i n  t he  
f i e l d s  of s o l i d  s t a t e ,  low temperatures,  quantum e l e c t r o n i c s ,  high terper-  
a t u r e s ,  and mechanical and me ta l lu rg ica l  s tud ie s .  Mater ia l s  research  w i l l  
be performed i n  semi-conductors, magnetics, d i e l e c t r i c  ma te r i a l s  eva lua t ion ,  
and radioisotclpes and r ad ia t ion .  Microelectronic  research  w i l l  include 
t h i n  f i lms ,  microe lec t ronic  techniques and molecular e l e c t r o n i c s .  
e l e c t r o n i c s  research w i l l  include e l e c t r o n  emission s t u d i e s ,  plasma research  

Physical  
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and sur face  stutdies. A c a p a b i l i t y  i s  needed f o r  advanced development of 
semiconductor dlevices, tubes ,  electromechanical devices ,  and o p t i c a l  iknd 
d isp lay  devices.  This  f a c i l i t y  i s  needed t o  provide s p e c i a l  purpose h b o r a -  
t o ry  space and research equipment t o  c a r r y  out  t he  necessary in-house por t ion  
of the  e l e c t r m i c  components research program. 

The Qua l i f i ca t ions  and Standards Laboratory w i l l  provide space and equip- 
ment t o  permit the  s t a f f  t o  conduct component q u a l i f i c a t i o n  t e s t i n g  and t o  
e s t a b l i s h  e l e c t r o n i c  design and f a b r i c a t i o n  s tandards.  The s tandards e s t a b -  
l i shed  by t h i s  labora tory  w i l l  ma te r i a l ly  reduce the  complications and 
unnecessar i ly  high development c o s t s  which r e s u l t  when space syst.ems # i re  t o  
be assembled from e l e c t r o n i c  components obtained from a l a rge  number of 
developers and supp l i e r s ,  a l l  working t o  d i f f e r e n t  bas ic  f a b r i c a t i o n  ,and 
r e l i a b i l i t y  q u a l i f i c a t i o n  s tandards.  This labora tory  w i l l  be the  NASA foca l  
po in t  f o r  promulgation of space e l e c t r o n i c  component q u a l i f i c a t i o n s  and 
s tandards.  'These q u a l i f i c a t i o n s  and s tandards w i l l  a l s o  be suppl.emenred 
with labora tory  developed q u a l i f i e d  p a r t s  l i s t s ,  c a l i b r a t i o n  methods and 
procedures and environmental t e s t  c r i t e r i a  which w i l l  be invaluable  t 3  

o the r  groups wi th in  the  Center,  o the r  NASA Centers ,  o the r  government agencies 
and i n t e r e s t e d  i n d u s t r i a l  and un ive r s i ty  groups. 

FOR - : None 
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CONS TRUCTI ON OF FACILITIES 

FISCAL YEAR 1967 ESTIMATES 

CENTER SUPPORT FACILITIES 

AUTHORIZA~IOI$!IINE ITEM: Elec t ronics  Research Center 

PROGRAM OFFICEFOR THE PROJECT: Off ice  of Advanced Research and Technology 

LOCATION OF PRQJECT: Cambridge, Middlesex County, Massachusetts 

COGNIZANT NASAINSTALLATION: Elec t ronics  Research Center 

TYPE OF CONS'ggCTION PROJECT: New 

FUNDING: 

FY 1966 and P r i o r  Years $130,000 

2,000,000 

$2,130,000 

FY 1967 E o t i m a t e  

1967 Tota l  Punding Through FY 

PRQJECT COST-ESTIMATE : 

Unit 
c o s t  

To ta l  
c o s t  

Unit of 
Me as ure  

--- 
Quantity 

--- Land Acquisi t ion 

Cons t r uc t ion, $2,r)00,000 

Bas eme n t m e  chani cal  
spaces and equipment 

Support shops i n  
basement area 

Corridors and cour t s  
below podium 

Covered s e r v i c e  d r i v e  
U t i  lit i e s  
S i t e  prepara t ion  

9,000 

14,000 

$38 .24  344,000 Sq. F t .  

Sq. F t .  

LS 
S q .  Ft .  

LS 
LS 

--- 
--- 
--- 

36.07 505,000 

155,000 
34.57 

590,000 
95,000 

155,000 
311,000 
590,000 
95,000 

--- I-- --- Eq u i  pmen t .  

Des i g q  

Fa1 lou t Sh.el t e r  -0 - - 
TOTAL $2,~00,000,  
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PROJECT PURPOSE : --- 
This pro:jecit w i l l  provide e s s e n t i a l  support  u t i l i t i e s  f o r  t he  E1ec:tronics 

Research Center Laboratory F a c i l i t i e s  requested f o r  FY 1967. 

PROJECT I>ESC;U.PTION: 

The p r o j e c t  provides f o r  a11 u t i l i t i e s  and f a c i l i t i e s  beyond and tinder the  
bui ld ing  1ims inc luding  the  Podium which is  n o t  provided by the bui:.ding 
cons t ruc t ion .  It provides for the  ex tens ion  of u t i l i t y  l ines from those i n -  
s t a l l e d  under .prior year  programs and new u t i l i t y  s e r v i c e s  from outsi.de l i n e s  
of t he  Ci ty  and Pub l i c  Ut i l i t i es .  The p r o j e c t  a l s o  includes space aiid mechan- 
i c a l  and e l e c t r i c a l  equipment i n  9,000 square f e e t  of mechanical equ:.pment 
rooms located between the l abora to ry  bu i ld ings  beneath the  podium and provides 
f o r  covered co r r ido r s  and open cour t s  connecting the  l a b o r a t o r i e s .  S i t e  
improvements cons i s t  of grading and landscaping of areas e x t e r i o r  t o  the 
FY 1967 po r t ion  of t he  complex. Extension of the  e x t e r i o r  perimeter Serv ice  
Drive i s  provided f o r  access t o  the new labora tory  f a c i l i t i e s  arid fo: providi.nl; 
covered u t i l i t y  l i n e  d i s t r i b u t i o n  spaces. 

PROJECT JUST'TICATION: 

These C e n t e r  Support F a c i l i t i e s  are required t o  opera te  ind iv idua l  labora-  
t o r i e s  of t h e  E lec t ron ic s  Research Center requested i n  the  FY 1967 b idge t .  
Without these  necessary u t i l i t y  suppor ts  the l a b o r a t o r i e s  w i l l  riot f m c t i o n .  

ESTIMATED FCTURE YEAR FUNDING FOR THIS PROJECT: None 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATfON 

CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1967 ESTIMATES 

GODDARD SPACE FLIGHT CENTER 

Page No. 

L o c a t i o n  p l a n  ..................................................... ZF 2-1 

SLllllcnary .......................................................... CF 2 - 3  

Office of T r a c k i n g  a n d  Data A c q u i s i t i o n  Project: 

F o r t y - f o o t .  antenna test b e d  - s p a c e  tracking a n d  d a t a  
a c q u i s i t : j . o n  n e t w o r k  (STADAN). ................................ CF 2-4 
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GODDARD SPACE FLIGHT CENTER 
FISCAL YEAR 1967 ESTIMATES 
LOCATION PLAN 

@ S::CE POO!ECTS !!!!?D!!!G 

@ RESEARCH PROJECTS LABORATORY 

@ RANGE OPERATIONS LABORATORY 

0 BOILER HOUSE AND ELECTRIC SUBSTATION 

@ INSTALLATION LABORATORY 

0 SPACE SCIENCES LABORATORY 

0 PAYLOAD TESTING FACILITY 

0 SATELLITE SYSTEMS LABORATORY 

0 GATE HOUSE 

0 ENVIRONMENTAL TESTING LABORATORY 

(D APPLIEO SCIENCES LABORATORY 

@ TRACKING AN0 TELEMETRY LABORATORY 

0 SPACECRAFT OPERATIONS FACILITY 

0 LAUNCH PHASE SIMULATOR 

0 DEVELOPMENT OPERATIONS BUILDING 

@ MULTI-PURPOSE BUILDING 

0 MULTI-PURPOSE BUILDING 

CENTRAL FLIGHT CONTROL AND 

INSTRUMENT CONSTRUCTION AN0 

- B X l l T l N G  FACILITIES 

FACILITl tS UNDER C O N S T R U C T I O N  

@ MULTI-PURPOSE BUILDING 

@ MULTI-PURPOSE BUILDING 

METEOROLOGICAL SYSTEMS 
@ DEVELOPMENT LABORATORY 

MECHANICAL TEST FACILITY AND 
@ QUALITY ASSURANCE LABORATORY 

@ DATA INTERPRETATION LABORATORY 

AODlTlON TO CENTRAL HEATING 
AN0 REFRIGERATION PLANT 

@ NASA SPACE SCIENCE DATA CENTER 



GODDARD SPACE NGKT CENTER 
FlSCALYEAR 1967 ESTIMATES 

R E M O T E  SITE AREAS 
\ 

\ \\ AYTENNA TEST RANGE \ \\ 

TOWER 

@@ MAGNETIC FIELDS COMWNENT TEST FACILITY 

00 ATTITUDE CONTROL TEST FACLlTY 

t 
@P 

@ ANTENNA TEST RANGE 

0 STADAN ENGINEERING & 
REAL TIME STATION 

@ MANNED SPACE FLIGHT TRAINING FAClLrrY 

0 W O O T  ANTENNA TEST BED 

N 
I 

N 



FY 1965 FY 1966 I N S T A L L A T I O N  MISSION P E R S O N N E L  S T R E N G T H  

3782 3625 
CONTRACTOR AND O T H E R  PERSONNEL 2306 2712 

TOTAL ALL PERSONNEL 6088 6337 

This Center is responsible fo r  complete development of 
unmanned sounding rockets and o rb i t i ng  spacecraft  

, -NASA PERSONNEL ( E n d o f  

TOTAL CAPITAL INVESTMENT' I (Including NASA-Ownsd L m d )  (as of June 30, 1965 ) I $ 197,236 .O 

F Y  19 67 
3807 
2869 
6676 experiments i n  bas i c  and a p p l i e d  science.  

weather s a t e l l i t e s  which o r b i t  i n  c i s  lunar space (region NASA-OWNED 

The work 
covers s c i e n t i f i c  s a t e l l i t e s ,  and communications and L A N D  

between the e a r t h  and the moon). I n  addi t ion,  the O T H E R  GOVERNMENTAGENCY-OWNED 

Center manages NASA's Delta rocket and two world-wide NON-FEDERAL (Leases.  easanents) 

tracking, data acquis i t ion and data reduction networks. TOTAL LAND 

I 
ALL OTHER PROJECTS 

0 
rrl 

N 
I NASA FORM 1029 ( R E V .  JUN 65) PREVIOUS EDITIONS ARE OBSOLETE.  

NO. ACRES 

554 
6 50 

3 
1.207 

Includes work in  process. W 

I 

C O G N I Z A N T  F Y  1 9 5 9 T H R U  
P R O J E C T  L I N E  I T E M  O F F I C E  C U R R E N T  YEAR 

FY i s  67 
(Est imate4 



CONSTRUCTION OF FACILITIES 

FISCAL YEAR -1967 ESTIMATES 

FORTY-FOOT ANTENNA TEST BED 

-- SPACE TRACKING AND DATA ACQUISITION NETWORK (STADAN) 

AUTHORIZATION -- LINE ITEM: 

PROGRAM OFFICI3OR THE PROJECT: O f f i c e  of Tracking and Data A c q u i s i t i o n  

LOCATION OF PROJECT: Greenbe 1 t , P r i n c e  Georges County, Maryland 

COGNIZANT NASii INSTALLATION: 

TYPE OF CONST1~:TION PROJECT: New 

FUNDING: 

Goddard Space F l i g h t  Center 

Goddard Space F l i g h t  Center  

FY 1966 and I ? r i o r  Years 

FY 1967 E$; tirnate 

T o t a l  Pund ing Through FY 1967 

$10,000 

710,000 

$720,000 

PROJECT COST ESTIMATE : 

Unit  
Cost 

T o t a l  
c o s t  

Uni t  of 
Measure Quant i ty  

-e- 

l 

Land A c q u i s i t i o n  

~ . 2 0 , 0 0 0  Const ruc t  ion 
Opera t icons b u i  Id ing 

add i t  i on 
Raised f l o o r  system 
Servo-me c h a n i c a l  

system and s h e l t e r  
Antenna and tower 

found a t  ion 
Roads and walks 
U t i l i t i e s  
S i t e  p r e p a r a t i o n  

Sq. F t .  
Sq. F t .  

1 , 700 
1,700 

$36.47 
5.31 

62,000 
9,000 

LS 2,000 2,000 

14,000 
8.22 

17,000 
462 .OO 

14,000 
13,000 
17,000 
3,000 

LS 
Sq. Yd. 

LS 
Acre 
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Eq u i  pme n 1: 

Antenna molmit , r e f  l e c t o r ,  
and (2)  collimation 
t owe 1:s 

Drive and servo-sys t e m  
Ins ta l l la t ion  and t e s t i n g  

Des ign 

Fa l lou t  She LEr (Not 
f e as i b  :Le) 

Unit of Unit 'J'otal 
Me as ure Quant i ty  c o s t  ( :os t 

LS 
LS 
LS 

~ C , O O O  

--- $300,000 30(1 , 000 --- 200,000 20CI , 000 --- 90,000 9(1,000 

TOTAL 

PROJECT PURPOSE.: 

The proposed p r o j e c t  w i l l  provide Goddard Space F l i g h t  Center wrth a 
40-foot antenna t e s t  bed f o r  f i e l d  t e s t s  and eva lua t ions  of improved d a t a  
acqu i s i t i on  and con t ro l  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  the STAIAN 
Network, and f c r  t e s t i n g  of spacec ra f t  RF compat ib i l i ty  with ground d a t a  
a c q u i s i t i o n  and t racking  systems. 

PROJECT DE SCRIP T I  ON : 

This p ro jec t  proposes the cons t ruc t ion  and e r e c t i o n  of a 40-foot 
antenna test bed t o  be located a t  the  STADAN Engineering and Test F a c i l l t y  
s i t e ,  which is  adjacent  t o  the Goddard Space F l i g h t  Center.  The p r o j e c i  
includes an add i t ion  of seventeen hundred (1,700) square f e e t  of opera t ions  
area with r a i sed  f l o o r  system, on the nor theas t  s i d e  of the STADAN Engiiieering 
and Test F a c i l i t y .  Included a l s o  are antenna and co l l imat ion  tower foundat ions,  
a servo-mechanical system with s h e l t e r  f o r  the  antenna, two co l l imat ion  towers,  
an  e l e c t r i c a l  d i s t r i b u t i o n  system f o r  the antenna and co l l imat ion  t.ower:; , s i t e  
prepara t ion ,  and roads.  Exis t ing  u t i l i t i e s  w i l l  be extended as required.  The 
equipment t o  be i n s t a l l e d  cons i s t s  of an antenna mount and r e f l e c t o r  and an  
antenna d r i v e  a n d  servo-system. 

Prototype e l e c t r o n i c  systems (such as antenna feeds , parametr ic  ampl i f ie rs  , 
t rack ing  receivers , time s tandard ,  e t c . )  from p r i o r  year  SRT programs w i l l  be 
used t o  equip t h i s  40-foot antenna d a t a  a c q u i s i t i o n  tes t  bed f o r  opera t iona l  
tes t  c a p a c i l i t y .  
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PROJECT JUSTIFICATION: 

A 40-foot antenna test bed f a c i l i t y  i s  required a t  Goddard Space F l i g h t  
Center t o  make fundamental measurements of antenna s t r u c t u r a l  parameters and 
antenna cont ro l  systems, t o  perform complete i n t e g r a t i o n  and t e s t i n g  oE new 
ground sys  t e m s  
sys  t e m ,  and t c  eva lua te  the s y s  t e m s  pos t  -launch. 

t o  qua l i fy  the  o v e r a l l  spacecraft/ground d a t a  a c q u i s i t i o n  

This f a c i l i t y  w i l l  p e r m i t  meaningful antenna s t r u c t u r a l  and cont ro l  
system eva lua t ions  and tests on a f u l l  s c a l e  antenna and associated suxsystems. 
Developments of improved d a t a  a c q u i s i t i o n  subsys t e m s  are needed i n  the  STADAN 
Network t o  keep ab reas t  of new concepts.  Before new systems can be p u t  i n  
the network t b e p ’  must be thoroughly t e s t ed  under simulated opera t iona l  con- 
d i t i o n s  i n  the f i e l d .  It i s  not  poss ib l e  t o  do t h i s  t e s t i n g  a t  STADAN 
s t a t i o n s  because of the opera t iona l  workload a t  the  s t a t i o n s .  The 40-foot 
antenna t e s t  bed w i l l  a l low a d i r e c t  opera t iona l  s imula t ion  of STADAN 40-foot 
antenna performance. 

The second requirement f o r  the  40-fOOt antenna a t  Goddard is  t o  t e s t  
spacec ra f t  RF compat ib i l i ty  with ground d a t a  a c q u i s i t i o n  and t racking  
systems and to  acquire  c r i t i c a l  real-time d a t a  from s a t e l l i t e s  inc luding  
f a i l u r e  s i tui3t ions where f a s t  r e a c t i o n  i s  e s s e n t i a l .  Compatibi l i ty  t e s t i n g  
should be conducted a t  Goddard during the environmental tes t  phase. 

The combination of the developmental t es t  requirements and the spacec ra f t  
t e s t  and s u p p o r t  requirements makes i t  mandatory t o  have a 40-foot an1:enna 
d a t a  acqu i s i t i on  t e s t  bed f a c i l i t y  a t  Goddard. 

I 

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None 
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NA T ION A L AERONAUTICS AND SPACE ADMlN ISTR AT ION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 L  BUDGET ESTIMATES 

(Dollars in  thousands) 

INSTALLAT~ON MlSSlON The LRC undertakes research t o  provide a P E R S O N N E L  S T R E N G T H  F Y  19 

t echn ica l  base f o r  such missions as :  (1) Manned and un- NASA PERSONNEL ( E n d o f  Year) 4374 

ance and u t i l i t y  of a i rborne f l i g h t .  The Center p lans ,  485 477 1 
manned explora t ion  of space; 

develops and operates necessary f a c i l i t i e s ;  generates  
new and advanced concepts; provides research advice and 
a s s i s t ance  t o  other  branches of the Government; dissem- 
i n a t e s  s c i e n t i f i c  and technica l  information; searches fo r  NON-FEDERAL ( L ~ ~ ~ ~ ~ ,  essanarte) 

and i d e n t i f i e s  po ten t i a l  i n d u s t r i a l  app l i ca t ions  involved ' 

i n  the  course of research.  

TOTAL ALL PERSONNEL 
( 2 )  Improvement of perform- CONTRACTOR AND OTHER PERSONNEL 

LAND 

NASA-OWNED 

OTHER GOVERNMENT AGENCY-OWNED 

TOTAL LAND 

FY 19 FY 19 

4304 4249 

4848 544 4836 587 

540 
3619 

17  
4176 

NO. ACRES 

TOTAL CAPITAL INVESTMENT I (Including NASA-Omed Lana (as  o f  Jme 30, 19 65 ) 

PROJECT L I N E  ITEM 

276 9 178 

Reactive Chemical Dis t r ibu t ion  Area 
V/STOL Trans i t ion  Research Wind Tunnel 

cl 
ALL OTHER PROJECTS 

"I 
I 
r 4  TOTALS 

NASA FORM 1029 (REV. JUN 65)  PREVIOUS EDITIONS ARE OBSOLETE. 

* Includes work i n  process. 

COGNIZANT 
OFFICE 

ART 
ART 

FY 1959 THRU 
CURRENT YEA1 

74 
548 

65,886 

FY 19 67 
(Eathate@ 

1,089 
5,011 

FUTURE YEARS 
(Estimated) 

TOTAL 
A L L  YEARS 
(Estimated) 

1 , 163 
5,559 



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1967 ESTIMATES 

REACTIVE CHEMICAL DISTRIBUTION AREA 

AUTHORIZA'lXON -- LINE ITEM: Langley Research Center 

PROGRAM OE'JSICE FOR THE PROJECT: 

LOCATION C ) I 2 R O J E C T  : Hampton, V i r g i n i a  

COGNIZANT JE;A INSTALLATION: Langley Research Center  

TYPE OF CCCNSJIRUCTION PROJECT: New 

FUNDING : 

Off ice  of Advanced Research and Technology 

FY 1966 arid P r i o r  Years $74,000 

FY 1967 E s t i m a t e  1,089,000 

To ta l  Funding Through FY 1967 $1,163,000 

PROJECT COgLESTIMATE : 

Land Ac;@ s i t i o n  

Cons t ruc  t ion  

Unit  of 
Measure Quant i ty  

Liquid p rope l l an t  maga- 

Liquic. p rope l l an t  maga- 
z ine - hydrazine LS 

zine - n i t rogen  
t e t r o x i d e  LS 

zine - hydrogen 
Liquid p rope l l an t  maga- 

pera x i de LS 
S i t e  development LS 

Equipmenr 

Laboratory equipment LS 

Unit  Tot a :L 
c o s t  c o s t  --- - 
--- - - .- 

$892,800 

- - -  $205,200 

--- 160,500 

--- 245,400 
--- 281,700 

--- 196,200 

205,2010 

160,50r:, 

245,400 
281,70(1 

$196,200 

196,200 
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Design 

F a l l o u t  -L- S h e l t e r  (Not 
f e a s i b l e )  

Unit of 
Measure Quantity 

TOTAL 

Unit: T o t a l  
c o s t  c o s t  

--- None 

- $1,089,000 

- 

PROJECT PURE?&: 

This p r o j e c t  w i l l  provide an area with s a f e  and proper condit.ions f o r  
r ece iv ing ,  i n t e r i m  s t o r a g e ,  and d i s t r i b u t i o n  f o r  ope ra t iona l  u s e  of ::eactive 
chemicals employed i n  var ious r e sea rch  programs. 

PROJECT DESCRIPTION: 

The p r o j e c t  w i l l  c o n s i s t  of a r e a c t i v e  chemical d i s t r i b u t i o n  area a t  t h e  
Langley Research Center. It w i l l  include th ree  magazines f o r  storagc! of 
hydrogen peroxide,  hydrazine,  and n i t rogen  t e t r o x i d e ,  with necessary access  
roads and u t i l i t i e s .  Storage capac i ty  w i l l  be provided f o r  200,000 pounds of 
hydrogen peroxide,  50,000 pounds of hydrazine,  and 50,000 pounds of n i t rogen  
t e t r o x i d e .  The l o c a t i o n  of t h i s  f a c i l i t y  w i l l  be i n  an area reservec f o r  
hazardous operat ions.  Adequate water p o l l u t i o n  c o n t r o l  sys  t e m s  have been 
incorporated i n t o  t h i s  project:. 

PROJECT J US7XF:CCATION : -- 
The Langl-ey Research Center has a n  urgent need f o r  a r e a c t i v e  cheniical 

d i s t r ibu t : i on  a r e a  providing s a f e  and proper condi t ions f o r  r ece iv ing ,  i n t e r i m  
s t o r a g e ,  ancl d i s t r i b u t i o n  f o r  ope ra t iona l  use of r e a c t i v e  chemicals row 
employed i n  var ious research programs. The l imi t ed  magazine f a c i l i t i e s  now 
a v a i l a b l e  f o r  these r e a c t i v e  l i q u i d  p rope l l an t s  are i n s u f f i c i e n t  t o  neet 
p re sen t  and ant:icipated needs,  The use of r e a c t i v e  chemicals has g r e a t l y  
increased wi.t:h r e s u l t a n t  i nc reases  i n  the q u a n t i t i e s  of t hese  chemica Is which 
must be hanci1.ecl a t  any one time. These q u a n t i t i e s  g r e a t l y  exceed accepted 
quant i ty-dis  t:arice l i m i t s  f o r  r e a c t i v e  chemicals i n  those f a c i l i t i e s  used to 
handle and dispense such m a t e r i a l s .  To assure s a f e  operat ions the  Center has 
n e c e s s a r i l y  employed s p e c i a l  procedures and precaut ionary measures involving 
these r e a c t i v e  chemicals which are c o s t l y  and time-consuming. Inc reas ing  
program re quire me n t  s ne ce s s i t  a t  e improved hand 1 ing  f ac i 1 i t ies  t o  a 1 1 e v i  a te  
inc reas ing  sc:hedule delays which r e s u l t  from these ope ra t ing  r e s r r i c t i o n s .  

The r e a c t i v e  chemicals a r e  u t i l i z e d  i n  a wide v a r i e t y  of r e sea rch  s f f o r t s ,  
s e v e r a l  of wE.ich are defined as follows: 

Space MechE.ics Research: A wide v a r i e t y  of research programs are being 
conducted on the Lunar Landing Research F a c i l i t y  involving the use of highly 
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r e a c t i v e  l i q u i d  p rope l l an t  f u e l s  and o x i d i z e r s .  The b a s i c  L E M  landiiig re- 
search program u t i l i z e s  l a r g e  q u a n t i t i e s  of hydrogen peroxide and i s  w e l l  
e s t a b l i s h e d  with t h e  p r i n c i p a l  purposes of determining the handl ing require-  
ment f o r  manned luna r  ( o r  o t h e r  p l ane ta ry )  landing v e h i c l e s  and e s t a b l i s h i n g  
p i l o t i n g  techniques f o r  the f i n a l  letdown, con tac t  and take-off  ( i nc lud ing  
a b o r t s ) .  I n  a d d i t i o n  Astronaut Maneuvering Units  are p r e s e n t l y  being de- 
veloped f o r  space use.  These u n i t s  w i l l  r e q u i r e  thorough t e s t i n g  under the  
most r e a l i s t i c  cond i t ions  poss ib l e .  A research system i s  being i n s t i l l e d  
t h a t  w i l l  permit six-degree-of-freedom ope ra t ion  and t e s t i n g  under zl?ro and 
luna r  "g" condi t ions.  Although most t e s t i n g  w i l l  be accomplished wich co ld  
gas and peroxide,  some ope ra t ions  must be performed with the  a c t u a l  system 
and the more r e a c t i v e  hydrazine and n i t r o g e n  t e t r o x i d e  p r o p e l l a n t s .  Other 
va r ious  advanced space mechanics research p r o j e c t s  are a n t i c i p a t e d  r e q u i r i n g  
the c i t e d  r e a c t i v e  chemical materials. 

M a t e r i a l s R e s e a r c h :  Research da ta  are u rgen t ly  needed on m a t e r i a l s  f o r  
rocket  motor components such as nozz le s ,  i n s u l a t o r s ,  e t c . ,  which must sa t is-  
f a c t o r i l y  perform i n  h i g h l y  erosive environments a t  temperatures and p r e s -  
su re s  of up t o  7,800 degrees f ah renhe i t  (F) and 1,000 pounds per s q u i r e  inch 
( p s i )  f o r  UF t o  two minutes du ra t ion .  An e x i s t i n g  tes t  apparatus  u t i l i z i n g  
hydrazine-based f u e l s  and n i t rogen  t e t r o x i d e  ox id ize r  i s  c u r r e n t l y  einployed 
i n  t h i s  research.  I n  a d d i t i o n  a hybrid gas generator  a l s o  us ing  n i t rogen  
t e t r o x i d e  as an o x i d i z e r  w i l l  be employed i n  t h i s  v i t a l  r e sea rch  e f f o r t  i n  
the near  f u t u r e .  This  r e sea rch  w i l l  p e r m i t  u t i l i z a t i o n  of higher  performance 
propuls ion systems f o r  f u t u r e  launch and space a p p l i c a t i o n s .  

Launch V g u c l e  Research: A cont inuing research program i n t o  laun1:h veh ic l e  
dynamics, guidance and c o n t r o l ,  t h r u s t  augmentation, e t c . ,  i s  being ipursued 
through winc tunnel  s t u d i e s  (Langley 16-foot Tunnel) which u t i l i z e  hydrogen 
peroxide as an  energy source and a flow medium. These s t u d i e s  are providing 
invaluable  research da ta  i n  the  c i t e d  areas a t  a r e l a t i v e l y  low c o s t .  

Construct ion of t he  requested magazine area f o r  r e a c t i v e  l i q u i d  propellantis 
w i l l  permit meeting of a n t i c i p a t e d  program needs i n  these  areas of rtzsearch. 

ESTIMATED FUTURE YEAR F U N D I N G  FOR THIS PROJECT: None 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1967 ESTIMATES 

V/STOL TRANSITION RESEARCH W I N D  TUNNEL 

AUTHORIZATION -- LINE ITEM: 

PROGRAM OFEIlC', FOR THE PROJECT: Off ice  of Advanced Research and 

LOCATION OF PROJECT: Hampton, Vi rg in ia  

COGNIZANT Nilla INSTALLATION: 

TYPE OF CONSTRUCTION -- PROJECT: New 

FUNDING : 

Langley Research Center 

Langley Research Center 

FY 1966 and P r i o r  Years $548,000 

FY 1967 Estimate 5,011,000 

Total  Funding Through FY 1967 $5,559,000 

PROJECT COS 'I: ESTIMATE: -- 

Land Acquis. i t  ion 

Construct ion 

Tunne 1 s t r u c t u r e  
S i t e  p repa ra t ion  

Equipment; 

Tes t  s e c t i o n  
Ins  t runlent a t ion  
Tunnel d r i v e  and system 

con t rol. 

Design 

F a l l o u t  S 'he l te r  (Not 
f eas  i b  ].e) 

Unit of 
Measure 

--- 

LS 
LS 

LS 
LS 

LS 

--- 

- - -  

Unit 
Quan t i ty  c o s t  

--- $3,041,600 
417,500 --- 

--- 733,900 --- 40,000 

--- 778,000 

Technology 

Tota l  
c o s t  . 

$3,459 , 100, 

3,041,600 
417,500 

g,, 55 1,900, 

733,900 
40,000 

778,000 

None - 
$5,011,000 - 
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PROJECT PURPOSE c- : 

This p r o j e c t  provides a f a c i l i t y  t o  o b t a i n  q u a n t i t a t i v e  research on the  
f a c t o r s  affec:t:irig the s t a b i l i t y ,  c o n t r o l ,  and performance of V/STOL a i r c r a f t  
i n  t r a n s i t i o n  arid i n  STOL ( shor t  take-off and landing) .  

PKOJECT DESCS.::P::ION: 

The projec:t: c o n s i s t s  of a closed wind tunnel  with a 15 x 21.5 f o o t  t e s t  
sectLon housed wi th in  a 100 x 80 x 60 f o o t  high two-story t e s t  chamber. A 
15 x 50 f o o t  con t ro l  room w i l l  be located adjacent  t o  the  tes t  s e c t i o c  on the  
second f l o o r  :!eve1 of t he  tes t  chamber. A 50 x 100 x 35 f o o t  high s i c g l e  
s t o r y  model p repa ra t ion  area w i l l  be constructed ad jacen t  t o  the t e s t  chamber 
and w i l l  be c:onnected t o  the shop area of the e x i s t i n g  7 x 10 f o o t  tunnel. 
The tes t  sect.:ion w i l l  be equipped with a model support  system which permits 
f i x i n g  the mcxlel. i n  t he  a i r  stream a t  varying angles  of a t t a c k  and s i d e s l i p ,  
and allows f o r  varying the  h e i g h t  of the model over a removable endless  b e l t  
(moving-ground board i n s t a l l a t i o n )  capable of s imula t ing  landing condi t ions 
up t o  200 knots,. 
e l e c t r i c  motor coupled t o  a 40 f o o t  diameter p r o p e l l e r .  

The wind tunnel  w i l l  be powered by an 8000 horsepower 

The exi.stj.ng 300 mph 7 x 10 f o o t  Wind Tunnel a t  Langley w i l l  be denolished 
and the  e x i s  t::ing boundary l a y e r  piping r e loca ted .  

PROJECT JUST1:I~ICATION: 

The development of V/STOL a i r c r a f t  has progressed t o  the point whe:e major 
improvements i n  the wind tunnel  f a c i l i t i e s  used t o  o b t a i n  quan t i t  at ivt:  
research information on the f a c t o r s  a f f e c t i n g  the s t a b i l i t y ,  c o n t r o l ,  and 
performance of V/STOL a i r c r a f t  i n  t r a n s i t i o n  and i n  s h o r t  take-of‘f ani1 landing 
(STOL) ope ra t ion  are u rgen t ly  needed. A r e l i a b l e  c a p a b i l i t y  t o  inves1:igate 
these c h a r a c t e r i s t i c s  i s  of v i t a l  importance t o  both m i l i t a r y  anc c i v - l i a n  
use r s .  

The t e s  t -;sect ion-t  o-mode 1 -s i z e  - r a t  i o  f o r  V/STOL wind tunne 1 t e s  t inl; mus t 
be g r e a t e r  than f o r  conventional a i r c r a f t  con f igu ra t ions ,  because the adverse 
e f f e c t  of the wa l l s  on d a t a  accuracy i s  increased by the  h ighe r  l i f t - i : o -a i r -  
v e l o c i t y  condi t ions of V/STOL f l i g h t .  

To keep d a t a  co r rec t ions  f o r  w a l l  e f f e c t s  w i t h i n  t o l e r a b l e  limits, i . e .  
where t h e i r  , anc” r t a in t i e s  a r e  not  l a rge  enough t o  be s i g n i f i c a n t ,  and a t  the 
same t i m e  t o  US’? models of s u f f i c i e n t  s i z e  t o  r ep resen t  appropr i a t e  d e t a i l s ,  
r equ i r e s  a t e s t  s e c t i o n  more than 15 x 20 f e e t  i n  c ros s  s e c t i o n .  Thi:; pro-  
vides the same c a p a b i l i t y  f o r  V/STOL resea rch  as the 7 x 10 f o o t  wind tunnels  
have provided f o r  many years  i n  conventional a i r c r a f t  r e sea rch .  

For s e v e r a l  years NASA has crudely approximated t h i s  c a p a b i l i t y  by i n s t a l l a -  
t i o n  of a s h o r t  t e s t  s e c t i o n  i n  the t h r o a t  of one of the 7 x 10 f o o t  irunnels. 
Although seve re ly  l imited i n  speed, and s u f f e r i n g  from very poor flow con- 
d i t i o n s  due t o  i t s  l o c a t i o n  and n e c e s s a r i l y  s h o r t  t e s t  s e c t i o n ,  studit!s i n  
t h i s  makeshift arrangement have demonstrated beyond doubt the value o t  the 
proposed f a c i l i t y  which would c l ini inate  these l i m i t a t i o n s .  
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Of the wind tunnels  a v a i l a b l e  t o  NASA only two are l a rge  enough t o  neet the 
s i z e  requirements,  the 40 x 80 f o o t  tunnel  a t  Ames Research Center and 30 x 60 
foo t  tunnel  a t  L,angley Research Center.  The 40 x 80 f o o t  t unne l  i s  f u l l y  
scheduled f o r  two-shif t  ope ra t ion ,  through the end of calendar  year  1967,  i n  
support  of Federal  Aviat ion Agency Programs ( l a rge  s c a l e  models of the Super- 
s o n i c  Transpcrt  "Tee - t a i l " ,  e tc . )  , Department of Defense Programs (AF-F-111, 
AF-VTOL f i g h t e r ,  Army h e l i c o p t e r ,  AF-C5A, AF-CX6, e t c . )  , and NASA programs 
( l i f t i n g  r e e n t r y  bodies ,  spacec ra f t  recovery parachutes ,  spacecraEt recovery 
r o t o r s ,  space c a p s u l e  aerodynamics, e t c . )  as w e l l  as cont inuing with NASA 
b a s i c  aerodyn.ami.c r e sea rch .  R e a l i s t i c a l l y ,  i t  i s  not  poss ib l e  t o  consider  
c a n c e l l a t i o n  or d i v e r s i o n  of t hese  f u l l  scale programs t o  accommodate small 
s c a l e  V/STOL research.  It is  expected t h a t  t h i s  high u t i l i z a t i o n  rate f o r  
t he  40 x 80 foot: tunnel  w i l l  be maintained i n  the  fo re seeab le  f u t u r e .  

The 30 x 60 foo t  tunnel  is an open t h r o a t  f a c i l i t y  providing a unique 
c a p a b i l i t y  of making f r e e - f l i g h t  dynamic s t a b i l i t y  and con t ro l  s t u d i e s  of 
models of new a i r c r a f t .  It i s  expected t h a t  a high u t i l i z a t i o n  r a t e  f o r  the 
30 x 60 f o o t  1:urinel w i l l  a l s o  be maintained i n  t h e  fo re seeab le  f u t u r e .  
Modificati.on of t he  30 x 60 foo t  f a c i l i t y  t o  provide t h e  c h a r a c t e r i s t i c s  
des i r ed  i n  the proposed V/STOL f a c i l i t y  would be ex tens ive  and would r e q u i r e  
c los ing  of t he  t h r o a t  with the  r e s u l t i n g  loss of t he  unique f r e e - f l i g h t  t es t  
c a p a b i l i t y .  15xtensive modif icat ions t o  the  tunnel-wall  l i n e r s  t o  prokide the 
con t r ac t ion  i-atxos required t o  a t t a i n  the high t r a n s i t i o n  speeds d e s i r e d ,  and 
a major change i n  the tunnel  d r i v e  and power c o n t r o l  systems t o  o b t a i r  the 
flow charncte:r ia t ics  required would a l s o  be necessary.  It has been est imated 
t h a t  the cost: f o r  modifying the 30 x 60 foo t  tunnel  would be as much as t he  
est imated c o s t  f o r  the new f a c i l i t y .  

The proposed f a c i l i t y  w i l l  provide a v i t a l  V/STOL resea rch  tes t  c a p a b i l i t y  
not  r e a d i l y  a v a i l a b l e  i n  t h i s  country.  The proposed f a c i l i t y  would enable  
much needed gene ra l  V/STOL research i n v e s t i g a t i o n s  t o  be conducted ove r the 
complete trai1,;ition speed range a t  e s s e n t i a l l y  f u l l  scale dynamics cortdit ions.  
The tes t  s e c t i o n  s i z e  and conf igu ra t ion  have been chosen t o  minimize t h e  
e f f e c t s  of t k  tunnel w a l l  c o n s t r a i n t s  and Reynolds number a t  the c r i t i c a l  
t r a n s i t i o n  speed ranges under cons ide ra t ion  i n  the V/STOL area. T e s t  models 
of a s i z e  p e r n i t t i n g  the quick modif icat ions des i r ed  during r e sea rch  ~ n v e s t i -  
ga t ions  can b e  e a s i l y  accommodated i n  t h i s  f a c i l i t y .  

ESTIMATED FUTURE YEAR FUNDING FOR THIS PROJECT: None 
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LEWIS RESEARCH CENTER 
FISCAL YEAR 1967 ESTIMATES 

LOCATION PLAN 

3 Administratlon Building 
4. Fiight Researc Building 
5 Engine Research suildinq 
6. Chemistry Lawralory 
7. Space Paver Chambers 

11 Icing Research Tunnel 
14 Technical Services Building 
15. Uti l i t ies Building 
16 Electric propulsion Research Building 
21 Procurement and Supply Building 
24 Special Projects Laboratory 
3. Liquid Metals Corrosion L r b o r a W  
j5. b k e t  Laboratory 
39 8 x 6 - ~ ~ ~ t  Supirsonic Wind Tunnel 

. ~ .  . - -",~." ..,,,.,~~~~C"r,cro,,i.r,nN ,AL,L,, I I ,  n","",\lLL" ,~,." I ."_ 51. High Energy Fuels Laboratory 
W. jn  n ~~i~~ ...dorn5 -,-. ?mratory Owrations Building 
66 ~ro)uision Systems Laboratory 
7 i  i n i t r u m e n t  ReSedKh Laboratcry 
85. I O X ~ D - F ~ ~  supersonic Wind runnel 
1w. Rotket Operations Building 
102. Liquid Metals Paver Laboratory 
105 Materials Processing Laboratory 
1& ~ a s i c  Materials Laboratory 
202. Rockd Engine Test Facility 
203. Fracture Mechanlcs Laboratory 
301. Electric Propulsion Laboratory 
302. Energy Conversion taooratory 
415 Rocket Combustion Labararory 
5~ Development Enqineeilng Building 

lor Data Processing 
5 space Paver Research Labralory 

0 PROPOSED FISCAL Y U R  1967 PROJECTS 

;. E ~ ~ ~ ~ , ~ ~  the propiilsion svstems Laboratory for 
?t iprsonic Research 



LDNlS RESEARCH CENTER 
PLUM BROOK STATION 

FISCAL YEAR 1967 ESTIMATES 

LOCATION PLAN 

N 

LEGEND 

I EklSTlhG FACILITIES FACILITIES AUTHORIZED AND UNDER CONSTRUCTION 

m P*a,t"r Frrlllly 1 E";ine"rinS +:!fin; 
3W1 ndminirtration Building Z Hydrcqen Heat Transler facil i ty 
3350 Rocket Pump Laboratory IAI 3 Spacecraft Propulsion Research Facility 18-21 
3351 Rccket Turbo-pump Laboratory IC1 4 Space Propulsion Facility 
3352 Rocket Turbine Laboratory ID1 5 133-?4 5 KV Electrical P w e r  Subslation 
3353 Rocket Systems Dynamics Laboratory (El 
3354 Rocket Syrtems Hjdraulic Laboratory IF) 

33% Central C m l r o l  and Data Building IHI 
3357 Fluorine Pump Laboratory (11 
3358 Rocket Systems Laboratory 111 
3359 Altitude Rocket Test Facility 16-11 

0 fAClLlTlES PROPOSED IN 1967ESTlMATES 

Transfer Facility for Hypersonic ?ropu!sio" 
Research 

3355 Rocket Turbine and Pump Pilot Laboratory (GI 1 installation of Equipment at the Hydrqen Heat 

;.*, nill1lO1, unruo. a,,," ,-,. I ,,.1 r."".-"<- C._. l . . .  I "  - \  
111- .. "..." ",II"II1,L>Yii" ~ " I I I I Y I ,  , " L " , , J  t " ~ , ,  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 19-67 BUDGET ESTIMATES 

INSTALLATION MISSION The Center provides r e sea rch  and develop-[ PERSON-NEL S T R E N G T H  

(Dollars in thousands) 

I F Y  1965 I F Y  i s 6 6  IFY i s 6 7  

ND OTHER PERSONNEL 1 441 
5289 

INSTALLATION MISSION The Center provides r e sea rch  and develop- P E R S O N N E L  S T R E N G T H  

ment i n  the  a reas  of advanced propuls ion  and space power NASA PERSONNEL ( E n d o f  Y e e d  

genera t ion .  
house on materials and metal lurgy;  cryogenic  and l i q u i d -  TOTAL ALL PERSONNEL 

Basic and appl ied r e sea rch  i s  conducted i n -  'CONTRACTOR AND OTHER PERSONNEL 

inc luding  the Centaur and Agena engine programs. 

FY 1965 FY is 66 FY is 67 
491 7 4842 4779 

44 1 45 3 5 10 
5 35 8 5295 5289 

PROJECT L I N E  ITEM 

metal  h e a t - t r a n s f e r  f l u i d s ;  pumps and tu rb ines ;  combus- 
t i o n  processes ,  p r o p e l l a n t s ,  tankage,  i n j e c t o r s  , 
chambers, and nozzles  ; system c o n t r o l  dynamics; plasmas 

zero-gravi ty  e f f e c t s  . The Center maintains  t echn ica l  
management of NASA con t rac t s  on chemical and e lec t r ic  
propuls ion and on nuc lear  and s o l a r  space power systems 3 

and magnetohydrodynamics; space meteoroid damage and 

Expansion of Propuls ion  Systems Laboratory f o r  
Supersonic Research (Cleveland) 

NO. ACRES LAND 

N ASA-OWN E D  6330 
' OTHER GOVERNMENT - 

65 
TOTAL U N D  6395 

NON-FEDERAL (Leases.  eaaanents) 

$ 265,754 TOTAL CAPITAL INVESTMENT' 
(Inc,udlng NASA-Omed (sa of Jo, 19 65 ) 

I n s t a l l a t i o n  of Equipment a t  Hydrogen Heat Transfer  
F a c i l i t y  f o r  Hypersonic Propuls ion  Research 
(Plum Brook) 

ALL OTHER PROJECTS 
h 

m TOTALS 
I 

N A S A  F Q R U  ln2Q f R E V  111N 651 PREVIOUS EDITIONS ARE OBSOLETE. 

I 
COGNIZANT 

O F F I C E  

ART 

ART 

F Y  l 9 5 9 T H R U  
C U R R E N T Y E A R  

700 

197 

(EatlmetedJ F Y  19 67 

14,000 

2,000 

F U T U R E  YEARS 
(Est imated)  

T O T A L  
A L L  YEARS 
IEdimated) 

14 , 700 

2 , 197 

Includes work i n  process. - 1/ Inc ludes  Plum Brook S t a t i o n  a t  Sandusky, Ohio. 



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1967 ESTIMATES 

EXPANSION OF THE PROPULSION SYSTEMS LABORATORY 
FOR SUFERSONIC RESEARCH 

AUTHORIZATION L I N E  ITEM: L e w i s  Research Center --- 

PROGRAM OFFICE --- FOR THE PROJECT: Of f i ce  of Advanced Research and- Teclinology 

LOCATION -_-- OF PR3JECT: 

COGNIZANT NZSA -- INSTALLATION: 

TYPE OF CONSTRUCTION --- PROJECT: New 

Lewis  Research Center,  Cleveland, Cuyahogz Cowity, Ohio 

Lewis  Research Center  

FUNDING: 

FY 1966 and P r i o r  Years $700 , ooo 
FY 196'7 Est imate  

T o t a l  Funfiing Through FY 1967 

PROJECT lcoslr ESTIMATE: --- 

Land Acau i s i t i on  

Construct ion ----- 

S i t e  improvements 
U t i l i t i e s  and misce l l a -  

n'eous i tems 
Spec ia l  cons t ruc t ion ,  

foundat ions,  pads 
Hot %.&cine and engine 

t e s t  bu i ld ing  
CoLd t u r b i n e  c e l l  
Expmsion of cool ing  

tower water pump house 

Equipment --. 

Combustion a i r  systems 
and hea t  e 1"s 

14,000,000 

$14,700,000 

Unit  of 
Measure 

--- 

LS 

LS 

LS 

Sq. F t .  
sq. Ft. 

Sq. F t .  

LS 

Q u a n t i t y  

--- 

U n i t  
c o s t  - 
--- 

T o t a l  
c o s t  

$1,350 , 000 - 
--- $20,000 20 , 000 
--- 140 , 000 140,000 

--- 400,000 400 , 000 
31 , ooo 21.61 670, ooo 
5 , 200 17 9 30 90 , 000 

2,070 14.49 30 , 000 
$12,650,000 

--- 3,300,000 3,300,000 
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I 

I 

Alti tut le  exhaust sys-  
tem and coolers  

, T e s t  ch:%ml)ers 
Dynmnorneters, gear  boxes 

hydr:s;ll.i c s y s tern 
Cranes and s a f e t y  sys-  

tems,  f u e l  systems 
Cooling towers and p ip ing  
E1ectr:ica:L c o n t r o l s  

D a t a  a ( q u  is it ion  systems 
Process eLec t r i c  power and 

c ommii n ica t  i on systems 

systeins 

Design 

F a l l o u t  S h e l t e r  (Not - 
f e a s i b . i g  

PROJECT rmRP3SE : ---- 

Uni t  of 
Measure 

LS 
LS 

LS 

LS 
LS 

LS 
LS 

LS 

--- 

--- 

Unit  
Cost - 

$5,200,000 
81~5 000 

1,020 7 000 

585,000 

500,000 
600,000 

25 7 000 

5 '75 J OoO 

--- 

--- 

To-tal  
c o s t  

$5 > 200 J 000 
845,000 

1 ; 020,000 

500 ooo 
600, ooo 

25,000 

None 

$14 ,000 000 
_I - 

The purp3se o:f t'nis p ro j ec ,  i s  t o  provide a f a c i l i t y  f o r  full. scaLe re- 
search  on advanced engine components and engines t o  power supersonic  air-  
p lanes  a t  sFeeds up t o  Mach 3. 

PROJECT DESCRIPTION : -_-- 
The p r o j e c t  c o n s i s t s  of t h r e e  t es t  chambers for conducting full s s a l e  re- 

search  of eEgine components and engines  under co ld  flow and ope ra t in2  condi- 
t i o n s .  The t e s t  chambers w i l l  be connected t o  combustion air  and exnaust 
systems of t he  e x i s t i n g  Propuls ion Systems Laboratory.  Addi t iona l  a i r  
h e a t e r s  and exhaust gas coo le r s  w i l l  provide t h e  t es t  condition:; of 535 
pounds of a i r  p e r  second a t  165 pounds p e r  square inch  ( p s i ) ,  up t o  1,200 
degrees Fahre rhe i t  ( F . ) ,  and t o  reduce  3,500' F. exhaust gas t o  170' F. 
Research rurs of one hour a t  100 percent  power or seven hours a", 40 percent 
power w i l l  k e  poss ib l e .  Fuels  w i l l  be de l ive red  a t  ranges up t o  320 ga l lons  
p e r  minute, 500 p s i ,  and a t  temperatures  up t o  500' F.; e x i s t i n g  s to rage  ca-  
p a c i t y  i s  ug t o  100,000 ga l lons .  Remote c o n t r o l  opera t ion  of t h e  system wil:L 
be provided wi th  monitor ing of engine func t ion  and d a t a  acquisi-; ion.  
w i l l  be t a k e n  wi th  200 channels each of high and low speed digi-;a1 recording 
wired d i r e c t l y  t o  t h e  e x i s t i n g  c e n t r a l  data system. The system w i l l  provide 
i n s t a n t  readback t o  opera t ions  personnel ,  p lus  permanent records .  Sa fe ty  
systems w i l l  provide d e t e c t i o n  of var ious  hazards ,  and f i r e  con-trol .  Tele-  
v i s i o n  monit*or.ing w i l l  be provided for su rve i l l ance  of t h e  t e s t  chambers and 
o the r  p a r t s  of t h e  f a c i l i t y .  
v ide  accepta.ble noise  l e v e l .  

Data 

A i r  i n t akes  and exhausts  w i l l  be - t rea ted  t o  pro- 
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Industria.1. type  s t r u c t u r e s  w i l l  house t h e  chambers and s e r v i c e  aress . 
Brick masonry po r t ions  con ta in  c o n t r o l  and d a t a  a c q u i s i t i o n  rooms. 
c i l i t y  w i l l  occ:upy approximately two a c r e s  a t  the  Lewis Research Center and 
t h e  s i t e  sel.c:ct;ion has been c a r e f u l l y  determined by f u n c t i o n a l  connections as 
w e l l  as ecori0mj.c cons idera t ions  i n  a s s o c i a t i o n  with t h e  e x i s t i n g  equipment of 
t h e  Propulsi.on Systems Laboratory.  
capac i ty  of i;he cool ing  tower, bas ins  and water pump house. 
s t r u c t u r e s  tr:-13- be of concrete  foundat ions,  s t e e l  frame, masonry and meta:L 
s i d i n g ,  acou:;t:-cally t r e a t e d ,  a l l  compatible i n  des ign  w i t h  ad jazent  Center 
s t r u c t u r e s .  

The fa- 

Modif icat ions a r e  involved i n  i nc reases  o f  
General ly ,  

PROJECT JUSS.’:CFICATION: --- 
In t ens ive  research  and ex tens ive  t e s t i n g  of engine components and engines  

m u s t  be clone i n  order  t o  provide economically f e a s i b l e  and thoroughly r e l i a -  
ble supersonic  a i r c r a f t  engines .  The t e s t i n g  and research  r equ i r ed  riust be 
performed wider s imulated f l i g h t  condi t ions ,  and f a c i l i t i e s  f o r  such demands 
do not  now e K i s t .  The Propuls ion Systems Laboratory at  Lewis  Research Center 
is  now a b l e  t o  provide exhaus te r  and compressor capac i ty  f o r  t h e  simiil-ation 
r equ i r ed  and i s  s i n g u l a r l y  equipped wi th  o t h e r  equipment such a s  c e n t r a l  data. 
systems, b a s i c  h e a t i n g  capac i ty  and b a s i c  cool ing  capac i ty  so a s  t o  ])rovide a, 
s t rong  support  f o r  developing the  ultimate needs of tes t  f a c i l i t i e s  f o r  
superson-ic engine r e sea rch .  

This  research  i s  u rgen t ly  r equ i r ed  and the proposa l  he re in  o f f e r s  t h e  most 
expedi t ious  and economical method of providing s u i t a b l e  f a c i l i t i . e s  f o r  t h e  
task. 

ESTIMATED FJTURE _- YEAR FUNDING FOR THIS PROJECT: None 
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FISCAL YEAR 1967 ESTIMATES 
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CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1967 ESTIMATES 

--- INSTALIATION OF EQUIPMENT AT THE HYDROGEN HEAT TRANSFER FACILI3Y 
FOR 

HYPERSONIC PROPULSION RESEARCH ~ - - - -  

AUTHORIZATI(IIJI;INE ITEM : L e w i s  Research Center 

PROGRAM OFFUZFOR THE PROJECT: 

LOCATION OF I?ROJECT: Plum Brook S t a t i o n ,  Sandusky, E r i e  County, Ohic 

COGNIZANT NA;& INSTALLATION: Lewis  Research Center 

TYPE OF CONS’UJCTION PROJECT: Modif icat ions and Additions 

Of f i ce  of  Advanced Research and Technology 

FUNDING : 

FY 1966 mid P r i o r  Years 

FY 1967 b t i m a t e  

T o t a l  Fuiiliiiig Through FY 1967 

PROJECT COST&STIMATE,: 

Unit of 
Measure 

--- Land Acqu i s i t i on  

Cons trucit&g 

S i t e  improvements LS 
Building mod i f i ca t ions  LS 
Building (addi t ion sq. Pt. 

Equipment 

Gas s to rage  and f u e l  systems 
Fue 1 h,eat e r  
T r a n s i t i o n  elbow f o r  pebble 

N2-02 mixing chamber 
Nozzles 

bed ‘heater 

LS 
LS 

LS 
LS 
LS 

$197,000 

2,000,000 

$2,197,000 

Unit 
c o s t  
7 

--- 

$120,100 
7,300 
18.00 

347,800 
59,600 

28,000 
31,700 

398,500 

To ta l  
c o s t  - 

--- 
&.70,600 

:.20,100 
7,300 

43,200 

L ~ 3 2 9  -400 

:147,800 
59,600 

28,000 

.398,500 
31,700 
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Test: Ch,mber 
D i  f fu s  (2.r 

Cooling water systems 
Spray (:oo Ler 
Steam siipply systems 
E j e c t 01: 
Safety systems 
I n s  t: r mien 1: a t  ion  
E lec t  r 1- ca ‘1 cont r o  1 s 

Unit of 
Measure 

--- Des inn 

I__---- Fa l lou t  Bhe:Lter (Not f e a s i b l e )  --- 

LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 

PROJECT PURN’(L: 

The purpose of  t h i s  p ro jec t  i s  t o  add 

Unit T o t a l  - c o s t  cos t  

82 , 000 
28 , 900 
41 ,6UU 
50,800 

337 , 500 
47 , 500 
64,600 

225 , 600 
85 , 300 

82,000 
28,900 
41,600 
50,800 

I37,500 
47 , 500 
64,600 

2 25 , 600 
85 , 300 

None --- -- 

$2.0 30.000 - 

equipment t o  t h e  Hydrogen Heat 
Transfer  F a c i l i t y  t o  provide a f r e e  j e t  i n  which t o  conduct hypersonic 
propulsion r e sea rch  a t  Mach 5-7 with a primary o b j e c t i v e  of  t e s t i n g  and 
developing supersonic  burning ram j e t  engines and components of reasonable  
sca l e .  

PROJECT DESCE:II’TION : 

The equipnient a d d i t i o n  t o  the Hydrogen Heat Transfer  F a c i l i t y  w i l l  provide 
a Mach 5-7 f r e e  j e t  having t r u e  a i r  composition and a l t i t u d e  s imula t ion  t o  
s imulate  r e p r e s e n t a t i v e  f l i g h t  t r a j e c t o r i e s .  Nitrogen gas w i l l  be heated t o  
4500 degrees Rankine (R) i n  the e x i s t i n g  g r a p h i t e  pebble bed heae exchanger 
and w i l l  be niixed with oxygen o r  a nitrogen-oxygen mixture t o  achieve a t r u e  
a i r  compositior. a t  a temperature of 2900 degrees Rankine (R). Stagnat ion 
pressure w i l l  b e  1200 pounds pe r  square inch.  

It i s  proposed t o  provide a g r a p h i t e  l i ned  t r a n s i t i o n  s e c t i o n  and 2lbow 
t o  the existing pebble bed hea te r .  Also provided w i l l  be a nitrogen-oxygen 
mixing chamber downstream of t h e  h e a t e r .  The equipment w i l l  include three 
interchangeable  hypersonic nozzles (each approximately 15 f e e t  long) dhich 
w i l l  produce Mach 5 ,  6 ,  and 7 f r e e  jets about 42 inches diameter ,  Thf? t es t  
chamber w i l l  be about 12 fee t  i n  diameter by 18 f e e t  long and w i 1 . l  inzlude 
an engine mount f o r  force measurement devices .  Connected t o  the  t e s t  chamber 
w i l l  be a 40 f o o t  long d i f f u s e r  s e c t i o n  discharging t o  atmosphere t h r w g h  a 
spray cooler  and steam dr iven  e j e c t o r  exhaust system. Cooling water w i l l  be 
provided f o r  the nozzles , t e s t  chamber, d i f f u s e r  and sp ray  coo le r .  



Exis t ing  hydrogen s t o r a g e  w i l l  be u t i l i z e d  as a f u e l  source f o r  tk,e 
research engine. Addit ional  nitrogen-oxygen gas s t o r a g e  w i l l  be proirided 
and e x i s t i n g  gas s t o r a g e  w i l l  be  r e l o c a t e d  t o  accommodate t h i s  p ro jec t .  
An extension t o  t h e  e x i s t i n g  f a c i l i t y  bu i ld ing  w i l l  be provided t o  house 
t h e  t e s t  chamber and nozzle. 

PROJECT JUSTIFICATION: 

Development and t e s t i n g  of a i r - b r e a t h i n g  engines i n  t h e  hypersonic: speed 
range r e q u i r e s  t h e  a v a i l a b i l i t y  of l a r g e  heated a i r  f a c i l i t i e s  with 
c a p a b i l i t y  of c l o s e  s imulat ion of f l i g h t  s t a t i c  temperature,  p re s su re ,  and 
Reynolds number. A t  Lewis  Research Center and elsewhere, a major d e t e r r e n t  
t o  r e sea rch  and development i n  t h e  hypersonic range of a i r - b r e a t h i n g  engines 
i s  t h e  l ack  of any f a c i l i t y  which can tes t  complete engines above Mach 5 
with complete s imulat ion.  There are  a number of research problems which have 
not  been resolved a t  Mach 5-7 including in l e t -bu rne r  matching, ignit:.on, 
f u e l - a i r  mixing, thermal choking, cool ing and s t r u c t u r e s .  

This request  i s  concerned with a f a c i l i t y  using a concept t h a t  has  no t  
been previously used. 
ex ten t  by using g r a p h i t e  t o  h e a t  n i t rogen ,  and mixing t h e  oxidant  downstream 
of t h e  g r a p h i t e  hea te r .  With t h i s  scheme, Mach 5-7 condi t ions can bi? 
simulated by mixing ho t  n i t rogen  with oxygen o r  oxygen- n i t rogen  mixtures.  

The h e a t e r  materials problem i s  obviated t o  some 

I n s t a l l a t i o n  of t h i s  equipment w i l l  not  reduce t h e  f a c i l i t y  c a p a b i l i t y  f0.r 
hea t  t r a n s f e r  experiments. 

ESTIMATED FlD'RE YEAR FUNDING FOR THIS PROJECT: None 
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PLUM BROOK STATION 

FISCAL YEAR 1967 ESTIMATES 

INSTALL4TION OF EQUIPPdEN? A? HYDROGEN HEAT TRANSFER FACILITY 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1967 ESTIMATES 

VARIOUS LOCATIONS 

No. 

S u ~ a r y . . . . . . .  ................................................. CF 12-1 

Off ice  of Manned Space F l i g h t  P ro jec t :  

F a c i l i t i e s  f o r  S-IVB stage program.... . . . . . . . . . . . . . . . . . . . . . . .  CF 12-2 

Off ice  of Space Science and Appl ica t ions  P r o j e c t s :  

Launch vet l ic le  s e r v i c e  tower. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Aerobee 3Z10 launch f a c i l i t y  ................................. 
Spin test f ~ i c i l i t y .  ......................................... 

Off ice  of  Tracking and Data Acquis i t ion  P ro jec t :  

Water d i s  t x ibu t ion  and sewage d i sposa l  systems. ............. 
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CF 12-12 

CF 12-17 

CF 12-23 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1 9 2  BUDGET ESTIMATES 

INSTALLATION MISSION PERSONNEL S T R E N G T H  FY :965 FY 19 66 
NASA PERSONNEL (End Of Year) 

CONTRACTOR ANDOTHER PERSONNEL 

TOTAL ALL PERSONNEL Not  ARpl icable 

FY 19 67 

PROJECT L I N E  ITEM 

L A N D  

NASA-OWNED 

OTHER GOVERNMENT AGENCY-OWNED 

NON-FEDERAL (Lsases,  saaemsnlsi 

TOTAL LAND 

TOTAL CAPITAL INVESTMENP 
(Including NASA-Ownsd Land) (ea of ]uno 30. 1965 

F a c i l i t i e s  f o r  S-IVB Stage Program 
L a h c h  V e h i c l e  Serv ice  Tower 
Aerobee 350 Launch F a c i l i t y  
Spin Tes t  F a c i l i t y  
Water D i s t r i b u t i o n  and Sewage D isposa l  

Sys t e r n  

NO. ACRES 

No t  
App l icab le  
Not 

$ 

r) ALL OTHER PROJECTS 
%I 

r 
h, 
I * 

TOTALS 

NASA FORM 1029 (REV. JUN 651 PREVIOUS EDITIONS ARE OBSOLETE. 

Includes work rn p r o r e v f .  

FY 1 9 6 2 ~ ~ ~ ~  FY '1967 FUTURE YEARS 
CURRENT YEAR (Ealimale4 (Esllrnaled) 

COGNIZANT 
OFFICE ALTPJ&s 

(Eatirnated) 

MSF 
SSA 
SSA 
SSA 

11,496.2 
145.0 
60.0 
38.0 

146.0 TDA 

1,100.0 - 12,596.2 
2,443.0 - 2,588.0 
1,200.0 - 1,260.0 
745.0 - 783.0 

990 .o - 1,136 .O 

i 



CONSTRUCTION OF FACILITIES 

FISCAL YEAR 1967 ESTIMATES 

4fATER DISTRIBUTION AND SEWACE DISPOSAL SYSTEMS 

AUTHORIZATION ITEM: Various Locations 

PROGRAM OFFICXJOR THE PROJECT: Office of Tracking and Data Acquisit ion 

LOCATION OF PItO.JECT: Goldstone Complex, For t  Irwin, Ca l i fo rn ia  

COGNIZANT NASAJNSTAUATION: Jet  Propulsion Laboratory 

TYPE OF CONSQ%A(;TION PROJECT: New 

FUNDING : 

FY 1966 axid P r i o r  Years $146,000 

FY 1967 E13ti1nate 990 .ooo 

Total Funding Through FY 1967 $ 1 , 1 3 6 . 0 0 ~  

PROJECT COST -ES't'IMATE : 

Land AcauLsition 

Cons t r u c  t : b z  

Sani ta ry  sewer 
Sept ic  It an'ks 
Oxidation ponds 
Water d Ls t I: ibu t  ion  

Storage tanks 
system 

Eauiment 

Substat  ion 
Eff luent  pumping s t a t i o n  
Booster pumping s t a t i o n  

Design 

Unit of 
Measure 

--- 

LF 
LS 
LS 

LF 
GAL 

KVA 
LS 
LS 

--. 

Ouant i t Y 

--. 

5,640 --- --- 
148,000 
400,000 

112.5 --- --- 
--- 

Unit 
cos t  - 
--- 

$4.61 
27,000 
31,000 

4.65 
0.35 

44.40 
21,000 
49,000 

--- 

Tota l  
cost  

;;91s .ooo 

26,000 
27,000 
31,000 

689,000 
142,000 

$75 .OOO 

5,000 
21,000 
49,000 

--- 

CF 12-23 



Unit of 
Measure @ant it y 

Unit Total 
cost cost - 

Fallout Shelter (Not feasible) --- --- 
TOTAL 

PROJECT PURPOSIl : 

The proposed water and sewage utilities will provide the Goldstone c.omplex 
with an adequate water supply and sewage disposal system to accommodate the 
present demands and future requirements. 

PROJECT DESCR:IPTION : 

Water Supp:L~ - The water distribution system will begin with the installa- 
tion of a pumphouse at the new one million gallon water storage tank presently 
being constructed by the Corps of Engineers approximately one mile west of 
Fort Irwin along the road to Goldstone. Under this project the water will 
be pumped Erom this tank to a primary storage tank at the Venus site. From 
the primary tank, water will flow by gravity to storage tanks at each !;ite. 
The tanks at each site will feed water to the site distribution system by 
gravity. Each site will be protected with check valves and the tanks iiill 
have sufficient capacity to maintain operations at the site during per:i.ods 
of repair or shutdown of the primary storage tank. 

Sewage Disposal - Due to existing conditions, each site in the Goldstone 
complex will have slightly different methods of sewage disposal. The inethods 
are listed below: 

Echo - 

Venus - 

Pioneer - 

Mars - 

Antenna 
Range - 

Three (3) septic tanks will be added at this site. 
The effluent from these and the existing tanks 
will discharge into a central collecting system 
and flow by gravity to an oxidation pond. 

The requirement at this site is to install two (2) 
additional septic tanks and to enlarge the existing 
tile fields. 

An additional septic tank will be added and the 
liquid will be pumped to an oxidation pond east of 
the dry lake. 

Three (3 )  additional septic tanks will be added. 
These tanks will be connected to the existing tile 
fields. Excess flow to these tile fields will be 
conveyed to oxidation ponds. 

The existing tile field will be enlarged. 

CF 12-24 



PROJECT JUS TIFI:CPLTION : 

The individual. s i tes t h a t  comprise t h e  Goldstone complex a r e  p r e s e n t l y  
suppl ied  wi th  orat:er by a tank t ruck  haul ing  water  from For t  I rwin  to s t o r a g e  
tanks a t  each r;it:e. Continued expansion of  t he  Goldstone f a c i l i t i e s  has  
c rea t ed  a c o n t i n u a l l y  growing demand f o r  water. It is not p o s s i b l e  nor 
economically f e a s i b l e  t o  attempt t o  cont inue supplying water  i n  t h e  present  
manner. The proposed system w i l l  supply an adequate amount of water  t o  
provide operat.iona1 c a p a b i l i t y  on a twenty-four hour ,  three-hundred s i x t y -  
f i v e  day cycle , ,  As t h e  s t a t e  of t h e  a r t  i n c r e a s e s ,  t h e  demand f o r  water  t o  
maintain ope ra t iona l  temperatures  f o r  t he  e l e c t r o n i c  equipment cons t an t ly  
inc reases  resu.1.tj.ng i n  more haul ing  t ime under present  cond i t ions .  The 
func t iona l  cap t tb i l i t y  of t h e  p re sen t  sewage d i sposa l  systems i n  t h e  Goldstone 
complex has  been exceeded due t o  the  inc rease  i n  personnel ,  thus  providing 
more e f f l u e n t ,  arid t h e  i n a b i l i t y  of t h e  s o i l  due t o  i t s  cementaceous na tu re  
to accommodate t h e  increased  flow. The proposed systems w i l l  e l imina te  t h e  
p re sen t ly  incur red  expenses due t o  con t inua l  s e p t i c  tank pumping and t h e  
blocking of t h m  s a n i t a r y  f a c i l i t i e s  a t  t h e  sites. The p resen t  proposal  is 
designed t o  provide adequate capac i ty  and t rea tment  f o r  t he  e x i s t i n g  
f a c i l i t i e s  and any reasonable  f u t u r e  expansion. 

ESTIMATED FUTLII€YEAR FUNDING FOR THIS PROJECT: None 
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GOLDSTONE COMPLEX, FORT IRWIN, CALIFORNIA 

CONSTRUCTION OF FACILITIES 
FISCAL YEAR 1967 ESTIMATES 

SCALE IN MILES 

FIGURE STATION VICINITY MAP 



LEGEND 

WATER TRANSMISSION LINE _------ - - - -- - - - - - _ _  _ _  _ _ -  _-__ WATER DISTRIBUTION LINE 7 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

CONSTRUCTION OF F A C I L I T I E S  

FISCAL YEAR 1 9 6 7  ESTIMATES 

FACILITY PLANNING AND DESIGN 

Paw N o .  

SuLIIID_ary. ........................................................ CF 1 3 - 1  

O f f i c e  of the A s s o c i a t e  A d m i n i s t r a t o r  (NASA G e n e r a l )  

F a c i l i t y  planning and design ................................ CF 13-2 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

INSTALLATION SUMMARY 
CONSTRUCTION OF FACILITIES 

FISCAL YEAR 19 67 BUDGET ESTIMATES 
(Dollars i n  thousands) 

I NEAREST CITY NASA INSTALLATION COGNIZANT PROGRAM OFFICE I LOCATION O F  INSTALLATION I COUNTY 

_ _ _  i 1 --- 
I FOE !USTALLAT!$% nee- - -  

--- 
( F Y  1965 I F Y  1 9 6 6  I F Y  i s 6 7  

- - -  
PERSON N EL ST RE NGT H 

or' Associate 
A 1  1 Admil l i s  tratcr 
INSTALLATION MISSION 

NASA PERSONNEL (End Of Year) 

CONTRACTORANDCJTHERPERSONNEL I - Not hpp l i c a b  lp 
TOTAL ALL PERSONNEL I 

i NO. ACRES L A N D  

See j u s t i f i c a t i o n .  

N ASA-OWN E D  

OTHER GOVERNMENT AGENCY-OWNED - 
NON-FEDERAL (Leaaea, eaaansnta) Not 

Not 

- - TOTAL LAND A p p l i c a b l e  

TOTAL CAPITAL INVESTMENT' 
(Including NASA-Omed LmdJ (aa of Jme 30, 19 65 ) $ App l icab le  

PROJECT L I N E  ITEM 

F a c i l i t y  Planning and D e s i g n  

I 

n ALL OTHER PROJECTS 

COGNIZANT 
O F F I C E  

AA 

_. 
rrl 

P 
W 
I 

NASA FORM 1029 (REV. JUN 65) PRE.VIOUS EDITIONS ARE OBSOLETE. 

F Y  1962 THRU 
CURRENT YEAR 

46,330 

I 

7,000 

46,330 7,000 

FUTURE YEAR! 
(Ea t lmatea  

Not 
Appl icabl  

T O T A L  
A L L  YEARS 
(Eatlrnatea 

Not 
Applicable 

* Includes work in process. 



CONS TRUC T I  ON OF FAC I L  I TIES 

FISCAL YEAR 1967 ESTIMATES 

FACILITY PLANNING AND DESIGN 

The funds requested a r e  used t o  conduct advance planning and design a c t i v -  
i t i e s  on p r o j e c t s  f o r  which cons t ruc t ion  funds w i l l  be requested i n  subse- 
quent budgets. 

The $7.0 mi l l i on  request  covers work i n  the following th ree  areas: (a) 
$1.5 m i l l i o n  f o r  prel iminary designs and o t h e r  s p e c i a l  s t u d i e s ,  (b) $:3.5 
m i l l i o n  f o r  the p repa ra t ion  of complete p l ans  and s p e c i f i c a t i o n s  of those 
p r o j e c t s  t o  be  included i n  the FY 1968 f i s c a l  year  cons t ruc t ion  progr4im, and 
(c) $2.0 m i l l i o n  t o  complete the  d e t a i l e d  design plans and specificat1,ons for 
the highly complex two p o s i t i o n  engine and s t a g e  tes t  s tand associaterl  with 
the NERVA program. 

The $1.5 mi l l i on  f o r  the f i r s t  area covers t he  p repa ra t ion  and upg.i:ading 
of master plans f o r  the var ious NASA cen te r s  and o t h e r  NASA i n s t a l l a t i o n s ,  
unforeseen cons t ruc t ion  s t u d i e s  , and the p repa ra t ion  of cos t  estimate:; and 
engineer ing s t u d i e s  which make up t h e  prel iminary designs f o r  an estirnated 
$80 t o  $100 mi l l i on  f i s c a l  year  1969 cons t ruc t ion  program. 

The $3.5 mi l l i on  f o r  the second area covers t he  p repa ra t ion  of f i n 1 1  and 
complete designs , plans , and s p e c i f i c a t i o n s  f o r  an est imated FY 1.968 ISacility 
cons t ruc t ion  a c t i v i t y  amounting t o  a t o t a l  of $80 t o  $100 m i l l i o n  (excluding 
the Engine/Stage Test Stand 2-3 f a c i l i t y ) .  

The $2.0 mi l l i on  f o r  the t h i r d  area covers the engineer ing and design of 
the Engine/Stage T e s t  Stand 2-3 tes t  complex which c o n s i s t s  of two s t 4 i t i c  
tes t  s t a n d s ,  a con t ro l  c e n t e r ,  and a n c i l l a r y  equipment. Each tes t  s tand w i l l  
be capable of t e s t i n g  a nuclear  rocket  propuls ion module i n  a v e r t i c a l  p o s i t i o n  
during 5000 MW (power) operat ions.  S t u d i e s ,  c r i t e r i a  development and s i t e  
i n v e s t i g a t i o n s  are i n  progress and engineer ing and des ign  w i l l  begin s h o r t l y .  
This work has been funded from p r i o r  years  F a c i l i t i e s  Planning and Design 
funds. $2.0 m i l l i o n  are required i n  f i s c a l  year  1967 t o  continue the eng i -  
neer ing and design of t h i s  complex. 
c u r r e n t l y  es t imated f o r  t h i s  t e s t  complex are not  included i n  the $80 t o  $100 
m i l l i o n  f i g u r e s  shown f o r  t he  second area requirements.  

The $50 m i l l i o n  cons t ruc t ion  cos:s 
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205-835 0 - 66 - (Face p. fi0 3-1) 

FACILITIES AUTHOR1:ZED OR UNDEll CONSTRUCTION 

SPACE FLIGHT GI D A N C E  RESEARl!H FACILITY 

-_-_- 
A. 

B. STRUCTIJRAL DYhAMlCS LABORATORY 

C. INSTHUYIENT BUII.DIIJG EXTENSIOh 

D. ADMINISTRATIVE MANAGEMENT BIllLDING 

E. SYSTEM; ENG1NEI:RIItIG FACILITY 



LEGE#biD -- 
ADMINISTRATION BUILD NG 
AllDlTORlUM 
ADMlNlSTRATION BUILD NG ANNEX 
ENGINEERING SERVICES BUII.DINC 
SPACE T E C H N O U X Y  BUILDING 
SPACE TECHNOLOGY BI l l L D l h G  ANNEX 
12-FOOT PRESSURE W I b D  T I l h N E L  
12-FUWT PRESSllRE WIND TIIhNEL. AUXILIARIES BUILDING 
n l l l D  MECHANICS LAHORATiIRY 
SUPERSONIC PREE-FLIGHT WIND TUNNEL 
PRESSURIZED BALLlSPlC RANGE 
SPACE FLIGHT SlMllLATlDN LABORATORY 
AIRPLANE HANGAR AND SHOP 
STRII(TURAL FABRICATl'3N SHOP 
INSTRUMENT RESEARCH LAB3RATORY 
MODEL FINISHING SHOP 
7. BY IOFOOT WIND TLNVEL. NO. I 
7. BY IOFOOT WIND TI NYEL. NO. Z 
14-FOOT TRANSONIC W I N 3  TUNNEL 
E L E m R I C A L  SERVICES BUILDING 
TECHNICAL SERVICES BlllLDlNC 
*L BY ROFOOT WIND T'.INNEL 
2. BY 2-FOOT TRANSONIC WIND TUNNEL 

ATMOSPHERE ENTRY IILIUW'IDR 
SUBSTATION 
6 BY $FOOT SIIPERSOPIII' WIND TIINNEL 
UNITARY PLAN WIND T I I N N E S  BUILDING 
I I - M O T  TRANSONIC WIND TUNNEL 
9. BY 7 FOOT SIIPERSONII' WIND TUNNEL 
R- BY 7 - F m  SIIPERSOPIII' WIND TUNNEL 
UNITARY PLAN WIND 'TIINNEB. AUXILIARY BUILDING 
HYPERVELQCITY AIR I U ) W  LABORATORY 
JSFOOT HYPERSONIC WIND TUNNEL 
1 .5 .m HYPERSONIC WIND T U N N E L  AUXILIARIES BUILDING 
HYPERVELQCTTY RESE.4F:CH IAABORATORY 

P I U X  MODEL OF HYPERVEILCITY FREE FLIGHT FACILITY 
DATA REDUCTION B U I L t l N C  
GASDYNAMICS LABORATORY 
C A F m R I A  BUILDING 
BIOSCIENCE LABORATORY 
HYPERVELJXITY FREE FLIGWI FACILITY 
MACH 50 HELIUM TUNNEL 
LIFE SCIENCES RESEARCH LABORATORY 
SPACE ENVIRONMENT RESEARCH FACILITY 
ADMINISTRATIVE MANAGEMENT BUILDING 
STRU(Tl1RAL DYNAMICS LABDRATORY 
SPACE FLIGHT GUIDANCI: RESEARCH LABORATORY 

HYPERVELOCITY BALLIBT F:ANCE 

HYPERSONIC HELIUM Ti NNEL 

FACILITIES AUTHORlZEDOR UNDER CONSTRUCTION 

A. SPACE FLIGHT GUID.4:iCE RESEARCH FACILITY 

B. STRUCTURAL DYNAMICS LABORATORY 

C. INSTRUMENT BUILDIV'; EXTENSION 

D. ADMINISTRATIVE MANAGEMENT BUILDING 

E. SYSTEMS ENGINEERIN'; FACILITY 
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ADMINISTRATIVE OPERAT IONS 

FISCAL YEAR 1967 ESTIMATES 

AMES RESEARCH CENTER 

MISSION AND CAPABILITIES: 

The mission of t h e  Ames Research Center  has  been broadened s ign iE ic , sn t ly  
s i n c e  t h e  es tab l i shment  of NASA and now inc ludes  a major research  resp1msibil i t :y 
i n  the  l i f e  s c i e n c e s ,  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 ,  and respons i -  
b i l i t y  f o r  spacec ra f t  experimentat ion i n  t h e  space s c i e n c e s ,  i n  a d d i t i ' l n  t o  
t h e  t r a d i t i o n a l  research  mission i n  t h e  phys ica l  s c i e n c e s ,  I n  t h e  cu r ren t  
and budget y e a r s ,  Ames 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  and B i o s a t e l l i t e  p r o j e c t s .  Pioneer  i s  now providing s c i e n t i f i c  
observa t ions  oi phenomena i n  i n t e r p l a n e t a r y  space from an unmanned spai:ecraft, 
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  exp lore  t h e  b i o l o g i c a l  e f f e c t s  of t he  space 
environment on p r i m a t e s  and o t h e r  e a r t h  organisms. 

Research i n .  t he  phys ica l  s c i ences  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 .  The 
work 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  o f  t he  physics 
and chemistry of high-temperature  gases  , t h e  s t a b i l i t y  , c o n t r o l ,  and performance 
of a wide range of spacec ra f t  con f igu ra t ions ,  and of  m a t e r i a l s  and s t r a c t u r e s  
f o r  s p a c e c r a f t .  I n  the  a r e a  of gas  phys i c s ,  p a r t i c u l a r  emphasis :is placed on 
problems associa.ted 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 a 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  the  Mercurj,, Gemini, and Apollo s p a c e c r a f t ,  t h e  des ign  of Mars e n t r y  
v e h i c l e s ,  and the  des ign  of b a l l i s t i c  m i s s i l e s .  Research i n  environmental  
physics  i s  d i r e c t e d  toward the  physics  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  o f  micrometeoric p a r t i c l e s  and meteoric  impact on 
s t r u c t u r e s  as we l l  as on m a t e r i a l s .  The work i n  guidance and c o n t r o l  systems 
i s  broad i n  r:.atL.re and i s  app l i cab le  t o  manned and unmanned s p a c e c r a f t ,  as 
we l l  as a i r c r a f t : .  Current  emphasis i n  guidance systems i s  d i r e c t e d  mainly 
a t  manned vehicl .es and i n  p a r t i c u l a r  Apollo and follow-on manned miss ions .  
This  includes an i n t e n s i v e  e f f o r t  i n  t h e  a r e a  of midcourse nav iga t ion  and 
te rmina l  g,uic;anc:e wi th  a sma l l e r  e f f o r t  d i r e c t e d  a t  s t u d i e s  involv ing  luna r  
approach, lunar  landing ,  and rendezvous. The research  i n  c o n t r o l  systems i s  
d i r e c t e d  a t  examining va r ious  techniques  app l i cab le  t o  s a t e l l i t e  a t t i t u d e  
s t a b i l i z a t i o n  arid techniques app l i cab le  t o  v e r t i c l e  and s h o r t  take-off  (V/STOL,) 
a i r c r a f t ,  t h e  supersonic  t r a n s p o r t ,  and t h e  Apollo s p a c e c r a f t .  The research  
program i n  ae ronau t i c s  i s  d i r e c t e d  a t  s t u d i e s  of t h e  problems a s soc ia t ed  wi th  
high speed ai.rcrai:t wi th  p a r t i c u l a r  emphasis on t h e  supersonic  t ranspc l r t ,  a 

wide v a r i e t y  of VfSTOL v e h i c l e s  and with hypersonic  research  a i r c r a f t .  
i nc ludes  atucl:.es of  p i l o t i n g  problems w i t h  numerous f ixed-base  , moving,-base 
and f l i gh t :  s i -nu la tors .  

This  
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Research :in t h e  space sc i ences  inc ludes  s t u d i e s  i n  t h e  f i e l d  of s o l a r  
phys ics ,  p l ane ta ry  environments,  and geophysics.  This  inc ludes  grouncl -based 
t h e o r e t i c a l  i311d experimental  r e sea rch  , sounding rocket  experimentat ion,  as 
w e l l  a s  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 1  d s ,  
plasma, and 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  oE p lane t s  and of p l ane ta ry  and s t e l l a r  atmospheres. 

Research i n  the l i f e  s c i ences  i s  conducted i n  t h r e e  major a r e a s :  1,esearch 
i n  physiolog: ical ,  b iochemical ,  and behaviora l  s c i ences  concerned with ob ta in -  
i ng  a b e t t e r  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 1 , e s t r i a l  
environments and t h e  e f f e c t s  of atmospheric and 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  o r i e n t e d  toward t h e  p r e d i c t i o n ,  d e t e c t i o n ,  and 
understanding 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  the  hurnim 
f a c t o r s  a spec t s  of t h e  r e l a t i o n s h i p  between man and t h e  machines whickl 
t r a n s p o r t  him i n  t he  atmosphere and i n t o  space ,  and which w i l l  support. him 
dur ing  luna r  an'd p l ane ta ry  exp lo ra t ion .  

SUMMAKY OF FGgURCES REQUIREMENTS: 

1965 1966 - 1967 

Authorized P o s i t i o n s ,  end of year . .  2,270 2,240 2,211 
Average Number of A l l  Employees .... 2,224 2,244 2 , 222 
Adminis t ra t ive Operations .......... $31,507,000 $32,923,000 $33,475,000 

INSTALLATION -I)ESCRIPT I O N  : 

The Ames Research Center  was e s t a b l i s h e d  i n  1940 and i s  loca ted  a t  t h e  
southern  end of San Francisco Bay on about 226 acres of land contiguous t o  
the  U.S. Naval A i r  S t a t i o n ,  Moffe t t  F i e l d ,  C a l i f o r n i a .  I ts  phys ica l  j ) lant  
comprises many s p e c i a l i z e d  f a c i l i t i e s  f o r  aerospace r e sea rch  i n  t he  
t r a d i t i o n a l  phys ica l  s c i ences  a s  well  as the  space sc i ences  and l i f e  s c i ences ,  
a l l  of which are included i n  t h e  mission of t h e  Center .  These includi: 
convent ional  wind tunne l s ,  en t ry -hea t ing  s imula to r s ,  and f r e e - f l i g h t  l ial l ist ic:  
t e s t  f a c i l i t i e s  capable  o f  conducting tests a t  speeds up t o  and above e a r t h  
escape speed 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 r e  s y n t h e s i s ,  l i f e  d e t e c t i o n ,  and l i f e  environmental  facIIors. 
C e r t a i n  o ther  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  runways, a r e  
used j o i n t l y  by NASA and the  Navy. 
June 30, 1965, was $175,016,000. 

The t o t a l  c a p i t a l  investment as oE 

ANALYSIS OF RlOURCES REQUIREMENTS BY OBJECT CLASSIFICATION: 

1965 1966 - 1967 

11. Personnel Compensation ..... $21,027,000 $21,935,000 $22,572,000 
12 .  Persorne l  Bene f i t s . . . . . . . . .  1,549,000 1,584,000 - 1,629,000 

T o t a l ,  personnel  cos t s . . .  $22,576,000 $23,519,000 $24,201,000 



1965 1966 

21 .  Trave l  and Transpor t a t ion  
of Persons. . . . . . . . . . . . . . . .  

T ranspor t a t ion  of Things .... 
Rent,  Communications and 

U t i l i t i e s . . . . . . . . . . . . . . . . .  
P r i n t i n g  and Reproduction ... 
Other S e r v i c e s . . . . . . . . . . . . . .  

Serv ices  of o t h e r  agencies  
Suppl ies  and Mate r i a l s .  ..... 
Equipment ................... 
Lands a n d  S t r u c t u r e s . . . . . . . .  
Insurance C l a i m s  and 

Icdemnities............... 

$643,000 
23,000 

$676,000 
25,000 

$6'7 0,O 00 
::5,000 22. 

23. 
4,575,000 

27,000 
1,611,000 

137,000 

608 000 
311,000 

1,296,000 

4,733,000 

1,537,000 
27,000 

140,000 
l , l ~ t 8 , 0 0 0  

730,000 
388,000 

5,l . j3,000 
.!7 ,000 

1 ,706,000 
1 j0,OOO 

1,100,000 
2130,000 
1133 000 

24. 
2 5 .  

26. 
31. 
3 2 .  
42.  

$32,923,000 T o t a l . . . . . . . . . . . . . .  ....... $31,807,000 

JUSTIFICATiON BYOBJECT CLASSIFICATION : 

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

1965 - 1966 - 1967 - 
- Dire c t P e I- s o n w l  by Pro !: r a m  

INanned Space F l i p h t  

Apollo ......................... 5 5 5 

Space Sciencga.nd Appl ica t ions  

53 
124 
218 
- - -  

66 
110 
213 - - -  

66 
109 
217 

1 

Physics and a.stronomy.. . . . . . . . . 
Lunar and Fllanetary expl-orat ion 
Biosc ience . . . . . .  ............... 
MeLeorologics.1 s a t e l l i t e s . . . . . .  

Advanced Res_r.Sch and Technology 

Basic resez1rc.h.. . . . . . . . . . . . . . . . 
Space veliic.lt,  systems..  . . . . . . . . 
E 1 e c t r on i c :I 5; y s t. ems . . . . . . . . . . . . 
Human l a c t o r  systems ........... 
Aeronautic E;. . . . . . . . . . . . . . . . . . . . 

320 

14 0 
13 7 
355 

248 
316 
24 1 
133 
137 
34 6 

3 20 
245 
140 
134 
351 

1,590 1,600 1,577 Sub-tote.]. , d i r e c t  p o s i t i o n s . .  



- 1965 - 1966 - 1967 

Support pe r some  1 

Di rec to r  and. S ' t a f f . . . . . . . . . . . . . . .  48 53 49 
Adminis t ra t ion .................... 319 319 323 
Research and development suppor t .  - 253 248 242 

Sub- to t a l ,  support  p o s i t i o n s .  .. 620 6 20 6 14 

2 , 191 T o t a l ,  permanent p o s i t i o n s  ..... 2,210 2,220 

Other ~ ~ ~ i t : : ~ o r i s :  
P o s i t i o n s  under coopera t ive  

t r a  in ing  agreements --- --- --- 
20 

2 . 2 1 1  

.......... - .... 60 20 Other teniporary p o s i t i o n s , .  - 
............. 2 , 2 4 0  - T o t a l ,  a l l .  po:;il:ions.. 2.270 

Personnel reqLiuements 

The person.rie1 complement i s  unquest ionably t h e  most c r i t i c a l  resource  a t  
Ames because of t he  Cen te r ' s  o b l i g a t i o n  t o  conduct r e sea rch  on a broad base  
i n  both ground-based l a b o r a t o r i e s  and f l i g h t  p r o j e c t s  and t h e  severe  r e s t r i c -  
t i o n s  on compl.enient au tho r i za t ions  which r e s u l t s  from similar agency commitments 
a t  a l l  center 's .  Because of  t h e s e  l i m i t a t i o n s ,  t h e  management of t h e  manpower 
resource  i s  the sub jec t  of c a r e f u l  and con t inua l  review and adjustment a t  a l l  
management 1evel.s w i t h i n  t h e  Center .  A cons tan t  t r ade -o f f  between programs 
i s  c a r r i e d  on at: t h e  research  d i v i s i o n  l e v e l  t o  achieve t h e  b e s t  p o s s i b l e  
balance between personnel  requirements and resources  a v a i l a b l e .  

Personnel  Costs 

1965 

Total P o s i t i c n g  ...................... 2,270 

Othe r . . . , . ,  ........................ 60 
Permanent.. ........................ 2,210 

Personne 1 Cony)ens a t  i on  : 
Annual cost: of permanent 

p o s i t i o n s  ....................... $21,093,000 
Pay above the s t a t e d  annual rate. .  80 , 000 
Lapses (deduct:) ................... -638,000 
Net 20,535,000 
Other persoiinel compensation.. .... 492.000 

To ta l  compensation.. ............ 21.027 .OOO 
NASA funded. .................. 21,027,000 
Re imbur :; ab l e .  ................. 

cos t  of permanent p o s i t i o n s . .  . 

--- 

1966 

2,240 

20 
2,220 

$22,299,000 
84 , 000 

-997,000 
21,386,000 

549 1000 

21.935.000 
21,935,000 

-, 1967 

- 2,211 
2,191 

20 

$22,435,000 

22,002,000 

86,000 
-, -519,000 

- 570,000 

22,,572.000 
22,572,000 
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1965 1966 -. 1967 

Personnel b e t x f . i t s . .  ............. 
NASA funded . . . . . . . . . . . . . . . . . . . .  
Reimbursab:L'?. .................. 

Tota l  personnel  c o s t s . .  .......... 
NASA funded .................... 
Reimbursable . . . . . . . . . . . . . . . . . . .  

Average Number(:,f All Emplovees 
(Man Years) .................... 

Personnel Co:i& - $24.201.000 

$1,549,000 
1,549,000 --- 

22,576.000 
22,576,000 --- 

2,224 

$1,584.000 
1,584,000 --- 

23,519,000 
23,519,000 

2,244 

The personnel  c o s t  f o r  FY 1967 i s  es t imated  t o  be $24,201,000 
2,222 manyears of employment. O f  t h i s  amount $22,572,000 i s  f o r  

$1,629,000 
1,,629,000 --- 
- 24 ,, 201 .OOO 

24 :, 201,000 
--.. 

2,222 

covering 
p e r  s( mne 1 

compensation an,d $1,629,000 f o r  personnel  b e n e f i t s .  The FY 1967 est i raate  
inc ludes  an  inc rease  of $682,000 over  t h e  amount f o r  t he  c u r r e n t  f i s c i i l  y e a r .  
This  increasle i s  requi red  t o  cover t h e  c o s t  of t h e  Federa l  Employees lialary 
A c t  of 1945 on a f u l l  year  b a s i s ,  f o r  within-grade s t e p  inc reases  and c a r e e r  
development, f o r  r e t i r emen t  c o n t r i b u t i o n s  and o t h e r  b e n e f i t s .  

The fo l lowing  t a b l e  shows t h e  major i tems which a r e  included i n  thi! 
e s t ima te  fo r  personnel c o s t s :  

FY 1967 Inc rease  o r  Decrease 
E s t i m a t e  from FY '1.966 

Personnel-Conpensation 

Net cost  of permanent p o s i t i o n s  $22,002,000 $+616,000 
Other personnel  compensation ... 570,000 +21 ,Ol,O 

S u b - t o t a l . . . . . . . . . . . . . . . . . . . .  $22,572,000 $+63 7 , 000 

Personnel-Benefi ts  

Retirement con t r ibu t ions .  ...... 1,395,000 -1-40 , 000 
Other b e n e f i t s . . . . , . . . .  ........ 234,000 +5 ,Ol,O 

S u b - t o t a l . . . . . . . . . . . . . . . . . . . .  $1,629,000 2 - 1 - 4 5  ,012 

$+682,030 T o t a l ,  personnel  c o s t s . . . . . . . . . . .  $24,201,000 - 
Travel  and T z g s p o r t a t i o n  of Persons - $670.000 

There i s  2. s l i g h t  reduct ion  of $6,000 i n  t h i s  ca tegory  p a r a l l e l i n g  t h e  
r educ t ion  i n  t h e  t o t a l  number of  permanent p o s i t i o n s  a t  t h e  Ames Research 
Center .  
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Transportation-of Thinps - $25,000 

There i s  no change i n  t h i s  category from t h e  FY 1966 l e v e l .  

Rent,  Communicl@.ons, and U t i l i t i e s  - $5,133,000 

The t o t a l  i nc rease  of $400,000 i n  t h i s  ca tegory  i s  almost e n t i r e l y  f o r  t he  
l e a s e  c o s t  of AD€ equipment. This  inc ludes  t.he a d d i t i o n  of four  remote h i g h -  
speed, computing s t a t i o n s  f o r  more e f f e c t i v e  communications between the  
s c i e n t i s t  and t h e  computer. It a l s o  inc ludes  minor modi f ica t ions  t o  t h e  
e x i s t i n g  bas i c  computational system and increased  use  of e x t r a  s h i f t  t i n e .  

P r i n t i n n  and E2a:oduction - $27,000 

Commercial pri-nting c o s t s  have been s i g n i f i c a n t l y  reduced i n  pas t  years  
through t h e  a c q u i s i t i o n  of modern p r i n t i n g  equipment which has  enhanced t h e  
in-house print::ing c a p a b i l i t y .  Thus, t h e  FY 1967 c o s t  i s  expected t o  remain 
a t  t he  same lcnrel as i n  FY 1966. 

- .  

Other S e r v i c e : i L  $1,856,000 

T o t a l  incre,nsc f o r  t h i s  ca tegory  i s  $179,000, Support services, performed 
under contract:, inc lude  j a n i t o r i a l  s e r v i c e s ,  r e fuse  handl ing  and a r t  work, 
It is a l s o  planned t o  cont inue  the  u s e  of bus iness  management consu l t ing  
f i rms  f o r  revfilewing and recommending p o t e n t i a l  modi f ica t ions  t o  current  
p o l i c i e s  and prac:tices. 
p ro t ec t ion  se:rviees provided by the  U,S. Navy i s  a n t i c i p a t e d  due t o  t h e  
increased  iiumber of new f a c i l i t i e s  becoming a v a i l a b l e  i n  FY 1967. 

A minor inc rease  of $10,000 i n  c o s t  of f i r e  

Suppl ies  and f$k&?rials - $1,100,000 

Requiremenlxi €or funds i n  t h i s  ca tegory  a r e  $48,000 lower i n  FY 196;' than  
f o r  FY 1966, pr i rnar i ly  because of t h e  reduct ion  i n  procurement of off ic :e  
s u p p l i e s .  

Equipment .- $ : M O  ,000 

The requireinent f o r  equipment has  been reduced $450,000 i n  FY 1967 l'rom 
the  FY 1966 l1sJel. The purchase i n  FY 1966 of t h e  I B M  7094 computer 
($344,000) assoc ia t ed  wi th  minor reduct ions  i n  l abora to ry  and photograllhic 
equipment makes t h i s  s i z e a b l e  reduct ion .  

Lands and S t r u c t u r e s  - $183,000 

This  ca tegory  has  been reduced $205,000 i n  FY 1967, I n  M 1966 a mtnor 
cons t ruc t ion  p r o j e c t  f o r  t he  a d d i t i o n  t o  t he  o ld  admin i s t r a t ion  b u i l d i n g  t o  
house the  Missicln Analysis  Div is ion  w a s  accomplished, With t h i s  one t L m e  
i t e m  complete the  subsequent r educ t ion  is r ea l i zed .  
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ELECTRONICS RESEARCH CENTER 
FISCAL YEAR IW7 ESTIMATES 

LOCATION PLAN 
CAMBRIDGE. MASS 

P O S S I B L E  E X P A N S  I O N  
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IW 0 loo - 
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@ TOWER-E/A 8 GENERAL PURPOSE LABORATORIES 

@ MICROWAVE RADIATION 

@ AUDITORIUM 
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@ UTILITY TUNNEL 

@ CENTER SERVICE BUILDING 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ORGANIZATION AND STAFFING CHART 

ELECTRONICS RESEARCH CENTER 

I I OFFICE OF THE DIRECTOR 

Excepted - -  GS-16 
GS-15 4 7  
GS-14 6 5  

16 19 All other GS - -  
Total Permanent 28 33 

STAFFING SllMMARY 

Excepted 
GS-16 10 10 
GS-15 46 77 
GS-14 83 126 
All other GS I Total Permanent 550 1.000 

401 777 1 
Temporary 

Total Positions 

AWINISTRATION OFFICE 

66 67 
Excepted 1 1  
GS-16 - -  
GS-15 1 3  
GS-14 6 8  

102 159 All other G S  

Total Permanent 110 171 

- -  

- -  

SKSTEMS DIVISION 

GS-16 
GS-15 
65-14 

22 

Total Permanent 36 

A11 other G S  - -  

ELECTKONIC CONPONPNTS DIVISION 

- 66 67 
1 1 1  

I 
I LxCeDted 

cs-16 
GS-15 
GS-14 
*11 O t h e r  cc 54 l19 - _  

I Total Permanent 85 153 I 

PKOGKAMS ANU KESUUKCES OFFlCE 

66 67 
1 1  Excepted 

GS-16 
GS-15 3 4  
GS-14 5 6  

41 48 All other GS - -  
Total Permanent 50 59 

- -  
- -  - FACILITIES AND ENGINEERING OFFICE 

- -  ? I  Excepted 
GS-16 
GS-15 
GS-14 
All other GS 

I I 

I I GUIDANCE AND CONTROL DIVISION 

* L  c7  - -  
Excepted 1 1  
GS-16  2 2  
GS-15 7 20 
GS-14 14 3 3  

38 72 All other GS 

Total Permnent 62 128 

_ _  

ELECTROMAGNET IC DIVISION PROCESSING RESEARCH DIVISION 

_ -  - - -  -I  - -  
1 1  

- -  
I I I I Exceoted I Excepted 

GS-lb 
GS-15 I GS-14 2 2  

6 7  
9 16 
31 86 

49 112 

- -  A11 other GS 

Total Permanent 46 101 

All oClier GS 

Total Permanent I 



ADMINISTRATIVE OPERATIONS 

FISCAL YEAR 1967 ESTIMATES 

ELECTRONICS RESEARCH CENTER 

MISSION AND WPABILITIES : -- 
The m i s s i c m  of the E l e c t r o n i c s  Research Center  i s  t o  i n c r e a s e  the agency's 

c a b a b i l i t y  by providing the  knowledge and advanced technology needed t o  
improve performance and r e l i a b i l i t y  of space and a e r o n a u t i c a l  e l e c t r o n i c  
systems and components. The Center  m e e t s  t h i s  r e s p o n s i b i l i t y  i n  two p r i n c i p a l  
ways : 

F i r s t ,  the  Center organizes ,  manages, and conducts a comprehensi-ue program 
of b a s i c  and a.pplied space e l e c t r o n i c s  r e sea rch  i n  o rde r  t o :  (a) i n v e s t i g a t e  
concepts  and techniques t h a t  w i l l  provide t h e  t echno log ica l  foundat ion f o r  
t h e  development of e l e c t r o n i c  equipment of reduced weight ,  s i z e ,  power d r a i n ,  
and complexity,  ab le  t o  ope ra t e  f o r  long per iods  of t i m e  i n  t he  tempers tures ,  
r a d i a t i o n ,  vacuum, and o t h e r  harsh  c o n d i t i o n s  found i n  space ;  (b)  i n v e s t i g a t e  
concepts  and techniques ,  e s t a b l i s h  performance c h a r a c t e r i s t i c s ,  test 
procedures,  and s p e c i f i c a t i o n s  f o r  space e l e c t r o n i c  components and tecliniques 
t h a t  w i l l  make space electronics equipment i n h e r e n t l y  more r e l i a b l e ;  and ( c )  
dev i se  new e l e c t r o n i c  concepts  and techniques  and prove t h e i r  f e a s i b i l t t y ,  
both a n a l y t i c a l l y  and exper imenta l ly ,  l ead ing  t o  space and a e r o n a u t i c a l  
e l e c t r o n i c  equipment wi th  performance c h a r a c t e r i s t i c s  f a r  beyond these  of 
today. 

Second, t he  Center provides  a f o c a l  po in 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 sea rch ,  coord ina t ing  nat ionwide r e sea rch  e f f o r t s  and sponsoring e l e c t r o n i c s  
research  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  i n s t i t u t i o n s , ,  I n  
t h i s  c a p a c i t y ,  t h e  Center  (a) responds t o  t h e  needs of s p e c i f i c  space m d  aero-, 
n a u t i c a l  programs and p r o j e c t s  f o r  new e l e c t r o n i c  techniques ,  concepts , ,  and 
dev ices ,  and h e l p s  shape f u t u r e  e l e c t r o n i c s  r e sea rch  t o  r e so lve  a n t i c i p a t e d  
problems i n  these  programs; (b) d i s t r i b u t e s  knowledge about  b a s i c  and app l i ed  
research  on e Llectronics wi th in  NASA and a l s o  t o  i n d u s t r y ,  u n i v e r s i t i e s ,  and 
o t h e r  members Df the  s c i e n t i f i c  and engineer ing  community; and (c) prmtides  
t o  NASA programs and p r o j e c t s  e l e c t r o n i c  s c i e n t i s t s  and engineers  who iire 
f u l l y  knowledgeable i n  t h e  e l e c t r o n i c s  s t a t e -o f - the -a r t  

E l e c t r o n i c s  r e sea rch  being managed and conducted by t h e  Center  dur ing  FY 
1966 and E71 1967 i s  l a r g e l y  con t r ac t ed  wi th  i n d u s t r y  and u n i v e r s i t i e s  alnd i s  
focused i n  the  f 01 lowing areas : 

1. Space e:Ler:tronics materials and components. 

2, Guidancx and nav iga t ion  of space v e h i c l e s ,  s p a c e c r a f t ,  a i r c r a f t  and 
support:j.ng ground based equipment. 
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3. Space veh ic l e ,  s p a c e c r a f t  and a i r c r a f t  c o n t r o l ,  s t a b i l i z a t i o n  iInd 
i n f  onna t i on sys  tems 

4 .  E l e c t r o n i c  system s imula t ion ,  a n a l y s i s  , eva lua t ion  and integra1:ion 
i n  the  f i e l d s  of guidance, c o n t r o l ,  nav iga t ion ,  t r ack ing ,  commiinica- 
t i o n  ,and i n s  t rumen ta t  ion .  

5 .  E l e c t r o n i c  power condi t ion ing  and d i s t r i b u t i o n .  

6.  Space and ground based in s t rumen ta t ion  technology. 

7 .  Space and ground based computers and computing systems. 

8. Sol id  ,s ta te  phys ic s ,  microwave propagat ion,  microwave coimnunic:itions , 
and tr.an:;mitting and r ece iv ing  phenomena. 

9. Opt ica l  conununications, 

An in-hour;e iresearch e f f o r t  i s  being conducted by the  Center s t a f f  on those 
t a s k s  o f f e r i n g  g r e a t  promise f o r  space e l e c t r o n i c s  technology and on those pro- 
blems r e q u i r i n g  f i r s t - h a n d  experience on the  p a r t  of the  Center  persorinel i n  
order  t o  c o n t r a c t  r e l a t e d  r e sea rch  wi th  indus t ry  and u n i v e r s i t i e s .  
SUMMARY OF RE:SOURCES -- PaQUIREMENTS : 

1965 1966 1967 

Authorized P o s i t i o n s  , end of yea r .  2 50 5 50 1,000 
Average Nunher of A l l  Employees. . . 134 3 30 84 2 
Adminis t ra t ive Operat ions. .  . . . . . . . $3,201,000 $6,233,000 $15,143,000 

INSTALLATION ~,EZ~CKIPTION: 

The Electrclnics  Research Center i s  p r o v i s i o n a l l y  loca ted  i n  l ea sed  q u a r t e r s  
i n  Cambridge, Massachusetts.  
Kendall  Square a r e a  of Cambridge. The t rac t  i s  one and a h a l f  miles wlest  of 
t he  c e n t e r  of Boston and i s  immediately n o r t h  of t h e  Massachuset ts  I n s t i t u t e  
of Technology and one and a h a l f  m i l e s  from Harvard Universi ty .  It coinsis ts  
of about  29 a c r e s  t o  be conveyed by t h e  c i t y  of Cambridge t o  NASA and is 
bounded on the  n o r t h  by Binney S t r e e t ,  on t h e  south by Broadway, on thI2 east  
by Third S t r e e t ,  and on t h e  w e s t  by t h e  New York Cent ra l  Rai l road.  
urban s i t e  w i l l  be r equ i r ed  i n  a d d i t i o n  t o  t h e  permanent urban sit :e as noted in 
t h e  January 1, 1964 r e p o r t  t o  Congress on NASA, Elec t ron ic s  Research Center. 

The proposed permanent s i t e  i s  a t r a c t  i n  t h e  

An a u x i l i a r y  

ANALYSIS OF RESOURCES -- REQUIREMENTS BY OBJECT CLASSIFICATION: 

1367 -- 1965 1966 

11. Personnel  Compensation.. . . $1,362,000 $3,389,000 $9 ,0  L2,OOO 
1 2 .  Personnel  B e n e f i t s . .  . . . . . . 100,000 262,000 - 6037,000 

To ta l  , personnel c o s t s . .  $1,462,000 $3,65 1,000 $9 , 6O9,OOO 
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1965 1967 -. 1966 

2 1 .  Trave:. and Transpor t a t ion  
of Persons . .  .............. 

Transpor t a t ion  of Things. .  .. 
Kent, Comraiunications , 

and U t i l i t i e s . .  ........... 
P r i n t  in€: and Reproduction..  . 
Other S e r v i c e s . . . . .  ......... 

Servic:es of o t h e r  agencies 
Supplies and Mate r i a l s . .  .... 
Eq uipnierit ................... 
Lands arid S t r u c t u r e s . .  ...... 
1nsurmc:e C l a i m s  and 

Ind emrii t i e  s ............... 

$302,000 
70,000 

$347,000 
136,000 

$118,000 
28,000 2 2 .  

2 3 .  
340,000 

13,000 
316,000 
464,000 

64,000 
396,000 --- 

688,000 
25,000 

6 10,000 
258,000 
229,000 
400,000 

1,836,000 
44,000 

1,990,000 
359,000 
412,000 
320,000 

24. 
25. 

26. 
31. 
3 2 .  
42.  

T o t a l . .  ................... $6,233,000 $15 , 143,000 $3 , 201,000 

JUSTIFICATIC~~~BY OBJECT CLASSIFICATION 

Pe rs onne 1 D i s  t r ibu  t i o n  

1966 - 1965 1967 

D i r e c t  Perscsme 1 by Program 

Advanced Research -- and Technology 

3 12 

3 12 

- 115 

115 

- 

- - 

70 1 - Electroni.cs systems..  .......... 
Sub- tc t .a l ,  d i r e c t  p o s i t i o n s . .  70 1 - 

Support Pe rs c1nn.e 1 

Di rec to r  ar.d S t a f f . . . . . . .  ........ 
Adminis t r a t  i on .  .................. 
Research ar.d deve lopnient suppor t .  

22 27 
94 158 

5 3  13 - - 
35  

189 
7 5  - 

Sub- to t a l ,  suppor t  p o s i t i o n s . .  . 238 - 129 - 299 - 
T o t a l ,  permanent p o s i t i o n s . .  , . . 244 550 1,000 

Other P o s i t i o n s :  

P o s i t i o n s  under coopera t ive  
t r a i n i  r.g agreements .......... 

Other terripcrary p o s i t i o n s . .  .... 
--- 
- -e  

T o t a l ,  a l l  pctsit ions ............... 2 50 - - 550 - - 1,000 



Personne 1 -rec,uirel ,eii ts  

The increzze  o i  $6,048,000 over FY 1966 provides  f o r  an increased s t a f t i n g  
of 450 posiLion: and the f u l l  year  cos t  of personnel  etipIoyeci dur ing  PY 1966. 
The increase  7.5 i n  accordance wi th  the phased growth o r i g i n a l l y  p Lanned i n  
the long-range cleve lopnient of the  E lec t ron ic s  Kesearch Center and w i l l  provide 
f o r  the s t a f f i n g  of those t echn ica l  func t ions  necessary t o  achieve program 
o b j e c t i v e s .  The personnel requirelilents of the E lec t ron ic s  Research Center 
a r e  d i r e c t l y  r e l a t e d  t o  i t s  primary iiiission t o  genera te  new s c i e n t i f i c  knowl- 
edge  and s t iu tu la te  advanced e l e c t r o n i c s  technology f o r  support  of f u t u r e  
miss ions . 

Personnel  C o s t s  

1967 --- 1965 1966 

Tota l  P o s i t i c s g . .  ................. 
Pern1anen.t. ...................... 
Other . . . . . .  ..................... 

250 - 550 - 1,ooo 
244 550 1 ,OGO 

Personnel  Conss tsa t ion :  
Annual c o s t s  C J f  permanent 

Pay above tlle s t a t e d  annual r a t e  10,000 23,000 40,000 
pos i t i ons  ..................... $2,593,000 $5,919,000 $10,604,000 

Lapses (deduct ) .  ................ -1,301,000 -2,678,000 _~L,835,000 

Other persorinel compensation.. .. 60,000 125,000 203,000 
Net cos t  of pf rmanent pos i t i ons  . 1 , 302,000 3,264,000 :3 , 80 9 ,000 

Tot a 1 conqiens a t ion .  ........... 1,362,000 3,389,000 - 9,012,000 
NASA fu r ided  ................. 1 , 362,000 3 , 389,000 3,012,000 
Re irribur:, ab le  ................ --- *-- --- 

Personnel b e n e f i t s . .  .............. 100,000 262,000 687,000 
NASA funded ..................... 100,000 262,000 687,000 
Re imburs ab  I e .  ................... --- --- --- 

Tota l  personnel  c o s t s . .  ........... 1,462,000 3,651,000 -9,699,000 
NASA iunded. .................... 1,462,000 3,651,000 9,699,000 --- --- --- R e  imburs ab 1 e .  ................... 

Average Number -- of A l l  Employees- 
(Man Y e a d , .  ................... 134 330 84 2 

Personnel   COS^:^ - $9,699,00Q 

The estimat:e f o r  personnel  c o s t s  i n  FY 1967 inc reases  by $6,048,000 over 
the  FY 1966 requirement .  This i nc rease  i n  funding i s  requi red  t o  suppor t  the  
personnel  grctcrth from 550 personnel  and 330 man years  i n  FY 1966 t o  1,000 
personnel  ancl 842 man years  i n  FY 1967. The Federa l  Employees Sa la ry  Act of 
1965, e f fec t i .ve  t h e  f i r s t  pay per iod i n  October,  1965, is  es t imated  t o  i nc rease  
personnel  c o s t s  by $420,000 i n  FY 1967. 
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Travel  and Transpor ta t ion  of Persons - $347,000 

The e s t ima te  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 r e f l e c t s  an :i.ncrease 
of $45,000 over FY 1966. Most of t h e  inc rease  ($25,000) i s  requi red  ;for con- 
t r a c t  monitor ing,  and program planning and coord ina t ion  t o  support  t he  research  
and developnient e € f o r t .  Of the  ba lance ,  $13,000 i s  requi red  f o r  E1ecl:ronics 
Research Center personnel  t o  p a r t i c i p a t e  i n  s c i e n t i f i c  and t echn ica l  ( : o m i t t e e s  
and working .panels , and $7,000 f o r  admin i s t r a t ive  management r e l a t i v e  t o  the  
o rgan iza t ion  and opera t ions  of the Center ,  which inc ludes  $1,000 f o r  r e n t a l  
of passenger venic les .  

T r a n s p o r t a t i o n o f  Things - $136,000 

These e s t  ina t e s  a r e  f o r  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 Ere ight ,  drayage,  expres s ,  and pa rce l  pos t .  The FY 1967 i .equire-  
ment i s  $66,0130 above FY 1966. Costs f o r  t r a n s p o r t a t i o n  of household goods 
and personal  e fEec ts  a r e  $55,000 above FY 1966 due t o  the  expected move of 
153 employee:; a s  compared t o  the move of 95 employees i n  FY 1966. Them balance 
of the requiwment  is f o r  c o s t s  of shipment of s u p p l i e s  and equipment from 
comnercia.t s u p p l i e r s  and o t h e r  NASA i n s t a l l a t i o n s .  

Kent, Conunun:jLtions, and U t i l i t i e s  - $1,836,000 

The e s t ima te  f o r  r e n t ,  communications and u t i l i t i e s  i s  $1,148,000 above the 
FY 1966 rc!qu:ireinents. The inc rease  r e s u l t s  from the following: 

$544,000 : h r  r e n t a l  of an a d d i t i o n a l  100,000 sq .  f t .  of o f f i c e  and labora-  
t o r y  space t o  accommodate an a d d i t i o n a l  450 personnel ;  

$516,000 flsr r e n t a l  of e l e c t r o n i c  d a t a  processing equipment t o  support  
both nianagement: and the  in-house research  and development e f f o r t ;  

$39,000 fo:c r e n t a l  of o t h e r  equipment; and 

$49,000 fo:r communications c o s t s  due t o  Center growth. 

P r i n t i n g  and Jllroduction - $44,000 

Due t o  the  extremely l imi ted  in-house c a p a b i l i t y ,  the  p r i n t i n g  and repro-  
duc t ion  requiirernents w i l l  be  provided by commercial f i rms and o t h e r  Gclvernnient 
agencies .  The FY 1967 e s t ima te  i s  $19,000 above the FY 1966 requirement.  
Approximat.ely one-half of the inc rease  i s  f o r  support  of the cons t ruc t ion  
program i n  the  reproduct ion  of p l ans ,  s p e c i f i c a t i o n s ,  and b l u e p r i n t s .  The 
balance i s  f o r  t e c h n i c a l  r e p o r t s  and planning documents from the  research  
l a b o r a t o r i e s ,  

Other Service:;.. $2,349,000 

An addi. t icma1. $1,481,000 w i l l  be requi red  i n  FY 1967 t o  provide f o r  con- 
t r a c t o r  and c)t:her government agency s e r v i c e s  furnished on a cont inuing i n t e r -  
m i t t e n t ,  o r  nonrecurr ing b a s i s  t o  supplement t he  in-house c a p a b i l i t i e s  of t he  
Center.  
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An i n c r e a s e  of $960,000 i s  requ i r ed  f o r  e l e c t r o n i c  d a t a  process ing  
s e r v i c e s .  These s e r v i c e s  provide p r o g r a m e r s ,  mathematicians,  and o t h e r  d a t a  
process ing  s p e c i a l i s t s  t o  suppor t  in-house r e sea rch  programs and task:;, I n  
a d d i t i o n ,  t hese  s e r v i c e s  provide f o r  commercial process ing  f o r  d i g i t i z i n g  
analog r eco rds ,  problem a n a l y s i s ,  d a t a  r educ t ion ,  and c e r t a i n  management 
func t ions  such a s  p a y r o l l ,  c o s t  account ing  and inventory  c o n t r o l  and i inalysis , ,  

An a d d i t i o n a l  $169,000 is reques ted  f o r  maintenance and r e p a i r  of I)uildingr;, 
maintenance of ins t ruments  and r e sea rch  equipment, and management s t u d i e s ,  

An i n c r e a s e  of $251,000 i s  reques ted  f o r  t u i t i o n ,  educa t iona l  serv:i.ces 
and brochures ,  and s e r v i c e  c o n t r a c t s  t o  suppor t  t he  r e sea rch  l a b o r a t o r i e s ,  
The funding i s  requi red  p r imar i ly  f o r  service c o n t r a c t s ,  such as o p t i c a l  
g r ind ing ,  p r e c i s i o n  machine work, e l e c t r o n i c  f a b r i c a t i o n  and t e s t i n g ,  and 
m a t  e ri  a 1 s t e s ti ng , 

An i n c r e a s e  of $101,000 i s  reques ted  f o r  s e r v i c e s  performed by o t h e r  
governnent agencies ,  Se rv ices  provided are f o r  s e c u r i t y  guards,  telephone 
o p e r a t o r s ,  j a n i t o r s ,  and minor modi f i ca t ions  t o  the  a d d i t i o n a l  space 1':o be 
r en ted  i n  FY 1967. 

Supp l i e s  and -- Materials - $412,000 

The l e v e l  of funding reques ted  f o r  FY 1967 r e f l e c t s  an  i n c r e a s e  of 
$183,000 Over t h e  FY 1966 requirement,  This  a d d i t i o n a l  funding i s  r equ i r ed  
t o  support  t'ne planned i n c r e a s e  i n  personnel ,  and f o r  t e c h n i c a l  suppor t  and 
in-house ma i n  t e nanc e 

Equipment - $320,000 -- 
me amount reques ted  i s  $80,000 less than  t h e  requirement f o r  Fy 1966 due 

t o  the  r educ t ion  of purchases f o r  shop machinery and e l e c t r o n i c  equipment, 
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S1AFFI:EIG 

Excepted  
GS-16 
GS-15 
GS-14 
A l l  o t h e r  GS 
Wage Board 
T o t a l  Pernianeiit: 

T o t a l  Pos i t i on : ;  

Temporary 

!XJMNARY 
66 

6 
3 

20 
23 

307 
245 
604 

14  

618 

- 

- 

- 

67 
6 
3 

21 
22 

3 00 
244 
59 6 

1 4  

610 

- 

- 
- 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ORGANIZATION AND STAFFING CHART 

FLIGHT RESEARCH CENTER 

I 

OFFICE OF THE DIRECTOR 
66 

Excepted  3 
GS-16 1 
GS-15 2 
GS-14 1 
A l l  o t h e r  GS a 

24 Wage Board - 
T o t a l  Permanent 39 

- 67 
3 
1 
2 
1 
7 

24 

38 

- 

- 

I RESEARCH DIVISION 

Excepted  
GI;-16 
GS-15 
GS-14 

1 1  % I  
7 7  8 1 -  

A: l1  o t h e r  GS 102 102 
1 1  Wiige Board - -  

T o t a l  Permanent 121  120 

DATA SYSTEMS DIVISION 
66 67 

Excepted  - 
GS-16 1 1  

- -  

GS-15 
GS-14 7 8  21- 
A l l  o t h e r  GS 93  90  I 

1 7 7  1 7 5  

Wage Board 

T o t a l  Permanent 

I OPERATIONS n1vIs10~ 

I Excepted  
6 6  67 

2 2  
- -  

GS-16 
GS-15 6 8  
GS-14 6 4  
A l l  o t h e r  GS 22 21 
Wage Board - 123 122 

T o t a l  Permanent 159 157 

ADMlNISTRATIVE D I V  [SION 
66 67 - -  

Excepted  
GS-16 
GS-15 1 1  
GS-14 2 2  

23 23 Wage Board 

108  106 T o t a l  Permanent 

A l l  o t h e r  GS a2  80 
- -  

.. 
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ADMINISTRATIVE OPERATIONS 

FISCAL YEAR 1967 ESTIMATES 

FLIGHT RESEARCH CENTER 

MISSION AND CAPABILITIES -- : 

The Flight:  Research Center ,  e s t a b l i s h e d  i n  1947, conducts  r e sea rch  i n  and 
e v a l u a t e s  prch1c:ms of manned f l i g h t ,  both wi th in  and ou t s ide  t h e  atmosphere, 
The work incl.ude?s e f f o r t  on problems of takeoff  and landing ,  low-speed 
f l i g h t ,  super:;oriic 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  
characteri.sti.c:s and t o  i d e n t i f y  unexpected problems i n  a c t u a l  f l i g h t .  

The c u r r e n t  and p ro jec t ed  programs a t  t h i s  c e n t e r  i nc lude  a e r o n a u t i c s  
p r o j e c t s  , such a s  X - 1 5 ,  B-70, supersonic  t r a n s p o r t  and hypersonic  research  ; 
space v e h i c l e  systems p r o j e c t s  i n  which the  f l i g h t  behavior  of advanced 
r een t ry  vehic ' tes  i s  s t u d i e d ;  and e l e c t r o n i c  systems p r o j e c t s  such as  clisplay , 
guidance and c o n t r o l  i n  advanced f l i g h t  miss ions  and improvements on riystems 
and senso r s  used i n  bio-medical monitor ing,  t r ack ing ,  and da ta  acqu i s i  t i o n ,  
Research of i n t e r e s t  t o  the  manned psace f l i g h t  program concerning p r o j e c t  
Apollo i s  provided through lunar  landing research ,  

Most important  of the  f a c i l i t i e s  and s p e c i a l  equipment f o r  conducting 
these  p rogram are the  a i r c r a f t  ,, They range from l igh tweight  c i v i  1 a i  r c r a f  t 
f o r  handl jng 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  century  series f i g h t e r s  used f o r  
p i l o t  p rof ic iency  and gene ra l  i n v e s t i g a t i o n s  and t o  X-15 rocke t  a i r c r a f t  used 
f o r  hypersoni.~: research  and r e e n t r y  i n v e s t i g a t i o n s .  S p e c i a l  purpose \vehicles 
such a s  l i f t ] - n g  bodies ,  l una r  landing research  v e h i c l e s  and v a r i a b l e  trtabi Lity 
a i r c r a f t  o r  a i rbo rne  s imula to r s  are c o n t r a c t o r  procured or developed j n-house., 
Spec ia l ized  Laboratory f a c i l i t i e s  are a v a i l a b l e  t o  complement the  f l i g h t  
a c t i v i t i e s  with proper pre l iminary  research  and t e s t i n g .  Simulat ion equipment: 
i s  used t o  guidc and assist i n  the  performance of product ive f l i g h t  a c t i v i t i e s ,  
A three-stat:Lm radar  f o r  t r a c k i n g  and d a t a  a c q u i s i t i o n  i s  operated t o  
support  the  f l i g h t  a c t i v i t y ,  

SUMMARY OF RK3OlJRCES REQUIREMENTS : -- 
1967 - 1965 1966 

Authorized P o s i t i o n s  , end of yea r  669 6 18 6 LO 
Average Number of All  Employees.. . . 617 617 6 10 
Adminis t ra t ive  Operations.  D e  *. . $10,523,000 $9,335,000 $9 ,641,000 



INSTALLATION -- I>E!;CRIPTION : 

The Flight: Research Center ,  Edwards, C a l i f o r n i a ,  i s  65 a i r  mi l e s  no’rth of 
Los Angeles. The Center  i s  loca ted  a t  the  no r th  end of Edwards A i r  Force 
Base on 218 a c r e s  of land leased from the  A i r  Force. The Center is ad jacen t  
t o  Rogers D r y  Lake, a 55 square m i l e  area wi th  a complex of runways vary ing  
i n  length  frcm !i t o  11 m i l e s .  

The physic:al p l a n t  c o n s i s t s  of an  o f f i ce - l abora to ry  b u i l d i n g  with 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,  Auxi l i axy  
bu i ld ings  inc: Lude warehouses, an a u x i l i a r y  power sys t ems  b u i l d i n g ,  anc a 
communication:; t)uilding. The main s t a t i o n  of the  t h r e e - s t a t i o n  r ada r  range 
operated by the  Center  i s  loca ted  on t h e  t h i r d  f l o o r  of the of f i ce - l abora to ry  
bui ld ing ,  
The t o t a l  c a p - t a l  investment as  of June 30,  1965 w a s  $31,398,000. 

A h igh  temperature loads  c a l i b r a t i o n  f a c i l i t y  i s  under cons tructionl.  

ANALYSIS OF IUCSOURCES -- REQUIREMENTS BY OBJECT CLASSIFICATION : 

1965 19 66 1967 - 
11, Persoritie t Compensation ........ $6,105,000 $6,312,000 $ 6 y 5 ~ O y O O 0  
12. Persoriiie’l Benef i t s . .  .......... 441,000 453 , 000 48 1 , 000 - 

Tota 1, personnel  costs...... $6,546,000 $6,765,000 $6,991,000 

21, Travel. arid Transpor ta t ion  of 
Persona..  ................... 

22. Transpor ta t ion  of Things.. .... 
Uti1.i-tj.es.. ................. 

24, Printi.rig and Reproduction. .... 
2 5 ,  Other Serv ices , . .  ............. 

Servj-ces of o t h e r  agencies ,  . 
26, Suppl ies  and Mater ia ls . . . . .  ... 
31, Equipnient:. .................... 
32,  Lands anti S t r u c t u r e s ,  ......... 
42. Insuramca C l a i m s  and 

Indemnities. .  ............... 

2 3 ,  Rent , (~ormunica t ions ,  and 

22  1,000 
20 , 000 

39 3,000 
23,000 

1,467,000 
37,000 

422,000 
1 , 293 , 000 

10 1 , 000 

222,000 
40 , 000 

317,000 
20,000 

9 11,000 
4,000 

47 5 , 000 
480,000 
100 , 000 

1,000 

220 , 000 
40,000 

270,000 

989,000 
4,000 

506,000 
500,000 

20 , 000 

100 , 000 

- 1,000 

Totaj ........................ $10.523.000 m 3 5 ,  0OQ &2uu&a 
JUSTIFICATIOM -- BY OBJECT CUSSIFICATION: 

Personne 1 D i s t r i b u t i o n  

1967 - 1966 - 1965 - 
Direc t  Per s o n i d .  by Program 

Manned Spacc! Flight -- 
APO~~C~...... .................... 51 37 6 
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1965 - 
Space Science -- i3nd Appl ica t ions  

Physics a d  astronomy.. .......... 2 

Advanced KesParcti and Technology 

Basic research..  ................. 1 
Space veh:iclse systems. ........... 29 
E le c t r onic  s sy s terns. ............. 34 
t!umar. € a c t o r  systems.. ........... 13 
Aeronautjcs.. .................... 317 

Tracking ~ n d J a t a  Acqu i s i t i on . .  .... 39 

............. 1 Technology Llllization - 
Sub- to ta l ,  d i r e c t  posit ions. . . . . .  48 7 

1966 - 

2 

1967 .- 

2 

1 1 
4 9 49 
:? 8 28 
13 13 

3 19 345 

37 37 

48 7 48 2 

Support personnel  

D i rec to r  and Staf f . . . , . . . . . , . . . . . . ,  11 11 10 
106 Administration.. . .  ................. - - 10 7 104 .- 

114 
I_ 

1 1 7  - 118 Sub- to ta l  , support  p o s i t i o n s .  *.. - 
Total. , permanent p o s i t i o n s , .  * .  60 5 604 59 6 

Other p o s i t i o n s  : 

Pos i t ions  under coopera t ive  
t r a i n i n g  agreements..,........, 14 14 14 - - ...... - - 50 Other temporary p o s i t i o n s , .  _c 

............... 669 618 610 Total, a l l  posit.ions.. - 
Personne 1 ret- lu~::ements 

The researc:h e f f o r t  may change s l i g h t l y  due t o  the  new B-70 and F-111 
a i r p l a n e  programs which a r e  con t ingen t  on d e l i v e r y  d a t e s  of t h e  a i r c r a f t ;  
t he  e f fo r t .  or1 the  Apollo S/C (LLRV) will t e imina te  dur ing  t h e  1st q u a r t e r .  
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Personnel  Costs  

1967 1965 1966 - 
T o t a l  Positions... . . . . . . . . . . . . . . . . .  

Permanent........................ 
Other.......O..O.Do........... ... 

6 10 
59 6 

14 

- 6 18 
604 

I. 4 

669 
605 

64 

Personnel CanEnsa t ion :  
Annual cos t  of permanent 

p o s i t i o n s  ...................... 
Pay above the s t a t e d  annual  r a t e ,  
Lapses (deduct)O.OOO............. 
Net c o s t  of permanent p o s i t i o n s , .  
Other personnel  Compensation.. 

$5,689,000 
22,000 

$5,979,000 
23,000 

$6,009,000 
23,000 

6 , 008 , 000 
- -24,000 -71,000 -229 IO00 

5,640,000 5,773,000 
465,000 502,000 535, ,000 

To ta l  compensation.. ........... 
NASA funded........OV.O....O. 
Reimbursable......,.......... 

6,510,000 
6,510,000 
- 6,312,000 

6,312,000 
6,105,000 
6,1O5,000 

48 1,000 
48 1,000 

- 453,000 
453,000 

441,000 
44 1,000 

Personnel benefits................. 
NASA funded... . . . . . . . . . .  ......... 
Reimbursablee..o....D..........oo 

-. 6,99 1,000 
6,991,000 

6,765,000 
6,765,000 

6,546,000 
6,546,000 

T o t a l  person!& Costs.............o 
NASA fundec,...........o.......... 
Reimbursable..................... --- 

Average Number of A 11 Employees 
{(Man Years) . . . . . . . . . . . . . . . . . . . . . .  
--A- 

6 10 6 1 7  617 

Personnel C o s t s z  - $6,991,000 

The pe r so rne l  c o s t  f o r  FY 1967 i s  es t imated  a t  $6,991,000 covering 610 
:man y e a r s  o f  employmentt The amount of $6,510,000 is reques ted  f o r  personnel 
compensation arid $481,000 f o r  personnel  bene ' f i ts .  
i nc ludes  an inc rease  of $226,000 Over the  amount f o r  t he  c u r r e n t  f i s c a l  year.  
This  i nc rease  is requi red  t o  c w e r  t h e  a d d i t i o n a l  c o s t s  due t o  the  Fede ra l  
Employees Sal-axy Act of 1965 f o r  a f u l l  y e a r ;  within-grade i n c r e a s e s ;  t he  
c a r e e r  deveI.opnient program; r e t i r emen t  c o n t r i b u t i o n s ;  and o t h e r  bene f i t s .  

The fa l lowing  t a b l e  shows the  major i t e m s  which are included in  t h e  

The FY 1967 estimate 

es t imated  personnel  c o s t s :  
Increase  o r  

FY 1967 Decrease from 
Estimate FY 1966 

Per  s onne 1;Ctnnpen sa t i  on : 
N e t  cosi: of permanent pos i t i ons .  ......... $6,008,000 + $235,000 
Other personnel  compensation.. ........... 502,000 - - 37,000 

Sub-t.otZ11.. e .. . . s o  e o  6,510,000 + 198,000 



Inc rease  o r  
FY 1967 Decrease from 
E s t  ima t e  FY 1966 

Personnel Elenefi ts: 

Retiremeril: con t r ibu t ions , .  ............ 39 5,000 22 ,c100 ...................... 6 ,  ClOO Other b e n e f i t s . ,  86,000 - 

T o t a l ,  per:;mne1. cos t s . ,  ................ $6 .99 1 ~ 000 $226,000 - 
Trave l  and Transpor t a t ion  -- of Persons - $220,000 

Increased  t r a v e l  requi red  i n  connect ion wi th  the  XB-70 program and o the r  
f l i g h t  p r o j e c t s  i s  o f f s e t  by reduced travel i n  o t h e r  areaso This  f a c t ,  
coupled with a reduct ion  i n  personnel  ass igned  t o  the  Center ,  r e s u l t s  i n  a 
n e t  reduct ion  of $2,000. 

T r a n s p o r t a t i o g o f  Things - $40,000 

The FY 1967 l e v e l  i s  the same as FY 1966. The funds are  p r imar i ly  f o r  
the  t r a n s p o r t a t i o n  of spare p a r t s  and equipment from o t h e r  government 
agencies  and the shipment of household goods of new personnel  h i r e d  t o  f i l l  
vacated pos i t i ons ,  

Rent,  Communic:at:ions, and U t i l i t i e s  - $270,000 

A n e t  decrease of $47,000 i n  J?Y 2967 i s  es t imated  because of the  purchase 
of a d i g i t a l  computer system which i s  scheduled f o r  d e l i v e r y  i n  l a t e  FY 1966. 
The savings r e l a t e d  t o  ADP equipment r e n t a l  are o f f s e t  by an inc rease  i n  
u t i l i t i e s  of !i3'L,OOO which r e s u l t s  from t h e  completion of the  H i g h  
Temperature 1,oads C a l i b r a t i o n  F a c i l i t y ,  

P r i n t i n g  and - ILproduction - $20,000 

The fundin:; .€or t h i s  ca tegory  remains a t  t he  same l e v e l  as FY 1966, 

Other S e r v i c e s -  $993,000 

The funding f o r  o t h e r  s e r v i c e s  provides  f o r  an  i n c r e a s e  of $78,000 over 
EY 1966. This  i nc rease  i s  p r imar i ly  r e l a t e d  t o  the  new High Temperature 
Loads C a l i b r a t i o n  F a c i l i t y  which w i l l  become o p e r a t i o n a l ,  and cus todi i l l  
s e r v i c e s  i n  the form of s e c u r i t y  and j a n i t o r i a l  s e r v i c e s t h a t  must be 
provided. 



Supp l i e s  and Materials -- - $506,000 

The funding f o r  t h i s  ca tegory  shows an  i n c r e a s e  of $31,000, This  i n c r e a s e  
i s  reques ted  t o  cover cost  t h a t  w i l l  be incu r red  i n  the  expanded f'ligh!: 
prosrams, p r imar i ly  t h e  XB-70, 
and s e r v i c e  m.a t e r i a l s ,  and hardware i tems, 

Areas of i n c r e a s e s  w i  11 be general. ope ra t ing  

Equipment - $500,000 -- 

This ca tegory  i s  es t imated  a t  approximately the  FY 1966 level, The 
s l i g h t  i n c r e a s e  of $20,000 i s  almost e n t i r e l y  f o r  replacement of motor 
v e h i c l e s  and , t r a in ing  and e l e c t r o n i c s  equipment. 

Lands and S t r u c t u r e s  -- - $100,000 

The FY 1967 r 'equest  remains a t  t h e  FY 1966 Level, These funds a r e  
r equ i r ed  t o  modify a p a r t  of t h e  main b u i l d i n g  i n t o  l abora to ry  and shop 
space e 

Insurance Claims and Indemni t ies  - $1,000 

The funding i i n  t h i s  ca tegory  remains t h e  same as FY 1966. 
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ADMI. N I S TiUT I VE OPE RAT1 ONS 

FISCAL YEAR 1967 ESTIMATES 

- LANGLEY XESEARCH CENTER 

MISSION AND CAPABILITIES: --- 
The Langley Research Cen te r  conduc t s  a broad range of programs t o  advance 

t h e  aeronaut.:.cal and space  f l i g h t  c a p a b i l i t i e s  o f  t h e  n a t i o n .  

The aeronaul:ical  r e s e a r c h  program aims a t  t h e  e x t e n s i o n  of a i r c r a f t  p e r -  
formance, t h e  a s s u r a n c e  of adequa te  s t a b i l i t y  and c o n t r o l ,  t h e  s p e c i f i c a t i o n  
o f  c r i t i c a l  o p e r a t i n g  l o a d s  and f a t i g u e  c r i t e r i a ,  t h e  o p t i m i z a t i o n  of v e h i c l e  
s t r u c t u r e s  and m a t e r i a l s ,  t h e  r e d u c t i o n  of a i r c r a f t  n o i s e ,  t h e  r e f inemen t  of 
new p r o p u l s i v e  systems , and t h e  improvement of f l i g h t  s a f e t y  and o p e r a t i o n s  
t echn iques .  S p e c i a l  emphasis i s  p laced  on t h e  a c q u i s i t i o n  of s u E f i c i e n t  b a s i c  
technolog,y t o  f a c i l i t a t e  t h e  s u c c e s s f u l  development of e f f i c i e n t  s u p e r s o n i c  
and high-subsonic-speed t r a n s p o r t s  , high-performance m i l i t a r y  a i r c r a f t  , 
prnct icabl le  hype r son ic  r a m j e t  v e h i c l e s  , a n d  advanced v e r t i c a l - a n d - s h o r t -  
t a k e o f f  -and- ].ailding (V/STOL) a i r c r a f t .  

I n  the  S F ~ I C C !  f l i g h t  f i e l d ,  t h e  Langley Research Center  e x e c u t e s  a broad 
range of r e s e a r c h  programs t o  p r o v i d e  a r a t i o n a l  b a s i s  f o r  f u t u r e  space  
developments and manages and s u p p o r t s  a l a r g e  number of c u r r e n t  space  f l i g h t  
p r o j e c t s .  E , spec ia l ly  noteworthy a re  t h e  i n v e s t i g a t i o n s  of atmosphere e n t r y  
aerothermodynamics , h e a t  s h i e l d i n g  , and communications "blackout"  f o r  e a r t h -  
o r b i t a l ,  l u n a r ,  and p l a n e t a r y  mis s ions ;  t h e  d e f i n i t i o n  of s t r u c t u r a l  dynamics 
c h a r a c t e r i s t i c s  of l a r g e  launch v e h i c l e s  and s p a c e c r a f t  l and ing  systems; t h e  
e v o l u t i o n  of advanced c o n f i g u r a t i o n s  f o r  l i f t i n g  e n t r y  and c o n t r o l l e d  l a n d i n g  
s p a c e c r a f t ,  r e c o v e r a b l e  f i r s t - s t a g e  b o o s t e r s  , e a r t h - t o - o r b i t  v e h i c l e s ,  and 
expandable spa te  s t r u c t u r e s ;  t h e  d e t e r m i n a t i o n  of t h e  e f f e c t s  of h e a t ,  
vacuum, l o a d s ,  n o i s e ,  c l i m a t e ,  micrometeoroids ,  and r a d i a t i o n  of t h e  opera-  
t i o n a l  e n v i r c m i e n t s  on t h e  performance of v e h i c l e  systems and materials; t h e  
g e n e r a t i o n  c ~ f  technology f o r  improved n a v i g a t i o n  and c o n t r o l  s y s  t e m s  , i n s t r u -  
mentatiori , d a t f i  hand l ing  and communication equipment,  v e h i c l e  p r o p u l s i o n  and 
power d e v i c e s  , and ae rospace  materials; t h e  development of space  v e h i c l e s  f o r  
r e f i n e d  measurements of t h e  ea r th ' s  g e o d e t i c  e l emen t s  and atmospheric  d e n s i t y ,  
and of t h e  i n t e r p l a n e t a r y  micrometeoroid hazard;  t h e  management o f  t h e  Lunar 
O r b i t e r  p r o j e c t  f o r  d e t a i l e d  pho tograph ic  and geophys ica l  survey:; o €  t h e  moon; 
t h e  p e r f e c t i o n  of n a v i g a t i o n  a i d s  arid s u r f a c e  s t r e n g t h  assessment  t echn iques  
f o r  l u n a r  anci ~ l a ~ i e t a r y  l a n d i n g  mis s ions ;  t h e  o p e r a t i o n  of t h e  Scout  launch 
v e h i c l e  i n  i t s  v a r i o u s  n a t i o n a l  and i n t e r n a t i o n a l  s a t e l l i t e  and e n t r y  v e h i c l e  
a p p l i c a t i o n s ;  and t h e  p r o v i s i o n  of wide r anges  of c r u c i a l  technology f o r  t h e  
Gemini and A ~ o l 1 0  programs, as  w e l l  as  a number of o t h e r  unmanned space  
p r o j e c t s .  T k e  Langley Xesearch Center  a l s o  i n v e s t i g a t e s  b a s i c  p r o b l e n s  re- 
g a r d i n g  t h e  c e s i g n  and o p e r a t i o n  of advanced p l a n e t a r y  e x p l o r a t i o n  space-  
c r a f t ,  and h a s  a prominent r o l e  i n  t h e  d e f i n i t i o n  of t h e  Mars p r o b e / l a n d e r  
v e h i c l e s  of the  Voyager program. 
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As a c o n t i n u a t i o n  of t h e  Langley Research C e n t e r ' s  p i o n e e r i n g  e f fo ic t s  t h a t  
produced t h e  r e s e a r c h  a i r p l a n e  and Mercury s p a c e c r a f t  p r o j e c t s ,  s p e c i , i l  
emphasis i s  p laced  on r e s e a r c h  f o r  t h e  ex tens ion  of manned f l i g h t  c a p 3 b i l i -  
t i e s .  Research on advanced f l i g h t  concep t s ,  t h e r e f o r e ,  i n c l u d e s  c l o s e l y  
coupled s t u d i e s  of man's f u n c t i o n a l  performance and v e h i c u l a r  accommo+iations, 
t o  maximize t h e  i n t e g r a t e d  p o t e n t i a l s  of crew, v e h i c l e ,  and miss ion .  Here, 
t h e  unique l a b o r a t o r y  c a p a b i l i t i e s  f o r  s i m u l a t i o n  of t h e  p i l o t i n g  exp lx ience  
of rendezvous,  e x t r a t e r r e s t r i a l  l a n d i n g s ,  a l l - w e a t h e r  n a v i g a t i o n  and Landing, 
e t c . ,  f a c i l i t a t e  t h e  e s t ab l i shmen t  of handl ing  r equ i r emen t s ,  optimum i l i sp l ays  
and c o n t r o l s ,  and o p e r a t i o n a l  techniques  f o r  new g e n e r a t i o n s  of v e h i c l e s  and 
mis s ions .  The  Center  a l s o  improves t h e  technology of man-machine in t l sg ra t ion  
on t h e  complete v e h i c l e  l e v e l ,  as i n  i t s  s t u d i e s  of promising d e s i g n s  f o r  
manned o r b i t a l  l a b o r a t o r i e s ;  on t h e  systems l e v e l ,  as i n  i t s  r e s e a r c h  on 
f l i g h t  crew o p e r a t i o n s  w i t h  advanced l i f e  suppor t  systems f o r  long duication 
mis s ions ;  and on t h e  a p p l i c a t i o n s  l e v e l ,  as i n  i t s  e v a l u a t i o n  of t h e  inerits 
and f e a s i b i l i t y  of manned suppor t  of a l a r g e  o r b i t i n g  t e l e s c o p e .  Sucii work 
a l s o  p rov ides  a sound foundat ion  f o r  t h e  C e n t e r ' s  r e s p o n s i b i l i t i e s  i n  t h e  
i d e n t i f i c a t i o n  of a p p r o p r i a t e  u s e s  f o r  Apollo a p p l i c a t i o n s  v e h i c l e s .  

The new knowledge and c a p a b i l i t i e s  acqu i r ed  through such r e s e a r c h  !serve a s  
v i t a l  s t epp ing  s t o n e s  t o  t h e  r e a l i z a t i o n  of n a t i o n a l  f l i g h t  a s p i r a t i o n s .  

SUMMAKY OF RESOURCES -- REQUIKENENTS: 

1967 - 1965 1966 

Authorized P o s i t i o n s ,  end of y e a r .  4,374 4,304 4 , 249 
Average Number of A l l  Employees . . .  4 , 316 4,335 4 , 227 
Admin i s t r a t ive  Opera t ions  ......... $58,998,000 $63,006,000 $62, ' j87,000 

INSTALLATION -- DESCRIPTION: 

The Langley Research Cen te r ,  Hampton , V i r g i n i a  , i s  l o c a t e d  approxi inately 
100 a i r  m i l e s  sou th  of Washington, D .  C. The Center  i s  d iv ided  i n t o  two 
s e p a r a t e  a reas  a d j n c e n t  t o  t h e  runway f a c i l i t i e s  of t h e  Langley Air F x c e  
Base,  and occupies  772 a c r e s  of goJernment owned l and .  The West Area con- 
s i s t s  of 750 a c r e s  of which 430 a c r e s  are owned by NASA and 320 a c r e s  are 
under per ini t  from t h e  A i r  Force.  The East Area c o n s i s t s  of 22 a c r e s  inder  
permi t  from t h e  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  a r e  u s e d  j o i n t l y  by NASA and t h e  A i r  Force .  I n  a d d i t i o n ,  t h e r e  Ire 110 
a c r e s  of NASA owned l and  l o c a t e d  i n  t h e  c i t y  of Newport N e w s ,  V i r g i n i i ,  
3,277 a c r e s  under pe rmi t  from o t h e r  government a g e n c i e s ,  and 1 7  a c r e s  under 
l e a s e .  T h e  t o t a l  ac reage  owned, under p e r m i t ,  o r  l e a s e d ,  i s  4,170.  The to ta l .  
c a p i t a l  investment  as of June 30, 1965,  w a s  $276,178,000. 

A 0  3-37 



ANALYSIS OF 1U:SOUKCES -- REQUILIEbENTS BY OBJECT CLASSIFICATION: 

1965 1966 1967 

11. Personne:~ Compensation.. .... $39,355,000 $41,036,000 $41,999,000 
1 2 .  Personne:l B e n e f i t s . .  . . . . . . . .  2,880,000 2 ,993 ,000  3,043,000 

'1:otaL . per sonne l  c o s t s . .  . .  $42,235,000 $44,029,000 $45,C~42,090 

2 1 .  Travel. and T r a n s p o r t a t i o n  
E) f 1% r :; ons . . . . . . . . . . . . . . . .  

2 2 .  T r a n s p o r t a t i o n  of Things . .  . .  
IJ t il. : i t  fies ................. 

24. P r i n t i n g  and Reproduct ion. .  . 
2 5 .  Other 13ervi.ees . . . . . . . . . . . . . .  

Senr:i.ct?s of o t h e r  agenc ie s  
26. Supp l i e s  and N a t e r i a l s .  ..... 
31 . Equ  ipnwnt . . . . . . . . . . . . . . . . . . . .  
32. Lands ;ind S t r u c t u r e s  ......... 
4 2 .  Insurance  Claims and 

I:nde~nn:ities. . . . . . . . . . . . . . .  

23. Kent , Communications , and 

Tota 1. , . . ................. 

1,430,000 
373,000 

4,984,000 
175,000 

2,699,000 
63,000 

2,681,000 
3,401,000 

957,000 

1,503,000 
370,000 

5 ,607 ,000  
201,000 

2,807,000 
63,003 

2 , 700,000 
5,256,000 

470,000 

$58,998,000 $63,006,000 

1 ,L1.89 , 000 
?70,000 

6 ,Ci35,000 
201,000 

3,ZlLg ,000 
63,000 

2 ,7  20,000 
2 ,€78,000 

L 70,000 

JUST I F  I CAT I ON BY OBJECT CLAS S I F  I CAT I O N  : --- 
Personnel  D i s t r i b u t i o n  

1967 - 1966 - 1965 - 
D i r e c t  Persorgg .  by Program 

Manned Space F l i g h t  -- 
Apollo ....................................... 10 9 9 
Advanced miss ion  s t u d i e s . .  ................... 14 14  13 

Space S c i e m s  and App l i ca t ions  

Phys ics  and astronomy. .  ...................... 
Lunar and p i a n e t a r y . .  ........................ 
S u s t a i n i n g  u n i v e r s i t y  program. ............... 
Launch v e h i c l e  development.  .................. 
Launch vc!liic le procurement ................... 
Bios c i.e nc e .................................... 
Meteoro1ol;ical s a t e l l i t e s .  ................... 
Communication and a p p l i c a t i o n s  technology 

satel l i ises . .  ............................... 

8 2  6 3  46 
102 148 154 

1 
2 3 2 

41 35 35 
1 1 

13  13 1 2  

--- - - -  

- - -  

4 3 3 
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1965 - 1966 1967 

Advanced Rese;3rch and Technology 

Bas ic  r e s e a r c h  ............................... 3 50 354 348 
Space v e h i c l e  systems ........................ 7 54  7 14 700 
E1ectronL:s sys t ems  .......................... 512 515 500 
Human f a c t o r  systems ......................... 55 58 65 
Space power and e l e c t r i c  p ropu l s ion  sys tems. .  22 21 20 
Chemical p r o p u l s i o n . .  ........................ 48 57 61 
Aeronau t i c s .  ................................. 7 18 713  706 

Tracking a n l l a t a  A c q u i s i t i o n  .................. 1 9  20 21 

S u b - t o t a l ,  d i r e c t  p o s i t i o n s . .  .............. 2,747 2 ,741 2 ,696 

Support  p e r  soiine 1 

D i r e c t o r  arid S t a f f  ............................. 32 32 32 
Admini s tr  a t i on .  ................................ 5 15 515 5 10  
Research and development suppor t .  .............. 950 946 341 

. . . . . . . . . . . . . . .  1 483 Sub-total . ,  :;upport p o s i t i o n s . .  1,497 1 ,493  L 

T o t a l ,  pe;rmanent p o s i t i o n s  . . . . . . . . . . . . . . . . . . .  4 ,244  4 , 2 3 4  4 ,179  

Other posi1::ions: 

P o s i t i o n s  under c o o p e r a t i v e  t r a i n i n g  
agreement:;. ................................ 49  so 50 

Other tenipoirary p o s i t i o n s . .  . . . . . . . . . . . . . . . . . .  81 20 20 

........................... 4 249 T o t a l ,  a l l .  p o s i t i o n s . .  L 4 374 4 , 3 0 4  L 

Personnel  requi rements  

The curreti11 and p r o j e c t e d  r e s e a r c h  e f f o r t  i s  devoted t o  a broad rarlge of 
programs t.o advance n a t i o n a l  a e r o n a u t i c a l  and space  f l i g h t  c a p a b i l i t i e s  i n  
accordance w i t h  NASA miss ions .  I n  t h e  f i e l d  of a e r o n a u t i c s ,  t h e  Langley 
Research C:ent.er program i s  d i r e c t e d  t o  t h e  e x t e n s i o n  of a i r c r a f t  perfcrmance 
and o t h e r  r e l a t e d  problems w i t h  s p e c i a l  emphasis on a c q u i s i t i o n  of s u i  f i c i e n t  
b a s i c  techno1 ogy t o  f a c i l i t a t e  t he  development of e f f i c i e n t  supersonic  t r a n s -  
p o r t s ,  hypersonJ.c r amje t  v e h i c l e s ,  and V/STOL a i r c r a f t .  A c t i v i t y  i n  suppor t  
of space f1ig;ht i i i c ludes  r e s e a r c h  i n  many s c i e n t i f i c  d i s c i p l i n e s  t o  p r  w i d e  a 
r a t i o n a l  bas i  :; fioi f u t u r e  space accomplishments.  The Center  a l s o  d i r e c t s  a 
number of space  11 i g h t  p r o  j e c  tis, va ry ing  i n  s i z e  and scope from sounding 
r o c k e t s  t o  the  l u n a r  o r b i t e r  p r o j e c t  f o r  d e t a i l e d  photographic  and geclphysical 
surveys  of t tw moon. Minor reass ignments  of personnel  between p rograns  w i  11 
b e  e f f e c t e d  i n  conformi ty  w i t h  changing program p r i o r i t i e s  and a s s igned  
Center  corriplerieiit . 
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Personnel Costs 

967 - 1965 1966 

4,249 
Permanent.. ...................... 4,244 4 ,234  4 ,179  
Other... ......................... 130 70 70 

--, 
Total Positions .................... 4 ,374  4 ,304  --. 

Personnel Compensation: 
Annual cost of permanent 
positions ...................... $38,587,000 $40,491,000 $40, ' j27 ,000 

Pay above the stated annual rate. 148,000 156,000 L56,OOO 

Net cost of permanent positions. . 37,859,000 39,499,000 4 0 ,  J50,OOO 
Lapses (deduct) .................. -876,000 -1 ,148 ,000  - L33,OOO 

Other personnel compensation ..... 1 ,496 ,000  1 ,537 ,000  1 ,349 ,000  

Tota l  compensation. . . . . . . . . . . . .  39,355,000 41 ,036,000 41 ,399,000 
NASA funded. . . . . . . . . . . . . . . . . .  39,355,000 41 ,036,000 41 ,399,000 --- - - -  - - -  Reimbursable.. . . . . . . . . . . . . . . .  

Personnel benefits ................. 2,880,000 2,993,000 3 2143,000 
NASA funded.. .................... 2,880,000 2,993,000 3 ,043,000 

- - -  - - -  - - -  Reimbursable. .................... 
Total personcel costs...... ........ 42,235,000 44,029,000 45,342,000 

NASA funded . . . . . . . . . . . . . . . . . . . . . .  42,235,000 44,029,000 45 ,342,000 --- - - -  - - -  Reimbursable. .................... 
Aver age Numbsr of A 1  1 Employees 

(Man Years2 ...................... 4,316 4 ,335 4,227 

Personnel CoiG - $45,042,000 

The personnel costs for FY 1967 are estimated to be $45,042,000 cogering 
4,227 man yecrs of employment. Of this amount, $41,999,000 is requested for 
personnel compensation and $3,043,000 for personnel benefits. The FY 1967 
estimate includ.es an increase of $1,013,000 over the amount for the current 
fiscal year. 
Employees S a l a r y  Act of 1965 on a f u l l  year basis, for within-grade step 
increases a n a  career development, for retirement contributions and other 
bene f i t s . 

This increase i s  requested to cover the cost of the Federal 

The follcwing table shows the major items which are included i n  the esti- 
mate for personnel costs: 
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I n c r e a s e  or  
FY 1967 Decrease  from 
E s  t i m a  te F Y  1966 

Personnel -Gmpensa t ion :  

N e t  c o s t  c ~ f  permanent p o s i t i o n s  ........ $40,650,000 $+1 , 151,000 
........... -188,000 Other  pe r sonne l  compensat ion 1,349,000 - 

Sub-tcbta.1.. .......................... 41,999,000 t963,OOO 

Personnel  -- b e n e f i t s :  

Retirement.  c o n t r i b u t i o n s .  .............. 2,652,000 t 7 6 , O O O  
Other  personnel b e n e f i t s . .  391,000 - .... . . . . . . . . .  -26,000 

Sub-t.c)t:tl.. .......................... 3,043,000 +50,OOO - 
T o t a l  , per sonne l  c o s t s .  .... .............. $45,042,000 ~ + 1 , 0 1 3 , 0 0 0  -. -. 

Trave l  and 12:ansportnt ion of  Persons  - $1 ,'489,000 

This  requ:.rement f o r  t r a v e l  r e f l e c t s  a r e d u c t i o n  of $14,000 i n  FY 1967. 
T h i s  r e d u c t i o n  i s  based upon c o n t i n u i n g  improvement of c o n t r a c t  a d m i r i s t r a -  
t i o n  p rocedures  and a r e d u c t i o n  i n  permanent p e r s o n n e l .  

T r a n s p o r t a t i o n  of  Things - $370,000 

The requi:rernents f o r  t h i s  s e r v i c e  i s  e s t i m a t e d  t o  remain at t h e  FI' 1965 
l e v e l .  

Kent,  Con.miurLications , and U t i l i t i e s  - $6,035,000 

T h i s  cate:=o:ry i n c r e a s e s  by $428,000 i n  t h e  FY 1967 estimates. The: major 
p o r t i o n  of i:hi;s i n c r e a s e ,  $321,000, i s  f o r  lease of  ADP equipment .  1.n 
FY 1966,  t h e  Cen te r  began a t h r e e  phase  rep lacement  program o €  i t s  e , : i s t i ng  
ADP system. P.rocureinent for Phase I ,  w i t h  t h e  e x c e p t i o n  of t h e  p a r t  t h a t  
w i l l  be purchased  i n  FY 1967,  i s  underway. I n  a d d i t i o n ,  i n  FY 1967 1:he 
Center  w i l l  1e.ssc t h e  Phase 11 increment  u n t i l  such  t i m e  as funds  a r c  a v a i l -  
a b l e  f o r  it:; p.Jrchase.  No funds  are r e q u e s t e d  a t  t h i s  t i m e  f o r  Phase  111 
requi rement  ;j . 

Cos t s  of comnunicat ions i n c r e a s e  $10,000. T h i s  i n c r e a s e  is t o  p r o v i d e  
communication s e r v i c e s  t o  new b u i l d i n g s  t h a t  w i l l  be  completed i n  FY 1367. 

Likewise ,  u t i l i t i e s  i n c r e a s e  by $100,000 i n  FY 19G7 because  o f  ini : reased 
consumption of  e l e c  t r i c a l  p o w e r  r e q u i r e d  f o r  t h e  new b u i l d i n g s .  

The fo rego ing  i n c r e a s e s  are p a r t i a l l y  o f f s e t  by minor d e c r e a s e s  i l l  o t h e r  
sub -ob j e(: t 1: l a  s s i  f i ca ti. ons ,, 
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P r i n t i n g  a n c l g t p r o d u c t i o n  - $201,000 

The c o s t  of p r i n t i n g  and r e p r o d u c t i o n  i s  e s t i m a t e d  t o  remain a t  tlie same 
level i n  FY 1967 as  t h e  FY 1966 requi rement .  Con t rac tua l  p r i n t i n g  is 
u t i l i z e d  t o  supplement in -house  c a p a b i l i t i e s  d u r i n g  peak work l o a d s  :lnd a l so  
f o r  work b c y m d  t h e  scope  of t h e  in-house  r e p r o d u c t i o n  f a c i l i t i e s .  

Other S e r v i c e s  - $3,382,000 

The e s t i m t e  f o r  t h i s  c a t e g o r y  i s  $512,000 g r e a t e r  t han  f o r  FY 1906. 
Maintenance c o s t  on ADP equipment i n c r e a s e s  by $256,000 due t o  f u l l  yea r  
funding f o r  na in tenance  on equipment purchased  i n  FY 1966. 

CustodiaL s e r v i c e s  i n c r e a s e  by $217,000 i n  FY 1967 a s  a r e su l t  o i  
a n t i c i p a t e d  h igher  wage ra tes  due t o  t h e  minimum wage s t a n d a r d s  set  .n t h e  
S e r v i c e  Con t rac t  A c t  of October 1965. 

S m a l l  i n c r e a s e s  a r e  a l s o  e s t i m a t e d  f o r  maintenance on a i r c r a f ' t  ani1 
b u i l d i n g s  i n  FY :L967. 

Supp l i e s  and -- Materials - $2,720,000 

The e s t i m a t e  f o r  s u p p l i e s  and materials in FY 1967 i s  $20,000 higlier t han  
t h e  l e v e l  i n  FY 1966. T h i s  i n c r e a s e  i s  r e q u i r e d  f o r  g e n e r a l  mai.nten,mce and 
t h e  a d d i t i o n a l  s u p p l i e s  and materials t h a t  w i l l  be  r e q u i r e d  t o  suppor t  t h e  
new f a c i l i t i e s  t h a t  w i l l  become a v a i l a b l e  d u r i n g  l a t e  FY 196b arid FY 1967. 

Equipment --$2,878,000 

The FY 1967 estimate f o r  equipment is $2,378,000 less than  t h e  1e.vel f o r  
FY 1966. T h i s  r e d u c t i o n  i s  r e l a t e d  t o  procurement i n  FY 1966 of t h e  i n i t i a l  
increment  of equipment i n  Phase I of t h e  program t o  r e p l a c e  t h e  e x i s t i n g  ADP 
system. I n  FY 1967,  $1,982,000 i s  r e q u i r e d  t o  complete  t h e  purchase  of 
equipment under  Phase I. 

Requirements f o r  o t h e r  equipment items, such as mechanical  and shop 
machinery,  r e f l e c t  a minor i n c r e a s e  i n  FY 1967. These i n c r e a s e d  require- 
ments ,  a l t hough  o f f s e t  by t h e  r e d u c t i o n  i n  procurement of ADP ecluipmcmt, a r e  
r e q u i r e d  t o  r e p l a c e  ou t -da ted  and worn equipment.  

Lands and S t . ruc tu res  -- - $470,000 

The estimate f o r  FY 1967 is t h e  same as t h e  requi rement  f o r  FY 1966. The 
Center  w i l l  c o n t i n u e  i n  FY 1967 t o  up-grade suppor t  f a c i l i t i e s  through 
needed a l t e r a t i o n s  and r e p a i r s .  
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ADMIN I S  TRATIVE OPE RATIONS 

FISCAL YEAR 1967 ESTIMATES 

LEWIS RESEARCH CENTER 

MISSION AND CgABILITZES: 

The p r i n c i p l e  mission of t h e  Center has  always been propuls ion.  DiJring 
World War 11, many improvements were made i n  r e c i p r o c a t i n g  a i r c r a f t  ei igines,  
engine f u e l s ,  supe rcha rge r s ,  and o t h e r  engine a c c e s s o r i e s .  A f t e r  t h e  war, 
a l l  f a c i l i t i e s  were converted f o r  r e s e a r c h  on t u r b o j e t  engines ,  and a rocke t  
l a b o r a t o r y  w a s  b u i l t .  The maximum o p e r a t i n g  a l t i t u d e  of t u r b o j e t  engines  was 
g r e a t l y  i n c r e a s e d ,  pioneer  work w a s  done on a f t e r b u r n e r s ,  combustion iefficiency 
and t h e  e f f i c i e n c y  o f  compressors and t u r b i n e s  was improved, and an a i r - c o o l e d  
t u r b i n e  blade was developed. Rocket work proceeded slowly a t  f i r s t ,  b u t  t h e  
f e a s i b i l i t y  c f  u s ing  high-energy f l u o r i n e  and hydrogen i n s t e a d  of kerosene as 
t h e  f u e l ,  was e s t a b l i s h e d .  With t h e  e s t ab l i shmen t  of t h e  NASA, work im ion  
propuls ion and s p a c e c r a f t  power systems expanded from t h e o r e t i c a l  s t u d i e s  and 
bench-type experiments i n t o  hardware approaching p r a c t i c a l  s i z e s ,  and new 
f a c i l i t i e s  w e r e  added t o  develop systems which w i l l  power and propel  [our 
advanced f u t u r e  mis s ions .  

The primary mission of t h e  L e w i s  Research Center  i s  now r e s e a r c h  alad 
development i n  t h e  a r e a s  of advanced p ropu l s ion  and space power gene ra t ion .  
This  includes work on t h e  high-energy chemical,  n u c l e a r ,  and e l e c t r i c  rocket  
engines  and r e sea rch  on space power systems f o r  conve r t ing  chemical,  iauclear, 
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 
on m a t e r i a l s  and metal lurgy;  cryogenic  and l i qu id -me ta l  h e a t  t r a n s f e r  f l u i d s ;  
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 e c t o r s ,  
chambers, and nozz le s ;  system c o n t r o l  dynamics; plasmas and magnetohydrodynamic.;; 
space meteorcid damage and ze ro  g r a v i t y  e f f e c t s .  I n  t h e  space power a r e a ,  a 
major e f f o r t  i s  concen t r a t ed  on t u r b o e l e c t r i c ,  t h e r m o - e l e c t r i c a l ,  and 
thermionic  er.ergy conversion systems. 

This  in-hcluse r e sea rch  provides  t e c h n i c a l  i npu t  and d i r e c t i o n  t o  the 
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 Lewis has manaser ia l  
r e s p o n s i b i l i t y .  For example, t h e  Lewis Research Center  ma in 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 lea r  and s o l a r  t u r b o -  
e l e c t r i c  space power systems,  and l i q u i d  hydrogen rocke t  technology. I n  
a d d i t i o n ,  Lewis has  t h e  development r e s p o n s i b i l i t y  f o r  t h e  At las  -Centaur and 
t h e  A t l a s  -Agema launch v e h i c l e s  . 

Major r e sea rch  t o o l s ,  o r  f a c i l i t i e s ,  a t  t h e  Lewis Research Center  ( inc lud ing  
t h e  Plum Brook S t a t i o n )  are designed t o  s i m u l a t e  v a r i o u s  f l i g h t  c o n d i t i o n s  and 
range from a.t:mospheric wind t u n n e l s  t o  l a r g e  space environment f a c i l i t i e s  (or  
vacuum t a n k s ) .  A l a r g e  60-megawatt 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 lea r  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  
v a r i o u s  f l u x  l e v e l s  a s s o c i a t e d  wi th  s p a c e c r a f t  a p p l i c a t i o n s  of n u c l e a r  energy. 
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Other  s p e c i a l i z e d  experimental  f a c i l i t i e s  i nc lude  vacuum electron-beari  
furnaces  for  refinement of t ungs t en ,  l i q u i d  metal  power loops f o r  component 
e v a l u a t i o n s ,  zero g r a v i t y  drop towers ,  chemical rocke t  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 h e  s tudy  of engine c o n t r o l  dynamics, 
and v a r i o u s  (cryogenic component r i g s ,  

SUMMARY OF Kgl3LJKCES IIEUUIREMENTS : 

1.967 - 1965 1966 

Authorized P o s i t i o n s ,  end o f  y e a r . .  4,917 [+, 842 4,779 
Average Number of A l l  Employees.. . . 4,861 4,748 4 ,642 
Adminis t ra t ive Operations ...,...... $68,546,000 $67,207,000 $66 ,284 ,000  

INSTALLATION &SCRIPTION : 

The Lewis Research Center  occupies  two s i tes .  The o l d e r  one,  e s t a t l l i shed  
i n  1941,  is on the  southwest edge of Cleveland, Ohio, and c o n s i s t s  o f  82 
l a b o r a t o r y  b u i l d i n g s  , shops,  wind t u n n e l s ,  space environment tanks anc o t h e r  
s p e c i a l  f a c i l i t i e s ,  a l l  b u i l t  f o r  conducting r e sea rch  on advanced p ropu l s ion  
systems o r  s p a c e c r a f t  power g e n e r a t i n g  systems. The Cleveland f a c i l i t i e s  
occupy 364 a c r e s  of which about 15 a c r e s  a r e  l e a s e d  from Cleveland. A newer 
s i t e ,  establishled i n  1956,  is  l o c a t e d  south of Sandusky, Ohio, on land 
formerly occupied by t h e  Plum Brook Ordnance Works. Known as t h e  Pluni Brook 
S t a t i o n ,  i t  occupies  6,031 a c r e s ,  of which 5,951 a r e  owned and 50 a r e  i n  ease-. 
ments. The r e sea rch  programs a t  Plum Brook a r e  under t h e  t e c h n i c a l  d i r e c t i o n  
of personnel  Located a t  Cleveland. They a r e  conducted a t  t h e  l a r g e r  E 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  d i s t a n c e s  t o  minimize hazard:. A 
n u c l e a r  reacif3r i s  used t o  t e s t  components of nuc lea r  powered p ropu l s j  on 
systems; Large rockets  a r e  ope ra t ed  wi th  f l u o r i n e ,  hydrogen and o t h e r  h igh -  
energy f u e l s ;  and turbopumps are developed f o r  cryogenic  p r o p e l l a n t s .  The 
t o t a l  c a p i t a l  iinvestment of the Lewis  Research Center ,  i nc lud ing  t h e  Plum 
Brook S t a t i o n ,  as of June 30, 1965 was $265,754,000. 

ANALYSIS OF ItESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION : 

1967 - 1965 1966 

11. Personnel Compensation.. . . . . . $46,439,000 $47,993,000 $49,064,000 
1 2 .  Personnel B e n e f i t s . .  . . . . . . . . . 3,373,000 3 ,499,000 3 , 5 8 1 , 0 0 0  

T o t a l ,  personnel c o s t s . .  . . . $49,812,000 $51,492,000 $52 ,645 ,000  

2 1 .  Travel  and Trarisportat  ion 
1: 455,000 

22 .  T r a n s p o r t a t i o n  of Things. .  . . , 303,000 303,000 303 , 000 
23. Rent, iCo~nmunications, 

and J t i l i t i e s . . . . . . . . . . . . . .  3,839,000 3,389,000 3 ,449,000 
24. Pr:Lnt i i g  and Reproduct ion. .  . . 50,000 50 ,000 50 , 000 

of I ? ~ ~ ~ s ~ I ~ s .  . . . . . . . . . . . . . . . . 1,469,000 1,470,000 
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1965 1966 - 1967 

$3,654,000 
139,000 

2,028,000 
4,380,000 

300 , 000 

$3 :, 656 , 000 
139,000 

2 ,, 055 , 000 
2 ,230,000 

300,000 

25. Other S e r v i c e s . . . . . . . . . . . . . .  $3,862,000 
Se rv ices  of  o t h e r  agencies  139,000 

26. Suppl ies  and M a t e r i a l s . . . . . .  2,435,000 
31. Equipment ................... 6,323,000 
32. Lands and S t r u c t u r e s .  ....... 312,000 

2,000 
42. Insurance Claims and 

:Inde nni  t i e s ............... 2.000 -, 2,000 

:rota1. . .  .................. $68,546,000 $67,207,000 $66,284,000 - 
JUSTIFICATIOl\IJY OBJECT CLASSIFICATION: 

Per  sonne 1 D i s t r i b u t i o n  

1965 - 1967 - 1966 

Direc t  P e r s o l i s 1  by Program 

Manned S p n c ~ ?  l ? l i y n t  

24 Apollo. .  ......................... 
Space Scierg,e and Appl ica t ions  

Lunar and p l ane ta ry  e x p l o r a t i o n  
Launch vc l i ic lc  development. .... 
Launch vehiclc? procurement. .... 

1 
24 7 
116 

--- 
230 
125 

- - -  
170 
124 

Advanced Rt2;esrch and Technology 

485 
208 

70 

490 
210 

70 

Bas i c  r e  sir? arch .  ................ 
Space veh:ic:le systems. ......... 
E l e c t r o n i c s  systems..  .......... 
Human f a c t o r  systems. .  ......... 

s i o n  systems. ................ 
propu 1 s ion .  ........... 

Space power and e l e c t r i c  propul-  

Nuclear r o c k e t s . .  .............. 
Chemic: a 1 
Aeronauti.c:s.. ................... 

465 
219 

59 
1 

851 
625 
422 

85 

734 
45 7 
558 
250 

713 
44 7 
565 
305 

Technology J m F 1 i z a t i o n . .  ......... 6 6 6 

Sub-tot a1 :, d. i rec t  p o s i t i o n s . .  3,121 3,123 3 , 100 
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1965 - 1966 - - 1967 

Support personnel  

D i r e c t o r  ar.d S t a f f . . . . . . . . . . . . . . .  
A d m i n i s t r a t i o n . . . . . . . . . . . . . . . . . . .  
Research ard development suppor t .  

S u b - t o t a l ,  support  p o s i t i o n s  ... 
T o t a l ,  permanent p o s i t i o n s . .  ... 

Other p o s i t  i ons  : 

P o s i t i o n s  under coope ra t ive  
t r a i n i n g  agreements. . .  ....... 11 

Other tenipclrary p o s i t i o n s . .  .... 91 

T o t a l ,  a l l  Fclsi.tions.. ............. 4,917 

Personnel Costs  

17 17 
575 561 

1,102 1,109 

17 
556 

1 ,074 

1.694 1,687 1,647 

4,815 4,810 4 , 747 

11 
21 -. 

11 
21 

4,842 4,779,  
PI 

1966 1967 . - 1965 

-I 4,779. 
4,747 

4,842 
4,810 

32 

4,917 
4,815 

102 

T o t a l  PositiL,ns, ................... 
P e r m a n e n t . . . . . . . . . . . . . . , . . . . . . . . .  
O t h e r . . . . . .  ..................... 32 

Personnel CogE:nsat i o n  : 
Annual cost: of permanent 

Pay above t h e  s t a t e d  annual. r a t e  

Net c o s t  c81i permanent p o s i t i o n s .  

posi t ion.a . ,  ................... 
Lapses (deduct) ................. 
Other perscumel compensation. ... 

$47 , 854,000 
184,000 

-1,900,000 
46,138,000 

1,855,000 

$48,371,000 
136,000 

-, -1,399.000, 
47,158,000 
- 1,906,000. 

$45,017,000 
173,000 

-859,000 
44,331,000 

2,108,000 

Tota l  ccnipensation ............ 
NASA funded..  ............... 
Reimbu.i:sable.. .............. 

49,064,000. 
49,064 , 000 

-I 

- - -  
47,993,000 
47,993,000 - - -  

46.439.000 
46,439,000 --- 

3,373.000 3,499,000 
3,373,000 3,499,000 

-, 3,581 .OOO. 
3,501,000 

Personnel b e n e f i t s . . . . . . . . . . . . . . . .  
NASA funded . . . . . . . . . . . . . . . . . . . . .  
Reimbursab1.e. ................... - - -  

51,492.000 
51,492,000 

52,645,000. 
52,645,000 

-. 

- --  
49.812.000 
49,812,000 

- - e  

T o t a l  personrd]. c o s t s . . . . . . . . . . . . .  
NASA fu.ndet1.. ................... 
Reimbursab1.e. ................... ---  

Average K u m b f z o f  A l l  Employees .................... 4 , 748 4,642 4,861 
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Personnel Co,zs - $52,645,000 

The personnel c o s t  f o r  FY 1967 i s  e s t ima ted  t o  be $52,645,000 covei-ing 
4,642 manyears of employment. Of t h i s  amount $49,064,000 is requestetl  f o r  
personnel  compensation and $3,5G1,000 f o r  personnel  b e n e f i t s .  The FY l Y 6 7  
e s t i m a t e s  inc lude  an i n c r e a s e  of $1,153,000 over  FY 1966. This increiise i s  
r equ i r ed  to cover t h e  c o s t  of t h e  Fede ra l  Employees Sa la ry  Act of 1961i on a 
f u l l  yea r  b a s i s ,  f o r  within-grade s t e p  i n c r e a s e s ,  and c a r e e r  dev~ lopmc~n t  , 
f o r  r e t i r emen t  c o n t r i b u t i o n s  and o t h e r  b e n e f i t s .  

The fol lowing t a b l e  shows t h e  major i tems which a r e  included i n  tht? 
e s t i m a t e  f o r  personnel  c o s t :  

FY 1967 I n c r e a s e  o r  Decrease 
E s t  imat e from FY :1.966 

Pe  r s o nne 1 &nip ens a t  i on  

Net ,cost  of permanent p o s i t i o n s . .  $47,158,000 $Cl ,020,000 ... +51 ,~)oo Other personnel  compensation.. 1,906,000 - 
S u b - t o t a l . . . . . . . . . . . . . . . . . . . . . .  $49,064,000 $+1,071,000 

Personnel-Benefits  

Retirement c o n t r i b u t i o n s . . . . . . . . .  $3,055,000 $+64,000 
Other personnel  b e n e f i t s .  ........ 520,000 +le  .~)oo 

Sub- to t a l . . . .  .................. $3,581 ,000 $ + 8 2 , l ? l  

T o t a l  personnel c o s t . . . . . . . . . . . . . . .  $52,645.000 

Travel  and T z z s p o r t a t i o n  of Persons - $1,455,000 

This  e s t i a . a t e  i s  $15,000 l e s s  t han  t h e  FY 1966 l e v e l .  This  r e d u c t i o n  i s  
p r i m a r i l y  due t o  a p r o p o r t i o n a t e  r e d u c t i o n  i n  permanent p o s i t i o n s .  

T r a n s p o r t a t i c n o f  Things - $303,000 

The FY 1967 l e v e l  f o r  t h i s  ca t egory  is  t h e  same as FY 1966. The tnajor i ty  
of t h e  c o s t  under t h i s  i tem i s  f o r  t r a n s p o r t a t i o n  of equipment t r a n s f e r e d  
t o  t h e  Lewis Research Center from o t h e r  f e d e r a l  agenc ie s .  

Rent. ConnnurLgitions. and U t i l i t i e s  - $3,449 .OOO 

This  e s t i m a t e  i s  $60,000 h i g h e r  t han  i n  t h e  c u r r e n t  yea r .  Savings 
r e a l i z e d  i n  FY 1967 f o r  l e a s e  of ADP equipment a r e  due t o  t h e  purchase of a 
new system i n  EY 1966 and a r e  less than  t h e  inc reased  c o s t  f o r  u t i l i t i e s .  
Increased u t i l i t y  c o s t s  a r e  d i r e c t l y  r e l a t e d  t o  new f a c i l i t i e s  becoming 
o p e r a t i o n a l  i.n FY 1967 and inc reased  power requirements generated by 
inc reased  t u r m e l  usage f o r  supe r son ic  t r a n s p o r t  r e sea rch .  
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P r i n t i n p  andL.ie;?roduction - $50,000 

It i s  e s t  iiuated t h a t  p r i n t i n g  and r ep roduc t ion  requirements w i l l  remain 
a t  t h e  FY 1965 l e v e l .  

Other S e r v i c e s -  $3,795,000 

i n  t h e  e s t i m a t e  i s  an i n c r e a s e  of $43,000 r e l a t e d  t o  t h e  maintenance r e q u i r e -  
ments f o r  ADP equipment procured i n  FY 1966 and f o r  maintenance of EAII equip- 
ment, o f f s e t  3y dec reases  i n  t h e  maintenance and r e p a i r  of f a c i l i t i e s ,  

This  e s t i m a t e  i s  a n e t  i n c r e a s e  of $2,000 over t h e  FY 1966 l eve l .  Included 

Supp l i e s  and Jlrerials - $2,055,000 

These ~ L S  XI inc:rease of $2'7,000 a n t i c i p a t e d  i n  FY 1967 requirementE, t o  
cover t h e  c o s t  of plumbing s u p p l i e s  t o  support  c e n t e r  f a c i l i t i e s .  The balance 
of t h e  requesred funds a r e  a t  t h e  same l e v e l  a s  FY 1966 ancl a r e  needec f o r  
normal suppoi: t expenses a t  t h e  Center .  

Equipment - :i2J30 .OOO 

This  e s t i n a t e  i s  $2,150,000 l e s s  than t h e  c u r r e n t  yea r  ,evel .  This 
decrease is t h e  r e s u l t  o f  the purchase o f  a new ADP system i n  FY 1966. Other 
equipment iteins w i l l  remain at: t h e  FY 1966 l e v e l  of o p e r a t i o n s .  

Lands and Stirrici:ures - $300.000 

No i n c r e a s e  is requested i n  t h i s  e s t i m a t e .  Experience i n d i c a t e s  t t i a t  a 
s t a b i l i z e d  leTreL of e f f o r t  i s  r e q u i r e d  i n  t h e  a l t e r a t i o n  and r e p a i r  oi new 
and e x i s t i n g  Eac i l . i t i es .  

Insurance Claim:; and Indemnit ies  - $2.000 

This  ec;tirn.ste does not  change from FY 1966. These funds a r e  needeci t o  
s e t t l e  rniscel Laneous and small c la ims.  
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NUCLEAR ROCKET DEVELOPMENT STATION LAYOUT 

TEST CELL “ A ”  

E-MAD* 

CHECK STATION 

*UNDER CONSTRUCTION 
a 
\ 

1 \ 





-- 
STP FF I N G  SUMMARY 

66 67 

GS-16 6 6  
GS-15 25 25 
GS-14 17 17 

67 65 A l l  o t h e r  CS _ -  
T o t a l  Pe r rnsnen t  117 1 1 5  

Teniporal-) _ -  
T o t a l  Positions 117 115 

- -  
E x c e p t e d  2 2  

NATIONAL. AERONAUTICS AND SPACE ADMINISTRATION 

ORGANIZATION AND STAFFING CHART 

SPACE NUCLEAR PROPULSION OFFICE 

OFFICE OF THE MANAGER 

66 67 - -  
E x c e p t e d  1 1  - -  GS-16 

1 1  GS-15 
GS-14 

4 4  A l l  o t h e r  GS - -  
T o t a l  Pe rmanen t  6 6  

- -  

ALBUQUERQUE EXTENSION 

66 67 - -  - -  E x c e p t e d  
GS-16 
GS-15 

1 1  GS-14 
A l l  o t h e r  GS - -  
T o t a l  Pe rmanen t  1 1  

- -  
- -  

- -  

CLEVELAND EXTENSION 

66 67 

2 2  GS-16 
GS-15 15 15 

11 11 GS-14 

_ -  
E x c e p t e d  1 1  

A l l  o t h e r  GS 4 0 4 0  

T o t a l  Pe rmanen t  69 69 

NEVADA EXTENSION 

66 - -  II( 
E x c e p t e d  

1 1  GS-16 
4 4  GS-15 

2 1  19 A l l  o t h e r  GS _ -  
T o t a l  Pe rmanen t  31 29 

GS-14 5 5  

NERVA BRANCH rs 67 
- -  Excel8 t e d  

GS-16 1 1  
GS-15 3 3  - -  GS-11, 

1 1  A l l  o t h e r  (;S - -  
5 5  T o t a l  Pe rmanenc  

ADVANCED ENGINE ERANCH 

- -  66 67 
E x c e p t e d  - -  
GS-16 1 1  

1 1  GS-15 
GS-14 
A l l  o t h e r  GS _ -  

- -  
- -  

2 2  I T o t a l  p e r m a n e n t  

FACILITIES BRANCH 

66s - -  
E x c e p t e d  

1 1  
1 1  

GS-16 
GS-15 

1 1  
GS-14 
A l l  o t h e r  GS _ -  

- -  

T o t a l  Pe rmanen t  3 3  

I, 
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ADMINISTRATIVE OPERATIONS 

FISCAL YEAR 1967 ESTIMATES 

SPACE NUCLEAIi PXOPULSION OFFICE 

MISSIOh! ARD CgEJ3ILITIES:  

The missioti  of t h e  Space Nuclear Propuls ion  O f f i c e  i s  t o  provide the  
necessary  res(!ai:ch,, des ign  and engineer ing  da ta  , t e s t  hardware, and gene ra l  
technology r equ i r ed  t o  develop nuc lear  rocke t  systems wi th  power l e v e l s ,  
ope ra t ing  tiniss,, x e s t a r t  cond i t ions ,  and s p e c i f i c  i m p u l s e  va lues  s u i t a b l e  
f o r  advanc:ed :jpacE: exp lo ra t ion  miss ions .  Through t h e  use of  nucleax rocke t  
propuls ion ,  s : ign i l ican t  performance advantages acc rue  t o  such missions as 
lunar  base 10gis t i .cs  o p e r a t i o n s ,  deep space probing wi th  heavy conplex 
spacecraf t : ,  and manned exp lo ra t ion  of  t h e  p l a n e t s .  

The ma-lor a r e a s  of e f f o r t  a l e  t h e  r e sea rch  arid engineer ing  of  t h e  r u c l e a i  
r e a c t o r ,  and t h e  development of c e r t a i n  nonnuclear components i n t o  a complete 
experimental  izngine system. 1)ecause of progress  i n  developing t h e  grzpIii.te 
s o l i d  core r t ?~c i ;o r ,  the  c u r r e n t  emphasis i s  moving t o  t h e  engine system phase 
which inc:Lude 2 development of  t h e  nonnuclear components and t h e i r  i n t e g r a t i o n  
wi th  t h e  r eac  t o  c .  

967 -- 1965 1966 

i:uthoi:i;;ed P o s i t i o n s ,  end o f  yea r . .  . 117 117 115 

Acimi1li:;triati've Opera t ions . ,  . . . . . . . . . $1,669,000 $1,824,000 $1,1;47,000 
Average Ninnbzr o f  A 11 Eniplayees.. . . . 102 111 112 

INSTALLATION J S C K I P T I O N  : 

The nuclear  rocket  program i s  a j o i n t  AEC-NASA under tak ing .  To ensure  an I 

i n t e g r a t e d  program, t h e  Space Nuclear Propuls ion  O f f i c e ,  e s t a b l i s h e d  by  an 
in te ragency  .sgreernent between AEC and NASA, manages a l l  a s p e c t s  of thi? program. 

The Of f i ce  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, Marylarid 
and t h r e e  Eie ld  ex tens ions  loca t ed  ir Ohio, New Kexico, and Nevada. i \ t  t h e  
Nevada l o c a t i o n ,  t h e  Nuclear Locket Development S t a t i o n  (NKDS) was esr:ablishecrl 
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 
e v e n t u a l l y ,  veh ic l e s  a s s o c i a t e d  wi th  nuc lear  rocke t  development. T h e  N&DS 
c o n s i s t s  of B 90,000 a c r e  s i t e  approximately 90 mi l e s  northwest  of  La,; Vegas. 
The t o t a l  c a p i t a l  investment of  NASA funded f a c i l i t i e s  a s  of June 30 ,  1965 was 
$15,194,052, 



ANALYSIS OF RXSOLJRCES KEQUI1’BPENTS BY OBJECT CLASSIFICATION: 

11. Personnel  Compensation ....... 
1 2 .  Personnel  Bene f i t s .  .......... 

T o t a l ,  personnel  c o s t s . . . . .  

2 1 .  T rave l  and Yranspor ta t ion  
o f  Persons.  ................ 

2 2 .  T r a n s y c r t a t i o n  of  Things. .  ... 
23. r<ent , Coaununica t ions ,  

arid Ut i l i t i es ,  ............. 
24. P r i n t  irig and Keproduction. ... 
25. Other h8ervices  ............... 

Eervices  of o the r  agenc ie s .  
26. Suppl ies  and M a t e r i a l s  ....... 
31. Equipment .................... 
32. Lands iinci S t r u c t u r e s  ......... 
42.  Insurance  Claims and 

Indeninit i e s  ................ 
T o t a l  ....................... 

19 65 

$1,318 , 000 
94.000 

$1 , 4 1 2 , 00 0 

199, GOO 
4,000 

$1.669.000 

JUSTIFICATION BY OBJECT CLASSIFICATION: 

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

p i r e c t  PersorgAt by Pioaram 

Advanced Kc2;rch and Technology 

Nuclear J~OCke~S. .  .................... 
Support  pe r so  xiel  

D i rec to r  and S t a f f . . .  .................. 
Adminis t ra t ion . .  ....................... 
i tesearch arid development suppor t  ....... 

Sub-total . ,  support  p o s i t i o n s . .  ....... 
T o t a l ,  Fwmanent p o s i t i o n s . .  ......... 

Other p o s i t i o n s  ........................ 
T o t a l ,  a l l  p 3 s i t i o n s . .  ................... 

- 1965 

110 

2 
2 
3 

7 

117 

- 
- 

--- 
1 1 7  

=eLI 

1966 

$1,460,000 
106.000 

$1,566,000 

200, 000 
3,000 

$l,~i83,000 
108,000 

-I 

$1, j91,OOO 

198,000 
3,000 

S 1 % 8 24.000 

19 66 - 

$1..:847.000 

1967 - 

110 108 

2 2 
2 2 

3 3 - - 
7 - 7 - 

117 115 

115 = 1 1 7  - 
A 0  38-62 



Personnel  r ewu& ement s 

The t o t a l  nianpowe-r l eve l  i n  FY 1967 w i l l  be decreased  by two p o s i t i o n s .  
The i n c r e a s e  :.n personnel  c o s t s  amounting t o  $25,000 i s  r e q u i r e d  t o  f u n d  
for  a f u l l  year  c o s t  o f  t h e  F e d e r a l  Enployees S a l a r y  Act of 1965 ef fec t i .ve  
October 1, 1965. 

Personnel  Costs  

19 65 1966 - 1967 

T o t a l  P o s i t i m E . .  . . . . . . . . . . . . . . . . . . .  
Permanent. ......................... 
Other . .  ............................ 

p er sonne 1 C o r n p n s  a t i o n  : 
Annual cos t  oE permanent 

Pay above t h e  s i a t e d  annual  r a t e . .  
p o s i t i o n s  ....................... 

Lapses (deduct)  ................... 
Net cos t  o f  permanent p o s i t i o n s . .  . 
Other personnel  compensation ...... 

11; 
1 I. 7 --- 

$ 1 , 4  19, GOO 
5,000 

-115 .0OC 
1 , 309,000 

9 .@00 

$1,5 l i ; ,  (?W $1,5O1,00G 
5 , 0t Ci 5,000 

-64.0CCi - -32.000 
1,45 I , COO 1,474,OOO 

9 .OOO - 9 .COO 

T o t a l  compensation .............. 1,318,000 1,460 , 000 1,483,006 
1,318,000 z ,460,000 1,483,000 NASA funded. . .  ................ 

Reimbursable,  ................. --- --- --- 
Personnel  b e p e f i t s  .................. 94,000 106.000 - 108. 000 

NASA funded. ...................... 94,000 106,000 108,000 
Reimbursable . . . . . .  ................ --- --- --- 

T o t a l  p e r s o n i d  c o s t s . . . . . . . . . . . . . . .  1,412 .OOO 1 . 5 6 6 . 0 a  -, 1,5F 1. OOG, 
1,412,000 1,566,000 1,59 1,000 NASA funded ....................... 

Keimbursab1.e.. .................... --- --- --- 
Average NumhLof  A l l  Employees 

102 111 112 (Man Yearsit.. ..................... 

A 0  3-63 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

ORGANIZATION AND STAFFING CHART 

NASA HEAWUARTERS 

ACMINISTRATOR 
66 67 

Excepted 11 11 
- -  

GS-16 - -  
GS-15 1 1  
GS-14 2 2  
A l l  o t h e r  GS 5 5  
wage aoard 

Tor*! prrminmnt 19 19 

- -  _ _  
STAFFING 

Excepted 
GS-16 
GS-15 
GS-14 
A l l  o the r  GS 
Wage Board 
To ta l  Permanent 

Temporary 

SUMMARY 
55 L? 

65 65 
377 399 
300 321 

1,211 1,141 
18 18 

2,162 2,135 
65 65 

- -  
L Y I  1 Y l  

-- 
-- 

EXECUTIVE SECRETARY 
66 67 
1 1  Excepted 

GS-16 
GS-15 3 3  
GS-14 3 3  
A i l  o the r  GS 55 55 

2 2  Wage Board - -  
64 64 

_ -  
- -  

T o t a l  Permanent 

To ta l  P o s i t i o n s  2,227 2,200 

I 
ACMINISTRAT I O N  

NASA -W i de 
66 67 

Excepted 16 16 
GS-16 1 1  
GS-15 42 42 
GS-14 47 48 
A l l  o the r  GS 142 137 

_ -  

- -  Wage Board - -  
T o t a l  Permanent 248 244 

I 

I INTERNATIONAL AFFAIRS INDUSTRY AFFAIRS 
66 67 
l o  l o  Excepted 

GS-16 1 1  
GS-15 17 18 
GS-14 36 37 
A l l  o the r  GS 84 80 
Wage Board - c  

148 146 

- -  

- -  
T o t a l  Permanent 

GENERAL COUNSEL 
66 67 

Excepted 6 6  
GS-16 
GS-15 11 11 
GS-14 6 6  

29 28 A l l  o the r  GS 
Wage Board - -  

- -  
- -  

- -  
Tota l  Permanent 52 51 

i DEFENSE AFFAIRS I LEGISLATIVE AFFAIRS 

66 
Excepted 2 
GS-16 
GS-15 4 
GS-14 2 
A l l  o t h e r  GS 20 

1 Wage Board 

T o t a l  Permanent 29 

- 

- 

I Excepted 2 2  Excepted I GS-16 - -  % I  GS-16 1 1  
GS-15 3 3  
GS-14 - -  

21 21 A l l  o t h e r  GS - -  
Wage Board 

T o t a l  Permanent 27 27 

- -  

GS-15 1 2  
GS-14 1 -  
A l l  o the r  GS 5 5  
Wage Board 

To ta l  Permanent 10 10 

- -  - -  

HEAWUARTERS OPERATIONS 
66 67 - -  

Excepted 1 1  
GS-16 
GS-15 4 4  
GS-14 6 6  
A l l  o the r  GS 227 225 

15 15 

T o t a l  Permanent 253 251 

- -  

Wage Board - -  

I PUBLIC AFFAIRS 

66 67 - -  
Excepted 4 4  
GS-16 
GS-15 14 14 
GS-14 20 20 
A l l  o the r  GS 80 78 
Wage Board - -  

- -  

- -  
T o t a l  Permanent 118 116 

TECHNOLOGY UTILIZATION I POLICY ANALYSIS 
66 67 - -  

Excepted 3 3  

GS-15 2 2  
GS-14 2 2  
A l l  o t h e r  GS 10 10 
Wage Board - -  
Tota l  Permanent 1 7  1 7  

- -  GS-16 

- -  

Excepted 
GS-16 
GS-15 
GS-14 

66 67 
Excepced 7 7  
GS-16 - -  
GS-15 13 14  
GS-14 12 12 

- -  
B 8 1  

13 13 
A l l  o the r  GS 
Wage Board 

T o t a l  Permanent 78 77  1 
s! '! I - -  A l l  o the r  GS 39 37 

Wage Board - -  
- L  

71 70 

I I Tota l  Permanent 

m 

0 
4 

d 
I MANNED SPACE FLIGHL I I bYALC bLLCNLO AND AYYLLLAllUNb I I AWANCBD KESEAIUX AND TECHNOLOGY I T U C K I N G  AND DATA ACQUISITION I 

66 67 

GS-16 23 23 
GS-is 60 68 

A l l  o t h e r  GS 147 125 
Wage Board 

- -  
Except e d 38 38 

GS-14 28 38 

- -  - -  

Excepted 
GS-16 
GS-i: 
GS-14 

5 5  
. A  *, $ 1  L" I n  

10 10 I 

66 67 
~ Excepted 36 36 

GS-16 22 22 
i9 6 i  

GS-14 24 25 
76 70 A l l  o t h e r  GS - -  

Wage Board 

- -  

r e . ,  E "I1 A >  

- -  

ExceDted 39 39 
12 12 I GS-1'6 

tis-ij i i 6  124 

198 175 
GS-14 
A l l  o t h e r  GS 
Wage Board - -  

I 

(D W 

0 

A l l  o t h e r  GS 
Wage Board - -  

62 61 I I T o t a l  Permanent 217 214 I Tota l  Permanent To ta l  Permanent 453 447 To ta l  Permanent 296 292 v) 
m 
m 0 

L n  0 
N 

A 0  4- 



NATIONAL A E R O N A ~ I C S  AND SPACE ADMINISTRATION 

ORGANIZATION AND STAFFING CHART 

NASA HFAD?UART'ERS r 

ADMINISTRATION 
NASA-Wide 

Excepted 
GS-16 

66 67 
16 16 
1 1  

- -  

GS-15 42 42 
GS-14 47 48 
A l l  o t h e r  GS 142 137 
Wage Board 

To ta l  Permanent 248 244 

- -  - -  

HEADQUARTERS OPERATIONS 
66 67 

Excepted 1 1  
- -  

GS-16 - -  
GS-15 4 4  
GS-14 6 6  
A l l  o t h e r  GS 227 225 

15 15 Wage Board 

T o t a l  Permanent 253 251 

- -  

1,211 1,141 
18 18 

A 1 1  o the r  GS 
Wage Board 
T o t a l  Permanent Z,lbL L , U >  

Total  Pos i t i ons  2 .227  2.200 

-- 
GS-14 

Temporary 65 65 I I 

DEFENSE AFFAIRS 

Excepted 
GS-16 
GS-15 

66 67 
3 3  

1 2  

- -  
- -  

GS-14 1 -  
A l l  o the r  GS 5 5  
Wage Board 

To ta l  Permanent 10 10 

- -  - -  

Except e d 
GS-16 
GS-15 

I V 0 - I . t  

66 67 
11 11 

1 1  

- _  
- -  
L L  

5 5  I A l l  o the r  GS - -  - -  i wage Board 
To ta l  Permanent 19 19 I EXECUTIVE SECRETARY 

GS-15 3 3  
GS-14 3 3  

55 55 A l l  o t h e r  GS 
2 2  Wage Board 

To ta l  Permanent 6 4  6 4  

- -  

GENERAL COUNSEL 
66 67 

Excepted 6 6  
GS-16 
GS-15 11 11 
GS-14 6 6  
A l l  o the r  GS 29 28 
Wage Board - -  

52 51 

- -  
- -  

- -  
T o t a l  Permanent 

I POLICY ANALYSIS I 
I Excepted 

6il 
3 3  

A l l  o t h e r  GS 
Wage Board 

To ta l  Permanent 

PROGRAMMING 
66 67 

Excepced 7 7  
GS-16 - -  
GS-15 13 14 
GS-14 12 12 
A l l  o t h e r  GS 39 37 
Wage Board 

To ta l  Permanent 71 70 

- -  

- -  - -  

z 
MANNED SPACE FLIGHT i 

Excepted 
GS-16 

% 12 % I  12 

GS-15 116 124 
GS-14 88 97 
A l l  o t h e r  GS 198 175 
Wage Board 

T o t a l  Permanent 453 447 

- -  - -  

I 
SPACE SCIENCE AND APPLICATIONS 

Except e d 
GS-16 

66 67 
38 38 
2'3 23 

- -  
~- ~. 

GS-15 60 60 
GS-14 28 38 
A l l  o t h e r  GS 147 125 
Wage Board - -  - -  
Tota l  Permanent 296 292 

INDUSTRY AFFAIRS 
66 67 

Excepted l o  l o  
GS-16 1 1  
GS-15 17 18 
GS-14 36 37 
A l l  o t h e r  GS 84 80 
Wage Board 

T o t a l  Permanent 148 146 

- -  

- -  - -  

INTERNATIONAL AFFAIRS 

66 67 
Excepted 2 2  
GS-16 1 1  
GS-15 3 3  
GS-14 - -  

21 21 A l l  o t h e r  G S  
Wage Board 

T o t a l  Permanent 

- -  

- -  - -  
27 27 

I Excepted 4 4  - -  GS-16 
GS-15 14 14 
GS-14 20 20 
A l l  o t h e r  GS 80 78  
Wage Board _ -  - -  

118 116 T o t a l  Permailent 

5 

TRACKING'AND DATA ACQUISITION 

Excepted 
GS-16 
GS-15 
GS-14 

66 67 
6 6  
5 5  

19 20 
10 10 

- -  

A l l  o the r  GS 
Wage Board 

To ta l  Permanent 62 "I 61 

Except e d 
GS-16 
GS-15 4 4  
GS-14 2 2  
All o t h e r  GS 20 20 

1 1  Wage Board 

T o t a l  Permanent 29 29 

- -  

66 67 
Excepted 6 6  
GS-16 - -  
GS-15 8 8  
GS-14 13 13 
A l l  o t h e r  GS 51 50 
Wage Board 

To ta l  Permanent 7 8  77 

- -  

- -  - -  

. 
AWANCED RESEARCH AND TECHNOLOGY 

66 67 
Excepted 36 36 
GS-16 22 22 
GS-15 59 61 
GS-14 24 25 
A l l  o t h e r  GS 76 7 0  
Wage Board 

To ta l  Permanent 

- -  

- -  - -  
217 214 

A 0  4-1 



ADMINISTRATIVE OPERATIONS 

FISCAL YEAR 1967 ESTIMATES 

NASA HEADQUARTERS 

MISSION AND Cp.!JBILITIES : 

The mission of the  Headquarters of t h e  Nat ional  Aeronaut ics  and Spa:e 
Adminis t ra t ion i s  t o  p lan  and provide execut ive  d i r e c t i o n  f o r  t h e  programs 
au thor ized  by t h e  Congress, and t o  implement the  n a t i o n a l  o b j e c t i v e s  si:ated 
i n  t h e  Nat iona l  Aeronautics and Space A c t  of 1958, as amended. The p r i n c i p a l  
s t a t u t o r y  func t ions  a re :  

1. To conduct research  i n t o ,  and f o r  t he  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  the  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  ae ronau t i ca l  and space 
vehiclcms f o r  research  purposes.  

2.  To c o n c u t  a c t i v i t i e s  r equ i r ed  f o r  t h e  exp lo ra t ion  of space 
w i t h  mnned and unmanned v e h i c l e s .  

3 .  To arrange 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  
planning s c i e n t i f i c  measurements and observa t ions  t o  be made 
throug,ti c,se of ae ronau t i ca l  and space v e h i c l e s ,  and conduct 
or ar range  f o r  t h e  conduct of such measurements and observia- 
t ions .  

4 .  To provide f o r  t he  wides t  p r a c t i c a b l e  and appropr i a t e  dissem- 
i n a t i c n  of information concerning its a c t i v i t i e s  and t h e  r e s u l t s  
thereo Ji .  

The fol lowjng o f f  i c e s  a t  Headquarters assist management i n  ca r ry ing  out  
t he  t echn ica l  a spec t s  o f  t h i s  mission: 

The Off ice  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  irmolving manned space f l i g h t  missions.  Programs inc lude  
Gemini - t c )  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  a two-man space-  
c r a f t  i n  near -ear 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 1:ec:l-niques, inc luding  rendezvous, docking and ex t r aveh icu la r  
a c t i v i t y ;  Apollo - t o  provide a broad n a t i o n a l  c a p a b i l i t y  f o r  manned 
space exp lo ra t ion ,  inc luding  e a r t h - o r b i t a l ,  l una r  o r b i t a l ,  and luna r  
su r face  ope ra t ions  and t o  achieve t h e  s p e c i f i c  o b j e c t i v e  of manned 
lunar  lancli-ng and r e t u r n  w i t h i n  t h i s  decade; and Advanced Missions - 
t o  p lan  a broad program of exp lo ra t ion  which w i l l  achieve and main ta in  
a p o s i t i o n  oli space l eade r sh ip  f o r  t h e  United S t a t e s .  The Of f i ce  of 
Manned Space F l i g h t  has  launch r e s p o n s i b i l i t y  f o r  a l l  major manned 
and unmanned missions u t i l i z i n g  NASA launch v e h i c l e s .  This  Of f i ce  
a l s o  has ove 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  t h r e e  

hO 4-2 



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 i n s t c l l a t i o n s  a r e :  t he  George C .  Marshal l  Space 
F l i g h t  Center, ,  inc luding  M i s s i s s i p p i  Test F a c i l i t y ,  Michoud Assembly 
F a c i l i t y ,  and S l i d e l l  where a computer f a c i l i t y  i s  loca ted ;  t h e  
Manned Spac:ecl:ilfl: Center ,  inc luding  NASA a c t i v i t i e s  a t  t h e  White 
Sands Tes t  Fac:il:ity; and t h e  John F. Kennedy Space Center ,  NASA, 
inc luding  NASA a c t i . v i t i e s  a t  t h e  Eas te rn  and Western Tes t  Ranges. 

The Of f i ce  of;*%ce Science and Appl ica t ions  - Responsible f o r  
NASA programs involving 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 t h e  
space environrienl: inc luding  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 u t i l i z i n g  ground-based, a i r b o r n e ,  and space techniques such as 
sounding r o c k e t s ,  e a r t h  s a t e l l i t e s ,  and deep space probes (e .g . ,  
Voyager); f o r  j c i e n t i f i c  experiments t o  be conducted by man i n  space 
and s e l e c t i o n  ,and t r a i n i n g  of a s t ronau t  - s c i e n t i s t s ;  f o r  t he  research  
and developmen: of  space f l i g h t  a p p l i c a t i o n s  i n  such a r e a s  as 
meteorology, cixmnunications , naviga t ion ,  geodesy, and economic 
geographic su i ?~eys ,  and f o r  t h e  support  of ope ra t iona l  systems 
us ing  these  developments; f o r  t h e  development, procurement, and use  
of l i g h t  and ml-.diuni c l a s s  launch v e h i c l e s ,  such as Centaur;  and 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. 

The O f f i c e  of Space Science and Appl ica t ions  has  an o v e r - a l l  i n s t i t u -  
t i o n a l  respon:; ib  i l i t y  f o r  those  NASA i n s t a l l a t i o n s  p r imar i ly  involved 
i n  space s c i e i x e  and a p p l i c a t i o n s  programs. These a r e  t h e  Goddard 
Space F l i g h t  Center ,  Wallops S t a t i o n ,  and t h e  Jet  Propuls ion 
Labora tory ,  in:luding t h e  NASA Resident Off i c e  which adminis te rs  t h e  
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  opera-  
t i o n  of t h e  J e t  Propulsion Laboratory.  

The Of f i ce  of,@Janced Research and Technology - Responsible f o r  t h e  
planning,  d i r e c t i o n ,  execut ion ,  eva lua t ion ,  documentation, and d i s -  
seminat ion of the r e s u l t s  of a l l  NASA r e sea rch  and technology programs 
which a r e  conducted p r imar i ly  t o  demonstrate t he  f e a s i b i l i t y  of a 
concept ,  s t r u c t u r e ,  component, o r  system which may have s p e c i f i c  
genera l  a p p l i c a t i o n  t o  t h e  n a t i o n ' s  ae ronau t i ca l  and space o b j e c t i v e s .  
This  Of f i ce  i s  a l s o  r e spons ib l e  f o r  coord ina t ing  NASA's t o t a l  program 
of suppor t ing  research  and technology,  which i s  r e l a t e d  t o  ca r ry ing  
out  t h e  s p e c i f i c  f l i g h t  missions i n  o rde r  t o  avoid unnecessary dup1i.- 
c a t i o n  and t o  in su re  t h a t  t h e  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  o f f i c e  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  research  cen te 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  a r e :  t h e  Ames Research C e n t e r ,  
t h e  E lec t ron ic s  Research Center ,  t h e  F l i g h t  Research Center ,  t h e  1,angley 
Research Cen te r ,  t h e  Lewis Research Center ,  and t h e  Space Nuclear 
Propuls ion Of f i ce .  



The Of f i ce  of Trackinp and Data Acqu i s i t i on  - Responsible f o r  the  
development:, implementation, and ope ra t ion  of t r a c k i n g ,  d a t a  
a c q u i s i t i o n ,  communications, and d a t a  process ing  f a c i l i t i e s ,  s y s t e m ,  
and servic:es  requi red  f o r  NASA f l i g h t  programs. I n  a d d i t i o n ,  t h e  
Off i c e  i s  r e spons ib l e  f o r  agency-wide coord ina t ion  of t he  management 
of aut0mat:i.c d a t a  process ing  systems and s e r v i c e s .  

SUMMARY OF RJCgJRCES REQUIREMENTS : 

1967 - 1965 1966 

Authorized P o s i t  i ons ,  end of yea r .  2,263 2,227 2,200 
Average Number of A l l  Employees.. . 1,989 2,063 2,043 
Adminis t ra t ivt?  Operations ......... $51,516,000 $56,286,000 $58,667,000 

INSTALLATION J)ESCRIPTION : 

The NASA Headquarters i s  loca ted  a t  400 Maryland Avenue, S .  W . ,  
Washington, I)#, C., and a l s o  occupies  two o t h e r  bu i ld ings  i n  the  southwest a r ea  
of the D i s t r i c t  of Columbia, as we l l  as s t o r a g e  f a c i l i t i e s  i n  nearby Ar l ing ton ,  
V i r g i n i a .  
and the  warehousing space,  personnel occupy government -owned bu i ld ings .  

With t h e  except ion  of  t h e  space l eased  i n  the  Repor t e r ' s  Bui lding 

ANALYSIS OF FJ]SC)URCES REQUIREMENTS BY OBJECT CLASSIFICATION: 

11. Personnel. Compensation. ..... 
1 2 .  Personnel. Bene f i t s . .  ........ 

Total., personnel  c o s t s . .  .. 
21.  Travel. arid Transpor t a t ion  

of Ekrsons.. .............. 
22. TranspcnAation of Things. ... 

24. Print i .ng and Reproduction.. . 
23. Rent , Conmunicat i o n s ,  

and I J t F l i t i e s . .  ........... 
2 5 .  Other Se rv ices . . . . . . . . . . . . . .  

Serv ices  of o t h e r  agencies  
26. Suppli.c?s and Mate r i a l s  ...... 
3 1. Equipment:. .................. 
32.  Lands and S t r u c t u r e s . . .  ..... 
42.  Insurmcc! C l a i m s  and 

Indeninit i e s  ............... 
Total.. .................... 

1965 

$25,311,000 
1 ,959 .OOO 

$27,270,000 

2 , 550,000 
341,000 

1,899,000 
1,580,000 

12,654,000 
2,778,000 

500,000 
1 ,936,000 - - -  

8,000 

$51.516,000 

1966 

$27,281,000 
2,167,000 

$29,448,000 

2 , 642,000 
295,000 

2,341,000 
1 , 925 , 000 

15,048,000 
2,472,000 

1,550,000 
555,000 

- - -  

10.000 

$56,286,000 

1967 -. 

$27,946,000 
2 ,,373,000 

$30,319,000 

2,642 , 000 
295,000 

2,390,000 
2 , 075 , 000 

16,024,000 
2,807,000 

1,550,000 
555,000 

- - -  

-. 10,000 

s58,667,000 - 
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The above e s t ima tes  f o r  FY 1966 and FY 1967 a r e  d i s t r i b u t e d  between NASA- 
wide support  func t ions ,  conducted o r  adminis tered c e n t r a l l y ,  which provide 
s e r v i c e  t o  a l l  c e n t e r s ;  and f o r  Headquarters ope ra t ions  which a r e  f o r  t h e  
support  of tk.e day-to-day ope ra t ions  of a l l  Headquarters o f f i c e s .  
i ng  t a b l e  shows. t h i s  comparison by o b j e c t  c l a s s i f i c a t i o n :  

The fol low- 

Analysis  of Funding f o r  NASA-wide 
Support and Headauarters  Operat ions 

FY 1966 FY 1967 
NASA-wide Hdqtrs.  NASA-wide Hdqtrs.  

Operat ., T o t a l  Support  Operat. T o t a l  Support 
Ob i e c t  ClassL.f-cation 

11. Personnel Comp.. .$27,281 $25,004 $2,277 $27,946 $25,563 $2,383 
1 2 .  Personnel Eienef.. 2,167 2,012 155 2,373 2,209 164 
21 .  Travel  arid Trans 

22. Trans.  of 
Things ......... 295 234 61  29 5 234 6 1  

23 .  Rent,  Connnunic. 
2,390 1,319 1,071 & U t i l i t i e s  .... 2,341 1 ,261  1,080 

24.  P r i n t i n g  & Repro 1,925 1 ,772 153 2,075 1,922 153 
18,831 16,818 2,013 25. Other Se rv ices . . .  17,520 15,638 1,882 

26. Supplies  & Mat... 555 15 540 555 15  540 ....... 1,550 1 ,345 20 5 31.  Equipment:. 1,550 1,345 205 
32 .  Land & S t r u c t u r e s  
4 2 .  I n s .  C1i i i .m~;  and 

( In  thousands of d o l l a r s )  

of Persons ..... 2,642 2,588 54 2,642 2,588 54 

- - -  --- --- --- - - -  --- 

10. - - -  1ndemrti.tj.e~. ... l o  - - -  10 l o  

Tot a1 ........... .$56,286 $49.869 $6,417 $58.667 $52.013 $ 6 . 6 5 4 .  

JUSTIFICATIOZll5Y OBJECT CLASSIFICATION : 

P e rsonne 1 Dis t r i.but i on  

1965 - 
Direct P e r s c i E ? l  by Program 

Manned Sp<g:e F l i p h t  

Gemin i . . . . . . . . . . . . . . . . . . . . . . .  
Apo1l.o. ........................ 
Advanced m i s s  ions .  ........... 

103 
249 
101 

1966 
L_ 

75 
291 

87 

1965' 
7- 

43 
321. 

83 



1966 - - 1967 - 1965 

Space Science and Appl ica t ions  

Physics  and astronomy. , . . . . . . . . . . . . . .  
Lunar and p l ane ta ry  exp lo ra t ion  ...... 
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...  ........ 
Biosc ience . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Meteorological  s a t e l l i t e s . . . . . . . . . . . .  
Communication and a p p l i c a t i o n s  

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

57 
76 
7 1  
10 
15 
26 
20 

57 
76 
7 1  

6 
19 
26 
20 

56 
74 
7 1  
4 

20 
26 
20 

21  21  2 1  

Advanced Research and Technology 

3 1  
44 
37 
22 

3 1  
44 
37 
22 

3 1  
43 
37 
22 

Basic r e sea rch . . . . , . . . . . . . . . , . . . . . . . .  
Space veh ic l e  systems..  .............. 
E l e c t r o n i c s  systems.. .  ............... 
Space power and e l e c t r i c  propuls ion  

systems ............................ 
Nuclear r c c k . e t s . . . . . . . . . . . . . . . . . . . . . .  
Chemical Flrcpulsion .................. 
Aeronautic.s. . . . .  ..................... 

Human f a c t o r  systems.. . .  ............. 
30 

3 
22 
26 

3 1  
3 

22 
27 

3 1  
3 

22 
27 

61 60 62 Trackinp a n c l l a t a  Acquis i t ion  

14 - 14 14 Technoloay J G . l i z a t i o n  

1,028 1,040 1,042 S u b - t o t a l ,  d i r e c t  p o s i t i o n s  ........ 
Support pe rsclrine 1 

611 
251 
245 

% r e c t o r  and S ta f f . . . . . . . . . . . . . . . . . . . . .  
Adminis t,rat.j.ori (Headquarters).  ......... 

%e s e arch. artti cleve 1 o pment support  ....... 
618 
253 
249 

617 
258 
248 

Sub-total .  . support  p o s i t i o n s . .  ....... 1,107 1,120 1,123 

2,135 2,163 2,162 T o t a l ,  peim.manent p o s i t i o n s  ........... 
Other posit ic,rE::  

P o s i t i o n s  under coopera t ive  t r a i n i n g  
agreement:!;. ........................... 

Other tempo:rary p o s i t  ions .  ............. 
---  
100 65 65 - 

2,227 2,200 
(867) (856:) 

T o t a l ,  a l l  pos i t i ons . .  ................... 
*NASA-wide :support. 
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Personnel reqhgements  

The FY 196,;' hudget r eques t  i nc ludes  a t o t a l  of 2,200 c i v i l i a n  p o s i t i o n s  
f o r  NASA Head.c[uarters, a r educ t ion  of 27 p o s i t i o n s  below t h e  c u r r e n t  f i s c a l  
yea r .  

Of t h e  2,135 permanent p o s i t i o n s  shown i n  t h e  above t a b l e ,  1,028 a r e  
d i r e c t l y  rela.t.ecl t o  t h e  s t a f f i n g  of t h e  s c i e n t i f i c  and t e c h n i c a l  program a r e a s  
i n  t h e  Off ice  of Manned Space F l i g h t ,  t h e  Of f i ce  of  Space Science and 
Appl ica t ions ,  t h e  Off ice  of Advanced Research and Technology, t h e  Of f i ce  of 
Tracking and Data Acqu i s i t i on ,  and t h e  Of f i ce  of Technology U t i l i z a t i o n .  
t h e  remaining, 1,107 permanent p o s i t i o n s ,  856 are f o r  NASA-wide support  
func t ions  r e l a t i n g  t o  t h e  review, coord ina t ion ,  d i r e c t i o n  and planning of 
a c t i v i t i e s  such as procurement, f i n a n c i a l  management, a u d i t ,  a c q u i s i t i o n  and 
disseminat ion of s c i e n t i f i c  and t e c h n i c a l  in format ion ,  and t h e  balance of 251 
a r e  f o r  Headquarters ope ra t ions  concerned wi th  admin i s t r a t ive  s e r v i c e s ,  
personnel ,  sec:ur i ty ,  accounts and r e p o r t s ,  and c o n t r a c t s .  

Of 

Personnel  Costs  

1967 - 1965 1966 

T o t a l  P o s i t i c r g  .................. 2,263 2,227 ___, 2,200 
Pernianent,..................... 2,163 2 , 162 2,135 
Othe r . . . . . . . . . . . . . . . . . . . . . . . . . .  100 65 65 

Per  s onne 1 C o q g t  s a t  i on : 
Annual cos t  of permanent 

Pay above t h e  s t a t e d  annual 
r a t e . . . . . .  ................... 101,000 107,000 107,000 

Lapses (deduct.). ............... -2,464.000 -2,165,000 -1,538,000 
Net cos t  o f  permanent p o s i t i o n s  23,945,000 25,791,000 26,514,000 
Other persormal compensation.. . 1,366 .OOO 1.490.000 1,432,000 

p o s i t i o n s  .................... $26,308,000 $27,849,000 $27,945,000 

To ta l  compensation.. ......... 25,311,000 27,281 .OOO 27,946,000 
NASA fu.rtded ................ 25,311,000 27,281,000 27,946,000 
Reimbursatlle.. ............. --- -- - --- 

Personnel b e n e f i t s .  .............. 1,959 .OOO 2,167.000 2,373,000 
NASA funded.. ................... 1,959,000 2,167,000 2,373,000 
Reimbursable . . . . . . . . . . . . . . . . . . .  --- e - -  - --  

Tota l  personnel  c o s t s , .  .......... 27 .270,000 29 ,448,000 30 .,319.000 
NASA funded. ................... 27,270,000 29,448,000 30,319,000 - - -  --- Reimbursable . . . . . . . . . . . . . . . . . . .  --- 

Average Numbwlof A l l  Employees 
(bfan Years). ................... 1,989 2 , 053 2,043 



Personnel Costs - $30,319,000 

The personnel c o s t s  f o r  Fy 1367 a r e  es t imated  t o  be $30,319,0GO colrering 
2,043 manyears 131 crnployrnent . OF t h i s  amount , $27,946,000 i s  requcstod l o r  
personnel  cornpciisation and $2,373,000 f o r  personnel  b e n e f i t s .  The EY 1967 
e s t ima te  IS !$371,000 over  the  amount f o r  t he  cu r ren t  f i s c a l  year .  T h J s  
i nc rease  is i ~ q u i r e d  t o  cover the  c o s t  o f  t h e  Federa l  Employees Sa la r j ,  Act of 
1965 on a fu:.I :year b a s i s ,  for with in-grade  s t e p  inc reases  and c a r e e r  
development, Eo t re t i rement  c o n t r i b u t i o n s  and o t h e r  b e n e f i t s ,  and €or  
increased  c 0 s - s  payable t o  t h e  Department of  Labor f o r  b e n e f i t s  and o t h e r  
payments made f.com t h e  Employees' Compensation Fund during FY 1965. 

The fol lowing t a b l e  shows t h e  major i tems which a r e  included i n  the, e s t i -  
mate f o r  per:;onnel. c o s t s :  

Inc rezsc  o r  
FY 1967 Decrez1.s~ from 

FY 1966 E s t i m a t e  -- 

Personnel conygisa t ion :  

N e t  cost: of pemianent p o s i t i o n s . .  ... $26,514,000 $Ci 23,000 
1,432,000 - 58,000 0 t h e  r p c? r sonne 1 compens a t  i o  t i  ........ 

Sub-total  .......................... $27,946,000 $tC,65,000 

Personnel & i e f i t s  : 

Retirement con t r ibu t ions .  ........... 1 , 749,000 -1.56 , 000 
-1.61 , 000 0 t h e  r b m e  f .i t :; ...................... 

Employees Conpensation Fund. ....... 259,000 t.89.000 
365,000 

-- 

+i:06,000 .......................... -- Sub-total  2,373,000 

Tota l  pei::;onnel c o s t s . .  ........... $30,319,000 $+E! 7 1,000 

O f  t h e  $30,3*9,000 reques ted  f o r  personnel  c o s t s ,  $27,772,000 i s  es t imated  
f o r  s a l a r i e s  anti b e n e f i t s  of employees engaged i n  NASA-wide programs and 
a c t i v i t i e s  which a r e  conducted o r  adminis tered c e n t r a l l y  f o r  t he  b e n e f i t  o f  
a l l  c e n t e r s ,  ,md $2,547,000 f o r  personnel  engaged i n  Headquarters ope ra t ions .  

Travel  and T r i z p o r t a t i o n  of Persons - $2,642,000 

The FY 190'7 e s t ima te  of $2,642,000 f o r  t r a v e l  and t r a n s p o r t a t i o n  o i  
persons i s  til(: :iame l e v e l  as FY 1966 requirements .  'Of t h i s  amount, $ 2  ,4LS,000 
i s  f o r  NASA emp:-oyee t r a v e l  arid t r a n s p o r t a t i o n  and $217,000 for  nori-NPSA 
employee t.rave1 c o s t s  of t e c h n i c a l  and research  advisory committees, zlnd 
f o r  c o s t s  of tocal t r a n s p o r t a t i o n .  

A 0  4-8 



The amount reques ted  inc ludes  $2,588,000 i n  support  of NASA-wide p;i:ograms 
and a c t i v i t i ' e s ;  and the  remainder of $54,000 is  r e l a t e d  t o  Headquarters 
ope ra t  i ons .  

T r a n s p o r t a t i o n o f  Things - $295.000 

The Fy 1967 amount of $295,000 reques ted  f o r  t r a n s p o r t a t i o n  of t h ings  i s  
t h e  same l e v e l  requi red  f o r  t h e  c u r r e n t  f i s c a l  year .  The c o s t s  under t h i s  
o b j e c t  c l a s s i f i c a t i o n  inc lude  $195,000 f o r  domestic and overseas  shipments 
of e x h i b i t s  and spacemobiles;  $56,000 f o r  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 $44,000 f o r  f r e i g h t ,  exp res s ,  drayage and p, t rcel  
pos t  c o s t s  of shipments t o  NASA i n s t a l l a t i o n s ,  and r e n t a l  of t r u c k s  f;:om t h e  
General Serv ices  Adminis t ra t ion.  

O f  t h e  $2'35,000 requested i n  FY 1967, $234,000 i s  f o r  support  of NASA-wide 
a c t i v i t i e s  and $61,000 f o r  Headquarters ope ra t ions .  

Rent ,  Communications, and U t i l i t i e s  - $2,390.000 

The FY 1967 e s t ima te  of  $2,390,000 under t h i s  o b j e c t  c l a s s i f i c a t i o i i  
inc ludes :  
provides  fo r  an inc rease  of $58,000 requi red  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  bas..s i n  
FY 1967 and a decrease of $9,000 f o r  r e n t a l  of ADP equipment; and $1,1300,000 
f o r  communicaticons c o s t s  which a r e  p ro jec t ed  a t  t h e  same l e v e l  as t h e  c u r r e n t  
f i s c a l  year  requirements.  

$590,000 f o r  r e n t s ,  a n e t  i nc rease  of $49,000 over  FY 1966,  which 

The fol lowing t a b l e  r e f l e c t s  t h e  i t e m s  included i n  t h e  FY 1967 est:i.mates 
f o r  r e n t s  and communications: 

Increi tse  o r  
FY 1967 Decreisse from 
E s t i m a t e  FY 1966 -- 

Rents : 

Space ................................. $367,000 $+513,000 
ADP and EA5 equipment ................. 89,000 -') ,000 
Of f i ce  d u p l i c a t i n g  equipment .......... 134,000 --- -- 
Total, rents. . . . . . . . . . . . . . . . . . . . . . . .  $590,000 $+4', .ooo 

Communic a t  io.En: 
366,000 - - -  
451,000 
295 , 000 

Postage and TWX....................... 688,000 .-- 

Leased l in8es . . . . . . . . . . . . . . . . . . . . . . . . . .  
Local te lephone & exchange s e r v i c e . .  .. 
Long d i s t a n c e  tolls................... 

- - -  
- - -  
- - -  
- - -  Tota l  . communications.. ............. $1,800,000 -- 

T o t a l ,  r e n t s  and communications ..... $2,390,000 s+4'), 000 -- 
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Of t h e  $2,390,000 requested f o r  FY 1967 f o r  r e n t s  and communicatioiis, 
$1,319,000 i s  es t imated  f o r  NASA-wide support  and $1,071,000 f o r  Headquarters 
ope ra t ions .  

P r i n t i n g  and-Reproduction - $2,075,000 

The FY 1967 e s t ima te  f o r  t h e s e  s e r v i c e s  i s  $2,075,000, an inc rease  of 
$150,000 above t h e  FY 1966 l e v e l .  Over 90 per  c e n t ,  o r  $1,915,000 of  t h e  
FY 1967 e.stiinate is f o r  p r i n t i n g  and r e l a t e d  s e r v i c e s  which w i l l  be  performed 
through government sou rces ,  The remaining $160,000 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 .  
under t h i s  o'3ject c l a s s i f i c a t i o n  a r e  as fol lows:  

The major a c t i v i t i e s  funded 

Xncreas e 
FY 1967 over  
Est imate  IT 1966 

S c i e n t i f i c  and t e c h n i c a l  information 

Educat ional  and information 

P r i n t i n g  and reproduct ion  of admini- 

pub l i ca t ioxs  ......................... $1,100,000 $-1-150 , 000 

350,000 - - -  pub l i ca t ions  ......................... 
s t r a t i v e  i ssuances  . forms . e t c . .  ..... 625,000 --e - 
T o t a l ,  p r i n t i n g  and reproduct ion  ..... $2,075,000 

The inc rease  of  $150,000 reques ted  i n  FY 1967 i n  t h e  s c i e n t i f i c  and 
t e c h n i c a l  inEDnnation a c t i v i t y  inc ludes  $50,000 f o r  NASA's a b s t r a c t i n ) ;  and 
indexing .journal " S c i e n t i f i c  and Technical  Aerospace Reports , I '  $60,000 f o r  
p r i n t i n g  of i tecnnical reviews,  monographs , handbooks and d a t a  compLia1:ions , 
and $40,000 E D r  s p e c i a l  pub l i ca t ions  on s e l e c t e d  aerospace t o p i c s .  

Of t h e  $2,075,000 reques ted  i n  FY 1967, $1,922,000 i s  f o r  p r i n t i n g  and 
reproduct ion  se rv ices  f o r  NASA-wide support  a c t i v i t i e s  and $153,000 f o r  
Headquarters Dperations . 
Other S e r v i c e s -  $18,831.000 

The FY 1967 request  f o r  o t h e r  s e r v i c e s  i s  $18,831,000, ia n e t  i nc rease  of 
$1,311,000 a b m e  t h e  FY 1966 l e v e l ,  
major i tems wi ich  a r e  funded under t h i s  o b j e c t  c l a s s i f i c a t i o n :  

L i s t e d  i n  the  fol lowing t a b l e  arc: the  

Increiise o r  
Decreiise over  

FY 1966 
FY 1967 
Est imate  -- 

S c i e n t i f i c  and t echn ica l  information 

Documentation jou rna l  l i t e r a t u r e . . . . . . . .  1,810,000 
Trans 1 a t  ion  :s e rdc e s .................... 

f a c i l i t y  .............................. $5,308,000 $+:141,000 
+:!loo, 000 

350,000 -1-75 ,000 
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I n c r e < s e  o r  

-- FY 1966 
FY 1967 Decre#se  over  
E s  t i m a t  e 

S c i e n t i f i c  information systems 
development .............................. 

Technica l  pub l i ca t ions  p repa ra t ion  ......... 
Dissemination of information through 

educa t iona l  i n s t i t u t i o n s  and o t h e r  
channe l s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Educat ional  and information media 
s e r v i c e s . . . . . . . . . . . . . . .  .................. 

Educat ional  e x h i b i t  s e r v i c e s . . . . . . . . . . . . . . .  
Secu r i ty  i n v e s t i g a t i o n s  .................... 
R e l i a b i l i t y  and q u a l i t y  assurance 

s t u d i e s . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . .  
I ncen t ive  con. t ract ing s tudy ................ 
Train ing  programs. . . . . . . . . . .  ............... 
Miscellaneous s t u d i e s  and s e r v i c e s . . . . . . . . .  
Headquarters ope ra t ions  .................... 

T o t a l ,  o t h e r  s e r v i c e s . . . . . . . . . . . . . . . . . . , .  

$355,000 
885,000 

1,305,000 

1,725,000 

1,300,000 
745,000 

500,000 
197,000 
400,000 

1,938,000 
2,013,000 

$18,831,000 

t60,OOO 
+l.97,000 

t 5 0 , O O O  
-131,000 

-- +131,000 

Of t h e  net i nc rease  of $1,311,000 f o r  o t h e r  s e r v i c e s ,  over 75%, o r  
$1,004,000, i s  requested f o r  t h e  NASA-wide s c i e n t i f i c  and t e c h n i c a l  infonna-  
t i o n  prograr  . This  inc ludes  : 

1. $341,00C1 t o  provide increased  support  f o r  ope ra t ion  o f  NASA's 
con t rac to r  opera ted  S c i e n t i f i c  and Technical  Information 
k'a.cil i t y  . 
'.'ctwet!n 20' and 30% eac.h year  over  t h e  p a s t  s e v e r a l  yea r s .  It 
; Y  ar.t:ic:ipated t h a t  t h i s  t rend  w i l l  cont inue i n  FY 1967. The 
-iiicreased workload i s  caused by the  a d d i t i o n a l  number of 
c s c  ient:illic and t echn ica l  r e p o r t s  which a r e  becoming a v a i l a b l e  
trom NASA supported research  and development programs, and 
from :.nt:eragency agreements and exchange arrangements wi th  
domest:ic: and fo re ign  o rgan iza t ions .  

The workload o f  t h e  f a c i l i t y  has  been inc reas ing  

2. $300!,000 f o r  documentation of world-wide j o u r n a l  l i t e r a t u r e  t c  
process  th.e increased  volume of  s i g n i f i c a n t  fo re ign  aerospace 
1 i . t e r a tu re  f o r  immediate use i n  the  U. S. aerospace programs. 

3 .  $75 ,O~!C f o r  additional.  t r a n s l a t i o n  s e r v i c e s  requi red  t o  haridlc 
t h e  1: ise i.n world-wide jou rna l  a c t i v i t y  i n  t h e  aerospace 
science:; and the a v a i l a b i l i t y  of  a con t inua l ly  inc reas ing  
vc)lume o f  m a t e r i a l  o r i g i n a l l y  publ ished i n  fo re ign  languages.  

A 0  4-11 



4 .  S238,OOC' f o r  p repa ra t ion  of  manuscript  m a t e r i a l  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  pub l i ca t ions .  This inc ludes  $16?,OOC 
f o r  hmdbook and d a t a  compilat ions on s e l e c t e d  aerospace 
s u b j e c t s ,  and $125,030 increased  support  of t h e  Langley Research 
Center p r i n t i n g  p l a n t  ope ra t ions  f o r  s p e c i a l i z e d  s e r v i c e s  such 
as e d i t i n g ,  v e r i f i c a t i o n  of re ferences ,and  p repa ra t ion  of 
graphs and t a b l e s .  

The remaining inc rease  of $307,000 i s  r equ i r ed  f o r  t h e  o t h e r  NASA-wide 
support  func t ions  and f o r  Headquarters o p e r a t i o n s ,  a s  fo l lows:  

For other-NASA-wide requirements ,  a n e t  i nc rease  of $176,000 cons i  s t -  
ing  of i nc reases  o f :  (1) $60,000 f o r  r e l i a b i l i t y  and q u a l i t y  a s s u r m c e  
s t u d i e s  r e l a t i n g  t o  s u b j e c t s  such a s  systems des ign  t rade-of l '  s t u ' l i e s ,  
q u a l i t y  assurance methodology and development of pub l i ca t ions  on 
s p e c i a l  t o p i c s ;  (2) $197,000 f o r  i n i t i a t i o n  of an  incen t ive  cc)ntra%:t- 
i ng  e f f e c t i v e n e s s  s tudy;  and ( 3 )  $50,000 f o r  agency-wide t r a i n i n g  of 
personnel  i n  t echn ica l  management, superv isory  and adminis t ra t . ive 
a reas  common t o  s e v e r a l  NASA c e n t e r s  wi th  emphasis on t r a i n i n g  proigrams 
r e l a t i n g  t o  superv isory  management, i ncen t ive  c o n t r a c t i n g  , f i n a n c i , i l  
management, and c o n t r a c t  admin i s t r a t ion .  The foregoing inc reases  
a r e  p a r t i a l l y  o f f s e t  by decreases  amounting to $131,000 i n  a va r i e :y  
of miscel laneous s t u d i e s  and s e r v i c e s .  

For Headquarters ope ra t ions ,  an inc rease  of $131,00C c o n s i s t i n g  o f :  
(1) $110,000 f o r  computer ope ra t ion ,  programming and systems des ign  
s e r v i c e s ;  and (2) $21,000 f o r  c o n t r a c t  admin i s t r a t ion  and s e c u r i t y  
guard s e r v i c e s .  

Suppl ies  and-Materials - $555.000 

The FY 1967 e s t ima te  of $555,000 f o r  s u p p l i e s  and m a t e r i a l s  i s  the  same 
l e v e l  requi red  f o r  FY 1966. The i tems under t h i s  o b j e c t  c l a s s i f i c a t i o n  
p r imar i ly  inc lude  t h e  purchase of pamphlets and documents f o r  t h e  s c i c m t i f i c  
and t e c h n i c a l  information program, o f f i c e  and photographic  s u p p l i e s  and 
materials , and subsc r ip t ions  and t echn ica l  books f o r  t h e  law and t e c h n i c a l  
l i b r a r i e s .  

Of t h e  amount es t imated  f o r  FY 1967, $15,000 i s  f o r  NASA-wide support  and 
$5LcO,OOO f o r  Headquarters ope ra t ions .  

Equipment - $1,550,000 

The FY 19157 e s t ima te  f o r  equipment i s  t h e  s a m e  l e v e l  r equ i r ed  f o r  1:he 
c u r r e n t  f i s c a l  year .  
c l a s s i f i c a t i o n  inc lude  $205,000 f o r  purchase of mechanical,  photographic and 
miscel laneous o f f i c e  equipment ; $155,000 f o r  procurement of replacemeilt 
v e h i c l e s  f o r  t he  e x i s t i n g  spacemobile f l e e t  which w i l l  exceed the  80,000 mi le  
mark i n  F'f 1366 and w i l l  become uneconomical t o  main ta in  and r e p a i r ,  iind f o r  
updat ing of model inventory and equipment t o  be placed i n  t h e s e  spaceriobiles;  

The i tems f o r  FY 1966 and FY 1967 under t h i s  ob-ject 



$80,000 f o r  purchase of miscel laneous equipment f o r  t h e  S c i e n t i f i c  anlj 
Technical  Information F a c i l i t y ;  and $1,110,000 f o r  procurement of  educa t iona l  
e x h i b i t s  and m a t e r i a l s  which w i l l  provide up-to-date  coverage of  NASA programs 
i n  t h e  manned and unmanned e x p l o r a t i o n  of space ,  and t o  up-date t h e  e x h i b i t  
inventory  t o  keep a b r e a s t  of t e c h n i c a l  programs. 
f o r  u s e  i n  educa t iona l  i n s t i t u t i o n s ,  t eache r s  and s t u d e n t s  f a i r s  and iqork- 
shops , pro fes s iona l  and t e c h n i c a l  o rgan iza t ions  and d i s p l a y  before  thc2 general. 
p u b l i c ,  both domestic and fo re ign .  

These e x h i b i t s  are designed 

Of t h e  $1,550,000 requi red  i n  FY 1967 f o r  equipment descr ibed  abova 
$1,345,000 i s  f o r  support  of NASA-wide a c t i v i t i e s  and $205,000 f o r  Headquarters 
ope ra t ions .  

Insurance C l & s  and Indemnit ies  - $10,000 

The FY 1967 requirement i s  es t imated  a t  t h e  same l e v e l  as f o r  t h e  x r r e n t  
f i s c a l  yea r .  
t h e  p rov i s ions  of 28  U.S.C. 2672 f o r  i n j u r y ,  dea th ,  o r  l o s s  of proper ty  
caused by the neg l igen t  o r  wrongful act  o r  omission of any etnployee of NASA 
whi le  a c t i n g  w i t h i n  t h e  scope of t h e  r e s p o n s i b i l i t y  of h i s  o f f i c e  o r  
employment. 

These funds cover payment o f  claims of $2,500 o r  lass under 
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- -  
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ADMINISTRATIVE OPERATIONS 

FISCAL YEAR 1967 ESTIMATES 

WESTERN OPERATIONS OFFICE 

MISSION AND CAPABILITIES: 

The primary mission of the Western Operations Office is to represent 
NASA in the southwestern area and to provide technical, contractual, ,md 
administrative support to NASA field centers and NASA Headquarters foc 
programs and projects located in southern California and other areas igest 
of Denver, Colorado. The Western Operations Office functions as a field 
support activity in such areas as procurement, technical management, xblic 
affairs and educational programs, legal and patent reviews, financial 
management activities, and other administrative support. 

Technical management support, as assigned by NASA Headquarters and field 
centers, encompasses advanced technology contracts and many research m d  
development hardware contracts. Contract activity includes negotiations 
for advanced technology, hardware, basic agreements with major contral:tors, 
and procurement of pressurants and propellants for NASA and contractors 
requirements. The Western Operations Office mission also includes oplrration 
of an in-plant staff at the North American Aviation plant at Downey, California, 
to handle over-all contract administration and quality assurance for :he 
Apollo and Saturn projects. 

The mission of the Western Operations Office also includes adminiscrative 
support and services for the NASA Resident Office at the Jet Propulsion 
Laboratory. The Resident Office, physically located at the Jet Propulsion 
Laboratory in Pasadena, California, has principal contract administra1:ion 
responsibilities for the NASA contract with the California Institute of 
Technology which operates the Jet Propulsion Laboratory. 

SUMMARY OF RESOURCES REQUIREMENTS : 

11367 -- 1965 1966 

Authorized Positions, end of year 405 39 1 386 
Average Number of All hployees.. 37 7 382 378 
Administrative Operations........ $22,693,000* $5,987,000 $6,11i9,000 

*Includes $17,034,000 for purchase of computers for JPL. 



INSTALLATION J)E!;CRIPTION: 

The main hkst:ern Operations Office is located at 150 Pic0 Boulevard, 
Santa Monica, California. The Office occupies a group of buildings under 
commercial l e a s e  and no government investment in buildings or acreage is 
involved at tt!is location. 

Over one-third of the Western Operations Office staff is located in 
government owned facilities at Downey, California, which are currently 
being utilized by the Space Information Systems Division of North American 
Aviation, Inc., mainly for Apollo and Saturn work. The government. owm~d 
portion of the North American Aviation Downey complex is located on 16(i 
acres and the land and Plant acquisition value i s  approximately $45 million 
as of June 30, 196.5. The responsibility for management of property and 
facilities valued at $39.5 million was transferred from the Air Force 1:o 
NASA on July 1, 1964. A few additional Western Operations Office personnel 
are assigned t o  other contractor locations within the Los Angeles area where 
full time project support is required. 

ANALYSIS OF RESOURCES REQUIREMENTS BY OBJECT CLASSIFICATION: 

1965 

11. Personnel Compensation. $4,115,000 
12, Personnel Benefits.. ..... 289,000 

Total.:, personnel costs. $4,404,000 

21. Travel and Transportation 

22.  Transpc1i:tatiou oi Things. 
23. Rent, C:cmrunications, and 

Utilities.. ............ 
24. Printing, and Reproduction 
25. Other Serwices.. ......... 

Services of  other agen- 
cies................. 

26. Supplies and Materials... 
31. Equipment. ............... 
32. Lands and  Structures.. ... 
42. Insurance Claims and 

Indeminities.. . . . . . . . . . .  

of persons.. ........... 247,000 
8 ,  ouu 

349,000 
15,000 

522,000 

12,000 
51,000 

17,085,000 
- L -  

--- 
:rota3i.. .............. $22,693,000 

1966 

$4,289,000 
309,000 

$4,598,000 

282,000 
4s, 000 

402,000 
15,000 
5 14,000 

14,000 
53,000 
64,000 --- 

$51987,000 

196i: 

$4,426,000 
317,,000 

$4,7438,000 

282,000 
50,000 

402,000 
15,000 

517,000 

58,000 
53,000 
29,000 --- 

-e- 
,- 

-E 
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JUSTIFICATIONBY OBJECT CLASSIFICATION: 

Personnel D i s t r ibu t ion  

1967 - 1965 - 1966 

p i r e c t  Personnel bv Program 

Manned Space F l iPht  

Gemini............................. 

Advanced missions.................. 
ApOllO. ............................ 

Space Science and Applicat ions 

Physics a n d  astronomy.............. 
Lunar and p lane tary  exploration..  .. 
Launch vlehicle procurement......... 
Bioscience.................,....... 
Communicati'on and app l i ca t ions  

technology s a t e l l i t e s . .  .......... 
Advanced Rtgsarch and Technology 

Space veh ic l e  systems.............. 
Electronfics systems.. .............. 
Space power and e l e c t r i c  propulsion 

system:; .......................... 
Chemical propulsion.. .............. 

Techno logy J J t L  l i z a t i o n  

Sub-totial;, d i r e c t  posi t ions. .  .... 
Support perscmnel 

Director  anti !;taf f.. ................. 
Administrat::ion. ...................... 
Research and 1)evelopment support.. ... 

Sub-tot:al:, support  posit ions. .  ... 
Tota l ,  permanent pos i t ions .  ...... 

4 
16 1 

8 

15 
15 
5 - 
7 

3 
23 

2 
4 

3 - 
250 

- 2 
162 163 

10 10 

15 14 
14 14 
4 5 
2 2 

7 6 

3 3 
2 1  20 

2 2 
4 4 

3 - 3 - 
249 246 

9 9 9 
63  63 62 

64 65 64 - - - 
- 136 137 135 

386 386 38 1 



1967 - - 1965 1966 

Other pos i t i ons  

Pos i t i ons  under cooperative 
t ra in: ing agreements............... 

Other tmptorary pos i t ions . .  ......... 
Total,  a l l  ] ? ~ s i t i o n s .  ................... 

Personnel Costs 

5 - 5 - 19 - 
s 3 9 1 a E  386 

1965 1966 

- 405 
386 

19 

- 391 
386 

5 

- 386 
38 1 

5 

Tota l  Positi;)n:-. ................. 
Permanent ,I ...................... 
Other.. ... ,,. .................... 

Personnel Ccgngpsation: 
Annual c o s t  of permanent posi-  

tions...~..............,.....o 
Pay above the  s t a t e d  annual 

rate. . . . . . . . . . . . . . . . . . . . . . . . .  
Lapses (dex1uc:t). ............... 
Net cos t  of permanent pos i t i ons  
Other personnel compensation.. . 

$3,985,000 $4,193,000 $4,221,000 

15,000 16,000 16,000 

4,126,000 - 300,000 

- - 1,11.000 - 170,000 - 228,000 
3,830,000 3,98 1,000 

285 , 000 308,000 

Tot a 1 Conipensa t ion. ........ 
NASA funded.. ............ 
Reimtlursable.. ........... 

4,115,000 
4,115,000 

-0-  

4,289,000 
4,289,000 --- 

4,426,000 
4,426,000 --- 

Personnel b e n e f i t s  
NASA funded ,.................... 
Reimbursable................... 

289,000 
289,000 

309,000 
309,000 

- 317 , 000 
3 17,000 

Tota l  Personn& costs.. . . . . . . . . . .  
NASA funded.................... 
Reimbursable................... 

4,404,000 
4,404,000 

4,598,000 
4,598,000 

o-- 

4,743 9 000 
4,743,000 --- 

Average Numbgrof A l l  Employees 
man Years),. ................... 382 37 7 378 

Personnel CapEnsa t ion  and Benef i t s  - $4,743,000 

Personnel cos t s  i n  FY 1967 a r e  estimated t o  be $145,000 h igher  thaii i n  
FY 1966, of which $137,000 i s  f o r  personnel compensation and $8,000 i:; f o r  
personnel bene f i t s .  The es t ima te  r e f l e c t s  t h e  a d d i t i o n a l  cos t  result:i.ng 
from higher  pay s c a l e s  i n  e f f e c t  f o r  a f u l l  year,  and f o r  within-gradt! s t e p  
inc reases ,  re t i rement  con t r ibu t ions  and o the r  bene f i t s .  
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Travel  and Ti~snspor ta t ion  of Persons - $282,000 

Travel and t r anspor t a t ion  requirements i n  FY 1967 are  expected t o  re- 
main a t  t h e  1:'Y 1966 level. The t o t a l  estimate inc ludes  $230,000 needed f o r  
employee t ravel  t o  d i r e c t  and coordinate  t echn ica l  program and adminis t ra-  
t ive  activiti-12s; t o  a t t e n d  NASA t echn ica l  meetings and working panels ;  and 
f o r  t h e  c o s t  o f  temporary assignments and t r a n s f e r s .  The balance of $;52,000 
w i l l  be used .tor t he  expense of  l o c a l  t r anspor t a t ion  and t o l l  charges,  and 
the  r e n t a l  of passenger motor veh ic l e s  from t h e  General Services  Administraticln. 

TransportaticsGof Things - $50,000 

Transportaltion of th ings  i s  est imated t o  inc rease  $5,000 i n  FY 1967. This 
i nc rease  i s  r e l a t e d  t o  the  movement of household goods t o  accommodate t h e  
personnel turnover a n t i c i p a t e d  i n  FY 1967. The estimate a l s o  inc ludes  $38,000 
f o r  t r anspor t a t ion  of NASA e x h i b i t s  i n  t h e  western area of t he  United States. 

Rent, CorrnruniLsions, and Ut i l i t i e s  - $402,000 

F i s c a l  year 1967 requirements i n  t h i s  area are est imated t o  remain im- 
changed from F Y  1966. 

The estimate includes $192,000 requi red  f o r  t he  commercial lease of real 
property and the  r e n t a l  of equipment, of which $168,000 i s  t o  cont inue t h e  
lease of 46,800 square f e e t  of o f f i c e  space a t  an average annual c.ost of 
$3.60 per  square foot.  The remaining amount of $24,000 covers the  ren!:al of 
o f f i c e  and o ther  equipment on a term bas is .  

The FY 196'7 requirement of $205,000 for communications se rv ices  i s  composed 
of t he  fo1low:ing items: 

Leased linm.,................................. $4,000 
Long d i s t ance  tol ls . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39,000 
Local telephone and exchange.. ................. 71,000 
A l l  o ther  ccmnunications.. ..................... 91,000 

The balance of t h e  FY 1967 estimate, amounting t o  $5,000, i s  requi red  
f o r  u t i l i t i e s ,  p r imar i ly  e l e c t r i c  power. 

P r in t ing  and Ekpl:oduction - $15,000 

The FY 1967 cos t  of p r i n t i n g  and reproducing t echn ica l  and adminis t ra t ive  

"he es t imate  includes $3,000 t o  cover the  p r i n t i n g  of admin i s t r a t ive  
r e p o r t s ,  pub1ic:at:ions and forms i s  est imated t o  cont inue a t  t h e  FY 1966 
level. 
ma te r i a l s  by o the r  government agencies ,  and $12,000 f o r  t he  commercial 
p r i n t i n g  of t echn ica l  documents and related publ ica t ions .  



Kequii-enients for other .  s e r v i c e s  i n  FY 1967 i n d i c a t e  n n e t  i n c i - . a s e  oi 
$4?,ClOO ovc'r FY 1 9 h 6 .  ??: is  r e s u l t s  from planned a p n n s i o n  ol' t ! l r :  F c ~ I i ~ 1 ~ 1 1 ~ ~  
k ; l e ~ .  t r i c :  1 Connect ions School- i , ? c i l . i t i e s  a t  an ar1di.t i o n a l  co o i  $ ] : ? J ' : ( 3 0 ,  
i n  cjl-clcr t c  a c c e l e r a t e  u u a l i t y  ;-tssurance c e r t i f i c a t i o n  of co  rac:::ol- r;prs(:-,l I 
i n  I i m e  t o  a s s u r e  adhe rence  t.o space  hardware p r o d u c t i o n  schcdiile:; ;  t h e  
augmentat ion o f  t h e  t e c h n i c a l  r e f e r e n c e  l i b r a r y  s t a f f  i 3 t  an  incre:Lsed ;mount 
~1 S Z J 0 O G  t o  s e r v z  t h e  p r o g r e s s i v e i y  l a r g e r  u s e  of t h e s e  se rv ices  b y  i i>du: ; t r ) :  
in t h e  w e s t e r n  a r e a ;  a n d  che a s s i s t a n c e  of Defense Con t raczs  At ln l i r  i s t : r ; i t : ion 
Sei-x&:cs Regions (DCASF.) in p r o v i d i n g  c o n t r a c t  a d m i n i s t r a t i o n  s e n  i c e s  ~ 

w h i c h  t6.i !I requirt: $44,001) of  ac!dit:i-orial fund ing .  These e s t i n o t c c  ii1cj-f 

arc i ) : l r t h l l y  oicf::ct by t l i e  expec ted  r e d u c t i o n  of $1.7,000 i n  t i - e  cost- ( < 
1cnsCng, iila.irlt:ena:>ce a n d  o p e r a t i o n  of a d m i n i s t r a t i v e  a i r c r a f : t  ;3 t Lhe Jcat :  
Prop~.:;.sion La5ora to ry  bec:t.use of t h e  d i s p o s a l  o f  a N A S A - o w n e d  a i r 'cra! . t .  

The fcl  . l o v i n g  t a b l e  i r ic , icates  es t imated FY 1967 fund ing  foi- t h i ;  a r e a  b y  
t ! I C  n a j o r  r equ i r emen t s  : 

AiJF cql iplment o p e r a t i o n . .  ....................... $30,000 
C u s t o d i a l  s e r v i c e s . .  ............................ 18, 000 

a i d  Dperat ion. .  ............................... 245,  WO 
'rechnical  r e f e r e n c e  l i b r a r y . .  ................... 60,010 
R e l i a b l e  e l e c t r i c a l  c o n n e c t i o n s  schoo l . .  1 2  0 J oc 0 
Coiii:ral-t s t l m i n i s t r a t i o n  s e r v i c e s . .  .............. 50 OCO .................. 32 000 

J P L  a d a i n i s t r a t i v e  a i r c r q f t  l e a s e ,  maintenance 

........ 
---L- M i  ; c e l l m ? n u s  minor seryr3.ces.. 

Tots:. .......................................... 
:supplies :.rid M a t e r i a l s   SI^, 000 

The cost O F  s u p p l i e s  and materials fo r  FY 1967 i s  explected t o  rer ia in  a t  
tlie FY 196t  l e v e i .  The e s t i m a t e  i n c l u d e s  $48,000 f o r  r ep lacemen t  0,- o t l i c e  
cvuppl i e s  a r d  $5,000 € o r  purchase o f  expendable  pho tograph ic ,  mainteriancc 
: i l l 1  ol :erating s u p p l i e s .  

The PY 1967 estimate of $29,000 i s  $35,000 below FY 1966. Tie e s t i m a t e  
i n c  Juoi::; $ 1 5 ,  300 f o r  t h e  prtic:urement of two replacement  e n g i n e s  for l e a s (  ti 
adn i r i i s t r a i :  ive  a i r c r a f t  s u p l m r t i n g  t h e  J e t  P r o p u l s i o n  Laborator.7; $1 ,000 t o  
pJrchasti  t ~ 7 o  pr);senger r 3 t o r  v e h i c l e s  ( f o r  r e p l a c e m e n t ) ;  and $9,000 for  
n- ,qu i  si t . iori  o r )ho tog rap? ic  and n o n - c a p i t a l i z e d  equipment,  a n d  I-epla-ement 
o f  o i f i c e  i ' r i rni turc  and equipment, 




