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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

MANNED SPACECRAFT SYSTEMS 

OBJECTIVE?: : 

The irlt imate ob jec t ive  of t h e  development of manned spacecraf it systems 
i s  t o  provide the  c a p a b i l i t y  f o r  a broad program of manned space explora- 
t i o n  which w i l l  achieve and maintain a p o s i t i o n  of leadersh ip  fo r  the United 
S ta tes .  
the  moon and r e t u r n  him s a f e l y  t o  ea r th .  

A s p e c i f i c  goa l  i n  acqui r ing  t h i s  c a p a b i l i t y  i s  t o  land m , m  on 

The f i r s t  United S t a t e s  manned spacec ra f t  system, p r o j e c t  Mercury, 
demonstra.t:ecl man's a b i l i t y  t o  func t ion  as a n  i n t e g r a l  p a r t  of a space explo- 
r a t i o n  vehic le  and t o  enhance the  f l i g h t  missions by h i s  observa t ions  and 
judgment. 
t o  more t.han nine hours, and w i l l  soon culminate i n  a one-day e a r t h - o r b i t a l  
mission under the  One-Day Mission pro jec t .  Despite t he  major s ign i f i cance  of 
the  Mercury accomplishments, manned pene t r a t ion  of space has j u s t  begun, and 
subsequent developments i n  p r o j e c t s  Gemini and Apollo w i l l  g r e a t l y  expand 
upon t h e  banic technology acquired from p r o j e c t  Mercury. I n  a d d i t i o n  t o  
longer fl.:Lght du ra t ion ,  areas of expansion w i l l  inc lude  spacec ra f t  maneuver- 
ing;  renclezvoos and docking; l i f e  support  of multi-man crews; extraveh culilr 
a c t i v i t y  of man i n  space; maneuvering r e -en t ry ;  improved techniques of re- 
covery; zipace naviga t ion ;  circumlunar as w e l l  as lunar  o r b i t a l  f l i g h t s  and 
f i n a l l y  1.rinar landing. 

F l i g h t s  have gradual ly  increased i n  du ra t ion  from a few minutes 

SUMMARY U]UESOURCES REQUIREMENTS: 

1964 ._ 
L_ 

1962 1963 

Funds - 
SuplJ'x t i ng  research  and 

m 

Mercury. .................. 
One-Da:y mission.. ......... 
Gemini.................... 

Mis.sion Control Center 

tt.ch1n010gy. 

Ap~lLo.................... 

operations. . .  ........... 
Subto ta l ,  d i r e c t  R&D 

C08tS . . . . . . . . . . . . . . .  

.Per s onne'l c o s t s  ........... 
Operation of i n s t a l l a t i o n s  

To ta l  coets.. . . .  

$5,164,000 $8,100,000 $21,100,000 
14,600,000 3,342,000 - I, - 
16,460,000 17,957,000 - -, - 
54,959,000 232,838,000 306,300,000 
75,618,000 435,784,000 1,207,400,000 

--- 10,500,000 -, 2 1,80OIOC!g 

$166,801,000 $708,521,000 $1,5!:i6,600,000 

12,739,000 30,282,000 lr7,974,000 
13,652,000 27,893,000 -, 112,865,0(10 

Q193,192,000 $766,696,000 $r,6117,441,0(30 - .- 
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1962 1963 1964 

Personnel  

NASA 11 l adquar te rs .  . . . . . . . . . . 15 9 
Manned Spacecraf t  Center. . . . 1,553 
Langley Research Center..  . . . 24 
F l i g h t  Research Center..  . . . . 6 
Marshall  Space F l i g h t  Center 2 
Launch Operations Center..  . . 5 
Western Operat ions 12 
North 15a:stern Off ice . .  . . . . . . - Off ice. . . 

2 88 
3,006 

3 
41 
89 
29 
12 0 

LL 

400 
3,730 

4 
53 

465 
40 
147 
5 

Tota l  personnel. .  . . . . . 1.761 3.580 4.844 

PROGRAM J U g r I ] I C A T I O N :  

The fihsl: s t e p  beyond p r o j e c t s  Mercury and One-Day Mission is the  Gemini 
p ro jec t  which w i l l  p lace  t w o  men i n  e a r t h  o r b i t  t o  explore  long dura t ion  
f l i g h t  and to develop the  techniques of space rendezvous. The long dura t ion  
f l i g h t s  of Gemini w i l l  i nves t iga t e  the  phys io logica l  and psychological e f f e c t s  
on the  crew as w e l l  as the  r e l i a b i l i t y  of spacecraf t  systems f o r  per iods of 
t i m e  i n  space which are comparable t o  the  Apollo lunar  mission. The Apollo 
three-man spacecraf t  w i l l  be used t o  ca r ry  man on e a r t h - o r b i t a l ,  circumlunar, 
lunar  orbit: arid lunar  landing and r e tu rn  missions.  

Where the  Mercury spacecraf t  c i r c l e d  the  e a r t h  i n  f ixed  o r b i t s  without 
maneuvering c a p a b i l i t y ,  the  Gemini spacecraf t  w i l l  c a r ry  small t h r u s t  u n i t s  
which w i l l  be used t o  inf luence i t s  o r b i t a l  path.  This maneuverabili ty w i l l  
enable the  Gemini spacecraf t  t o  rendezvous and dock wi th  another  veh ic l e  i n  
o r b i t .  
inves t iga ted  by progressive s t e p s  i n  the  Gemini p r o j e c t  t o  p e r f e c t  techniques 
and gain experience p r i o r  t o  the  lunar  rendezvous t o  be employed i n  p r o j e c t  
Apollo. The f i r s t  phase of the  Gemini rendezvous opera t ion  w i l l  involve the 
coordinat ion of two launches. The f i r s t  launch w i l l  p lace  an unmanned t a r g e t  
veh ic l e  i n  e a r t h  o r b i t .  The launch of the  manned spacec ra f t  w i l l  then be 
timed t o  minimize maneuvering i n  o r b i t  t o  accomplish the  rendezvous with the  
t a r g e t  vehicle!. Demonstration of t h i s  phase of rendezvous w i l l  i d e n t i f y  
problems t o  be faced a t  a l a t e r  da t e  when t h e  Apollo lunar  excursion module 
must be launched. from the  sur face  of t he  moon t o  rendezvous wi th  the  command 
and service: modules i n  lunar  o r b i t  p r i o r  t o  the  r e t u r n  t r i p  t o  the  ea r th .  
The Gemini p r o j e c t  w i l l  proceed t o  develop the  techniques required t o  
accomplish the  f i n a l  phases of rendezvous such as terminal  guidance maneuvers 
t o  achieve t a r g e t  proximity and docking wi th  the  t a r g e t  veh ic l e .  T h i s  type 
of docking maneuver w i l l  be necessary i n  Apollo t o  allow the  two crew members 
i n  t h e  1una.r excursion module t o  r e tu rn  t o  t h e  c o m n d  module f o r  the  t r i p  
back t o  eart:h, 

The: s eve ra l  phases of a rendezvous and docking opera t ion  w i l l  be 



Gemini w i l l  a l s o  be used t o  proof test  techniques and equipment f o r  
Apollo. Examples o t h e r  than t h e  development of long du ra t ion  and rendezvous 
techniques a r e  inves t iga t ions  of ex t r aveh icu la r  a c t i v i t y  and con t ro l t ed  re- 
en t ry .  A pressure  s u i t  wi th  i n t e g r a l  l i f e  support  equipment i s  bein]; develop- 
ed f o r  space tests ou t s ide  t h e  Gemini spacec ra f t .  This  development should 
eventua l ly  lead t o  ex t r aveh icu la r  equipment s u i t a b l e  f o r  use  on t h e  lunar 
surface.  T h e  Gemini spacec ra f t  is designed t o  explore  t h e  use  of r o l l  modu- 
l a t e d  l i f t  t o  accomplish co r rec t ions  i n  i t s  re -en t ry  t r a j e c t o r y .  The same 
technique w i l l  bl2 appl ied  t o  the  Apollo spacec ra f t  f o r  increased lancling 
accuracy upon i t s  r e t u r n  t o  e a r t h .  Gemini w i l l  make major con t r ibu t ions  
toward lunar f l i g h t  as w e l l  as accomplish s i g n i f i c a n t  achievements p e r  se, bu t  
t he  much more advanced hardware of t h e  Apollo p r o j e c t  i s  necessary t o  execute:! 
a manned lunar  landing and r e tu rn .  

The Apollo spacecraf t  w i l l  p lay  a s u b s t a n t i a l  r o l e  i n  e s t a b l i s h i n g  our  
na t iona l  leaders 'hip i n  the  major space science and engineer ing f ie ld! ; .  It 
w i l l  e s t a b l i s h  a background of knowledge and experience t o  be tapped f o r  
fu tu re  space explora t ions  and f o r  technological  b e n e f i t s  t o  mankind. 

The Apollo spacecraf t  p ro j ec t  includes the  design, development, con- 
s t r u c t i o n ,  and t12st of a versa t i le  multi-manned spacec ra f t  system. The space!- 
c r a f t  c o n s i s t s  of t h r e e  sepa ra t e  modules: t h e  command module, t he  s e r v i c e  
module, and the  lunar  excursion module. Each module i s  design t o  f u t f i l l  
s p e c i f i c  mission requirements.  Development of the  Apollo spacec ra f t  hardware! 
involves  a v a r i e t y  of f l i g h t  missions,  both unmanned and manned, p r i o r  t o  
f l i g h t  t o  t h e  moon's sur face .  
c r a f t  and launch veh ic l e s  under space condi t ions,  t r a i n  t h e  f l i g h t  c~cews, 
and develop the  complex opera t iona l  c a p a b i l i t y  required f o r  lunar  f l i g h t .  

These f l i g h t s  w i l l  be used t o  t es t  the  space- 

The f l i g h t  missions f o r  t he  Apollo spacecraf t  p rogress  i n  th ree  phases: 
(1) suborb i t a l  and e a r t h  o r b i t a l  f l i g h t s ,  (2) rendezvous f l i g h t s  ccinducted 
i n  e a r t h  o r b i t ,  and (3) lunar  f l i g h t s .  Spacecraf t  modules w i l l  be q u a l i f i e d  
i n  s u b o r b i t a l  and e a r t h  o r b i t a l  missions.  Suborbi ta l  f l i g h t s  us ing  L i t t l e  
Joe  I1 s o l i d  p rope l l an t  t es t  launch veh ic l e s  w i l l  be used t o  q u a l i f y  t h e  
abor t  propuls ion system and the  spacecraf t  landing system. Manned long- 
dura t ion  e a r t h  o r b i t a l  f l i g h t s  of t h e  command and service modules us ing  
Saturn launch veh ic l e s  w i l l  develop r e l i a b l e  spacec ra f t  systems and lirain 
t h e  f l i g h t  crews. Manned e a r t h  o r b i t a l  rendezvous f l i g h t s  of t h e  co imnd 
module, t he  se rv i ce  module, and the  lunar  excursion module are scheduled us ing  
t h e  more powerful Sa turn  B launch vehic les .  The Saturn B v e h i c l e  w i l l  permit: 
t h e  development of t he  lunar  excursion module rendezvous technique us ing  pro- 
totype lunar mission Apollo hardware. 
used f o r  lunar missions.  

The Advanced Sa turn  veh ic l e  w i l l  be 

While i n d u s t r i a l  con t r ac to r s  conduct a major p a r t  of t h e  spacec ra f t  
development e f f o r t ,  appl ied  research  and development, crew t r a i n i n g ,  t e s t i n g  
and eva lua t ion ,  f l i g h t  opera t ions ,  mission con t ro l ,  and program con t ro l  are 
func t ions  of t h e  Manned Spacecraf t  Center under the  d i r e c t i o n  of the  Off ice  
of Manned Space F l igh t .  
by a l l  NASA Centers.  

Supporting research  and development is a l s o  suppl ied  

RDO 1-3 



Present ly  planned f l i g h t  schedule f o r  Gemini and Apollo is  as follows: 

Pro i ect /Mis:ssq 

Gemini 
Sub-orbi t a 1  
Long dura t ion  
Rendezvous and docking 

A~ollo 
Module q u a l i f i c a t i o n  
Manned e a r t h  o r b i t a l  
Manned e a r t h  o r b i t a l  rendezvous 
Manned circumlunar, lunar  o r b i t a l  

and lunar  landing 

EXPLANATION-E FUNDS REQUESTED: 

SuPvortinP research and technology 

Direc t  R&D costs............... 
Personnel costs................ 
Operation of i n s t a l l a t ions . , . . .  

Total costs.................. 

Tota l  personnel............ .. 

Calendar Year Launch, Locatio11 

1963 
1964 
1964- 1965 

1963- 1964 
1965-1966 
1966-1967 

wsm: /AMR 
AMR 
AMR 

WSMK 
AMR 
AMR 

1967 - 197 0 AMR 

1'364 -- 1962 1963 

$5,164,000 $8,100,000 $21,1~00,000 
1,118,000 2,125,000 3,041,000 
1,168.000 1.998,OOO 2,8O5,000 

$7,450.000 $12,223.000 $26 I 94'&6,OOQ 

312 

-- --- 
154 251 -- 

Spacecraf t  support ing research  and technology provides supportilig 
engineering and development e f f o r t  f o r  approved spacecraf t  p r o j e c t s  to a s su re  
the  capab i l i t y  f o r  rap id  development of r e l i a b l e ,  high performance spacecraft: 
systems. C h a r a c t e r i s t i c a l l y ,  problems arise during the  development of a 
spacecraf t  which must be solved before  design o r  development can proceed 
e f f e c t i v e l y .  This e f f o r t  provides the  technologica l  base f o r  so lu t ions  t o  
p o t e n t i a l  problems and, i n  addi t ion ,  provides components and systems with 
improved re l . i a ,b i l i ty  and performance. 

Ultimate spacecraf t  r e l i a b i l i t y  and performance i s  achieved as a r e s u l t  
of broad systems and hardware development which complements t he  e f f o r t  of 
the  spacecraf t  development cont rac tors .  This e f f o r t  ensures  the  soundness 
of t he  prinlrtry technica l  approach t o  the  spacecraf t  p ro j ec t s .  

S ign i f i can t  among pas t  accomplishments i s  the  development work on the  
pa rag l ide r  which has evolved as the  primary recovery mode f o r  t he  Gemini 
spacec ra f t ,  Other accomplishments include af terbody a b l a t i v e  coa t ing  which 
reduced s t ruc t :ura l  weight and provided increased p ro tec t ion  t o  the  spacecraf t  
systems, ard refinement i n  t.he a r t  of small t h r u s t  chamber design t o  improve 
performance which had here tofore  been a cont inuing opera t iona l  problem. 
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Supporting research and technology can be c l a s s i f i e d  i n t o  fou r  p r ~ n c i p a l  
areas: ma te r i a l s  and s t r u c t u r e s  development and ana lys i s ;  system devel,.opment 
and ana lys i s ;  f l i g h t  opera t iona l  methods and systems; and s imulat ion,  t r a i n -  
ing  and human fac to r s .  During f i s c a l  year  1964, primary emphasis w i l l  be i n  
the  spacecraf t  ma te r i a l s  and s t r u c t u r e s  area. This w i l l  include a study 
involving the  de t a i l ed  ana lys i s  of the  behavior of Apollo-type s t ruc tu i -es  i n  
high energy acous t t c  f i e l d s .  Also, a study of thermal loads assoc ia ted  wi th  
Apollo super  (c i rcu lar  r een t ry  w i l l  be continued. I n  the  area of systeriis 
development and ana lys i s ,  t a s k s  w i l l  be undertaken which include the  con- 
f i g u r a t i o n  of a l a rge  s i n g l e  parachute  t o  backup the  three-chute c l u s t e r  
being developed for  Apollo. NASA w i l l  also continue the  search f o r  techniques 
f o r  t r ansmi t t i ng  rad io  s igna lsdur ing  reent ry  "blackout", In  add i t  ion, con- 
f i g u r a t i o n  of hardware components as backups t o  systems being procured f o r  
Gemini and Apollo spacecraf t  w i l l  be undertaken. 
a 1  methods anld s y s t e m s  w i l l  include development of emergency opera t ing  pro- 
cedures t o  be used i n  Apollo spacecraf t  operat ion,  and ex t ravehicu lar  lloco- 
motion i n  prepara t ion  f o r  lunar  landing operat ions.  In  s imulat ion,  t r i i ining,  
and human fac to r s ,  s t u d i e s  cover the  development of v i s u a l  techniques iknd 
hardware f o r  s imulat ion of Apollo missions,  and eva lua t ion  of the  performance 
alf humans under the  stresses of space f l i g h t  acce lera t ion .  

S tudies  i n  f l i g h t  opc!ration- 

I n  f i s c a l  year  1964, the  Gemini and Apollo spacecraf t  w i l l  be i n  [:he 
d.evelopmenta1 and test phases. The need f o r  the  development of a l t e r n a t e  
subsystems w i l l  be more c r i t i c a l  during these  phases i n  order  t o  prevent 
schedule s l ippages .  

Gemini 1962 1963 19 64% -- 
Spacecraf t . .  ................. $30,329,000 $153,900,000 $196,200,000 
Operations...... ............. --- 6,300,000 14,6013,000 
Launch vehic les :  

T i t an  II................... 22,391,000 59,280,000 46,9013,000 

A g e n a . . . . . . . . . . . . . . . . . . . . . .  2,000,000 9,900,000 32,0013,000 
Atlas... . . . . . . . . . . . . . . . . . . .  --- 400,000 15,9013,000 

Supporting development.....,. 239.000 3.058.000 7 0~0.000 

Subto ta l ,  ddrect  R&D cos ts .  $54,959,000 $232,838,000 $306,300,000 

Personnel cos ts . .  ............ 1,898,000 7,075,000 15,099,000 
Operation of i n s t a l l a t ions . . .  2.058.000 6.534.000 13.940.000 

Tota l  cos ts . .  .............. $58.915.000 $246.447.000 $335,33!3,000 
7 

1,546 ........... 
I- 

263 8 32 - Tot a 1 pe 1-sonne 1. 
--I- 

Pro jec t  Gemini w i l l  cons i s t  of a series of long dura t ion  missions,  
iEollowed by a1 series of rendezvous missions,  while  i n  e a r t h  o r b i t .  
long dura t ion  missions,  t h e  Gemini spacec ra f t  w i l l  be put  i n t o  a nominal 150 
n a u t i c a l  mile: e a r t h  o r b i t  f o r  per iods  of one week o r  more. 
w i l l  be returmed t o  a land recovery s i t e  wi th in  the  con t inen ta l  United S t a t e s .  

For the  

The spacec ra f t  
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The rendezvous mission w i l l  normally be a two-day f l i g h t  of t he  Gemini 
s,pacecraft .  
i.nto o r b i t  p r i o r  t o  the  Gemini spacecraf t  launch. 
t a r g e t  veh ic l e  w i l l  be  accura te ly  determined by ground t r ack ing  s t a t i o n s .  
The Gemini spacecraf t  w i l l  then be launched t o  perform rendezvous. 
of t he  spacecraf t  and t a r g e t  veh ic l e  can be accomplished by commanding o r b i t  
changes of the  spacecraf t  and/or t h e  t a r g e t  vehic le .  
spacecraf t  with the  t a r g e t  veh ic l e  is under t h e  manual con t ro l  of the  ,astro- 
naut  s . 

'The t a r g e t  veh ic l e ,  a s p e c i a l l y  configured Agena D,  w i l l  he put  
The o r b i t a l  p a t t e r n  of the  

Rendezvous 

F ina l  docking of t he  

For both t h e  long dura t ion  and rendezvous missions,  t he  Gemini spacecraf t  
w i l l  use  a cont ro l led  reent ry ,  t h a t  is a reen t ry  t r a j e c t o r y  cont ro l led  by the  
a s t ronau t s ,  ins tead  of a pure b a l l i s t i c  reent ry  as i n  Mercury, followed by 
i i  land landing using t h e  paragl ider .  The pa rag l ide r  is  a t r i a n g u l a r  slnaped 
f a b r i c  wing nrclunted on i n f l a t a b l e  booms. 
t:he pa rag l ide r  b~y a system of cables  t h a t  allow s u f f i c i e n t  f l i g h t  con t ro l  t o  
land a t  a presselected s i t e  somewhat l i k e  an a i rp l ane .  

The spacecraf t  is suspended beneath 

The two-nlan Gemini spacecraf t  i s  the  ,successor t o  the  Mercury spacecraf t  
and i s  based 1.argely on Mercury technology. It i s  necessary,  however, t o  
develop new subsystems such as r eac t ion  con t ro l ,  on-board e l e c t r i c a l  power, 
and in-space maneuvering and c.ontro1, t o  m e e t  the  mission requirements of 
:Long duration. arid rendezvous. 

Spacecraifz 

The Geni n i  two-man spacecraf t  w i l l  be approximately 50% la rge r  than the  
I t  has been designed Mercury spacecraf t ,  and w i l l  weigh about 7,000 pounds. 

t o  allow easy access t o  modular subsystems, providing checkout, repai i - , .and 
replacement w i t h  minimum launch delay. 
severa l  unique subsystems, such a s  a i r c r a f t - t y p e  e j e c t i o n  s e a t s  for a s t r o -  
naut abort  i n  case of emergencies. 
a rendezvous radar provide the  information necessary f o r  the  s p a c e c r d t  t o  
car ry  out the rendezvous with the  Agena t a r g e t .  
system a l s o  provides information f o r  con t ro l l i ng  the  spacecraf t  t o  thc pre-  
determined recovery s i t e  and serves  as backup i n  case of f a i l u r e  of the  
Gemini launch vehic le  guidance system during launch. For the  f i r s t  rime in  
a spacecraf t ,  a f u e l  c e l l ,  similar t o  t h a t  t o  be used i n  Apollo, w i l l  serve 
a s  the  primary e l e c t r i c a l  power. On-board spacecraf t  propulsion i s  pi-ovided 
f o r  a t t i t u d e  con t ro l ,  maneuvering, and r e t r o - f i r e .  A paragl ider  or p x a -  
wing, deployed from the spacecraf t  a t  about 5(?,@00 f e e t  a l t i t u d e ,  allows the 
Gemini t o  make an a i r c r a f t - t p e  landing on land. 

The spacecraf t  i s  equipped w i t h  

An i n e r t i a l  guidance system together  with 

The i n e r t i a l  guidancc: 

P ro jec t  Gemini w a s  approved i n  December 1961 and a con t r ac t  f o r  the  

Peak inanpower a t  McDonnell A i r c r a f t  Corporation of approximately 
spacecraf t  development w a s  l e t  t o  McDonnell A i r c r a f t  Corporation t h a t  same 
month. 
2,900 w i l l  occur i n  f i s c a l  year  1963. 
spacecraf t  cont rac t  wi th  McDonnell A i r c r a f t  Corporation is subcontracted t o  
o t h e r  cornpanLes. 

Approximately 55 per  cent  of the  t o t a l  
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Gemini p:Lans provide f o r  t h e  development and product ion of 12 twci-man 
spacec ra f t  of which t h r e e  w i l l  be re furb ished  f o r  reuse.  F i s c a l  year  1963 
funds have been used f o r  the design and development of t h e  spacec ra f t ,  i t s  
subsystems, the parag l ide r ,  and a s soc ia t ed  development tests. 

A major milestone, t h e  f u l l  s c a l e  spacec ra f t  mockup was accomplished i n  
August 1962. Successful tests of t h e  dua l  e j e c t i o n  seats, and f l i g h t  tests 
of t h e  One-hi~Lf s c a l e  p a r a g l i d e r  were accomplished i n  t h e  f a l l  of 1962. De- 
s ign  drawings of the spacec ra f t  were re leased  i n  October 1962 and assc1:mbly 
of t h e  f i r s t  sp4acecraft w a s  undertaken. 

Five spacec ra f t  w i l l  be de l ive red  i n  f i s c a l  year  1964. F i s c a l  year  1964 
spacecraf t  funds w i l l  be used f o r  t h e  production of t hese  and o t h e r  spacecraft:, 
inc luding  the parag l ide r ,  launch se rv ices  support ,  and a s soc ia t ed  development 
t e s t s ,  such as pro jec t  Orbi t  f o r  spacec ra f t  r e l i a b i l i t y  ground test .  

The f i s c a l  year  1964 spacec ra f t  funding estimates are based on evalua- 
t i o n  experience gained from p r o j e c t  Mercury and review of con t r ac to r  limnpower 
p ro jec t ions .  

Operat ional  support requi red  f o r  t h e  conduct of f l i g h t  missions can be 
c l a s s i f i e d  i n t o  t h r e e  major ca t egor i e s :  f l i g h t ,  recovery and crew. F l i g h t  
opera t ions  c o n s i s t  of t he  planning and conduct of Gemini f l i g h t  m i s s i m s  
from l i f t - o f f  t o  landing. Before an opera t ion  can be  conducted, considerable 
planning and study must go i n t o  t h e  development of t h e  a c t u a l  f l i g h t  t r a j e c t o r y  
and t h e  techniques f o r  t h e  va r ious  phases of t h e  opera t ion ,  such as rlzndezvoun 
and docking. F l i g h t  c o n t r o l  personnel  are t r a i n e d  t o  opera te  t h e  con t ro l  
cen te r  and out3.ying network s t a t i o n s  a t  p o i n t s  a long t h e  ground t r a c k  of t h e  
f l i g h t .  The: U. S. Weather Bureau p l ays  a v i t a l  r o l e  by providing world-wide 
weather infaamition. F i s c a l  yea r  1963 funds provide f o r  development of t he  
t r a j e c t o r i e s  t o  be used i n  t h e  long du ra t ion  and rendezvous f l i g h t s  and f o r  
t h e  t ra ining;  of personnel  t o  be used as f l i g h t  c o n t r o l l e r s .  
f i s c a l  year  1.964 funds w i l l  be used t o  support c o s t s  f o r  f l i g h t  c o n t r o l  teams 
at  network si.te!s, e a r t h  weather surveys,  and s t u d i e s  t o  determine operation- 
a l  techniqusci for rendezvous, docking, and earth o r b i t  maneuvering. The cos t  
es t imate  for. f i s c a l  year  1964 i s  based on a c t u a l  experience wi th  t h e  Mercury 
program. 

The requested 

Recovery opera t ions  inc lude  t h e  planning and employment of fo rces  needed 
t o  e f f e c t  a t3uccessful recovery of t h e  spacec ra f t  and f l i g h t  crew a t  any t i m e  
during t h e  iictual. f l i g h t .  A comunica t ions  network must be e s t ab l i shed  t o  
provide t h e  coord ina t ion  and d i r e c t i o n  t o  t h e  recovery forces .  Ships and 
a i r p l a n e s  mis t  be deployed t o  predetermined sites throughout t h e  world f o r  
both planned and contingency recovery. 
wi th  suitab:Le d i r e c t i o n  f i n d i n g  as w e l l  as spec ia l i zed  retrieval equipment. 
F i s c a l  year  19153 funds support  t h e  determinat ion of ope ra t iona l  procc!dures 

P a r t  of t h e s e  f o r c e s  must be equipped 
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f o r  recovery of t h e  Gemini spacecraf t  and crew, t e s t i n g  of the  spacecraf t  
Landing systems,, prototype recovery systems equipment, and procurement of 
handling and 1:et:rieval equipment and e l e c t r o n i c  loca t ion  a ids .  The major 
po r t ion  of the  f i s c a l  year  1964 funds w i l l  be used t o  defray t h e  c o s t s  of 
planned and c:ont:ingency forces  f o r  the  f i r s t  f l i g h t s ,  and a smaller amount 
:€or continuat:j.ori of t h e  f i s c a l  year  1963 e f f o r t s .  These cos t  es t imates  are 
based on exparienc:e gained during the  Mercury f l i g h t s .  

Crew ops1ra1:ions cons i s t  of t he  equipment and activit ies necessary f o r  
space crews t:o p a r t i c i p a t e  i n  engineer ing development, m i s s  ion planninlg, and 
€ l i g h t  t r a i n i n g ,  
development o : E  mission s imula tors ,  a checking s imula tor ,  and system t r a i n e r s .  
:Fiscal year  It064 funds w i l l  provide f o r  the  completion, de l ive ry ,  and opera- 
t i o n  of t h i s  equipment. The mission s imula tors  allow opera t ion  of simulated 
spacecraf t  CIXW s t a t i o n s  under r e a l i s t i c  condi t ions  i n  order  t o  eva lua te  and 
improve design, plan primary and alternate missions,  and t r a i n  f o r  each 
s p e c i f i c  f l i g h t .  The docking s imula tor  w i l l  provide the  bas i c  equipmelint f o r  
i nves t iga t ions  e s s e n t i a l  t o  design of docking hardware, window v i s i b i l i t y ,  
and f l i g h t  ccmtroll systems. This device w i l l  then  be ava i l ab le  f o r  develop- 
ment of and t r a i n i n g  i n  f l i g h t  con t ro l  techniques f o r  docking. The system 
t r a i n e r s  cons i s t  of animated d i sp lays  of spacec ra f t  systems used t o  provide 
rapid,  dynamic i n s t r u c t i o n  i n  system opera t ing  d e t a i l s .  Funding es t imates  
f o r  f i s c a l  year  1964 are based on con t r ac to r  proposals  from McDonnell A i r -  
c r a f t  Corporation f o r  t he  s imula tors  and t r a i n e r s ,  and on Mercury expt!rience 
f o r  t he  t r a i n i n g  i t s e l f .  

F i s c a l  year  1963 funds provide the  design and i n i t i a l  

Launch vehic les  

The Gemini launch veh ic l e  w i l l  be a T i t a n  I1 modified t o  increase  re -  
l i a b i l i t y  and as t ronaut  s a fe ty .  The Gemini launch v e h i c l e  i s  required t o  
i n s e r t  t h e  Gemini spacecraf t  i n t o  a p r e c i s e  e a r t h  o r b i t  wi th  a minimwn of 
launch delays.  Primary development e f f o r t  c o n s i s t s  of :  incorpora t ion  of 
r ad io  guidance i n  l i e u  of the  T i t an  I1 i n e r t i a l  guidance system, development 
of a malfunction de tec t ion  s y s t e m  t o  allow as t ronaut  abor t ,  add i t ion  iDf a 
redundant con t ro l  system, and development of s p e c i a l  checkout equipment and 
test  f a c i l i t i e s .  

The Martin-Marietta Corporation w a s  engaged by con t r ac t  i n  January 1962 
through the  Air Force Space Systems Division t o  provide a t o t a l  of 15 Gemini 
launch vehic les .  
have progressed s a t i s f a c t o r i l y  i n  f i s c a l  year  1963. 
launch veh ic l e  during f i s c a l  year  1963 w i l l  allow de l ive ry  of t h e  f i r s t  f i v e  
launch vehic1.esr i n  f i s c a l  year  1964. The V e r t i c a l  Test  F a c i l i t y  f o r  in tegra-  
t i o n  and checkout of e l e c t r i c a l ,  hydraul ic ,  and mechanical subsystems of t h e  
Gemini launch veh ic l e  w i l l  be. completed at  t h e  Martin-Marietta p l an t  during 
f i s c a l  year  1.963. 

Subsystem and primary Gemini launch veh ic l e  development 
Development of t he  Gemini 

C r i t i c e r : l  c:omponents of t he  Gemini launch veh ic l e ,  such as t h e  malfunctialxl 
de t ec t ion  system, w i l l  be f l i g h t  t e s t e d  on A i r  Force T i t a n  I1 ICBM's during 
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f i s c a l  years  1963 and 1964 p r i o r  t o  the  f i r s t  Gemini f l i g h t  t o  ga in  f l i g h t  
r e l i a b i l i t y  c1at:a. 
be obtained before  the  f i r s t  Gemini f l i g h t .  

F l i g h t  d a t a  from many s tandard A i r  Force T i t an  11's w i l l  

F i s c a l  year  1964 funds w i l l  be used f o r  production of a d d i t i o n a l  veh ic l e s ,  
launch support  s e rv i ces ,  p rope l l an t s ,  and p r e f l i g h t  t e s t i n g .  Funding es t imates  
were developed by the  A i r  Force Space Systems Divis ion,  based upon t h e i r  ex- 
per ience i n  the  T i t an  I1 b a l l i s t i c  m i s s i l e  development and production program. 

The AtI.cis D w i l l  be used t o  boost t he  Agena D t a r g e t  veh ic l e  i n t o  o r b i t .  
A t o t a l  of e i g h t  Atlas veh ic l e s  w i l l  be procured from t h e  General Dynamics 
Corporation/Ast:ronautics Division,  through the  A i r  Force. F i s c a l  year  1963 
funds provid,e for t he  engineer ing d e f i n i t i o n  of t he  Atlas/Agena conf igura t ion .  
F i s c a l  year  1.964 funds w i l l  be used t o  purchase Atlas boos ters  f o r  t he  f i r s t  
Atlas/Agena 1.at.mchings. 
developed by the  A i r  Force Space Systems Divis ion and General Dynamics/Astro- 
nau t i c s  Division, as der ived from the  c o s t s  experienced i n  the  A t l a s  ballistic:: 
missile progimi. 

The Atlas f i s c a l  year  1964 fund estimates were 

In March 1.962, NASA cont rac ted  wi th  t h e  Lockheed Missiles and Space 
Company, thxough A i r  Force Space Systems Divis ion,  f o r  the  Agena procurement. 
The s p e c i a l l y  configured Agena D t a r g e t  veh ic l e  is being designed and com- 
ponents devel-oped wi th  f i s c a l  year  1963 funds. 
restart propuls ion system, and o t h e r  Gemini-peculiar subsystems , is  progress- 
i ng  sa t i s f ac t :o r i ly .  

Development of t he  mul t ip le  

F i s c a l  yea r  1964 funds w i l l  be used f o r  Agena veh ic l e  manufacture, test  
s i t e  support ,  development t e s t i n g ,  and w i l l  allow t h e  de l ive ry  of one veh ic l e  
i n  f i s c a l  year  1964. 
by A i r  Force Space Systems Divis ion,  t h e  Lockheed Missiles and Space Company, 
and NASA, based upon comparative c o s t s  i n  o the r  NASA and AF programs involv- 
ing  Agena veh ic l e s  modified f o r  space purposes. 

The f i s c a l  year  1964 funding estimates were developed 

Suppor t j s ;  development 

Supporting development covers those con t r ac t s  and a c t i v i t i e s  which a r e  
not  i n  the  nuiin stream of spacecraf t  development but d i r e c t l y  support  i t s  
development. 
Defense (DOD) t:est support ,  s t u d i e s  of rendezvous techniques,  and development 
con t r ac t s  foi' such i t e m s  as an ex t ra -vehicu lar  l i f e  support  sys tem f o r  the 
as t ronauts .  

3:ncluded i n  t h i s  category a r e  funds required f o r  Department of 

During f i s c a l  year  1963 these  funds provided pr imar i ly  such items as 
the  developnwmt: of bioinstrumentat ion;  DOD support  f o r  e j e c t i o n  seat, para- 
chute, and par i tgl ider  tests;  development of pressure  s u i t s ,  su rv iva l  k i t s ,  
and food andl w a s t e  management systems; s tudy con t r ac t s  i n  the  a reas  of 
rendezvous a.nd guidance; and as t ronaut  abor t  s imulat ions.  
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The f i s c a l  year 1964 funds w i l l  be used pr imar i ly  f o r  t h e  continued 
development of t h e  ex t ravehicu lar  s u i t ,  purchase of production p r e s s u r e  s u i t s  
arid the  assoc ia ted  maintenance, procurement of production food and was t l a  
management systems , development of "out-of-the-window" v i s u a l  d i sp l ays  €or  
the  mission s imulator ,  and as t ronaut  f l i g h t  s imula tor  t r a in ing .  

Apollo 1962 1963 1964 ,- 

Spacecraft:  ($69,869 000) ($350,124,000) ($1,03 I ,  400,000) 

Command arid se rv i ce  
modules............... 
(NAA prime cont rac t ) .  . 
(Subcont:roct s) ........ 

Lunar excxirsion module. . 
Guidance tint1 navigat ion 

system. ,,. ........... 
1nstrumentat:ion and 

sc i en t i . f i c  equipment.. 
Operations.  ................. 
Launch vehic les  : 

L i t t l e  Jot: ][I.. ......... 
Saturn.. .................. 
Saturn B . .  ............... 

Supporting tievel.opment.. .. 
R69 faci1i t : ies . .  .......... 

60,000,000 
(33,000,000)  
(27,000,000)  --- 

7,932,000 

1,937,000 --- 
(2,200,000) 
1,250 , 000 

950,000 

1 , 25 7,000 
2.292 .ooo 

--- 

269,224,000 
(160,829,000) 
( 108 , 395,000) 
32,000,000 

45,000,000 

3 , 900,000 

(59,72 1 , 000) 
4,5 00 , 000 

55,221,000 

5 , 000,000 
19.939.000 

1,000,000 

--- 

661 , 200,000 
(396,800,000) 
(2 64,400 , 000) 
230,000,000 

130,700,000 

9,5OOl,OOO 
16,0001 , 000 

(135 , OOCl , 000) 
7 5  , OOCl , 000 
5 , OOCl , 000 

5 5 , OOCli , 000 
25 , OOCll , 000 --- 

Subto ta l ,  d i r e c t  R&D 
cost:;. . ..., .......... $75,618,000 $435,784,000 $1,207,400,000 

Personnel costs,, .......... 4,327,000 14,183,000 2 9 ,7 2 P; , 000 
Operat ion o E i n s t a l l a t  ions 4.614 .OOO 12 . 845.000 26.020.000 

Tota l  tms t s  ............ $84.559 .OOO $462.812.000 $1.263,14Ei, 000 - 
....... 9 975 Total personnel 5 97 1,682 d& 

Svacecra & 

The Apollo spacecraf t  is  composed of s epa ra t e  modules, each designed t o  
The command module houses the  three-  f u l f i l l  s p e c i f i c  mission requirements. 

man crew, serves  as t h e  con t ro l  cen te r  f o r  spacecraf t  opera t ion  and is de- 
signed t o  s a f e l y  r een te r  t he  e a r t h ' s  atmosphere a t  a v e l o c i t y  of about 25,000 
miles  pe r  hour upon r e t u r n  from the  moon. 
t he  spacecraf t  support  systems and the  major propuls ion system f o r  rnis:lsion 
albort, mid-course co r rec t ions ,  and i n j e c t i o n  i n t o  and out  of lunar  o r b i t .  
The lunar  excursion module is  a special-purpose s h u t t l e  or space f e r r y  f o r  
t he  two men making the  lunar  landing. 
f o r  descending from lunar  o r b i t ,  performing the  lunar  landing and t a k e - o f f ,  

The s e r v i c e  module houses many of 

It conta ins  t h e  necessary systems 
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and accomplisiiin~y the  lunar  o r b i t  rendezvous wi th  t h e  cormnand and service 
modules . 

The lunar  landing mission is t o  be performed us ing  the  lunar  o rb i t  
rendezvous method, a technique u t i l i z i n g  a s i n g l e  Advanced Sa turn  launch 
vehic le .  The Advanced Saturn launches t h e  three-module spacec ra f t  i n t o  
e a r t h  o r b i t  atid then i n t o  t h e  t r a n s l u n a r  t r a j e c t o r y .  Upon approaching t h e  
moon, t he  spacec-raft i s  placed i n t o  luna r  o r b i t  by t h e  service module Firo- 
p lus ion  system, Once i n  lunar  o r b i t ,  two of t h e  t h r e e  men t r a n s f e r  t o  t h e  
lunar  excursion module, s epa ra t e  from t h e  connnand and service modules, and 
dtescend and liind on t h e  luna r  su r face .  A twenty-four hour s t a y  wi th  cepa- 
b i l i t y  f o r  an add i t iona l  twenty-four hours is  provided f o r  exp lo ra t ion  of 
t ' h e  lunar sur face  near  t h e  landing si te.  A f t e r  take-off from t h e  moon, 
a rendezvous with t h e  command and service modules is accomplished i n  h n a r  
o r b i t .  A f t e r  ithe c:rew of two has  completed t h e  t r a n s f e r  from t h e  lunar 
excursion module t o  t h e  command module, t h e  service module propels  i t s e l f  
and the  conma1113 module on a t r a n s e a r t h  t r a j e c t o r y .  The luna r  excursiori 
mlodule i s  l e f t  i n  1.unar o r b i t .  The s e r v i c e  module i s  j e t t i s o n e d  p r i o r  t o  
atmosphere r een t ry  and t h e  command module serves as t h e  r een t ry  veh ic l e .  

The o v e r a l l  scheduling of f l i g h t  missions f o r  t h e  Apollo spacec ra f t  
program progre:;ses i n  t h r e e  phases : (1) s u b o r b i t a l  and e a r t h  o r b i t a l  f l i g h t s ,  
(2) circum1una:c and lunar  o r b i t a l  f l i g h t s ,  and (3) luna r  landing f l i g h t s .  

The spacecrcift modules w i l l  be q u a l i f i e d  i n  s u b o r b i t a l  and e a r t h  c i rbi ta l  
missions. 
Launch vehicle:; wiI.1 be used t o  q u a l i f y  the  abor t  propuls ion system and t h e  
sipacecraft landing system. 
t l h e  command and se rv ice  modules, us ing  Saturn launch veh ic l e s ,  w i l l  develop 
r e l i a b l e  spaccxrcift: systems and t r a i n  t h e  f l i g h t  crews. 
o r b i t a l  rendezvous f l i g h t s  of cormnand module, s e r v i c e  module, and p a r t i a l l y  
fueled lunar  eiccursion module are scheduled, us ing  t h e  more powerful Sa turn  
B launch vehic'lezz. The Saturn B v e h i c l e  w i l l  permit t h e  development of t h e  
lunar  excursion module rendezvous technique using pro to type  lunar  mission 
Alp0110 hardware 

Suborbi ta l  f l i g h t s  us ing  L i t t l e  Joe  I1 s o l i d  p rope l l an t  rocket 

Manned long-duration e a r t h  o r b i t a l  f l i g h t s  of 

Manned e a r t h  

The e n t i r e  Apollo spacec ra f t  t oge the r  w i th  t h e  Advanced Saturn lau,nch 
veh ic l e ,  w i l l  be used f o r  manned circumlunar and/or  l u n a r - o r b i t a l  f l ighits 
t o  develop opc!raf:ional techniques i n  t h e  luna r  environment and t o  conduict 
s c i e n t  i f  i c  eqier:iments i n  cis lunar  space. 

Lunar landing missions us ing  t h e  e n t i r e  Apollo spacec ra f t ,  launched by 
t lhe  Advanced Saturn launch v e h i c l e ,  w i l l  be made t o  explore  t h e  luna r  su r -  
fiace and t o  conduct: s c i e n t i f i c  experiments i n  t h e  luna r  environment. 

Command s e r v i c e  modules 

I n  December 1961, t h e  Space and Information Systems Divis ion  of thle 
North American Aviat ion Corporation (NAA) w a s  s e l e c t e d  as a prime con t r ac to r  
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t o  design, devel.op, and f a b r i c a t e  two of t h e  major modules of t h e  Apollo 
spacecraf t .  
f a b r i c a t i o n  of t:he spacecraf t - to- launch veh ic l e  adapter ,  i n t e g r a t i o n  of the  
:Lunar excursion module i n t o  the  spacec ra f t  system, i n t e g r a t i o n  of tes t  and 
s c i e n t i f i c  a n d  o t h e r  government-furnished equipment i n t o  t h e  spacec ra f t ,  
assembly and t:eot of the  complete spacec ra f t ,  and support  of spacecraf t  pre- 
pa ra t ion  f o r  f l i g h t  tests. 

I n  addi t ion ,  NAA was assigned the  r e s p o n s i b i l i t y  f o r  design and 

The two clajor modules of t he  spacec ra f t  b u i l t  by NAA a r e  the  command 
module, which houses the  three-man crew and which i s  t h e  only p a r t  of t he  
spacecraf t  t o  be s o f t  landed on e a r t h  upon the  completion of a mission; and 
the  se rv ice  niodule , which contains  the  spacec ra f t  propuls ion system and 
houses spacec:i:aft equipment and expendables which are not  required during 
reent ry  . 

The camoumd module i s  a b lun t ,  con ica l ly  shaped body which has a n  aero- 
dynamic l i f t - t o - d r a g  ratio of approximately one-half .  This aerodynamic l i f t  
iSllOWS the  ccnmntmd module t o  maneuver i n  t h e  atmosphere and, hence, t o  land 
anywhere on t:lie su r face  of the  e a r t h  wi th in  an area approximately 5,0010 m i l e s  
long and 400 mni:Les wide. The connnand module i s  t h i r t e e n  f e e t  i n  diameter and 
weighs approx:imitely f i v e  tons.  It is pro tec ted  from t h e  hea t  of reenltry 
lby an a b l a t i v e  rnat.eria1 which is  fas tened  t o  i t s  external sur face .  
(command modulle conta ins  communications, a t t i t u d e  con t ro l ,  a t t i t u d e  s t a b i l i z a -  
t ion ,  envirorunerital con t ro l ,  electrical power supply b a t t e r i e s ,  e a r t h  land- 
ing, and crew support  subsystems. Also contained wi th in  t h e  cormnand niodule 
,are t h e  guidance and naviga t ion  system and instrumentat ion d isp lays .  
i n t e r n a l  voluine provided f o r  t he  three-man crew is approximately 300 cubic  
f e e t ,  s l ight l ly  Larger than a t y p i c a l  o f f i c e  bui ld ing  passenger elevatcir  
i n t e r i o r .  
i s  a launch e13cape system which provides f o r  abor t  of the  couunand modcile i n  
case of an on-the-pad or  e a r l y - i n - f l i g h t  launch veh ic l e  ca tas t rophe .  

The 

The 

Attached t o  the  cormnand module, bu t  j e t t i s o n e d  e a r l y  i n  the1 f l i g h t ,  

The sen r i ce  module conta ins  a 22,000 pound t h r u s t ,  hypergolic-fueled 
propulsion s y s t e m ,  an a t t i t u d e  con t ro l  system, hydrogen-oxygen f u e l  c e l l s  
f o r  e l e c t r i c a l  power supply,  r a d i a t o r s  f o r  t he  spacecraf t  cool ing,  radar ,  
and the  major supply of expendables f o r  t h e  l i f e  support  system and the  
e l e c t r i c a l  power supply. The s e r v i c e  module weighs approximately twenty- 
f i v e  tons f u l l y  loaded with p rope l l an t s  and approximately f i v e  tons  empty. 
I ts  diameter is t h i r t e e n  f e e t  and the  ove r -a l l  length is  approximately 
twenty f e e t .  

During f i s c a l  year  1963, prel iminary design of the  command and s e r v i c e  

A l l  major subsystems w i l l  be placed under subcontract  arid t e n  
modules w i l l  b e  completed and the  d e t a i l e d  design and development e f f o r t  w i l l  
be underway. 
development spacecraf t  fabr ica ted .  The f i r s t  development spacec ra f t  was 
de l ivered  i n  ,4ugust 1962 and has been undergoing water f l o t a t i o n  and sea- 
worthiness t e s t i n g  s ince  t h a t  t i m e .  Impact tests, on both land and w a t e r ,  
parachute,  aid landing system development are underway. Spacecraf t  arid 
launch veh ic l e  dynamics tests w i l l  be underway i n  the  Marshall  Space I ' l ight  
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Center V e r t i c a l  Dynamics T e s t  F a c i l i t y  us ing  an Apollo spacec ra f t  and ,a 
f l i g h t  prototype Saturn launch vehic le .  

I n  Decerrher 1962,  a d e t a i l e d  mockup of t h e  command module w a s  completed 
and subjected tcl formal review by NASA f o r  i n t e r n a l  and e x t e r n a l  arranlzement. 
The o t h e r  e i g h t  development spacec ra f t  requi red  w i l l  be completed during 
f i s c a l  year  1963 and w i l l  be  used f o r  s tudying t h e  service module arrangement, 
f o r  i n t e r f a c e  compat ib i l i ty  tests,  and f o r  i nd iv idua l  systems i n s t a l l a t i o n  
planning . 

Most of t he  a c t i v i t y  during t h e  cu r ren t  year  i s  i n  prel iminary s p x e -  
c r a f t  and subsystem design and i n  t e s t i n g  of t he  b a s i c  conceptual desi,;n. 
F i s c a l  year  1964 w i l l  be devoted t o  in t ens ive  component and subsystem 
f a b r i c a t i o n ,  t e s t i n g  and q u a l i f i c a t i o n ,  and spacec ra f t  f ab r i ca t ion .  A t o t a l  
of twelve development spacecraf t  w i l l  be f ab r i ca t ed  i n  f i s c a l  year  196h. The 
f i r s t  two spacecraf t  f o r  long-duration manned o r b i t a l  f l i g h t s  w i l l  be liabri- 
cated.  Addit ional  spacecraf t  w i l l  be i n  var ious  s t a g e s  of manufacturing t o  
support  t he  de l ive ry  schedule i n  f i s c a l  yea r  1965 of a man-qualified space- 
c r a f t  every three months. 
subsystems f o r  manned o r b i t a l  f l i g h t  w i l l  have completed ground qual i f i -ca t ion  
t e s t i n g .  
t e s t e d  under .a simulated off-the-pad mission abor t ,  and i n i t i a l  L i t t l e  Joe  [I 
f l i g h t  tes ts  w i l l  have been conducted a t  White Sands Miss i l e  Range, Netr 
Mexico. 
Launch Operat ions Ccziter t o  determine spacec ra f t  and launch vehic le  compat- 
i b i l i t y  and t o  deve lop  the  abor t  sens ing  systems t o  a high s ta te  of 
re 1 i a b i l i t  y . 

By the  end of f i s c a l  yea r  1964,  most spacec-raft  

In addi t ion ,  the  abor t  and e a r t h  landing systems w i l l  have bcen 

I n  f i s c a l  :Jcar 1964, t h ree  Saturn launches are planned from the  

I n  add i t ion  t o  t h e  pad abor t  and L i t t l e  Joe  I1 f l i g h t  tests, the  c:ommand 
and se rv ice  module propuls ion system development tests w i l l  be conductc:d a t  
White Sands. 'These propuls ion tests are e s s e n t i a l  f o r  developing t h e  required 
high r e l i a b i l i t y  of t he  spacec ra f t  propuls ion systems f o r  t h e  m u l t i - s t a r t  7 t o  
14-day opera t i> ig  cycle  these  systems must sus t a in .  

Ground support: equipment requirements w i l l  be assessed  during f i s c  a1 
year  1963,  and design of major ground support  equipment i t e m s  w i l l  be 
i n i t i a t e d .  I n  f i s c a l  year  1964,  design w i l l  be s u b s t a n t i a l l y  completecl and 
f a b r i c a t i o n  of t h i s  equipment i n i t i a t e d .  I n i t i a l  ground support  equipment 
d e l i v e r i e s  a r e  required on a schedule t o  support  the  e a r l y  White Sands abor t  
tests and the  Salturn f l i g h t s .  
are r e l a t i v e l y  simple i n  cons t ruc t ion  and c a r r y  only s e l e c t e d  systems on 
board, the groimtl support  requirements can be m e t  wi th  in te r im,  s impl i f i ed  
elquipment. 
ment required Eo:c t h e  f i r s t  manned o r b i t a l  f l i g h t  must be developed and 
de l ivered .  

Because these  e a r l y  developmental spacec ra f t  

However', i n  f i s c a l  year  1964 t h e  complete ground support  equip- 

I n  f iscal .  year  1963,  d e t a i l e d  engineer ing design w i l l  commence on 
s imulat ion equ:ipmnent e s s e n t i a l  t o  crew t r a i n i n g  p r i o r  t o  t h e  lunar  mission. 
This equipment: c o n s i s t s  of two mission s imula tors ,  one p a r t  t a s k  s imula tor , thc  
G e i n i r i i  dockin:; tJ:aj.tLeL , P L ~  seve ra l  system t r a i n e r s .  A desc:ription of t h e  

~ 
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purpose of these! t r a i n e r s  i s  contained i n  the  following "Operations" narra- 
t i v e  sec t ion .  
and, with the  exception of one mission s imulator ,  a l l  equipment w i l l  be opera- 
t i o n a l .  This remaining s imulator  is  scheduled t o  be opera t iona l  a t  t h e  
]Launch 0perat::ioris Center i n  e a r l y  f i s c a l  year  1965. 

Hy the  end of f i s c a l  year  1964, manufacturing w i l l  be complete 

The amourit required during f i s c a l  year  1964 i s  based on North American's 
cos t  proposal. :, which includes sub-contractor  c o s t s  approximating 40% of the  
proposal.  T h i s  proposal w a s  analyzed i n  d e t a i l  by NASA personnel of t he  
Manned Spacec:iralIt Center and the  Off ice  of Manned Space F l i g h t .  Through 
. this  a n a l y s i s ,  it was poss ib l e  t o  reduce the  con t r ac to r ' s  proposal t o  the  
;mount requested by (1) e l imina t ion  of s i m i l a r  hardware i n t e g r a t i o n  and 
development e f f o r t s  among prime cont rac tor  and sub-contractors ,  and (2) re- 
assessment arid abbrevia t ion  of the  t e s t i n g  e f f o r t  not  considered e s s e n t i a l  
'to the  program. I:n a s ses s ing  the  con t r ac to r ' s  proposal  f o r  development and 
production c o s t s ,  experience da t a  from p ro jec t  Mercury and o t h e r  space pro- 
grams were used as a b a s i s  f o r  evaluat ion.  
requirements w i l l  increase  i n  f i s c a l  year  1964 t o  meet planned design 
re lease  da tes  whic:h are p r e r e q u i s i t e  t o  meeting scheduled launch da tes .  
14ccordingly, the  North American manpower assigned d i r e c t l y  t o  t h e  Apollo pro- 
j e c t  w i l l  reach a maximum l e v e l  of 9,200 by the  end of f i s c a l  year  1964, 
(compared with 8.,200 a t  the  end of f i s c a l  year  1963. Major subcontractor  
e f f o r t  w i l l  r equi re  8,400 people by the  end of f i s c a l  yea r  1964 compared 
with 7,600 at: t he  end of f i s c a l  year  1963. 

The Apollo e f f o r t  and d o l l a r  

Lunar em:ursion module 

The luna-c excursion module (LEM) i s  the  Apollo spacecraf t  module which 
t r anspor t s  t he  2ist:ronauts and s c i e n t i f i c  payload from lunar  o r b i t  t o  the  
lunar  sur face  and r e tu rns  t o  lunar  o r b i t  t o  rendezvous wi th  t h e  command and 
serv ice  modulles, It has been under development by the  Gruxman A i r c r a f t  
engineer ing Corporation, under cont rac t  t o  t h e  Manned Spacecraf t  Center,  
s ince Decembc!.c 1962. This module must have the  c a p a b i l i t y  of performing 
separat ion,  lliinar descent ,  landing, lunar  ascent ,  rendezvous, and docking, 
independent o E  the  mother spacecraf t .  It is e s s e n t i a l l y  a se l f -conta ined  
vehic le ,  weighing about 12 tons ,  which contains  i t s  own e l e c t r i c a l  power, 
guidance and con t ro l ,  communications, propulsion, and crew support  systems. 
'Due t o  the  moon's r e l a t i v e l y  weak g r a v i t a t i o n a l  f i e l d  and lack of an altmos- 
phere, the  lunar  excursion module does not need the  s t r u c t u r a l  and healt 
r e s i s t a n t  provis ions t h a t  a r e  required i n  the command module f o r  s a f e  re- 
en t ry  i n t o  the  e a r t h ' s  atmosphere and recovery on the  e a r t h ' s  sur face .  
design can the re fo re  accentuate  the  f e a t u r e s  e s s e n t i a l  f o r  lunar  landing, 
take-off ,  and rendezvous. Windows with a broad f i e l d  of view w i l l  prcivide 
the  astronaut , ;  v i s u a l  re ference  during these  c r i t i c a l  maneuvers. 

I ts  

The propuls ion system w i l l  u t i l i z e  ea r th - s to rab le ,  hypergolic bipro- 
pe l l an t s  and w i l l  have a pressurized propel lan t  feed system. It i s  planned 
t h a t  the  LEM wil l  be a staged configurat ion i n  which the  propuls ion s y s t e m  
(engine and 1i4inlts) used t o  land on the  moon w i l l  be l e f t  t he re  and a 5;epa- 
r a t e  p r o p u l s h n  system will be used t o  take of f  from the  lunar  surfaca and 
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rendezvous with the  mother spacecraf t .  
develop t h e  wt reme ly  high r e l i a b i l i t y  required f o r  t hese  propuls ion ri,ystems 
and the  spaccxrinf t s t a b i l i z a t i o n  and con t ro l  systems. 

Major e f f o r t  w i l l  be expended t o  

The LEM development is now i n  t h e  design s tudy phase, leadii 'g t o  t h e  
d e f i n i t i o n  o:E a d e t a i l e d  conf igura t ion  by the  end of f i s c a l  yea r  1963. 
Concurrent wi th  these  design s t u d i e s ,  subcont rac tors  w i l l  be s e l e c t e d  and 
development work w i l l  be undertaken on c r i t i ca l  components and portioris of 
t he  hardware. These include subsystems requi red  f o r  environmental cori t r o l ,  
s t a b i l i z a t i o n  and cont ro l ,  propulsion, e l e c t r i c a l  power, and communicfitions. 

I n  f i s c a l  year  1964, a propuls ion test u n i t  w i l l  be constructed m d  
propulsion tt?:;t:; i n i t i a t e d .  This  propuls ion t e s t  u n i t  w i l l  be a thro t  t a b l e  
rocket engine which w i l l  permit t h e  spacec ra f t  t o  hover above the  l u n s r  
sur face  while a landing s i t e  i s  being s e l e c t e d  by t h e  a s t ronau t s .  I n  addi-  
t i on ,  a s t ruc tu : ta l  model w i l l  be constructed t o  test the  b a s i c  structure 
design and t o  i n v e s t i g a t e  provis ions  required t o  p r o t e c t  t h e  ast ronaut  from 
the  hazards o E  .cadiation and meteoroids. Another model w i l l  be constructed 
and tests i n i t i a t e d  t o  develop the  landing gear  f o r  landing on the  luriar 
surface.  The lianding gear  i s  a c r i t i c a l  system which must be amenable t o  
imodification without  s i g n i f i c a n t l y  a f f e c t i n g  the  o v e r a l l  spacec ra f t  design.  
'This w i l l  penni t  improvements t o  be made i n  landing gea r  design as luriar 
sur face  da t a  i a r e  obtained from the  unmanned Ranger and Surveyor f l i g h t s .  

During fi.sca1. year  1964, manufacture of f l i g h t  test art icles f o r  use on 
;Saturn and L i t t l e  Joe  I1 launch veh ic l e s  w i l l  commence. I n  add i t ion ,  manu- 
f a c t u r e  w i l l  be s t a r t e d  on ground and hover test  veh ic l e s  which w i l l  be used 
t o  tes t  the  Pimding c h a r a c t e r i s t i c s  of t h e  veh ic l e  i n  a simulated lunalr 
environment. T:cacle-of f s t u d i e s  w i l l  be conducted during t h i s  per iod  t o  
insure  s u f f i c i e n t  provis ions  i n  the  development program f o r  adequate c r e w  
(safety . 

The fis(:ill year  1964 estimate i s  the  second increment of a contraict 
negot ia ted  wi th  t h e  Grumman A i r c r a f t  Corporation f o r  t h e  t o t a l  developlment 
and production of t h e  lunar  excursion module. Since t h e  con t r ac t  w a s  no t  
negot ia ted  un1:i:L mid- f i sca l  year  1963, only l imi t ed  funds w e r e  requi red  i n  
f iscal  year  1.063 t o  i n i t i a t e  the  build-up i n  personnel,  and s e l e c t i o n  of 
inajor subcont:iractors. It i s  est imated t h a t  Grumman w i l l  have approximately 
800 people dFrect1.y assigned t o  the  p r o j e c t  by t h e  end of t he  cur ren t  f i s c a l  
:year. To m e e t  p r e sen t ly  e s t ab l i shed  schedules,  t he  manpower requirements 
w i l l  necessa r i ly  have t o  reach t h e i r  maximum level i n  f i s c a l  year 1964. 
Accordingly, t he  d o l l a r  requirement w i l l  increase ,  cons i s t en t  wi th  the o t h e r  
inajor element::; of t he  Apollo pro jec t .  
approximately 4:,000 people,  including those employed by major subcont rac tors ,  
w i l l  be d i r e c t l y  ass igned t o  the  p ro jec t .  

By t h e  end of f i s c a l  year  1964, 

Guidance arid naviga t ion  system 

The functions; of t he  Apollo guidance and naviga t ion  system are t o  
determine the  posi . t ion,  ve loc i ty ,  and t r a j e c t o r y  of t he  spacec ra f t ;  an.d t o  
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con t ro l  t he  spacec ra f t ' s  engines and r een t ry  l i f t  f o r  t h e  p rec i se  maneiivers 
necessary f o r  t h e  f l i g h t  t o  the  moon, lunar  o r b i t ,  lunar  landing and tiike- 
o f f ,  lunar  o r b i t  rendezvous, and t h e  r e t u r n  t o  e a r t h  a t  a prese lec ted  ,land- 
ing  s i te .  

The guidance ,and navigat ion system c o n s i s t s  of t h r e e  major componimts: 
t he  i n e r t i a l  subsystem, the  guidance computer, and the  o p t i c a l  subsystczm. 
The i n e r t i a l  subsystem c o n s i s t s  of a gimbaled platform,  gyroscopes, 
a.ccelerometers and assoc ia ted  e l e c t r o n i c s ,  and i s  used t o  e s t a b l i s h  a irefer- 
ence i n  space and t o  measure v e l o c i t y  and course co r rec t ions  appl ied  b:r t h e  
propuls ion systems o r  by aerodynamic maneuvers. The guidance computer i s  
used t o  deterrrine the  t r a j e c t o r y ,  t o  compute requi red  v e l o c i t y  changes, and 
t o  send engine s tar t  and cut-off  s i g n a l s  t o  the  propuls ion systems o r  110 
s i g n a l  f o r  proper o r i e n t a t i o n  of t h e  aerodynamic l i f t  vec to r  during atinos- 
pher ic  reentry.  The o p t i c a l  subsystem, cons i s t ing  of a scanning t:eles:ope 
and a space sex tan t ,  i s  used t o  f i n d  t h e  c r a f t ' s  p o s i t i o n  i n  space:, an13 t o  
a l i g n  the  i n e r t i a l  platform p r i o r  t o  each maneuver. 

The contr 'actor  team se l ec t ed  t o  provide the  Apollo guidance and nraviga- 
t:ion system, under the  d i r e c t i o n  of t he  Manned Spacecraf t  Center,  is a!; 
follows: 

(a) The Instrumentat ion Laboratory of t h e  Massachusetts 
I n s t i t u t e  of Technology, t o  develop the  system, t o  
f a b r i c a t e  i n i t i a l  prototypes,  and t o  provide t echn ica l  
d i r e c t i o n  of t h e  i n d u s t r i a l  manufacturers of production 
sys  t ems. 

(b) The AC: Spark Plug Divis ion of General Motors Corporation, 
of  Milwaukee, Wisconsin, and of Wakefield, Massachusetts, 
t o  Flroduce the  i n e r t i a l  p la t forms ,  t o  assemble and t e s t  
the e n t i r e  guidance and naviga t ion  system, and t o  provide 
grcund support  equipment. 

(c) The Raytheon Corporation of Bedford, Massachusetts , t o  
proc1uc:e t h e  Apollo guidance computer and i t s  associat:ed 
ground support  equipment. 

(d) The Kollsman Instrument Corporation of Elmhurst, New York., 
to prc'vide t h e  o p t i c a l  subsystem. 

The guidance and navigat ion system has been under development s ince  
f i s c a l  year  1.962 a t  t h e  Instrumentat ion Laboratory of t he  Massachusetts 
I n s t i t u t e  of Ilechn.ology. During t h e  last q u a r t e r  of f i s c a l  year  1962, the  
above-mentioned i n d u s t r i a l  support ing con t r ac to r s  w e r e  s e l e c t e d  t o  assist 
MIT and t o  produce opera t iona l  systems. 
provide guidance and naviga t ion  equipment f o r  both t h e  command module and 
the  lunar  exc:urt;ion module. Wherever poss ib l e ,  i d e n t i c a l  equipment wi 11 be 
used i n  both rnodul.es. 

This  t e a m  of con t r ac to r s  w i l l  
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I n  f i s c i t  yea r  1963, broad guidance and naviga t ion  concepts w i l l  be 
e s t ab l i shed  a i d  command module equipment designs f i n a l i z e d .  Experimental 
and development models w i l l  undergo r e l i a b i l i t y  and environmental t e s t i n g .  
In f i s c a l  y e w  :L964, prototype guidance systems are t o  be developed and 
in tens ive  grotmd t e s t i n g  w i l l  be underway. 

The fis(:i€l yea r  1964 estimate i s  based on con t r ac t s  a l r eady  negot ia ted  
wi th  c e r t a i n  of t h e  guidance and naviga t ion  con t r ac to r s ,  and c o s t  proposals  
received from the  o t h e r  p a r t i c i p a t i n g  con t r ac to r s .  I n  a s ses s ing  the p r o -  
iposals submitted by the  var ious  con t r ac to r s ,  t h e  development and product ion 
(costs of t h e  I?oLaris guidance system provided the  primary b a s i s  f o r  eualua- 
t i n g  these  pixposals .  Added t o  t h i s  experience f a c t o r  was the  allmarice f o r  
s i ze ,  compleirit~y, and h igher  r e l i a b i l i t y  requi red  f o r  the  guidance and1 navi- 
gat ion system t o  be used i n  command and lunar  excursion modules. 

Based on es t ab l i shed  schedules ,  t he  guidance and naviga t ion  e f f o r t  w i l l  
MIT and i n d u s t r i a l  con t r ac t  personnel  aissigned increase  i n  f i s c a l  year  1964. 

t o  p r o j e c t  Apo1:Lo w i l l  reach 2,200 by the  end of f i s c a l  yea r  1963, and w i l l  
peak a t  appro:cimnat:ely 2,900 i n  mid-f iscal yea r  1964. 

1nstrumtzlt;ation and s c i e n t i f i c  equipment 

These fund:; are used t o  develop and procure the  spec ia l i zed  f l igki t  
research and development instrumentat ion requi red  during the  developmmt 
phase of spacec.raft f l i g h t  t e s t i n g  and the  s c i e n t i f i c  equipment f o r  in-space 
and luna r  s c i e n t i f i c  experiments. The instrumentat ion is  t o  be develciped, 
f ab r i ca t ed  or procured by the  Manned Spacecraf t  Center and is providecl t o  
the  spacec ra f t  con t r ac to r s  f o r  i n s t a l l a t i o n  i n  t h e  appropr ia te  spacec ia f t  
rmodules. This  instrumentat ion i s  requi red  t o  ob ta in  t h e  d e t a i l e d  engineer- 
ing  tes t  d a t a  f o r  eva lua t ion  of spacec ra f t  system performance under c r i t i c a l  
opera t ing  coridi1:ions. Included are sensors, t ransducers ,  te lemetry t r ans -  
mitters, approp r i n t e  t r ansmi t t i ng  antennas and ground support  equipment. 

The s c i e n t L f i c  equipment is requi red  f o r  s c i e n t i f i c  measurements i n  
space, as w e l l  as on t h e  lunar  sur face .  This equipment w i l l  a l s o  be c'ievel- 
oped, f ab r i ca t ed  or procured by Manned Spacecraf t  Center and provided t o  t h e  
spacecraf t  coint rac tors  f o r  i n s t a l l a t i o n  i n  t h e  spacec ra f t .  Typical  
s c i e n t i f i c  equipment includes s p e c i a l  cameras, magnetometers, seismographs 
and r a d i a t i o n  measuring devices .  

During :Eiscal year  1963, emphasis w a s  on the  design,  procurement,, 
f ab r i ca t ion ,  t es t  and q u a l i f i c a t i o n  of i n i t i a l  f l i g h t  research  and develop- 
ment instrumentat ion equipment. I n i t i a l  d e l i v e r i e s  of f l i g h t  hardware: were 
made t o  North American Aviation f o r  f i r s t  Apollo spacec ra f t  f l i g h t  t es t s .  

F i s c a l  year  1964 funds w i l l  be  employed t o  design,  procure,  f a b r i c a t e ,  
and tes t  a d d i t i o n a l  f l i g h t  research  and development instrumentat ion f o r  
e igh t  ApoXlo spacecraf t  f l i g h t  tests.  Research, development, and procure- 
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iment of specfia1:Lzed s c i e n t i f i c  devices such as cameras, TV systems, magneto- 
meters, and seismographs w i l l  be i n i t i a t e d  t o  m e e t  l una r  landing missi,on re- 
quirements. 
t h a t  highly r e l i a b l e  and accura te  s c i e n t i f i c  equipment will be a v a i l a b l e  f o r  
t he  manned missions t h a t  begin i n  f i s c a l  yea r  1965. 

This  equipment w i l l  be undergoing extensive t e s t i n g  t o  ensure 

The fis(:ial year  1964 c o s t s  are Manned Spacecraf t  Center estimates;  based 
on t h e i r  prer;ent assessment of requirements i n  t h i s  area, and t h e i r  paist 
experience i n  procurement of s i m i l a r  equipment f o r  Mercury and Gemini. 

Operat iwE 

Operat ional  support  requi red  f o r  t h e  conduct of f l i g h t  missions can be 
c l a s s i f i e d  i n t o  t h r e e  major ca tegor ies :  f l i g h t ,  recovery, and crew. F l i g h t  
opera t ions  include opera t ion  planning, pre-f l i g h t  checkout of t h e  spacec ra f t ,  
and con t ro l  o E  Ellight execut ion from l i f t - o f f  t o  landing. Personnel must be 
t r a ined  t o  opczriate t he  Mission Control Center and out  ly ing  s t a t i o n s  t o  
con t ro l  the va r ious  phases of t h e  Apollo f l i g h t s .  I n  f i s c a l  year  1963 funds 
are provided €or  s t u d i e s  on t h e  Apollo t r a j e c t o r i e s  and f l i g h t  control  
techniques,  and t o  i n i t i a t e  a program t o  p r e d i c t  t h e  space environmental 
condi t ions t o  be encountered on s p e c i f i c  f l i g h t s .  F i s c a l  year  1964 funds 
T w i l l  be used to continue the  above study e f f o r t s  and provide funds f o r  t h e  
t r a i n i n g  of f light: con t ro l  personnel.  The funding requirements are based 
on NASA experience gained from p ro jec t  Mercury, and on da ta  suppl ied 11y the  
U. S. Weather Bureau. 

Recovery opera t ions  include the  e f f o r t s  requi red  t o  e f f e c t  e i the i .  a land 
o r  sea recovery of t h e  Apollo spacecraf t  and crew at  any t i m e  during t h e  
f l i g h t .  
opera t iona l  reccmery c a p a b i l i t y  f o r  t h e  Apollo missions.  Recovery for-ces 
must be equip3ed wi th  d i r e c t i o n  f ind ing  and loca t ion  a i d s .  
t he  si tes f o r  deployment of planned and contingency fo rces  is  necessary.  
The f i s c a l  year  1963 e f f o r t s  include:  eva lua t ion  of recovery opera t ion  
techniques,  i:Iests ol: t h e  spacec ra f t  landing and recovery systems, devclop- 
rnent and procurement of e l e c t r o n i c  and v i s u a l  l oca t ion  systems and prcicure- 
ment of handling and retrieval equipment. F i s c a l  yea r  1964 funds w i l l  be 
used t o  continue the  above s t u d i e s  and eva lua t ions ,  and t o  provide foi '  t he  
procurement oE a d d i t i o n a l  recovery fo rce  equipment. The funding es t imate  
i s  based on cvuperiience wi th  t h e  Mercury and Gemini p r o j e c t s .  

Adequate planning and s tudy must be accomplished t o  provide an 

Determination of 

C r e w  opera t ions  provide Eor space crew t r a i n i n g  and i n t e g r a t i o n  of 
t h e i r  a c t i v i t i e s  wi th  t h e  engineer ing development, mission planning, and 
the  f l i g h t  mi;sioris. I n  f i s c a l  year  1963, t r a i n i n g  equipment requirements 
'were def ined and necessary designs were i n i t i a t e d .  The equipment reqii ire- 
ments include mission s imula tors ,  a p a r t - t a s k  s imula tor ,  a docking t r a i n e r ,  
and system t:csinets.  The mission s imula tors  a l low manned simulated mjssions 
t o  be "flown" under rea l i s t ic  condi t ions t o  eva lua te  and improve spaccbcraf t 
design, t o  be planned i n  primary and a l ternate  missions,  and t o  a l low 
t r a i n i n g  f o r  leach s p e c i f i c  f 1 ight .  The pa r t -  t a s k  s imula tor  provides  t r a in -  
i ng  i n  a se l ec t ed  po r t ion  of t he  f l i g h t  t r a j e c t o r y ,  thereby al lowing con- 



cent ra ted  pmct:ic:e on d i f f i c u l t  f l i g h t  t a sks  wi th  a minimum of opera t ion  
t i m e  and expense. The docking t r a i n e r  w i l l  be used f o r  i n s t r u c t i o n  i n  t h e  
c r i t i ca l  docking maneuvers. The system t r a i n e r s  c o n s i s t  of animated d i s -  
plays of spawecraft  systems thereby providing rap id  and dynamic i n s t r u c t i o n  
i n  system opera t ion  d e t a i l s .  

The design and f a b r i c a t i o n  of these  t r a i n e r s  w i l l  be completed i n  
f i s c a l  year  1.964 and is  supported wi th in  the funds requested i n  the  command 
and se rv ice  nioclule s e c t i o n  above. 
estimate wil.1. provide s imula tor  maintenance and opera t ion ,  academic and sur- 
v i v a l  instru.c:ti.on, a f r e e  f l i g h t  lunar  landing t r a i n e r ,  cen t r i fuge  t r a i n i n g ,  
weight lessness  t r a i n i n g ,  and support  s t u d i e s  t o  so lve  the  problem of using 
o p t i c a l  naviE;at.ion equipments while  wearing the  pressure  s u i t  helmet. 

The f i s c a l  yea r  1964 crew opera t ions  

Launch veh ic l e s  

The Convair Divis ion of t he  General Dynamics Corporation w a s  s e l ec t ed  
t o  design,  develop, and f a b r i c a t e  the  L i t t l e  Joe  I1 s o l i d  p rope l l an t  rocket 
veh ic l e  i n  Nay 1962. L i t t l e  Joe  11 i s  t o  be used as a "workhorse" v e h i c l e  
t o  qua l i fy  the  launch escape system and the  command module s t r u c t u r e  ]pr ior  
t o  manned f l igh , t s .  These f l i g h t  tests are requi red  t o  e s t a b l i s h  high crew 
s a f e t y  f o r  t h e  ascent  f l i g h t  phase through t h e  atmosphere. Although inuch 
smaller than the  Saturn,  t he  L i t t l e  Joe 11, with  appropr ia te  modules (of t he  
spacecraf t  atta-ched, i s  a b l e  t o  dup l i ca t e  c r i t i c a l  e a r l y  phases of thl. ascent  
t r a j e c t o r y  of t he  Saturn launch vehic le .  

The L i t t l e  Joe  I1 veh ic l e  u t i l i z e s  a t o t a l  of up t o  7 modified Algol 
rockets .  The F i r ing  sequence and number of rocke ts  u t i l i z e d  varies a lxord ing  
t o  the  d e s i r c d f l i g h t  t r a j e c t o r y  f o r  a p a r t i c u l a r  launch. The Algol r i x k e t  
w a s  developec f o r  t h e  Scout launch veh ic l e  and i s  produced by t h e  Aerojet 
Corporation. The major modif icat ion of t he  rocket f o r  use i n  L i t t l e  .Toe 11 
consis ted of cant ing  the  nozzle t o  a i m  t he  rocket  t h r u s t  vec to r  through t h e  
cen te r  of g rav i ty  of the vehic le .  The L i t t l e  Joe  I1 is near ly  as 1ar;ge as 
the  A t l a s  launch veh ic l e  and has up t o  ha l f  aga in  the t h r u s t  of t h e  Aitlas. 
The maximum diameter i s  13 f e e t  and over a l l  length i s  50 f e e t .  I n i t i a l  
weight i s  approximately 90 tons.  

Detailed design and developmental e f f o r t  on the  L i t t l e  Joe  I1 veh ic l e  
w i l l  be s u b s t a n t i a l l y  completed i n  f i s c a l  yea r  1963. The f i s c a l  yea r  1964 
funding w i l l  permit t h e  f ab r i ca t ion  of four  L i t t l e  Joe  I1 veh ic l e s ,  provide 
long leadtime hardware f o r  additicnal veh ic l e s ,  and provide opera t iona l  support  
f o r  i n i t i a l  f l i g h t  t e s t  missions.  The f i r s t  f l i g h t s  w i l l  be a t  maximum dynamic 
pressure  (highest  s t r u c t u r a l  load condi t ions) ,  and w i l l  be conducted in f iscal .  
yea r  1964. 
t h e  prototype spacec ra f t  and launch escape system p r i o r  t o  f i r s t  manned 
f 1 i gh t  . 

Addit ional  veh ic l e s  w i l l  be flown i n  f i s c a l  year  1965 t o  q u a l i f y  

The Saturn launch veh ic l e  w i l l  be used as the  boos te r  f o r  long dura t ion  
(two-week) manned f l i g h t s  i n  e a r t h  o r b i t .  These f l i g h t s  w i l l  v e r i f y  Ithe 
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spacecraf t  arid subsystem r e l i a b i l i t y  requi red  f o r  the  lunar  missions as w e l l  
as provide f o r  crew t r a i n i n g .  Fundicg f o r  Saturn development i s  discussed 
under the La.unc:h Vehicle and Propulsion Systems program. The funding 
requested here  i s  f o r  t he  procurement of ope ra t iona l  veh ic l e s  a f t e r  t h e  
t e n t h  Saturn development launch vehic le .  The manned o r b i t a l  missions w i t h  
opera t iona l  Saturns  w i l l  begin i n  1965. Saturn veh ic l e s  f o r  s i x  f l i g h t s  
are planned. The funding requested i s  based on NASA ana lys i s  of c.ontractor 
es t imates .  

The Saturn E, launch veh ic l e  w i l l  t e s t  the  lunar  mission spacecraf t  
configurat iot i  i n  e a r t h  o r b i t  and permit t he  t e s t i n g  of rendezvous techniques 
us ing  lunar  rnissi.on spacecraf t  modules. These tests are e s s e n t i a l  because 
they permit t he  development and f l i g h t  q u a l i f i c a t i o n  of t he  e n t i r e  lunar  
spacec ra f t  system much ea r l i e r  than i f  it were necessary t o  w a i t  f o r  t he  
ava i l ab i l . i t y  of t:he Advanced Saturn launch veh ic l e .  This approach permits  
lunar  missions t o  be launched wi th  t h e  ear l ies t  man-rated Advanced Saturn 
veh ic l e .  The !;at:urn B w i l l  be q u a l i f i e d  i n  a series of f l i g h t s  i n  f i s c a l  
year  1966. The funding required f o r  t h e  development of t h i s  veh ic l e  i s  
requested i n  the  Launch Vehicle and Propuls ion Systems program. 
requested here  is f o r  t he  procurement of long lead  t i m e  hardware f o r  the  
f i r s t  operat: ioiial. veh ic l e s .  The funding requested is  based upon NASA,. es t imates .  

The fund:i.ng 

Support in:: development 

Funds iare requi red  t o  f o r  u t i l i z i n g  Department of Defense i n s t a l l a -  
t i o n s  f o r  d i r e c t  t es t  support  f o r  the  Apollo spacec ra f t  development Eiffor l .  
They cover wind tunnel  tests a t  Arnold Engineering Development Center', 
Tullahonu, Tennessee, test support  a t  the  White Sands Missile Range j.n New 
Mexico, and t e a t  support  a t  t h e  J o i n t  Parachute  T e s t  F a c i l i t y  i n  E l  Centro, 
Cal i forn ia .  T'ne procurement of p rope l l an t s  f o r  t h e  service module pr'opul- 
s ion  develop.ment i s  a l s o  included. 

Apollo -4ind tunnel  tests are required t o  f u r n i s h  design informaf:ion 
f o r  t he  spacec ra f t  and t o  confirm t h e  design philosophy. The t o t a l  wind 
tunnel  program f o r  Apollo e n t a i l s  t he  use of a number of wind tunnels  
throughout the country. 
a t  the  Langley Research Center and Ames Research Center.  These testt; are 
a p a r t  o€ normal cen te r  p r o j e c t  support  a c t i v i t i e s .  Arnold  Engineermg 
Development Center tests u t i l i z e  t h a t  Center ' s  unique f a c i l i t i e s ,  ant1 are 
funded i n  accord wi th  s tandard tes t  support  reimbursement procedures, ,  These 
tests y i e l d  measurements of the  s t a t i c  and dynamic fo rces ,  moments and 
pressures .  Also, hea t  t r a n s f e r  measurements w i l l  be made t o  provide t h e m 1  
de s i gn i n f o  rma t i Ion. 

A number of wind tunnel  tests are being conducted 

Operations ,at White Sands are requi red  t o  support  q u a l i f i c a t i o n  tests 
of t h e  Apollo launch escape system i n  abor t  s i t u a t i o n s  and t o  q u a l i f y  the  
spacec ra f t  s t r u c t u r e  a t  maximum dynamic pressure .  
t e s t s  w i l l  be accomplished by f l i g h t s ,  us ing  the  L i t t l e  J o e  I1 launch 
veh ic l e  and by s imulat ing pad abor t  condi t ions.  

These q u a l i f i c a t i o n  

The White Sands M i s i p i l e  
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Range allows land recovery of t he  test veh ic l e s  a s su r ing  higher  probabhl i ty  
olf recovery of on-board recorded da ta .  F i s c a l  year  1963 e f f o r t s  were 
d i r ec t ed  pr imar i ly  toward readying the  launching pad and i ts  associatecl  
equipment, and performing one pad abor t  t es t .  F i s c a l  year  1964 funds w i l l  be 
used t o  reimbarse t h e  Army for tes t  expendi tures  a t  t he  White Sands Miss i l e  
Range. The f i r s t  f l i g h t  t e s t  i s  scheduled i n  e a r l y  f i s c a l  year  1964. Funds 
w r i l l  a l s o  be used to  reimburse the  Army f o r  expendi tures  a s soc ia t ed  with 
support  of the Apollo spacec ra f t  propuls ion test f a c i l i t y  a t  FlSMi which are 
above normal range support  requirements.  

F i s c a l  year  1964 funds w i l l  be used f o r  cont inuing range support  i1:o t he  
Navy and A i r  Force a t  t h e  J o i n t  Parachute T e s t  F a c i l i t y ,  E l  Centro, Ca t i fo r -  
n d a ,  f o r  t h e  drop test program por t ion  of t h e  parachute development program. 
1.n f i s c a l  year 1963, t h e  parachute development program developed t h e  dirogue 
s t a b i l i z i n g  parachute ,  t he  l ight-weight  s i n g l e  main chute,  and a number of 
three-parachute  c l u s t e r  drops were completed. P re -qua l i f i ca t ion  drop 1:ests 
w i l l  De performed i n  f i s c a l  year  1964, i n  which t h e  parachute c l u s t e r  w i l l  
be mated with the (other components of t h e  ear th- landing  system. These pre- 
qiual i f icat ion tes ts  w i l l  be completed p r i o r  t o  t h e  f i r s t  L i t t l e  Joe  I1 t e s t  
f l i g h t  i n  1964. 

Also included i n  t h i s  area are funds f o r  s t u d i e s  d i r e c t l y  i n  support  of 
t.he Apollo spacecraf t  development e f f o r t  which are not  p a r t  of t h e  prime o r  
a s soc ia t e  con t r ac to r  development e f f o r t .  These are s t u d i e s  t h a t  lead 110 

improvements i n  the  areas of f l i g h t  opera t ions ,  communications, and guidance 
and navigat ion.  Also included are c o s t s  t o  develop and tes t  subsystems not  
included i n  the  prime con t r ac t .  I n  a program as l a rge  as Apollo, i t  i i s  
e s s e n t i a l  t h a t  s e l e c t e d  p o t e n t i a l  problem areas, subsystems, and compoiients 
be explored ou t s ide  of t he  prime con t r ac to r  a c t i v i t y .  This  a c t i v i t y  pro- 
v ides  the  depth and answers requi red  t o  e f f e c t i v e l y  cope wi th  development 
d i f f i c u l t i e s .  
prime e f f o r t .  

I t  ensures  t h a t  t h e  bes t  components are  being used i n  tlie 

Funds are a l s o  provided t o  i n i t i a t e  work on a high energy propuls ion 
system f o r  t h e  s e rv i ce  module t o  serve  as backup t o  t h e  lower energy nlm- 
c:ryogenic p rope l l an t s .  The increased performance of t h e  high energy pro- 
p e l l a n t s  woulc. accommodate a s i g n i f i c a n t  increase  i n  spacecraf t  weight and 
st i l l  permit the lunar  missions t o  be flown wi th  t h e  Advanced Saturn h u n c h  
vehic le .  This, e f f o r t  would the re fo re  provide f o r  any s i g n i f i c a n t  spaclecraf t  
growth caused by unforeseen major development d i f f i c u l t i e s .  The funds 
requested a r e  ba.sed on NASA experience wi th  r e l a t e d  developments. 

!fission C o n t n L C e n t e r  opera t ions  
1962 1963 1964 

Direct R&D c o s t , s . .  . * .  *. * .  . e e e e e --- $10,500,000 $21,800,000 

C 7 l i i Y  0 - b 3  -.1 
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The Mission Control Center i n  Houston, Texas w i l l  exe rc i se  p r i m a r y  re- 
s p o n s i b i l i t y  for command of a l l  manned space f l i g h t  missions beginning i n  
mid-1964. A Construct ion of F a c i l i t i e s  p ro jec t  is providing t h e  Mission 
Control Centel: bu i ld ing  and i t s  equipment. This  p r o j e c t  supports  the planning 
and operation:; of t he  Center,  i t s  i n t e g r a t i o n  wi th  t h e  o the r  elements of the  
ground operat::Lo;ial. support  system, and i t s  i n i t i a l  opera t ion  f o r  s imulat ion 
and t r a i n i n g  exe rc i se s .  Planning conducted i n  t h i s  p r o j e c t  provides the  
conceptual- design of t h e  land-based landing/recovery operat  ions complex f o  I' 
manned space E l  ight . 

The Mission Control Center,  i n  o rde r  t o  p e r f o m  i t s  command func t ion ,  
must have immediately a v a i l a b l e  t o  it t r ack ing  and te lemetry da t a  received 
from the  ground network so  t h a t  real  t i m e  dec is ions  may be made during, t he  
var ious  p o r t i m s  of the  f l i g h t .  It must conta in  a l a rge  computing coriplex, 
containing pre-planned a l t e r n a t i v e  courses of a c t i o n  f o r  use i n  any ol' a vast 
number of contingc~ncy s i t u a t i o n s ,  and which i s  s u f f i c i e n t  i n  s i z e  t o  Ijermit 
t h e  computation oE real  time f l i g h t  information needed by the  f l i g h t  cont ro l -  
lers  i n  reacning t h e i r  dec is ions .  It must conta in  the  necessary equi1)ment 
f o r  extensive use of closed-loop s imula t ion  exe rc i se s  f o r  t r a i n i n g  ancl system 
checkout and f o r  d i r e c t i o n  of the  world wide t r ack ing  network. 'It must i n -  
clude a l l  the communications processing and con t ro l  equipment assoc ia ted  
with f l i g h t ,  s imulat ion,  and network con t ro l .  

The 'Mission Control Center i s  t o  be housed i n  a th ree - s to ry  bui l , l ing ,  
wi th  two wing,s as follows: 

(1) The mission opera t ions  wing, containing approximately 113,0830 
square f e e t ,  including: 

(a.) A computer complex composed of approximately fou r  
IBM 7094 computers t o  perform the  fol lowing p r i n c i -  
pa l  funct ions:  

(1.) Processing i n  real t i m e  spacec ra f t  teleme-. 
t r y  and t r ack ing  da ta ,  us ing  information 
provided by the  ground instrumentat ion 
network. 

(i!) Providing real t i m e  computer l og ic  t o  penni t  
t he  ground-based f l i g h t  c o n t r o l l e r s  t o  
s e l e c t  a l t e r n a t i v e s  i n  event of emergency 
or  any necess i ty  t o  change t h e  f l i g h t  plan.  

(:3) Providing t r a j e c t o r y  and o t h e r  da t a  s i g n a l s  
f o r  use i n  closed-loop s imulat ion exe rc i se s  
which are necessary f o r  checkout of a l l  
ground f a c i l i t i e s ,  inc luding  the  Mission 
Control Center i t s e l f ,  and f o r  f l i g h t  
c o n t r o l l e r  t r a i n i n g .  



( 4 )  Providing real time antenna acquisition 
and other remote control data for dis- 
semination to the stations in the ground 
network. 

A communications center composed of communications 
processing and control equipment for directing the 
flow of the following types of data: 

Voice communications to and from the space- 
craft via relay through the remote sites. 

The transmission of commands, tracking data, 
and other information to the spacecraft. 

Spacecraft telemetry data from remote sites. 

Tracking data from remote sites. 

Teletype communications to and from the 
various ground network sites. 

Television signals from the Launch 
Operations Center and one or more remote 
sites, as required. 

Two mission operations control rooms where consoles 
and displays are located for use of flight controller 
personnel in conducting the missions. One room will 
be used for a flight mission while the other is 
engaged in simulation exercises in preparation for 
a later mission. 

A simulation area containing various types of 
ground support equipment, such as that located at 
remote sites in the network, so that various 
closed-loop simulation exercises may be conducted 
without use of the actual flight equipment. 

A meteorological support area with equipment to 
provide the means of displaying and evaluating 
atmospheric weather, cosmic phenomena, radio 
propagation data, meteorite storm and space 
radiation intensity data, and other meteorological 
inflormation upon which the success of the missions 
may depend. 

A recovery area containing maps and other displays 
necessary for centralized control of all recovery 
forces and equipment, wherever deployed. 
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(2) The labora tory ,  engineer ing and t echn ica l  s e r v i c e s  wing, con- 
t a i n i n g  approximately 132,000 square f e e t ,  including:  

(a) Support l abo ra to r i e s  f o r  a n a l y s i s  of d a t a  reduct ion 
procedures,  t h e  development of computer programs 
and rou t ines ,  eva lua t ion  of space-to-ground communi- 
ca t ions  procedures,  eva lua t ion  of d i sp l ay  and con t ro l  
devices ,  and t h e  prepara t ion  of s imula t ion  materials. 

(b) Tec'hnical s e rv i ces  areas and engineer ing o f f i c e s .  

These are 
Off ice  space f o r  approximately 500 NASA and 200 
con t r ac to r  personnel w i l l  be provided. 
t h e  personnel engaged i n  f l i g h t  opera t ions  
a c t i v i t i e s .  Technical services areas t o  be provided 
include b r i e f i n g ,  d r a f t i n g ,  and photographic pro- 
cess ing  areas. 

F i s c a l  year  1963 funds a r e  being u t i l i z e d  t o  develop t h e  ope ra t iona l  
concept of t h e  cen ter ,  t o  begin i t s  implementation and i n t e g r a t i o n  w i t h  t h e  
o the r  elements of t he  ground opera t iona l  support  system, and t o  provide the  
opera t iona l  conc:ept of t he  landing/recovery opera t ions  complex which w i l l  be 
assoc ia ted  wit.h t h e  Mission Control  Center as a f u t u r e  p a r t  of t he  ground 
opera t iona l  support  system. S p e c i f i c a l l y ,  t h e  following are being accom- 
p l i shed  i n  f i s c a l  yea r  1963: 

0peirat:ional concept design of t he  Mission Control  Center 
and irif ormat ion- flow s t u d i e s  f o r  Gemini rendezvous and 
Apollo missions.  
contract:  wi th  the  Western Development Labora tor ies  of t h e  
PhF:Lco Corporation, P a l o  A l t o ,  Ca l i fo rn ia .  

This work is being accomplished under 

Est:ilb:Lishment of an in t e r im  computer f a c i l i t y  us ing  rented 
corq,ul:ers, and t h e  prepara t ion  of fundamental mission 
coriputer programs arid s imula t ion  computer programs. 

De:: igii of permanent computer complex and i n i t i a t i o n  of 
procu.cernent of t he  computers t o  be used the re in .  
contract: has r ecen t ly  being s igned f o r  t h i s  work wi th  
the  Federal  Systems Divis ion of t h e  I n t e r n a t i o n a l  
Business Machines Corporation, Rockvi l le ,  Maryland. 

A 

Design and s p e c i f i c a t i o n  of con t ro l ,  d i sp l ay ,  s imula t ion ,  
and communications equipment and i n i t i a t i o n  of procure- 
ment (of t h i s  equipment, and i n i t i a l  ground ope ra t iona l  
support  system i n t e g r a t i o n  e f f o r t s .  Proposals  from 
var ious  con t r ac to r s  f o r  t h i s  work cu r ren t ly  are being 
evia1uatt.d. The con t r ac to r  chosen w i l l  be known as the  
Mission Control Center implementation con t r ac to r .  
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(5) Conceptual design of t h e  instrumentat ion and con t ro l  
systems which w i l l  be necessary i n  landing areas 
inc luding  the  t racking ,  te lemetry,  and comunica t i cns  
systems required.  This  w i l l  be accomplished by the  
con t r ac to r  s e l ec t ed  t o  perform t h e  work l i s t e d  
immediately above. 

Estimatjes of f i s c a l  year  1964 fund requirements are based on cosi: pro- 
j e c t i o n s  prepared by t h e  conceptual design con t r ac to r ,  Ph i l co  Corporation. 
These were modified, a f t e r  c a r e f u l  ana lys i s ,  by NASA personnel,  wi th  
experience of p ro jec t  Mercury being given s u b s t a n t i a l  weight. These liunds 
w i l l  be u t i l i z e d  to accomplish t h e  following: 

(1) Completion of a l l  mission log ic  and s imula t ion  computer 
programs necessary f o r  Gemini rendezvous f l i g h t s  and Saturn 
Apolllo f l i g h t s ,  i n s t a l l a t i o n  and  checkout of t h e  e n t i r e  
computer complex, and opera t ion  during s imula t ion  exe rc i se s .  
This  wi:L1 be accomplished under the  e x i s t i n g  con t r ac t  w i th  
t h e  F'ederal Systems Divis ion of IBM. 

(2) I n s t a l l a t i o n  and checkout of a l l  o t h e r  Mission Control Centcbr 
equipment, opera t ion  during s imula t ion  exe rc i se s ,  completiort 
of i n t eg ra t ion  of t he  Mission Control Center w i th  t h e  grouncl 
networkn the  Launch Operations Center,  and t h e  recovery 
con t ro l  cen te r s .  This work w i l l  be accomplished by the  
Mission Control Center implementation con t r ac to r ,  c u r r e n t l y  
beiixg se l ec t ed .  

Bui lding cons t ruc t ion  began i n  December, 1962. The in t e r im  computing 
f a c i l i t y  w i l l 1  be ready by January 15, 1963, and equipment i n s t a l l a t i o n ,  w i l l  
begin i n  May of 1963. The Mission Control  Center,  inc luding  t h e  computer 
complex, must be s u f f i c i e n t l y  complete t o  permit i n i t i a t i o n  of simulat ion 
exerc ises  i n  :February of 1964 and ready f o r  f l i g h t  ope ra t iona l  use i n  
$July of 1964.. 

P ro jec t s  f o r  which no d i r e c t  KhD c o s t s  are a n t i c i p a t e d  i n  f i s c a l  year  1964. 

Mercury 

Direct I G D  c o s t s  --- .............. $14,600,000 $3,342,000 $ --- Personnt. L coats. .  ............. 4,805,000 229,000 
Operation of  i n s t a l l a t i o n s . .  .. 5,172,000 214,000 --- 

Tota l  c o s t s  .............. $24,577,000 $3,785,000 $ --- 
Tota l  personnel..  665 

-- 
--- ........ 27 -.- 
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19 64 

Direc t  IULD cos t s .  ... . . . .. .... . $16,460,000 $17,957,000 $ - I - -  

Personne L c o s t s . .  . . . . . . . a . 
Operation o f  i n s t a l l a t i o n s . .  . 640,000 6,302,000 - 

-I- 
One - day m i s s  1962 19 63 

59 1 ,000 6,670,000 108 ,,OOO 
100 1' 000 ,- 

Tota l  cos t s . .  . .....,, .... . $17,691,000 $30,929,000 $208,000 
--,- 

11 788 -.- Total personnel.. . I , .  . . . . 82 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

LAUNCH VEHICLE AND PROPULSION SYSTEMS 

OBJECTIVES : 

The Launch Vehicle and Propuls ion Systems program supports ,  through t h e  
development (of the required v e h i c l e  and propuls ion systems, t h e  primary 
mission of t'he (Office of Manned Space F l i g h t ,  t he  manned exp lo ra t ion  of space I 
The cur ren t  ,seal :is t o  achieve manned luna r  landing and r e t u r n  t o  eari:h dur- 
ing  t h i s  decade. 

The program, as cu r ren t ly  approved, c o n s i s t s  of t he  development of t h r e e  
major launch vehic les  t o  be used i n  missions lead ing  t o  manned lunar  landing. 
The progress  of tlie launch veh ic l e  and propuls ion program is indicatet i  by the  
launch of the  t h i r d  Sa turn  on November 16, 1962. The launch was completely 
successfu l  as were the  f i r s t  two. The progression planned i n  the devc!lopment 
launch veh ic l e s  and propuls ion systems is  indica ted  by the  weight car ry ing  
c a p a b i l i t i e s  of tlie vehic les :  Saturn w i l l  p lace  approximately 10 ton!; i n  
e a r t h  o r b i t ;  Saturn B w i l l  p l ace  15 tons  i n  e a r t h  o r b i t ;  and t h e  Advanced 
Saturn w i l l  place i n  excess of 100 tons  i n  e a r t h  o r b i t  and w i l l  have i l  capa- 
b i l i t y  f o r  over a 40 ton load on escape missions.  

SUMMARY OF Rgl3URCES REQUIREMENTS: 

Funds - 
Launch .vehicle support ing 

technology. ............. 
Propulsion support ing 

technology.. ............ 
Launch operat ions support-  

Saturn... . . . . . . . . . . . . . . . . .  
Saturn B . . . . . . . . . . . . . . . . . .  
Advanced Saturn. . . . . . . . . . .  

ing  technology .......... 

M - 1  engine...  ............. 
H - 1  engine ................ 
RL-10 engine. ............. 
F-1 engine ................ 
5-2  engine ................ 
Range instrumentat ion. . . . .  
Range support . . . . . . . . . . . . .  

Subto ta l ,  d i r e c t  R&D 
costs.. . . . . . . . . . . . . . . .  

19 61'1 -- 1962 1963 

$6,719,000 $8,800,000 $16,000,000 

4,7 07,000 7X950,OOO 22 ,!iOO, 000 

1,162,000 3,000,000 7,600,000 
193,326,000 190,710,000 93,800,000 

--- 18,750,000 68,ljOO, 000 
57,375,000 _328,600,000 7 33,000,000 
16,705,000 35,000,000 45,000,000 

16,332,000 32,645,000 32, l500,OOO 
48,320,000 50,800,000 54,100,000 
33,635,000 44,542,000 48,200,000 --- - - -  2 0, '900,000 

2 1.1900.000 2.210.000 8.000.000 - 

5,662,000 5,260,000 5,200,000 

$386.153.000 $734,057.000 $1.168 ,'jOO. 000 
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1962 1963 1964 

Personnel costs............. $48,574,000 $72,291,000 $82, ;!43,000 
Operation of i n s t a l l a t i o n s . .  33,321,155 46,460.717 ,- 68.; 11.000 

Tota l  costs.. . . . . . . . . . . . . .  $468,048,155 $852,808,717 &319,454,000 

P e r s or in e 1 

........... NASA He,adq ua:rt e rs 184 238 2 74 
Marshall  Space F l i g h t  Center 5,039 6,136 6,135 
Launch Operations Center..  .. 286 629 980 
P a c i f i c  Launch Operat ions  

Office.................... 6 - - 
Western Operations Office. . .  11 102 1 2 1  
Lewis  Rese.arch Center..  ..... 123 195 

...... 4 --5 North EinStIern Off ice . .  - 
- 

Tota l  personnel..  ......... 5,526 7,232 7,710 -- 
The cognizant: Headquarters o f f  i c e  respons ib le  f o r  program managerient is 

t h e  Off ice  o:E Manned Space F l igh t .  
Marshall Space F l i g h t  Center fo r  both veh ic l e s  and engines,  except f o r  t h e  
M - 1  engine which 1,s under the  management of t h e  L e w i s  Research Center.  

P ro jec t  management i s  assigned t o  t h e  

PROGRAM JUST:C:FIl=ATION : 

This  progrinm includes the  development of veh ic l e s ,  propuls ion,  and 
ground and l m n c h  support  equipment required t o  b u i l d  and launch the  nliln- 
r a t ed  vehicle:; necessary f o r  manned space f l i g h t .  Current e f f o r t  i s  clriented 
almost exclus  ively t o  t h e  requirements of the  i n i t i a l  manned lunar  landing 
(and r e tu rn .  'Co accommodate the  immediate requirements of manned luna1 land- 
ing the re  art? now approved f o r  development t h r e e  veh ic l e s  of varying capabi- 
l i t i e s .  The Saturn i s  now undergoing f l i g h t  tests and w i l l  be used as a 
]platform f o r  t e s t i n g  the  Apollo spacec ra f t ,  and f o r  extended e a r t h  o r b i t a l  
missions,  The liat:urn B,  through increased second s t age  c a p a b i l i t y ,  wi 11 be 
used t o  p e r f t x t  t he  rendezvous technique, t o  provide r een t ry  t e s t i n g  of the  
t o t a l  Apol.10 : ;pacecraft ,  and t o  serve as a test bed f o r  c e r t a i n  comporents 
of the Advanced Saturn.  The Advanced Saturn w i l l  provide the  i n i t i a l  boost-  
er capabil . i ty t o  perform circumlunar missions and a manned lunar  landing and 
re tu rn .  

Pacing the  veh ic l e  developments are sepa ra t e ly  authorized engine pro- 
. jects  a s soc ia t ed  wi th  the  veh ic l e  s tages .  The RL-10 w i l l  be used i n  the  
second s t age  of Sa turn ;  H - 1  engines w i l l  power the  f i r s t  s t ages  of the 
Saturn and Satuim B. The 5-2 engine w i l l  be used i n  t h e  second s t a g e  of t h e  
Saturn B and the  second and t h i r d  s t age  of t h e  Advanced Saturn.  'The F - 1  
engine wil.l propel. t he  f i r s t  s t age  of the  Advanced Saturn.  I n  add i t ion ,  t he  
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13-1 engine i s :  under development 
poss ib l e  NOVA. c l a s s  vehic le .  

FXPLANATION 01' -- f'UNDS REQUESTED: 

as t h e  second s t age  engine f o r  use i n  a 

1962 

launch v e h i c l ~ ~ s u p v o r t   in^ technology $6,7 19,000 
l?ropulsion s q = ) r t i n n  technolopy.. .. 4.707.000 

Subto ta l ,  dii:ect R&D cos ts . .  ..... $11,426,000 

I?ersonnel cos:l:s ...................... 846 , 000 
Operation of i ina ta l la t  ions.. ........ 555,155 

Tota l  cost:s. ...................... $12,827,155 

1963 

$8,800,000 
7.950.000 

$16,750,000 

1,125,000 
637,7 17 

$18,512 , 7 17 

1964 

$16,900,000 
22.5,OO.OOO 

$39,400,000 

1,156,000 
.PI 7161,000 

$41,317,000 

-I- 

Tot a 1 pe rsionne I. 97 107 106 
.PI 

Launch trt3hfcI.e support ing technology covers t he  e f f o r t  t o  advance 
technology rc!cp:ired i n  support  of t he  design, development, and manufacture 
of man-rated launch veh ic l e s ;  t o  so lve  t echn ica l  problems discovered i n  
launch vehicl.t?s cu r ren t ly  under design; and t o  s tudy advanced design con- 
lcepts and veh:ic:Le systems f o r  app l i ca t ion  t o  space missions.  

As vehicLes a r e  developed, i t  becomes apparent t h a t  some cmponerits and 
subsystems mist  be improved t o  a s su re  t h a t  f i n a l  equipment w i l l  meet 1ber- 
formance and r e l i a b i l i t y  requirements.  The launch veh ic l e  support ing 
technology project: makes such improvements poss ib le .  It a l s o  provides f o r  
s ta te-of- the- ;ar t  improvements which a s su re  t h a t  advanced veh ic l e s  w i l l  meet 
performance requirements wi th in  cos t  and t i m e  goals .  
<applied t o  se l ec t ed  problem areas of high cos t  programs, and t h e  assufance 
and gains  derived are usua l ly  worth many times the  investment. 

These e f f o r t s  a r e  

In  f i s c a l  year  1963, t he  major launch veh ic l e  technology e f f o r t s  were 
d i rec ted  toward improvement of the  s t a t e -o f - the -a r t  as it  app l i e s  t o  Exis t -  
ing developmtmt and study p ro jec t s .  This  w a s  done through explora tor j r  and 
conceptual design s t u d i e s  which i d e n t i f i e d  poss ib l e  approaches which might 
be  taken. Included were such undertakings as the  development of s t r u c t u r a l  
adhesives;  leak de tec t ion  technique improvement; development of f a b r i c a t i o n  
techniques u:;in,g new metals o r  p l a s t i c s ;  and research t o  determine mode of 
f a i l u r e  of e l ' ec t ronic  p a r t s .  These i n i t i a l  e f f o r t s  have made it poss ib l e  t o  
expand these  s tud ie s  i n  more t echn ica l  depth. 

During Eisca:l year  1964 emphasis w i l l  be placed on follow-on s t u d i e s  
i n  areas wi th  t'he g r e a t e s t  p o t e n t i a l  and on incorpora t ing  advanced pro- 
pu ls ion  concepts i n t o  vehic les .  The primary ob jec t ive  i s  to provide riiore 
p r a c t i c a l  and economical systems. E f f o r t s  w i l l  also include opera t iona l  
and systems ana lys i s .  Mathematical s tudy models w i l l  be developed t o  
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determine trade-offs between the major system parameters, such as perform- 
ance, reliability, cost patterns and ways and means to improve economic 
effect ivene:; s . 

General aerodynamic performance will be studied. Analyses will be made 
of aerodynamic and base heating, and of the aerodynamic behavior of launch 
vehicles having specific configurations. Technical areas of investigation 
will include atmospheric turbulence and its effects on vehicle performance, 
loads, stability and control, turbulent boundary layers, pressure distribu- 
tion, flow phenomena, and heat transfer rates. 

Efforts; will. be continued on stress analysis investigations of specific 
launch vehicle designs; investigations of techniques of fabricating large 
launch vehicle structures , substructures, and materials; qualicy assurance 
provisions for over-all vehic le  systems, subsystems , and components ; and 
on techniques f o r  utilizing advanced materials for launch vehicle applica- 
tion studies, of' the behavior of vehicle systems and components in the en- 
vironment of space. The increasing size of launch vehicles requires develop- 
ment of new t:ec:hniques for efficiently fabricating large diameter tanks, 
bulkheads, arid piping. 

Research amd development on guidance and navigation systems and Ion 
their electrcinic, mechanical, and electromechanical components will b12 
undertaken. Integrated systems for guidance of vehicles in aerodynamic and 
space environments, dynamics of vehicles and parameters in guidance, m d  de- 
sign and performance specifications for systems and components will be in- 
vestigated. 
analog and other simulation devices. 

Experimental and theoretical studies will be conducted using 

Investigations will be made of the development of control system:; and 
control system components. Particular attention will be given to the 
development of automatic control sensors and circuitry. The development or 
selection of sensors for detecting and measuring phenomena and of traiisducers 
for translating these measurements into other forms for transmission or 
recording will be emphasized. Techniques for thrust vector control, such as 
secondary injection, will be considered for specific vehicle designs along 
with investigations of general flight dynamic characteristics. 

The propulsion supporting technology project is required to demonstrate 
the operational feasibility or reliability of engine or engine component 
concepts. This is necessary to bridge the gap between exploratory investi- 
gations and iIct1JaX hardware development. There are basically two categories 
of propulsion technology. Liquid propulsion effort is oriented towarcl 
improvement o E  designs in state-of-the-art engines, both in booster and space- 
craft propulsion systems. Solid motor technology effort is directed toward 
providing knowledge concerning solid propellant motors so that choices can 
'be made between liquid and solid propellant propulsion systems for vehicles. 

Liquid cmgine development programs have been based substantially on 
state-of-the--;irt technology. This has been extended to larger thrust engines 



and toward USE! of hydrogen/oxygen propel lan ts .  
t:he NASA propulsion developments has e s s e n t i a l l y  depleted the  availablle 
technology andl i.t is  necessary t o  implement experimental  examination i n  
depth of concepts f o r  improved designs of components and engine system,s. 
Iiuch progress i s  e s s e n t i a l  t o  the  expedi t ious attainment of NASA's to t (a1  
mission ob j e c  t : ives . 

The rap id  progress  madle i n  

Liquid propuls ion support ing technology c o n s i s t s  of two areas: boos ter  
propulsion sys8tems and spacecraf t  propulsion systems. 

I n  the  development of l a rge  boos te r  engines seve ra l  major t echn ica l  
problems have a r i s en .  
u n t i l  sound ftinciamental so lu t ions  are found and appl ied.  Examples are prob- 
llems of combusstion dr iven o s c i l l a t i o n s  and pump s t a l l  during the  t r a n s i e n t  
s t a r t i n g  operat ions.  Both jeopardize engine opera t ion  and e i t h e r  may r e s u l t  
fin engine fai1.ur.e and des t ruc t ion .  The support ing technology funds required 
w i l l  allow inves t iga t ion  of problems of t h i s  na ture  us ing  a more b a s i c  
approach than. can be followed i n  the  t i g h t l y  scheduled development program 
f o r  each engine. Such inves t iga t ions  lead t o  design o r  opera t iona l  proce- 
dure modifica.t.ions which should e l imina te  these  occurrences.  
procedure modif icat ions w i l l  be t e s t e d  i n  f u l l - s c a l e  prototypes.  

These problems are general  i n  na tu re  and w i l l  continue 

Design o r  

Investigctt ions undertaken during f i s c a l  years  1962 and 1963 have pro- 
duced many new rind s i g n i f i c a n t  design concepts,  such as boos ter  engine 
s implif icat ior t ,  new materials, new cool ing techniques,  improved con t ro l  
systems, and advanced nozzles .  
a component CII- model hardware bas i s .  These model-proven components a n d  
techniques need to '  be demonstrated on prototype,  experimental  engines t o  
e s t a b l i s h  t h e i r  t r u e  engine f e a s i b i l i t y  and r e l i a b i l i t y .  Such work is  
necessary on ful.1-scale, r a t h e r  than small s c a l e  models. 

Many of t hese  concepts have been t e s t e d  on 

It is al.:;o necessary t o  study s p e c i f i c  boos te r  engine f a b r i c a t i o n  and 
development ~ ~ r o b l e m s  assoc ia ted  wi th  the  cons t ruc t ion  of l a rge  booster  
engine system;.  These engines incorporate  the  use of high combustion cham- 
b e r  pressures# ,  
t i o n  of the  high pressure  components i n t o  one thrust-producing u n i t .  

Much a t t e n t i o n  w i l l  be paid t o  s i m p l i f i c a t i o n  and in t eg ra -  

In  the  ~tire~i of spacecraf t -  propuls ion systems, t h e  systems p resen t ly  
being developed f a r  use i n  manned spacecraf t  are conservat ive,  s t a t e -o f - the -  
art designs and p rac t i ce .  Because the  missions w i l l  depend on engine system 
r e l i a b i l i t y ,  probI.ems which arise i n  development must be examined i n  depth 
s ince  the re  is on1.y an extremely l imi ted  use h i s to ry .  For ins tance ,  a 
problem exist::; cu r ren t ly  i n  r eac t ion  con t ro l  system development. There is  
ix need f o r  dependable p o s i t i v e  propel lan t  expulsion tankage, low power 
demand, f a s t - a c t i n g  solenoid valves ,  and p r e c i s e  impulse de l ivery .  The 
t echn ica l  support  of such improved component work comes from support ing 
technology ftuids. Other cur ren t  problems include developing a man-rated 
va r i ab le  t h r u s t  engine, and the  s torage  of p rope l l an t s  i n  space for. extended 
per iods of time 
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The payhad-car ry ing  c a p a b i l i t y  of spacecraf t  systems can be improved 
s u b s t a n t i a l l y  b y  use  of high-impulse p rope l l an t s  and advanced engine r,ys- 
t e m s .  To develop h ighly  r e l i a b l e  propuls ion equipment of advanced des,ign 
type r equ i r e s  a longer t i m e  than is  a v a i l a b l e  f o r  the  e a r l i e s t  manned lunar  
landing mission. Nevertheless,  such improvements must be pursued and t h e  
technology developed i n  programs p a r a l l e l  t o  the  p r i n c i p a l  e f f o r t .  
type developinent of systems w i l l  be s t r e s s e d  using cryogenic propel lan ts .  
The t echn ica l  problems involved i n  s torage ,  micrometeorite p r o t e c t i o n ,  
p re s su r i za t ion ,  and s t a r t i n g  these  high performance p rope l l an t s  under zero 
condi t ions w i l l  be examined. 

Proto- 

So l id  propuls ion technology provides d e t a i l e d  t echn ica l  information on 
the  use of s o l i d  propel lan t  motors i n  veh ic l e  systems and i s  planned t o  
exp lo i t  t he  c h a r a c t e r i s t i c s  of s o l i d  propel lan t  motors i n  manned spacc! 
missions. These c h a r a c t e r i s t i c s  include s impl i c i ty ,  r e l i a b i l i t y ,  ease  of 
launch prepara t ion ,  r e l a t i v e  ease i n  a t t a i n i n g  high t h r u s t ,  and growth 
p o t e n t i a l .  

During 1962, l a rge  s o l i d  motors of t h r u s t  l e v e l s  of up t o  750,001) pounds 
were t e s t e d .  The required burning time of 130 seconds w a s  achieved i n  120 
inch diameter motors. Improvements were made i n  t h r u s t  vec to r  con t ro l ,  
i g n i t i o n ,  nozzle and chamber materials, and in su la t ion .  System app l i ca t ion  
s tud ie s  were i n i t i a t e d  t o  b e t t e r  def ine  motor and system component require-  
ments. Several  concepts f o r  t he  t r anspor t a t ion  and handling of very Large 
s i z e  motors were determined. A prel iminary veh ic l e  warning system study 
w i l l  improve man-rated capab i l i t y .  A survey of t he  e x i s t i n g  indus t r i (n1  
c a p a b i l i t i e s  t o  manufacture and produce l a rge  motors w a s  completed. The 
program f o r  f i s c a l  year  1964 increases  the  emphasis i n  appl ica t ion  and i n t e -  
g ra t ion  of sc1li.d propulsion elements i n t o  f l i g h t  systems. Tasks s t a r t e d  i n  
p r i o r  years  i n  l i n e  wi th  t h i s  ob jec t ive  w i l l  be continued and o the r  r e l a t e d  
t a sks  w i l l  b'c: i .n i t ia ted .  The p ro jec t  is based on the  u t i l i z a t i o n  of the 
l a rge  s o l i d  motor which w i l l  be developed i n  the  program es t ab l i shed  i n  
November 1962!, by t he  Department of Defense and NASA. 

The prcposed f i s c a l  year  1964 program w i l l  advance the  NASA program 
t o  t h e  subscale  f a b r i c a t i o n  and t e s t i n g  s tage .  Data r e s u l t i n g  from t h i s  
e f f o r t  w i l l  provide a b a s i s  f o r  later f u l l  scale developments. The support- 
ing  development: program i s  scheduled t o  provide the  pre-development techno- 
logy t o  make i t :  poss ib le  to  i n i t i a t e  NOVA s t a g e  hardware development i n  
f i s c a l  year :L965. 
elements w i l t  be analyzed and def ined and t h e i r  b e n e f i t s  w i l l  be determined. 
Spec ia l  systxm problems growing from t h e  use of s o l i d  propel lan t  motors and 
s tages  w i l l  be inves t iga ted .  These areas of a t t e n t i o n  include shipping and 
handling net:works, i n t eg ra t ion  of the  motors i n t o  s t age  c l u s t e r s ,  and 
d e f i n i t i o n  o E  motor c h a r a c t e r i s t i c s  f o r  var ious  veh ic l e  performance requi re -  
ments. Coni: inriation of s t age  and system r e l i a b i l i t y  s t u d i e s  i s  planrled t o  
f u r t h e r  def ine  c r i t i c a l  a r eas ,  the  value of redundancy, and the  scope of 
t e s t i n g  i n  development programs. 

The p o t e n t i a l  app l i ca t ion  of var ious  s o l i d  propuls ion 



The safety and hazard classification of large solids will be better 
defined, and acoustic and vibration effects on stage and vehicle components 
will be studied further. Large motor inspection and repair methods will be 
,investigated t o  maximize reliability, and manufacturing facilities for 
development and production motors will be studied for future planning needs 
i3S necessary t o  establish the logistic stream of supply. 

Maximum performance and reliability of subsystems components will be 
achieved by further development and test. These efforts include an abort 
sensing and i.rtp1.ementation system, standard test methods for the acceptance 
of large motcii:~,, and improved materials for case construction. Propellant 
processing stxidies to lower cost and improve physical properties will be 
undertaken, and a study will be initiated to determine the optimutn propellant 
charge designs for various performance requirements. 

Launch operatisis supporting technology 

1962 1963 

Direct R&D costs,. .............. $1,162,000 $3,000,000 
17 1 , 000 177,000 P e rsonne 1 c o ~ i  t s ................. 

Operation of installations...... 194,000 3 24 , 000 

Total cclcits 1,527,000 $ 3,501,000 

Total personnel..... .......... 19 25 

................... 9 

1964 
--I- 

$7,600,000 
3107 ,000 
7 14,000 

s 8,621,000 
--- 

33 

Launch o'perations supporting technology provides an insight into the 
potential requirements generated by new or reconfigured launch vehicles. 
This includes investigations, studies and development of prototype harljware, 
systems techni.quies, and methods to develop or improve launch concepts to  
reflect the rcNqu.irements for reliability and safety. 

Information. gained f rorn previous investigation and studies has been 
incorporated into the construction plans for the Saturn, Saturn B, and 
Advanced Satuxn launch complexes 34, 37 and 39 at the Launch Operations 
Center, and has dictated modifications to other launching pads which will 
be used for the One-Day and Gemini missions. Included are such items AS 
flame deflectclrs, vehicle hold down and support arms, automatic checkout 
and umbilical services modifications. Launch complex 39 basic concept is, 
pad siting, and assembly and checkout techniques are also a direct: outgrowth 
of earlier studies. 

Fiscal year 1963 effort is being channeled primarily to launch facility 
c:oncepts, including concepts for large thrust vehicles, launch site ha:;cards, 
rescue and escape systems, launch pad erosion resulting from the use oE 
solid propellants, and service structure concepts. 
be devoted to launch facility instrumentation concepts including acoustic 
measurement, data acquisition systems and improvements of data transmission 
and recording. 

Additional effort will 
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During f i s c a l  year  1964 a c t i v i t i e s  are planned f o r  the  following: 

Launch 1i:ilities s t u d i e s  - These s t u d i e s  are t o  provide 
f a c i l i t y  c:oncepts f o r  l a rge  t h r u s t  and s o l i d  motor veh ic l e s ,  
design p a n m e t e r s  appl icable  t o  over-water veh ic l e  launchings, 
feasibil . i t :y s t u d i e s  of off-shore launch f a c i l i t i e s  f o r  l a r g e r  
vehic les ,  and prel iminary design of launch f a c i l i t i e s  t o  
support missions an t i c ipa t ed  f o r  launch veh ic l e  systems l a r g e r  
than Advanced Saturn.  These concepts are required t o  provide 
f o r  a t i m e l y  and economical development of poss ib l e  f u t u r e  
f a c i l i t i e s .  

Launch 1U)und support  equipment s t u d i e s  - This e f f o r t  is t o  
develop new o r  improved ground support  equipment t o  match 
concurrv!nt.ly t h e  growth of veh ic l e  systems requirements. It 
w i l l  cover the  areas of s o l i d  propel lan t  exhaust e ros ion  
e f f e c t s ,  1.auncher-transporter changes t o  support  var ious  
vehic le  conf igura t ions ,  s t u d i e s  r e l a t e d  t o  launch and exhaust 
d e f l e c t o r  systems,  and t h e  development of s o l i d  state switch- 
ing  f o r  con t ro l  of propel lan t  t r a n s f e r  and o t h e r  systems. 
e f f o r t  is required t o  achieve necessary s a f e t y ,  f l e x i b i l i t y  
and ef  f j.ci.ency i n  launch operat ions.  

The 

Launch :=:rations techniques - This work w i l l  improve the  vehiclie 
assembly amd launch s i t e  checkout techniques t o  reduce the  t i m e  
consumed and t o  provide a more s a f e  and r e l i a b l e  opera t ion  during 
launch. 

Launch &.e hazards s t u d i e s  - These s t u d i e s  are t o  ensure maximin 
reducticm of launch s i t e  hazards t o  personnel and material. In-  
v e s t i g a t i o n s  w i l l  be made f o r  developing new methods of cryogenic 
propellaint s to rage  and t r a n s f e r  and maximum pro tec t ion  of personinel 
and equipnrent from nuclear ,  acous t i ca l  o r  explosive energy by 
adequate, separa t ion  of veh ic l e  and launch pads. 

Space f i x m e n t  hazards s t u d i e s  - The increase  i n  the  number of 
space vehi.cle launchings and i n  the  s i z e  of boos te r  veh ic l e s  
w i l l  p resent  s e r ious  hazards from f a l l i n g  expended boos ter  
vehic le  fragments. These s t u d i e s  w i l l  cover a dual  approach 
t o  t h i s  problem. One a r e a  w i l l  e s t a b l i s h  by mathematical 
ana lys i s  t he  p r o b a b i l i t i e s  of e a r t h  impact and c a s u a l t i e s  
by o r b i t a l  space vehic les  and determine the  l i m i t s  of 
control led boos te r  reent ry  or des t ruc t .  The o t h e r  w i l l  
develop methods of p o s i t i v e  i d e n t i f i c a t i o n  of t he  veh ic l e  
and laurchi from p a r t i c u l a r  space fragments , t o  determine 
the  country and/or agency of o r ig in .  
space f ragpents  w i l l  be covered under t h i s  area. 

Analysis of re turned 
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Saturn -- 

S-I s tage .  ...................... 
S - I V  s tage. ,  . ',.. ............... 
Vehicle in:;tixment un i t . .  ..... 
Guidance syst:eui. .............. 
H - 1  engine procurement.. ...... 
RL- 10 engine procurement.. .... 
Sys tern in t eg ra t ion .  ........... 

Subtota!. , d i r e c t  R&D cos ts . .  

Personnel Icosts. .............. 
Operation of i n s t a l l a t i o n s  +.  . 

Total co.st:;. ................. 

1962 

$83,284 , 000 
52,191,000 

404,000 
16,05 0,000 
10,25 0,000 
11,918,000 
19.22 9.000 

$193,326 , 000 

38,067,000 
26,147,000 

$257,540,000 

Tota l  personnel..  ........... 4,329 

1963 19,64 

$69,057 , 000 $26,500,000 
43,700,000 25,500,000 

1,280,000 3,000,000 
12,251,000 2,0010,000 
7,900,000 2,800,000 

12,650,000 3,400 , 000 
43.872.000 -30.6C!0.000 

$190,7 10 , 000 $93,8CIO,OOO 

40,044,000 32,107,000 
27,192,000 -32,722,000 

$257,946,000 $J58,629,000 -- 
3,954 3,051 

The ob jec t ive  of the  Saturn development p r o j e c t  i s  t o  develop a two- 
s t age  veh ic l e  capable of p lac ing  20,000 pounds i n  low e a r t h  o r b i t .  This  
payload i s  more than  f i v e  t i m e s  t h e  weight of t h e  p r o j e c t  Mercury c a p u l e .  
Saturn f l i g h t s  w i l l  test the  escape system, abor t  system, command modtile 
and se rv ice  module i n  o r b i t  and during the  reent ry  phase t o  v e r i f y  the! Apollo 
spacecraf t  and subsystem r e l i a b i l i t y .  Saturn w i l l  be the  f i r s t  vehicI,.e t o  
o r b i t  a manned Apollo spacecraf t .  The f i r s t  s t age  of t he  Saturn will a l s o  
be used as t'he booster f o r  the  Saturn B vehic le .  I n  add i t ion ,  Saturn w i l l  
be used i n  development t e s t s  of the  Advanced Saturn guidance system axid the  
i n i t i a l  development phase of the  automatic checkout system. 

The Saturn is  a two-stage veh ic l e  using a c l u s t e r  of engines f o r  each 
s tage .  The veh ic l e  s tands  122 f e e t  high, is  21.4 f e e t  i n  diameter,  hiis a 
f i n  span of approximately 40 f e e t ,  and carries the  equivalent  of more than 
10 r a i l r o a d  tank (car loads of propel lan t .  The f i r s t  s t age  (S-I) is  ntw 
under development a t  t h e  Marshall Space F l i g h t  Center. The Center w i l l 1  
produce a t o t a l  of e igh t  of these  s tages .  Production of two addi t ioni i l  
development s tages  and a l l  opera t iona l  s t ages  is under con t r ac t  to t h e  
Chrysler Corporation Space Division. The Chrysler  e f f o r t  w i l l  be accomplish- 
ed a t  the  Michoud P lan t  i n  New Orleans, Louisiana. 
H - 1  engines which provide 1.5 mi l l i on  pounds t h r u s t .  

This s t age  uses e i g h t  

The seccnd s t age  (S-IV) is  being developed and produced by t h e  Douglas 
A i r c r a f t  Company, Santa Monica, Cal i forn ia .  This  s t age  u t i l i z e s  a c l u s t e r  
of s i x  RL-10 l i q u i d  hydroged l iqu id  oxygen engines which produce a t o t a l  
t h r u s t  of 90,OClO pounds. 

RDO 2-9 



The Satuirn development f l i g h t  schedule c o n s i s t s  of a total  of t en  
launches with taro types of veh ic l e s ,  designated "Block I" and "Block 11". 
Four Block I veh ic l e s  w i l l  be f l i g h t  t e s t e d  using a l ive f i r s t  s t age  and an 
i n e r t  upper s t age .  
s tages .  The four  Block I veh ic l e s  w i l l  be f l i g h t  t e s t e d  by t h e  end of 
: f i s ca l  year  1.963, 
place.  The f i r s t  of these  f l i g h t s  w i l l  mark the  i n i t i a l  use of a l i q u i d  
lhydrogen/liqu:id oxygen s t age  i n  a Saturn c l a s s  vehic le .  
:year, o r b i t a l  t a s t i n g  of t h e  f i r s t  Apollo b o i l e r p l a t e  capsule and the  
acceptance fi:cing of the  f i r s t  Chrysler  produced s t age  w i l l  be accomplished. 

The s ix  Block I1 f l i g h t  veh ic l e s  w i l l  f l y  with l i v e  

I n  f i s c a l  year  1964, fou r  Block 11 f l i g h t s  w i l l  t ake  

During the  f i s c a l  

Success:Eul launches of the  S - I  (Block I configurat ion)  were accomplished 
on October 2'1, 1961, Apr i l  25, 1962, and November 16, 1962. These t e s 8 t  
f l i g h t s  demonstrated the  technica l  f e a s i b i l i t y  of c l u s t e r i n g  engines sind pro- 
p e l l a n t  tanks.  Moreover, a c t u a l  f l i g h t s  proved the  s t r u c t u r a l  i n t e g r i t y  of 
t he  veh ic l e  design, t h e  adequacy of veh ic l e  con t ro l  concepts, and the  
adequacy of t h e  ground support  equipment f o r  checkout and launch. A fou r th  
veh ic l e  is  scheduled f o r  launching i n  l a t e  f i s c a l  yea r  1963, which will.1 
complete the  Block I development f l i g h t s .  

During f i s c a l  year  1964, engineer ing design improvements w i l l  be 
accomplished by Chrysler  Corporation Space Divis ion on the  S- I  s t age ,  and 
assoc ia ted  ground support  and test equipment. Incremental funding wi ' l l l  be 
completed f o r  S-I components and ma te r i a l s  f o r  t h r e e  veh ic l e  s t ages  sched- 
uled f o r  de l ivery  during f i s c a l  year  1964 and f o r  hardware i t e m s  re1ail:ed t o  
s t ages  f o r  two veh ic l e s  planned f o r  de l ive ry  i n  f i s c a l  year  1965. 

Completion. of assembly and checkout w i l l  prepare four  veh ic l e s  f o r  
acceptance temsting. Procurement of spare  p a r t s ,  inst rumentat ion,  and 
p rope l l an t s  f'or t hese  s t a t i c  t e s t s  w i l l  also be accomplished. 

The f i r s t  successfu l  hot f i r i n g  of the  s i x  RL-lO$engine c l u s t e r  on the  
S-IV s t age  occurred on August 17, 1962. A f u l l  dura t ion  (7 minutes) hot 
f i r i n g  occur~:ecl on October 4, 1962. Completion of t he  b a t t l e s h i p  tests,  
i n i t i a t i o n  of the. a l l - sys tems tests, and the  acceptance t e s t  of the  f i r s t  
two s t age  vah ic l e  w i l l  be accomplished in f i s c a l  year  1963. The required 
level of confidence f o r  t he  f i r s t  f l i g h t  t e s t  of an S-IV s t age  w i l l  b e  
a t t a i n e d  from these  ground tests. 

I n  fis(:izl year  1964, t he  f i r s t  l i v e  f l i g h t  of an S-IV s t age  w i l l  mark 
a s i g n i f i c a n t  milestone i n  the manned lunar  landing program. This f l i g h t  
t e s t  of l i q u i d  hydrogen/liquid oxygen p rope l l an t s  i n  a Saturn c l a s s  ktehicle 
is  i n  the  i n i t  iaX s t e p  toward development of la rge-s ize  veh ic l e s  required 
f o r  l a t e r  mission use. 
engineer ing of t he  S-IV s t age  along wi th  assoc ia ted  design modif icat ions of 
t he  ground isupport equipment and s p e c i a l  tes t  equipment w i l l  be conducted 

Design improvement and continued development 
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by t h e  Douglas A i r c r a f t  Corporation. 
d e l i v e r i e s  f o r  four s t a g e s  produced i n  f i s c a l  yea r  1964 and procurement f o r  
two s t ages  t o  be de l ivered  i n  f i s c a l  year  1965 w i l l  be made. 

Component, material and spare  p a r t s  

Continuation of the a l l - sys tems t e s t i n g  a t  the  Sacramento F ie  Ld S t a t i o n  
and acceptance t e s t i n g  of S-IV s t a g e s  needed f o r  fou r  v e h i c l e s  a r e  scheduled 
f o r  f i s c a l  yeem 1.964. 
gases w i l l  be procured and consumed t o  support an ex tens ive  hot  f i r i n g  pro- 
gram. M0di.f ic:citFon a n d  replacement of s p e c i a l  test equipment , assembly and 
s t r u c t u r a l  f i x t u r e s ,  and o t h e r  a s soc ia t ed  too l ing  w i l l  be accomplished. 
F i n a l  assembly, checkout and acceptance t e s t i n g  of t h r e e  veh ic l e s  w i l l  be 
accomplished p r i o r  t o  shipment t o  t h e  Launch Operations Center. Assembly 
and checkout o:? t:wo a d d i t i o n a l  veh ic l e s  is t o  start  during f i s c a l  year 1964. 

Large q u a n t i t i e s  of p rope l l an t s  and high-pressure 

Vehicle hg:rurnent u n i t  

The insti?~imcmt: u n i t  houses t h e  guidance and s t a b i l i z a t i o n  systems, 
te lemeter ing  equipment, power supply b a t t e r i e s  and i n v e r t e r s ,  and i n - f l i g h t  
a i r  conditioning equipment, The u n i t  is  loca ted  between t h e  S-IV stage and 
t h e  Apollo payload,, 

During fLsca l  year  1963, a major p a r t  of t h e  development t e s t i n g  w i l l  
be completed. This involves t h e  use of t h r e e  hardware assemblies; the  systems 
development u n i t ,  t h e  dynamic test  u n i t ,  and t h e  s t r u c t u r a l  test  u n i t .  
provements made cvident by tests w i l l  be r e f l e c t e d  i n  the  e igh th  development 
Saturn and fo'llow-on veh ic l e s .  

Im- 

During f i s c a l  year 1964, a major p a r t  of t h e  f a b r i c a t i o n ,  assembly, and 
checkout of u n i t s  f o r  f i v e  Saturns w i l l  be accomplished. The program also 
covers develolpment v i b r a t i o n  and s t r u c t u r a l  t e s t i n g  of u n i t s  f o r  t h e  e rgh th  
Saturn and f o r  l a t e r  instrument u n i t  conf igura t ion .  

Guidance system 

Vehicles p r i o r  t o  t h e  seventh Saturn w i l l  use t h e  ST-90 i n e r t i a l  p l a t -  
form (modified J u p i t e r  equipment) wi th  t h e  ST-124 as a passenger on t h e  
t h i r d  through the  s i x t h  launch. The guidance and s t a b i l i z a t i o n  system f o r  
t h e  seventh Sa turn  and later veh ic l e s  w i l l  p r imar i ly  c o n s i s t  of t h e  ST-124 
i .ner t ia1 platform, t h e  ASC-15 d i g i t a l  computer, t h e  GSP-24 guidance s i g n a l  
processor,  and a con t ro l  computer. 

The procurement of a d d i t i o n a l  hardware w i l l  t ake  p lace  'in f i s c a l  year 
1.963. 
ASC-15s f o r  v e h i c l e s  through t h e  seventh and f o r  t h e  n i n t h  veh ic l e ,  wilth 
incremental funding f o r  ST-120s f o r  t h e  e igh th  and t e n t h  veh ic l e s ,  and 6 
GsP-24~ w i l l  be incrementally funded f o r  veh ic l e s  through t h e  seventh. 

ST-124s will be produced f o r  v e h i c l e s  through t h e  t e n t h  Sa turn ,  

The f i s c a l  year  1964 funding supports s u s t a i n i n g  engineer ing e f f o r t  
for  hardware cleI.iveries, t h e  complete guidance system procurement f o r  vehic les  



through the  t e n t h  wi th  incremental coverage on spa re  p a r t s ,  and funding f o r  
f l i g h t  evaluation. e f f o r t s .  

H- 1 engins.crocurement 

A l l  engixws f o r  Saturn v e h i c l e  development will be de l ive red  dur ing  
f i s c a l  year  1963, The funding i n  f i s c a l  year  1964 is requi red  t o  provide 
con t r ac to r  fielid engineering, spare  p a r t s ,  and a s soc ia t ed  s e r v i c e s  t o  t h e  
Marshall Space F l i g h t  Center, Michoud P lan t  and t h e  Launch Operations Center. 
In add i t ion ,  1:he:;e funds w i l l  provide f o r  engineer ing change modi f ica t ion  
k i t s  which wi1l:L become necessary due t o  s o l u t i o n  of development p r o b l e m  
experienced i n  R&D t e s t i n g ,  and improvements generated through t h e  continuing 
engine developinent program. 

RL- 10 enjg@- procurement 

A l l  RL-10 engines t o  be procured f o r  t h e  Saturn development program 
will be de l ive red  during f i s c a l  yea r  1963. 
is required f o r  con t r ac to r  f i e l d  engineering, spa re  p a r t s ,  and assoc ia ted  
s e r v i c e s  t o  Marshall Space F l i g h t  Center,  Douglas A i r c r a f t  Company and t h e  
b u n c h  Operations Center. 

The funding f o r  f i s c a l  year  1964 

System i g g p r a t i o n  

A s  the Apollo spacec ra f t  and t h e  Saturn v e h i c l e  development evolve, 
t h e  designs must be cons t an t ly  in t eg ra t ed .  I n  add i t ion ,  i n t e g r a t i o n  t s s t i n g  
rnust be perfolrmed and the design r ev i sed  when i n c o m p a t i b i l i t i e s  of systems 
arise. By the  end of f i s c a l  yea r  1963, t h e  major p o r t i o n  of design in t eg ra -  
t i o n  and e a r l y  system i n t e g r a t i o n  t e s t i n g  will be performed. I n  f i s c a l  year  
1964, emphasi.:, w i l l  be placed on system i n t e g r a t i o n  t e s t i n g  of the veh ic l e ,  
including bot:h 2;-1. and S-IV s t ages ,  guidance system, veh ic l e  instrument u n i t ,  
H-1 and RL-10 engines and t h e  Apollo cormnand and s e r v i c e  modules. 
f i s c a l  year  lL064 funding a l s o  provides f o r  r e s iden t  engineer ing services, 
ground support equipment, replacement and/or r e fu rb i sh ing  of f i r i n g  a s ses -  
s o r i e s ,  proptzlliant s e rv i c ing  hardware, launcher, launcher arms and d e f l e c t o r s  
?which may noionally be damaged i n  even t h e  most success fu l  launches. Frocure- 
ment of ground :support equipment for t h e  Sa turn  development program w i l l  be 
completed i n  f i s c a l  year  1964. 

The 

Saturn B 
1964 -- 1962 1963 

S-IB stage....................r - -- $3,600,000 $13,500,000 

Vehicle  instrument unit . . .  ..... --- - -- 6,000,000 
Guidance system....... ......... --- --- 5,200,000 
H - 1  engine procurement ......... --- 1,700,000 3,7 (00,000 
5-2 engine procurement.. ....... --- 2,050,000 4,2 00,000 
System in.t.egration.. ........... --- 1.400.000 16.9!00.000 

Subtotail., d i r e c t  R&D cost. .  .. --- $18,750,000 $68,600,000 

S-IVB stage.................... --- 10,000,000 19,100,000 
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1964 -- 1962 1963 

Personnel costs. .  ............... $28 1,000 2 , 561 , 000 4,4517,000 
Operation of i n s t a l l a t i o n s . .  .... 185.000 1.447.000 2.91l.OOQ 

Tota l  co!;ts.. ................. $466,000 . 22,758,000 $75,9618,000 -- 
408 --- Tota l  pe.rsonne1. .............. 32 242 

The objelctive of t h e  Saturn B development p r o j e c t  i s  t o  develop 81 two- 
This pay- s t age  veh ic l e  capable of p lac ing  30,000 pounds i n  low e a r t h  o r b i t .  

load is one iZnd a ha l f  times the  payload capac i ty  of t h e  Saturn.  
B w i l l  provide a r e l i a b l e  launch veh ic l e  t o  m e e t  in termediate  Apollo slpace- 
c r a f t  developmemt requirements. The veh ic l e  w i l l  be capable of p lac ing  the  
Apollo spacecraf t  i n  e a r t h  o r b i t  f o r  systems t e s t i n g  and f o r  rendezvous 
t e s t i n g  o f  t he  lunar  excursion module and the  command module. A second 
ob jec t ive  of the veh ic l e  i s  t o  advance by approximately 14 months fl i tkht 
tests of t he  S-IVB/Apollo spacecraf t  combination t o  a s su re  the  t imely 
completion of t h e  Advanced Saturn launch vehic le .  

The Sa turn  

The Saturn B configurat ion i s  a two-stage vehicle using a c l u s t e r  of 
H-1 engines i n  the  f i r s t  s t age  (S-1B) and a s i n g l e  5-2 engine i n  t h e  second 
s t age  (S-IVB). The veh ic l e  s tands  143 f e e t  high by 21.7 f e e t  i n  diameter. 
It carries a propel lan t  load equivalent  t o  t h e  capac i ty  of 15 rai.1roacl tank 
cars. The f i r s t  s tage  (S-1B) is  a modif icat ion of t h e  Saturn S-I: s t age  and 
i s  being developed by Marshall  Space F l i g h t  Center. 
ware w i l l  be i d e n t i c a l  i n  t he  f i r s t  s t ages  f o r  both vehic les .  The second 
s t age  (S-IVB) i s  being developed by the  Douglas A i r c r a f t  Company, and w i l l  
u t i l i z e  a s i n g l e  ,J-2 l i q u i d  hydrogen/liquid oxygen engine providing 21)0,000 
pounds t h r u s t .  
ed f o r  the  Advanced Saturn launch veh ic l e ,  and w i l l  r equ i r e  only funcltional 
changes and proper i n t e r s t a g e  s t r u c t u r e s  t o  provide for t he  Saturn B/Apollo 
missions. 
remain uncharlge d . 

Proven func t iona l  hard- 

The b a s i c  development of t he  S-IVB s t age  i s  being accomplish- 

The bas i c  tankage s t r u c t u r e ,  e l e c t r i c a l  and mechanical systems 

The funding f o r  f i s c a l  year  1964 w i l l  be used t o  provide t h e  reqiuired 
accelerat ion.  of the  S-IVB s t age  because of the  earlier f l i g h t  t e s t i n g  
schedule required f o r  Sa turn  B. 
hardware and, design modif icat ions from the  b a s i c  S-IVB s t age  of the  
Advanced Saturn design. 
t h a t  manpower, t oo l ing  and materials be phased i n t o  the  program inore than one 
year  e a r l i e r  than, o r i g i n a l l y  intended f o r  Advanced Saturn.  

These funds w i l l  also provide f o r  f l i g h t  

The schedule acce le ra t ion  of t he  S-IVB s t age  r equ i r e s  

The Sat:uni I3 o f f e r s  the  e a r l i e s t  development of payload launch capabi- 
l i t y  necesstiiry t o  support  e a r t h  o r b i t a l  missions of t he  e n t i r e  Apollo system. 
I n  addi t ion, ,  t he  Saturn B program w i l l  assure high r e l i a b i l i t y  f o r  t h e  
Advanced Sat:urn veh ic l e  system by ear l ier  i n t e g r a t i o n  and t e s t i n g  of t h e  
5-2 engine. 
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The curr:tmt:ly planned f l i g h t  test  schedule c o n s i s t s  of fou r  development- 
All .  developmental f l i g h t s  w i l l  be accomplished wi th  live s tages .  i P 1  f l i g h t s .  

However, sinct: t he  S-IB f i r s t  s t age  w i l l  have been proven i n  the  development 
of Saturn,  the  rnajor emphasis w i l l  be on the  S-IVB s t age  t e s t i n g  and system 
development. Each of these  f l i g h t s  w i l l  c a r ry  Apollo spacecraf t  paylalads i n  
the b o i l e r p l a t e  or prototype configurat ion.  

The S-I stage w i l l  have had f i v e  years  of development and two years  of 
f l i g h t  t e s t i n g  Ion t he  Saturn p r i o r  t o  i t s  use as t h e  S-IB s t age  on t h i s  
vehic le .  The four  developmental f l i g h t s  can thus give major emphasis t o  
t h e  development of the  S-IVB s tage .  

The Eiscal  year  1964 funding f o r  t he  S-I s t age  w i l l  provide comp:l.eted 
c r i t e r i a  and spec i_'f i c a t i o n s  f o r  Saturn B v e h i c l e  requirements. 
design e f f o r t  w i l l  be completed t o  accommodate t h i s  s t age  t o  t h e  S-IVII s t age  
and necessary instrumentat ion,  e l e c t r i c a l  networks, and o t h e r  systems,  
Procurement of a l l  s t r u c t u r a l  and e l e c t r i c a l  i t e m s  f o r  t he  dynamic tes t  
s t age  and the  f i r s t  two development f l i g h t  s t ages  w i l l  be i n i t i a t e d .  
addi t ion ,  long lead t ' i m e  s t r u c t u r a l  components w i l l  be procured f o r  vlzhicles 
t h r e e  and four .  

Engineering 

In 

I n i t i a l  tcloling procurement f o r  t he  modified i n t e r s t a g e  s t r u c t u r e  be- 
tween the  S-:CBa.nd S-IVB s t ages  w i l l  be provided. S t r u c t u r a l  f a b r i c a t i o n  of 
the  f i r s t  f l i g h t  s t age  w i l l  be completed and s t r u c t u r a l  f a b r i c a t i o n  flor t he  
second vehic.3.e w i l l  be i n i t i a t e d .  

S-IVB s;t:as:e 

Establj.d-ment of design cr i ter ia-and completion of prel iminary design. 
f o r  t he  S-IVU s tage  and ground support  equipment w i l l  be accomplished i n  
f i s c a l  year  l963. 
pl i shed  i n  f i sca l .  year  1964, and f a b r i c a t i o n  of t he  f irst  f l i g h t  s t age  w i l l  b8e 
about comple1:e and e a r l y  f a b r i c a t i o n  w i l l  be underway f o r  t he  second f l i g h t  
s tage .  

Completion of hydros t a t i c  s t age  t e s t i n g  w i l l  be accom- 

Engineering design modif icat ions of t h e  b a s i c  S-IVB/Advanced Saturn 
s t age  w i l l  l x  inade t o  adapt it t o  t h e  Saturn B veh ic l e  requirements. 
p r i n c i p a l  a.reas of modif icat ion w i l l  be t h e  forward and a f t  s k i r t s  arid 
i n t e r s t a g e  s t r u c t u r e .  
recognize more exact ing separa t ion  requirements on the  Saturn B vehic le .  
Procurement of a l l  s t r u c t u r a l  i t e m s ,  e l e c t r i c a l  items, and assembly hardware 
f o r  t he  S i r s t  two f l i g h t  veh ic l e s  w i l l  be i n i t i a t e d .  
procurements f o r  t he  t h i r d  and fou r th  veh ic l e s  w i l l  be undertaken. Pro- 
curement of t oo l ing  required f o r  the  S-IVB/Saturn B modi f ica t ion  w i l l  be 
completed. Procurement of ground support  equipment f o r  minor func t iona l  
equipment changes w i l l  a l s o  be i n i t i a t e d .  

The 

At t i t ude  con t ro l  system a l t e r a t i o n s  w i l l  be made t o  

Long lead s t r u c t u r a l  
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Vehicle iLEt.rument u n i t  

The instrument u n i t  houses guidance and s t a b i l i z a t i o n  u n i t s ,  telemeter- 
The u n i t  ixig equipment, power supp l i e s  and an unpressurized cool ing  system. 

113 loca ted  betsreen t h e  S-IVB s t age  and t h e  Apollo payload. 

There are no f i s c a l  year  1963 d o l l a r  requirements f o r  t h i s  equipment 
s i n c e  t h e  Advauiced Sa turn  instrument u n i t  w i l l  be t h e  b a s i s  f o r  t h e  Sa turn  B 
design. Advantage w i l l  be taken of t h e  lower s t r u c t u r a l  loads imposed by t h e  
smaller payloads t o  reduce t h e  weight of t h e  instrument u n i t .  To prove t h i s  
modified design, considerable t e s t i n g  us ing  a s t r u c t u r a l  test u n i t ,  a v ib ra -  
t i o n  test  unit:,, a dynamic test u n i t ,  and a system development test u n i t  w i l l  
be required.  
program. Howc!vei:, a l l  except t h e  s t r u c t u r a l  test u n i t  must be modified t o  
t lhe  Saturn B conf igura t ion  t o  get  v a l i d  test  r e s u l t s  f o r  t h i s  vehic1.e. 

These test u n i t s  are being provided f o r  t h e  Advanced Sa turn  

Saturn B m d  Advanced Saturn manufacturing schedules have been coardi-  
n4ated t o  provj.de t h e  most e f f i c i e n t  use of Advanced Saturn too l ing .  However, 
s ince  t h e  prog.caros p a r t i a l l y  overlap,  a d d i t i o n a l  t oo l ing  w i l l  be requi red  f o r  
t h e  Sa turn  B p-eoJect, and t h e r e  w i l l  be ins t rumenta t ion  d i f f e r e n c e s  between 
Saturn B and Advvimced Sa turn  due t o  d i f f e r e n t  missions. When test  equipment 
cannot be adapted from one conf igura t ion  t o  another,  a d d i t i o n a l  test  equip- 
ment w i l l  be required.  

I n i t i a l  procurement w i l l  be made of long lead  t i m e  s t r u c t u r a l  comFionents 
requi red  f o r  tlhe f i r s t  Saturn B f l i g h t .  

Guidance syrs t e m  

The guidinncle system c o n s i s t s  p r imar i ly  of t h e  ST- 124 i n e r t i a l  p1ati.f o m ,  
t h e  ASC-15 di;git.al computer, t h e  GSP-24 guidance s i g n a l  processor,  and a 
con t ro l  computer. This equipment is  housed i n  t h e  instrument u n i t .  

There a r e  no f i s c a l  year  1963 d o l l a r  requirements f o r  t h i s  equipment. 
I n  f i s c a l  year 1964 procurement w i l l  be i n i t i a t e d  f o r  ST-124s f o r  fou r  
veh ic l e s  and ,ASC-lS and GSP-24s f o r  t h r e e  veh ic l e s .  The i n i t i a l  development 
c o s t s  were funded under t h e  Sa turn  p r o j e c t  and it is planned t h a t  f u t u r e  
modifications w i l l  be covered under t h e  Advanced Sa turn  p ro jec t .  Likewise, 
f u t u r e  development and t e s t i n g  w i l l  be conducted under t h e  Advanced Sa turn  
except f o r  t h e  environmental t e s t i n g  on t h e  Sa turn  B dynamic test veh ic l e .  
Tooling and s p e c i a l  test equipment, not requi red  f o r  t h e  Advanced Saturn,  
w d l l  a l s o  be procured. 

H- 1 enpigeprocurement  

The f i s c a l  year  1964 funding w i l l  provide t h e  f i n a l  increment f o r  15 
f l i g h t  engines and 2 spa re  engines t o  be de l ive red  i n  t h e  f i s c a l  year  and 
t:he i n i t i a l  increment f o r  long lead hardware f o r  17 f l i g h t  engines t o  be 
de l ive red  i n  f i s c a l  year  1965. Included i n  t h e  c o s t s  are p rope l l an t s  Eor 
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t h e  acceptance t e s t s  of t h e  17 engines t o  be de l ive red  i n  f i s c a l  year  1964, 
support s e rv i ces ,  spare  p a r t s ,  f i e l d  engineering, t r a i n i n g ,  ground support  
equipment and modi f ica t ion  andfor r e t r o - f i t t i n g  of prev ious ly  de l ive red  
engines because of improvements brought about by continued product improve- 
ment. 

5-2 engingqrocurement  

The f i s c a l  year  1964 funding w i l l  provide t h e  f i n a l  increment f o r  :! 
test engines and 1 f l i g h t  engine t o  be de l ive red  during t h e  f i s c a l  year  and 
t h e  i n i t i a l  increment f o r  long lead  hardware f o r  1 t e s t  engine, 3 f l i g h t  
engines and 1 s p a n  t o  be de l ive red  i n  f i s c a l  yea r  1965. The estimate also 
inc ludes  spare pa.rts, ground support  equipment f i e l d  services, and proplellants 
f o r  acceptance t e s t i n g  of t h e  3 engines t o  be de l ive red  i n  f i s c a l  year  1964. 

System ir4:;ration 

System antilysis of t h e  Sa turn  B launch veh ic l e  and a s soc ia t ed  ground 
equipment w i l l .  be nea r ly  completed i n  f i s c a l  year  1964. 
a n a l y s i s  includes i .nterface design and documentation be tween t h e  ground 
support equipmwnl: and t h e  launch v e h i c l e ,  t he  S-IB and the S-IVB s t a g e s ,  t he  
S-IVB s t age  and the  instrument u n i t ,  and t h e  Apollo payload. Other i n u e s t i -  
ga t ions  include veh ic l e  performance and weight con t ro l ,  s t a g e  sepa ra t ion ,  
payload separa t ion ,  emergency d e t e c t i o n  system s t u d i e s ,  t r a j e c t o r y  and 
mission p r o f i l e  determinations,  wind tunnel  t e s t i n g  and v e h i c l e  control 
s t u d i e s  and s:imuLation tests. 

The systems 

Advanced Sa tu rp  
1962 1963 19ti4 

S-1C stage...................r $22,575,000 
S-I1 stage.................,.. 19,284,000 
S-IVB stage................... 2,500,000 
Vehicle instrument unit....... --- 
Guidance system.... . . . . . . . . . . .  7,590,000 
F-1 engine procurement........ 3,400,000 
5-2 engine procurement........ 1,700,000 
Support....... ................ 326.000 

$144,500,000 
92,500,000 
32,100,000 
2,600,000 

21,600,000 
9,800,000 

14.5 00.000 

11,000,000 

$2 9 1,6OO, 000 
181,400,000 

17 ,000,000 
16,000,000 
5 3,100,000 
16,6130,000 

82,31;)0,000 

75.0~00.000 

Subtotal., ,  d i r e c t  R&D c o s t s . .  $57,375,000 $328,600,000 $733,000,000 

Personnel costs. .  ............. 7,213,000 24,859,000 39,013,000 
Operation of i n s t a l l a t i o n s . , . .  4,901,000 14,906,000 27,730,000 

To ta l  costs. .  ............... 9 69,489,000 $368,365,000 $799,743,000 
-1 

3,601 
-I 

822 2,524 To ta l  ptxsonnel..  ........... 
The Adv;rnced Sa turn  i s  t h e  most powerful launch v e h i c l e  now under 

development. I t  w i l l  have c a p a b i l i t y  t o  perform manned o r b i t a l  operat , ions;  
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manned circuml.rinar naviga t ion  and luna r  landing; unmanned e a r t h  o r b i t a l  
opera t ions ;  and unmanned instrumented lunar  and deep space explora t ion .  It 
i s  now being developed t o  land a man on t h e  moon i n  t h i s  decade. 

With the Advanced Sa turn  t h e  payload c a p a b i l i t y  f o r  e a r t h  o r b i t a l  
missions will be increased more than 50 f o l d  ( i .e . ,  i n  excess o f  100 tons ) ,  
The veh ic l e  w i l l  a l s o  develop s u f f i c i e n t  t h r u s t  f o r  achieving escape tra- 
j e c t o r i e s  for pqyloads exceeding 40 tons.  

The enonaity of t h e  Advanced Sa turn  can be understood by comparisons. 
The v e h i c l e  i s  as t a l l  as a 35 s t o r y  bu i ld ing  and weighs as much as a Navy 
d,estroyer. It is  Ei l led  wi th  100 r a i l r o a d  tank c a r s  of f u e l ,  80 percent  of 
a h i c h  is consumed i n  2% minutes. The Advanced Sa turn  i s  being deve1opt:d by 
a1 l o g i c a l  extension of techniques and p r i n c i p l e s  a l ready  developed. 
metals and i n s u l a t i o n  must be improved t o  meet increased  h e a t  and v ibr&ions  
conditions.  New design of advanced ground support  equipment s t e p s  o f f  from 
t:he experience gained during preceding launch v e h i c l e  p r o j e c t s .  New too l ing  
is requi red  tcl meet t h e  l a r g e r  s i z e  and weight of t he  new s t ages .  Proven 
f a b r i c a t i o n  mesthods w i l l  be used t o  develop improved methods of forming t h e  
t h i c k e r  m e t a l e  of t h e  advanced s t ages .  
being devised s ince  t h i s  must be accomplished i n  t h e  v e r t i c a l  p o s i t i o n  t o  
prevent t h e  s t ages  from deforming due t o  t h e i r  own weight. 
experiments will. determine how t h e  advanced s t a g e s  w i l l  be handled, t r a n s -  
ported,  and srsstmbled a t  t h e  launch sites. Because of t h e  v e h i c l e ' s  bulk, 
a d d i t i o n a l  s a f e t y  procedures must be developed, te lemet ry  s t a t i o n s  must be 
expanded, and improved ways must be found t o  p r o t e c t  and service t h e  
veh i c  le a€ t el: as semb l y  . 

However, 

Al te red  methods of assembly a r e  

S tud ie s  and 

P r i o r  t o  the  f i r s t  manned veh ic l e  f l i g h t  a tremendous research ,  develop- 
ment and t e s t  e f f o r t  w i l l  be requi red  because of t h e  immense s i z e ,  complexity, 
and high r e l i a b i l i t y  and s a f e t y  requirements. To accomplish t h i s ,  many t a s k s  
never before  undertaken i n  t h i s  s i z e  and scope must be done. Ground s t a t i c  
f i r i n g s  o f  sitagles and systems; dynamic t e s t i n g  of the en t i re  veh ic l e ;  
r e l i a b i l i t y  t e s t i n g  o f  s t a g e s ,  systems, subsystems and components; ant1 
s t r u c t u r a l  tiesting of  t h e  p rope l l an t  tankages and i n t e r s t a g e s  a r e  prime 
examples. 

The Advanced Sa turn  p r o j e c t  w a s  i n i t i a t e d  i n  f i s c a l  year  1961 through 

During the  cu r ren t  year  t h e  program 
establishment of conceptual and prel iminary design s t u d i e s .  
1962 a l l  m a j o r  con t r ac t s  were placed. 
moved forward w i t h  t h e  establishment of manufacturing and t e s t i n g  resources.  
and the  beginning of f a b r i c a t i o n  and t e s t i n g  of components and subassemblies. 
F i s c a l  year  1964 a c t i v i t i e s  w i l l  i nc rease  as ground s t a g e s  a r e  de l ive red  and 
the t e s t i n g  prctgram develops. 

I n  f i s c a l  year  

The Advanced Sa turn  is designed as a three-s tage  veh ic l e  t o  support t h e  
primary mission of manned lunar  landing and r e tu rn .  



The f i r s t  o r  boos te r  s t age ,  t h e  S-IC, w i l l  be 138 f e e t  high and hiive a 
d.iameter of 33 f e e t .  Five F-1 engines w i l l  provide a t o t a l  sea level t h r u s t  
of 7.5 mil l ion  pounds. The p rope l l an t s  w i l l  be l i q u i d  oxygen (LOX) ox id ize r  
amd RP-1 (Kerosene) f u e l .  The engines w i l l  be arranged i n  a square p a t t e r n  
of four  gimballed ou t s ide  engines f o r  v e h i c l e  f l i g h t  con t ro l ,  and one lfixed 
engine located i n  the center .  The weight of t h e  s t a g e  without  p r o p e l l m t s  
w i l l  be about 300,000 pounds. 
pounds. 

The p rope l l an t  capac i ty  w i l l  be 4,400,000 

The Boeing Company, Aero-Space Division, w a s  s e l e c t e d  as t h e  stagli? 
development and production con t r ac to r ,  and awarded a con t r ac t  i n  February 
1.962. 
c r i t e r i a  and will assemble and t e s t  t h e  f i r s t  ground test a r t i c l e s  a t  
Huntsv i l le ,  A I  abama, wi th  Boeing a s s i s t a n c e .  
components f o r  t h e  ground test and f l i g h t  articles and w i l l  assemble oiae of 
t h e  ground t e s t  s t ages ,  i n  a d d i t i o n  t o  the f l i g h t  s t ages ,  a t  t h e  Government- 
owned-contract.or-operated Michoud P lan t  near  New Orleans, Louisiana. 

Marshall Space F l i g h t  Center is  developing t h e  prel iminary desi,zn 

Boeing i s  f a b r i c a t i n g  thi: 

Developme!nt; draws heavi ly  upon tes t  f a c i l i t i e s  now a v a i l a b l e  a t  Marshall, 
iand upon new f a c : i l i t i e s  planned f o r  t h e  Michoud P l a n t  i n  Louisiana and t h e  
H i s s i s s i p p i  'I'c!st: F a c i l i t y  a t  P e a r l  River,  Miss i ss ippi .  

During fiscal year  1962 and continuing i n t o  f i s c a l  year  1963, pre l imi-  
nary design cmncepts were prepared by Marshal l  Space F l i g h t  Center. 
inajor emphasis tias on d e t a i l  design, f a c i l i t y  planning, t o o l i n g  and t e s t  
equipment a c q u i s i t i o n s ,  supporting research s t u d i e s ,  i n i t i a l  component t e s t -  
ing and qua1i:Eication of va r ious  s t a g e  components. 
lhave been procured f o r  t he  ground test  art icles and f o r  t h e  f i r s t  and second 
f l i g h t  t e s t  veh ic l e s .  Fab r i ca t ion  has  commenced f o r  s t a t i c ,  dynamic and 
s t r u c t u r a l  te:3t veh ic l e s .  

Boeing's 

Ce r t a in  hardware items 

I n  f i s c a l  year  1964 emphasis w i l l  continue on t h e  completion of dletail 
design of groiind and f i r s t  f l i g h t  veh ic l e s .  
performed w i t h  the  ground test s t ages ,  redes ign  and modi f ica t ion  w i l l  be 
accomplished on s t r u c t u r e s ,  propulsion, e l e c t r i c a l  ins t rumenta t ion  ancl 
c o n t r o l  f o r  t he  f l i g h t  s t a g e s ,  
s t a g e  w i l l  be assembled and t e s t i n g  opera t ions  w i l l  be i n i t i a t e d .  
t i o n  of the dynamic test s t a g e  w i l l  be complete and s t r u c t u r a l  assembly 
e s s e n t i a l l y  completed. 
f l i g h t  s t age  w i l l  be nea r ly  complete, and work on t h e  second f l i g h t  s t a g e  
w i l l  be i n i t i a t l e d .  Hardware procurement f o r  t h e  t h i r d  and fou r th  f1ig:ht 
s t a g e s  w i l l  be accomplished. 

A s  a r e s u l t  of t h e  tests 

The s ta t ic  test s t a g e  and s t r u c t u r a l  test 
Fabrica- 

Fabr i ca t ion  of t h e  systems checkout s t age  and f i r s t  

The seclond s t age ,  t h e  S-11, w i l l  be 81.5 f e e t  high and 33 f e e t  i n  
Five 5-2 engines w i l l  provide a t o t a l  t h r u s t  of one m i l l i o n  diameter. 

pounds a t  a l t i t u d e .  
ox id i ze r  and l i q u i d  hydrogen (LH2) f u e l .  
w i l l  be approximately 75,000 pounds, and t h e  p rope l l an t  capac i ty  w i l l  be 

The high energy p r o p e l l a n t s  w i l l  be l i q u i d  oxygen (LOX) 
The dry  weight of t h e  S - I1  :itage 
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930,000 pounds. 
p a r a l l e l  t o  t h e  :stage cen te r  l i n e .  
arranged concen t r i ca l ly  and equal ly  spaced about a f ixed  c e n t e r  engine,  

The f i v e  5-2 engines  w i l l  be mounted with t h e i r  cen te r  l i n e s  
Four movable c o n t r o l  engines w i l l  be 

North American Aviat ion (NAA) , Space and Information Systems Divic,ion, 
was se l ec t ed  a s  the second s t age  con t r ac to r ,  and was awarded an i n i t i a l .  
con t r ac t  i n  October 1961 f o r  t h e  S-I1 s tage .  NAA w i l l  design,  develop,, 
f a b r i c a t e ,  t e s t  ,and checkout nine f l i g h t  s t ages ,  1 non-operative (dummy) s t age  
and 6 ground i : I w t  vehic les .  
f o r  t he  S-I1 s t age  a r e  being conducted a t  NAA's Seal Beach, Ca l i fo rn ia  f a c i l -  

The major manufacturing and assembly a c t i v i t i e s  

i t y .  

During filscinl years  1962 and 1963 major e f f o r t  related t o  prelimirilary 
and d e t a i l e d  designs,  procurement of s p e c i a l  t oo l ing  and t e s t  equipment. t o  
support  t h e  as:seinbly opera t ions ,  procurement of components t o  support  t he  
tlest program f o r  design v e r i f i c a t i o n  and q u a l i f i c a t i o n ,  procurement of hard- 
w$are and in i t l i a t i on  of f a b r i c a t i o n  f o r  a l l  ground test art icles,  one dummy 
f l i g h t  s t age  cmd the  f i r s t  f l i g h t  tes t  veh ic l e .  

I n  f i s c a l  year  1964 design,  f a b r i c a t i o n  drawings and procurement 
s p e c i f i c a t i o n  w i  11 be completed. Fabr ica t ion ,  assembly and i n s t a l l a t i c i n  on 
test s t ands  arid i n i t i a t i o n  of t e s t i n g  opera t ions  w i l l  be accomplished j o r  
b , a t t l e sh ip  and s t r u c t u r a l  tes t  s t ages .  F i n a l  assembly w i l l  be completed on 
t ' h e  s ta t ic  t e a t  s t a g e  and dynamic test  s t age ,  w i th  t h e  la t ter  having beien 
de l ivered  t o  14ar:shall. The f a c i l i t i e s  checkout v e h i c l e  and the  second, 
tlhird, and fou r th  f l i g h t  veh ic l e  w i l l  be i n  var ious  s t ages  of manufacture. 
I n i t i a t i o n  of procurement f o r  long lead  t i m e  items w i l l  be accomplished. 
tlhrough t h e  s1i:uth f l i g h t  veh ic l e .  

The t h i r d  s t age ,  t h e  S-IVB, w i l l  be 58 f e e t  high and 260 inches irii 
diameter. 
a l t i t u d e .  
and the  propelllalit capac i ty  230,000 pounds. 
gimbal mounted t o  provide f l i g h t  con t ro l .  

One 5-2 engine w i l l  provide a t h r u s t  of 200,000 pounds a t  
The dicy weight of t h e  S-IVB s t age  w i l l  be about 21,000 pounds, 

The s i n g l e  5-2 engine wi l l  be 

Douglas A i r c r a f t  Company (DAC) was s e l e c t e d  i n  December 1961, a s  t h e  
developer f o r  t he  t h i r d  s t age  s ince  the  S-IVB was a modif icat ion of the 
S-IV s t age ,  wh:ich w a s  under con t r ac t  w i th  DAC. 
s t ages ,  two non-operative (dummy) s t ages  and f i v e  ground test veh ic l e s .  
Tlhe major manuEacturing and assembly a c t i v i t i e s  are being conducted a t  DAC's 
Santa Monica, Ca:Lifornia p l a n t .  

DAC w i l l  f u rn i sh  e i g h t  f l i g h t  

The f u n d b g  i n  f i s c a l  years  1962 and 1963 provides f o r  d e t a i l  design,  
f a c i l i t i e s  plzuining, and hardware procurement f o r  t h r e e  of t h e  f i v e  grciund 
test articles imd t h e  f i r s t  f l i g h t  test  veh ic l e .  S t r u c t u r a l  t e s t i n g  for 
qiualif i c a t i o n  of components i s  being accomplished. 

6.'1149 43 -63 - 7  
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I n  f i s ca l .  year 1964 s t r u c t u r a l  design w i l l  be re f ined ,  and the  ground 
t e s t  progran wi1.1 be underway, The s t r u c t u r a l  f a c i l i t i e s  checkout and 
dynamic vehic1.e~: w i l l  be complete, with the  lat ter ready f o r  shipment t o  
Marshall Space F l i g h t  Center. 
veh ic l e  w i l l  be complete, wi th  s t r u c t u r a l  assembly of t h e  f i r s t  f ' l igh t  veh ic l e  
near ing i ts  rridpoint. Fabr ica t ion  of p a r t s  on the  second f l i g h t  veh ic l e  w i l l  
be complete arid w i l l  be i n i t i a t e d  f o r  t h i r d  f l i g h t  vehic le .  

Basic s t r u c t u r a l  assembly of t he  a L1-systems 

Vehicle j.nstrument u n i t  

The veh ic l e  instrument u n i t  houses the  guidance and s t a b i l i z a t i o n  u n i t s ,  
te lemeter ing equipment, power suppl ies ,  and an  unpressurized cool ing system. 
1:t i s  located between t h e  S-IVB s t age  and the  paylogd. 

The f i s c a l  year  1963 funding provides f o r  i n i t i a l  design, procurement, 
and t e s t i n g  e f ' fo r t s  on the  instrument un i t .  
ground t e s t  u n i t s  are required,  namely a s t r u c t u r a l  u n i t ,  a v i b r a t i o n  t e s t  
u n i t ,  a dynamic test  u n i t ,  and a systems development tes t  u n i t .  I3y the  end 
of the  f i s c a l  year ,  t h e  design of the  s t r u c t u r e  w i l l  be completed and vibra- 
t:ion t e s t i n g  cif subassemblies s t a r t e d .  

To prove t h e  design, var ious  

The f i s c a l  yea r  1964 e f f o r t  w i l l  r e s u l t  i n  completion of design of 
add i t iona l  items such as the  unpressurized cool ing system, the  e l e c t r i c a l  
system f o r  the  ground test u n i t s ,  and ground support  equipment. Design of 
the  e l e c t r i c a l  s,ystem f o r  t he  f i r s t  f l i g h t  veh ic l e  w i l l  be approxtmately 75 
percent complete. Fabr ica t ion  of t h e  s t r u c t u r e s  f o r  t he  ground test  u n i t s  
t r i l l  be complcmted. I n s t a l l a t i o n  of t he  e l e c t r i c a l  and unpressurized cool ing 
systems i n  t h e  s8ystems development test  u n i t  w i l l  a lso be completed. Pro- 
curement of hardware f o r  t he  f irst  f l i g h t  w i l l  be i n i t i a t e d  and procurement 
of all too l in t ;  amd s p e c i a l  test equipment completed f o r  f a b r i c a t i o n ,  assembly, 
and t e s t i n g  of' 2 \ 1 1  instrument u n i t  components and systems. 

Guidance system 

The g,uid.anc:e system cons i s t s  pr imar i ly  of an i n e r t i a l  platform,  a 
d i g i t a l  computer., a guidance s i g n a l  processor ,  and a con t ro l  computer. 
equipment is housed i n  the  instrument u n i t  

This 

The f i s c a l  year  1963 funds provided f o r  t h e  continuance of guidance 
system research  and development based on previous work accomplished under t h e  
Saturn program. 75 percent of t he  design changes t o  the  ST-124 i n e r t i a l  
platform and t:he ASC- 15 d i g i t a l  computer, imposed by Advanced Saturn require-  
ments, w i l l  be accomplished and procurement of t h i s  hardware i n i t  Lated f o r  
t he  systems development t e s t  u n i t .  Design, development and improvement of 
t he  funct ion and r e l i a b i l i t y  of guidance components such as a guidance 
s i g n a l  processor., con t ro l  computer, con t ro l  s i g n a l  processor ,  azimuth 
iilignment packaage, accelerometers and r a t e  gyros w i l l  be accomplished. 

The f i s c a l  year  1964 program w i l l  r e s u l t  i n  completion of the  design 
changes and nlodifications on the  ST-124 i n e r t i a l  p la t form d i c t a t e d  by 
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Advanced Saturn requirements. Design of t he  modified ASC-15 d i g i t a l  Icomputer 
w i l l  be completed except for modif icat ions r e s u l t i n g  from system experience.  
Design, development, and prototype t e s t i n g  of guidance components and i n s t r u -  
mentation w i l l  continue.  The i n e r t i a l  platform and t h e  d i g i t a l  compuiter 
equipment for t he  system development test  u n i t  w i l l  be de l ivered  and itested. 
Procurement w i l l  be  i n i t i a t e d  f o r  t he  i n e r t i a l  platform,  t h e  d i g i t a l  computer:, 
and backup spares f o r  t he  f i r s t  f l i g h t  veh ic l e .  Guidance instrumentaition 
components fclr t h e  ground test u n i t s  w i l l  be procured, and procurement w i l l  be 
i n i t i a t e d  for long lead items and spares  fo r  the  f i r s t  Advanced Saturii f l i g h t .  
Procurement clf t oo l ing  and s p e c i a l  test  equipment w i l l  be completed f o r  pro- 
duct ion and t e s t i n g  of the  i n e r t i a l  platform, guidance computer, guid,ance 
s i g n a l  processclr, and ground support  equipment. 

P r i n c i p a l  p a r t i c i p a n t s  i n  the  program are I n t e r n a t i o n a l  Business Machinet3 
a t  Owego, New Y'ork f o r  t he  d i g i t a l  computer and guidance s i g n a l  processor ,  
and Bendix Cctrporation a t  Teterboro, New Je r sey  f o r  t h e  i n e r t i a l  platform.  

F- 1 enq&: procurement 

Both t h e  F-1 and 5-2 engines are being developed by the  Rocketdyne 
Divis ion of North American Aviation, Inc.  under sepa ra t e  con t r ac t s  and a r e  
t o  be suppl ied t o - t h e  respec t ive  s t age  con t r ac to r s  f o r  the  ground test  and 
f l i g h t  a r t i c .1 . e~  a s  Government furnished equipment. Production f a c i l i t i e s  
w i l l  be provided a t  Canoga Park, Ca l i fo rn ia .  

I n  f i s c i i l  years  1962 and 1963, four  "hard" mockups were de l ivered  and 

I n  f i s c a l  year  1964, one a d d i t i o n a l  "hard" 
long lead t h e  hardware procurement f o r  14 engines i n i t i a t e d ,  twelve of which 
a r e  i n  the  pi:o(:ess of f ab r i ca t ion .  
rnockup toget:hei: wi th  10 engines are t o  be de l ivered .  Long lead t i m e  hardware 
procurement t r i l t l  be i n i t i a t e d  f o r  23 a d d i t i o n a l  engines.  Twenty F-1 engines 
w i l l  be i n  wir ious s t ages  of f ab r i ca t ion .  Also included i n  f i s c a l  year  1964 
are cos t s  of modi.fications and r e t r o - f i t t i n g  of previously de l ivered  engines 
as a r e s u l t  of experience gained during p r e - f l i g h t  r a t i n g  tests. 
f o r  engines de l ivered  i n  f i s c a l  year  1964 w i l l  a l s o  be procured. 

Prclpellantsr 

5-2 enpi&- procurement 

I n  E i s C i a l  year  1964 f i v e  "hard" mockups and 15 5-2 engines w i l l  be 
de l ivered ,  procurement of which was i n i t i a t e d  i n  p r i o r  years .  
time hardware will be procured f o r  10 engines.  
f o r  which procurement was i n i t i a t e d  i n  cur ren t  and p r i o r  f i s c a l  years  w i l l  be 
i n  var ious  :; tages of manufacture. P rope l l an t s  f o r  engines de l ivered  i n  
f i s c a l  year  1964 w i l l  a l s o  be procured. 

Long lead- 
Twenty-six of t he  engines 

Supporl; 

I n  f i s c a l  yea r s  1962 and 1963, s t u d i e s  and inves t iga t ions  were conducted 
and hardware procured t o  support  experimental t e s t  programs. In  f i s c a l  year  
1964 design development w i l l  continue f o r  veh ic l e  system ground support  equip- 
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ment. Design development and prototype t e s t i n g  of te lemetry and ranze 
s a f e t y  equipment w i l l  continue. Design of un ive r sa l  t r anspor t e r  harfiware 
w i l l  a l s o  be i n  process. 

Hardware f o r  eva lua t ion  and ground test  s t ages  w i l l  be procured. Pro- 
curement w i l l  be completed f o r  component equipment and se rv ices  t o  siipport 
Advanced Saturn ,and a n a l y t i c a l  i nves t iga t ions  i n  ground test  program;. 
Equipment w i l l  ble secured t o  support f u l l - s c a l e  dynamic tests at: the  
Marshall Space F l igh t  Center. 

A marine ves se l  w i l l  be procured and modified f o r  t r anspor t a t ion  of 
upper s t ages  froim the  w e s t  coast  t o  t he  Misbiss ippi  Test  F a c i l i t y ,  M(lrshal1 
Space F l igh t  Center,  and t h e  Launch Operations Center. Transportat ion 
support  f o r  bu1k.y hardware and major subassemblies from Wichita t o  Mlchoud 
and Huntsv i l le ,  (and from Michoud t o  Huntsv i l le  w i l l  be requi red .  Marshall  
Space F l igh t  Center w i l l  provide f o r  l o c a l  t r anspor t a t ion  of ground :est 
components. 

Wind tunnel  s t u d i e s  w i l l  continue a t  Arnold Engineering Developinent 
Center ('Tennesse'e) , Langley Research Center,  and Cornel1 Aeronautica 1 
Laborator ies  (New York) wi th  s p e c i f i c  i nves t iga t ions  concentrated on c r i t i c a l .  
veh ic l e  areas. 'The r e l i a b i l i t y  program e f f o r t  w i l l  continue,  as w i l l  product: 
improvement of l i q u i d  hydrogen propuls ion components. S tudies  t r i l l  ' le 
i n i t i a t e d  f o r  advanced s t r u c t u r a l  app l i ca t ions  and more d e t a i l e d  aerldynamic 
ana lys i s  and follow-up e f f o r t  w i l l  begin f o r  programs already e s t ab l i shed .  

1364 
-I--- 

M - 1  engine 1962 1963 

Engine development ............ $4,100,000 $23,100,000 $33,300,000 
Test  equipment. ............... 7,100,000 
Faci l i t ies . . . . . . . . . . . . . . . . . . . .  5 , 494 , 000 1,200 y 000 - - -  

9,200,000 5 700,OOO 

Propel lan ts . .  ................. 11.000 1.500.000. 6 1 0 0 , ~ ~  

Subto ta l ,  d i r e c t  R&D cos ts . .  $16,705,000 $35,000,000 $45,1OO,ClOO 

Personnel costs . . . . . .u . . . . . . . .  202,000 884,000 1,!130,000 
Operation of i n s t a l l a t i o n s . . . .  134,000 345,000 ;'72,000 .- 

Tota l  cos ts . .  ............... $ 17,041,000 $ 36,229,000 $ 47,?02,000 ----- 
:!02 ----.- Tota l  personnel 2 3  126 ............. 

The M-1 engine was conceived a s  a s t a t e -o f - the -a r t  engine m t e n i e d  f o r  
use i n  upper s t ages  of poss ib l e  l a rge  veh ic l e s  of the  NOVA c l a s s .  
provide 1,2CO,OOO pounds of t h r u s t  using the  high energy combination of 
l i q u i d  oxygen and l i qu id  hydrogen. Development of the  engine began in  
Apr i l  1962, by the  Aerojet-General CorpGration, Sacramento, Ca l i fo rn ia ,  
and i s  under t h e  t echn ica l  d i r e c t i o n  of t he  Lewis Research Center,  Clevel.and:, 
Ohio. 

I t  w i l l  
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The proplosed engine is  25 f e e t  high, measures 15 f e e t  ac ross  t h e  nozzle, 
land weighs 10 tons.  
ininute. Its 11,200,000 t h r u s t  l e v e l  r ep resen t s  a s i x - f o l d  inc rease  over t h e  
l a r g e s t  l i q u i d  hydrogen engine now under development, t h e  5-2. Development 
to d a t e  has w n t e r e d  on s p e c i f i c  equipment f a b r i c a t i o n  and t e s t i n g  i n  
a d d i t i o n  t o  prepara t ion  of c r i t i c a l  f a c i l i t i e s .  
items have b w n  ordered and major engine p a r t s  a r e  being f ab r i ca t ed .  
~ t a n d s  are btting modified t o  test  t h e  l a r g e  hydrogen-fueled engine components. 

It s i l l  consume approximately 85 tons  of p rope l l an t  pe r  

Long lead-time hardware 
Test 

With t h e  dec i s ion  t o  delay NOVA, a longer and more o rde r ly  develcilpment 
program can produce a more advanced M-1 engine of higher  performance eind 
g r e a t e r  f1ex:iloiLity. 
s t ages  of t h e  program w a s  reduced from t h a t  o r i g i n a l l y  planned. A study 
has a l s o  been i n i t i a t e d  by Aerojet  t o  determine where more advanced s t a t e -  
o f - the -a r t ,  conasis tent  wi th  delayed NOVA development , can be incorporated 
i n t o  t h e  engine,  Because of t h e  modified approach t o  t h e  engine devehopment, 
a d e f i n i t i z e d  ctontract w i l l  no t  be negot ia ted  u n t i l  e a r l y  1963. 
component t e s t i n g  w i l l  s tar t  i n  la te  1963 and continue u n t i l  1965 when a c t u a l  
engine t e s t i n g  i w i l l  s t a r t .  
f o r  1967 and the  q u a l i f i c a t i o n  tes t  f o r  1969. 

Consequently, requi red  funding during t h e  e a r l y  

Major 

The pre l iminary  f l i g h t  r a t i n g  test  i s  schcduled 

F i s c a l  year 1964 funds are requi red  f o r  engineer ing design, component 
design and f a b r i c a t i o n ,  component t e s t i n g ,  procurement of long lead-tlme 
hardware i t em,  and assembly of t h e  f i r s t  engine systems f o r  test:  and pro- 
p e l l a n t s .  The M - 1  consumes approximately 280,000 ga l lons  of l i q u i d  hydrogen 
i n  a s i n g l e  dura t ion  run of 250 seconds, r equ i r ing  over 5,000 torts of l i q u i d  
hydrogen and 30,000 tons of l i q u i d  oxygen t o  support even the e a r l y  sltages 
of t h e  program. 

19164 
--I- 

H - 1  engine 1962 1963 

Engine development...... ...... $4,950,000 $4,510,000 $4,500,000 
T e s t  equipmemt. ............... 
Fac i l i t i e s i . , . . . . . . . . . . . . .  ..... -- - 100,000 --- 
Prope 1lanrt:s. .................. 7 12.000 650.000 700.000 

--- --- --- 

Subtota~l., d i r e c t  R&D costs .  $5,662,000 $5,260,000 $5 , ~ o ~ , o o o  

Personnel. cos t s . .  ............. 352,000 3 70 ,000 295,000 
Operation of i n s t a l l a t i o n s . .  .. 230,000 208 .OOO 1: 9 3 - 000 

To ta l  WSI:S .................. $6,244,000 . $ 5.838 .OOO $5.688 .OOQ 

Tota l  personnel..  ........... 40 35 2 7 -- 
The H-:L rocket engine is  being developed f o r  use i n  t h e  f i r s t  s t age  of 

t h e  Saturn imd Saturn  B launch veh ic l e s .  It produces 188,000 pounds of 
t h r u s t ,  buniin;3 a mixture of l i q u i d  oxygen and kerosene f o r  150 seconds 
dura t ion .  The H - 1  is being developed and produced by t h e  Rocketdyne 
Div is ion  of North American Aviation, Inc.. 
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This  engine development was s t a r t e d  by the  Army i n  September 195E, i n  a 
165,000 pound:; t h r u s t  vers ion .  This development was success fu l  a l though,  
subsequent ly ,  i t :  was decided t h a t  t he  h igher  t h r u s t  l e v e l  of 188,000 Fiounds 
was required, .  This  development was undertaken i n  1961. The engine i s  now 
i n  both a development and a production s t a t u s .  The present  design i s  
operat ing su(:ce:;sflully a s  an engine system a t  165,000 pounds t h r u s t .  How- 
ever ,  cert:ain components r equ i r e  improvement f o r  s t a b l e  performance and 
se rv ice  l i f e  a t  the  188,000 pound t h r u s t  level. An example of component 
improvement :is t h e  inves t iga t ion  of t he  soundness of rep lac ing  t h e  prcssent 
n i cke l  t h r u s t  chamber tubes with s t a i n l e s s  steel  tubes t o  provide h igher  
s t r eng th  e s s e n t i a l  f o r  188,000 pound t h r u s t .  The n i c k e l  tubes have been 
found t o  be s a t i s f a c t o r y  a t  165,000 pound t h r u s t ,  but  marginal a t  t he  h igher  
t h r u s t .  The development program a l s o  includes i n v e s t i g a t i o n  of operations 1 
problems whilzh appear during tes t  o r  veh ic l e  opera t ion  of t he  engine.  This 
e f f o r t  i s  i n  addi t ion  t o  br inging the  engine t o  t h e  s t a t u s  necessary to pass 
the  qua l iE ica t ion  tes t  scheduled f o r  mid-1964. 

The H - 1  engine has  been used success fu l ly  i n  t h e  f i r s t  th ree  :Saturn 
launches. I n  eaclh case the  c l u s t e r  of 165,000 pound engines operated 
s a t i s f a c t o r i l y .  This  lower t h r u s t  engine w i l l  be used i n  one a d d i t i o n a l  
Saturn development vehic le .  The 188,000 pound ve r s ion  w i l l  be used i i i  t he  
remaining s i x  development veh ic l e s  and i n  a l l  t he  ope ra t iona l  Saturn m d  
Saturn B veh ic l e s .  

The funding requirements f o r  f i s c a l  year  1964 provides  f o r  c:ontiliued 
developmental improvement of the  engine a t  a minimum rate ,  component 
improvements requi red  f o r  t he  q u a l i f i c a t i o n  tes t  and release of t:he e ig ine  
f o r  manned f l i g h t ,  and f o r  t he  so lu t ion  of test  and ope ra t iona l  problams. 

RL-10 engine, 

Engine deve 1 opment ........... 
Test equipment ............... 
F a c i l i t i e :  .................... 
Propel1an.t.s.. ................ 

Subtotal., d i r e c t  R&D cos t s .  

Personnel c o s t s  .............. 
Operation of i .ns ta l la t ions; .  .. 

Tota l  c:ost:s.. ............... 
Tota l  personnel. .  .......... 
The RL-LO engine i s  used i n  

19 64 ---- 1962 1963 

$11,157,000 $22,330,000 $25,3 00,000 
3,125,000 1,427,000 - -. - 

238,000 - -. - 
2.05 0.000 8.650.000 7 , 300,000 

$16,332,000 $32,645,000 $32,600,000 

38 7,000 59 3,000 6 88,000 
253,000 336,000 --- 448,000 

. - $16,972- --.- , $33,574.000 $33,i36.000 

c l u s t e r s  of s i x  i n  t h e  S - I V  s t a g e  of t he  - 
Saturn veh ic l e  arid i n  p a i r s  i n  the  second s t age  of t h e  Centaur veh ic l e .  
engine produce:; 1.5,OOO pound:; of t h r u s t  f o r  450 seconds dura t ion ,  burning 

The 
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the  high energy combination of l i q u i d  oxygen and l i q u i d  hydrogen. 
under development and production by P r a t t  and Whitney A i r c r a f t ,  Divis ion of 
United A i r c r a f t  Corporation i n  West Palm Beach, F lo r ida ,  and East  Hartford,  
Connecticut. 

It is  

With funds provided by the  Advanced Research P r o j e c t s  Agency, develop- 
ment of the  'RL-10 A - 1  engine w a s  s t a r t e d  i n  l a t e  1958 by t h e  A i r  Force a s  
a power p lan t  f o r  t he  Centaur vehic le .  
t r ans fe r r ed  t o  NASA i n  1961. Since t h a t  t i m e  an advanced vers ion  of t he  
engine,  t he  :RL-10 A - 3  has been under development u t i l i z i n g  most of t h c  
elements i n  the o r i g i n a l  development program. 
prel iminary f l i g h t  r a t i n g  t e s t  (PFRT) i n  J u l y  1962, and has been c leared  
f o r  f l i g h t  use.  

Respons ib i l i ty  f o r  t he  projeci:: was 

The RL-10 A-3  passed i t s  

The A-3  vers ion represents  a considerable  advance i n  rocket  engiiie 
technology. It i s  the  f i r s t  opera t iona l  engine employing l i q u i d  hydrogen 
as a propel lan t .  It is  a l s o  less complicated and consequently more r c l i a b l e  
than o the r  engines.  For ins tance ,  a gas generator  used t o  d r ive  the  h e 1  
pump was el iminated,  with t h i s  funct ion now accomplished by using t h e  hydro- 
gen propel lan t  t o  d r i v e  the  turb ine  f o r  pumping. 

The use of l i q u i d  hydrogen has required t h e  development of new ttichno- 
logy because of  the  low temperature of l i q u i d  hydrogen (-423'F). 
dens i ty ,  about 1/.15th t h a t  of water,  requi res  l a rge  s to rage  f a c i l i t i e s :  and 
vehic le  tanks and increases  the  d i f f i c u l t y  of pumping. The co ldes t  rocket  
propel lan t  previously used was l i q u i d  oxygen which b o i l s  a t  -297OF, over 
lOOOF above 1 iquid hydrogen. 

I t s  low 

Primary 'en,gine development e f f o r t  during f i s c a l  year  1964 w i l l  be! d i r ec t ed  
toward a program f o r  q u a l i f i c a t i o n  of components and the  engine system. De- 
velopment i n  support of the  engine production program and veh ic l e  ground and 
f l i g h t  t e s t  programs w i l l  continue. Refinement of the  " ins t an t  s t a r t "  
capab i l i t y ,  icledliction of overboard leakage of p rope l l an t s  and pressuraints 
during norma:l opera t ions  and veh ic l e  coast  phase, and opt imizat ion of t h e  
engine components f o r  t he  ind iv idua l  veh ic l e  use w i l l  be s t r e s sed .  In 
addi t ion  emphns is w i l l  be placed on increased r e l i a b i l i t y  and product improve- 
,merit i n  prepa tat  ion f o r  e a r l y  manned f l i g h t s .  

Consideirab:Le progress  has been made t o  provide an  engine wi th  a v a r i a b l e  
t h r u s t  down to :L/lOth of i t s  present  r a t ed  va lue  of 15,000 pounds. 
<engine c h a r a c t e r i s t i c  w i l l  be required f o r  use i n  advanced spacec ra f t .  
'Therefore, the  development of a v a r i a b l e  t h r u s t  c a p a b i l i t y  i n  t h e  RL-IO w i l l  
'be continued during f i s c a l  year  1964. 

This 

For the  t o t a l  RL-10 program i n  f i s c a l  year  1964, fou r  complete nelw 
engine systerns w i l l  be used. These engines w i l l  be modified and reworked 60 

t ha t  work eqtiivialent t o  t h e  f a b r i c a t i o n  of 30 engines w i l l  be accomplished. 
Approximately 8:LO engine t e s t  f i r i n g s  a r e  planned wi th  about 5 0  scheduled for 
4a f u l l  dura t ion  run. Approximately 13,000,000 ga l lons  (4,000 tons)  of l i q u i d  
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hydrogen and 13,000 tons  of l i q u i d  oxygen w i l l  be required i n  t h i s  program. 
Approximate1.y one t h i r d  of the  t o t a l  funds requested w i l l  be used t o  procure 
engine systeins arid components consumed i n  t h i s  yea r ' s  e f f o r t .  

F-1 engi rg  19  64 ----.- 1962 1963 

Engine daveilopiment ............. $44,284,000 $42,500,000 $43,500,000 
T e s t  equipment.. ................ --- --- 3 , cioo, 000 
Facil i . t ie: ; .  .................... 1,000,000 --- -.. - 
Prope1.lani:s ............... .I .... 3.036 .OOO 8.300.000 7 . 600.000 

Subtota:l, di .rect  R&D costs . .  $48,320,000 $50,800,000 $54,100,000 

Personnel. cos t s . .  ............. 465,000 815,000 E 30,000 
5146,000 0perat:ion of i n s t a l l a t i o n s . .  .. 308,000 465,000 --- 

Tota l  <:osl:s.. ............... -$49,093,000 . $52,080,000 -#55,4 76,000 ----- 
i 6  ----- Tota l  personnel. .  ........... 53 77 

The 1,5100j,0C10 pounds t h r u s t  F-1 engine w i l l  be used i n  c l u s t e r s  of 5 
t o  power the  Advanced Saturn veh ic l e s  wi th  manned payloads f o r  lunar  explo- 
r a t ions .  The I?-I. i s  the  l a r g e s t  s i n g l e  rocket engine under development by 
the  f r e e  wor::ld anid upon i t s  successfu l  development hinges t h e  c a p a b i l i t y  
t h a t  will.  eniibjte t h i s  country t o  make i ts  f i r s t  manned approach t o  t h e  moon. 

The F-I. engine i s  being developed by the  Rocketdyne Division of North 
Engineering and f a b r i c a t i o n  a c t i v i t i e s  a r e  centered at. American Aviiitionr. 

Cenoga Park,  Ca l i fo rn ia ,  wi th  engine t e s t i n g  a t  t he  Edwards A i r  Force Base. 
Because of  t:he manned mission which the  F-1 engine w i l l  support ,  a de t a i l ed  
and thorough t e s t i n g  program has been planned t o  assure an extremely high 
r e l i a b i l i t y  of performance and an e a r l y  da t e  of a v a i l a b i l i t y .  Object ives  
are being achitwed desp i t e  the  cur ren t  l ack  of s u i t a b l e  technology t o  
ex t r apo la t e  :information a v a i l a b l e  on propuls ion u n i t s  only 1/10 the  th rus t  
capac i ty  of the  I?- 1. 

The development of the  F - 1  engine was begun under a NASA con t rac t  i n  
January 1959, Because no f a c i l i t i e s  ex i s t ed  which were designed t o  with- 
s tand  the  high operat ing pressures  of t h i s  equipment, i n i t i a l  t e s t s  were 
conducted at: a lower t h r u s t  l e v e l  than the  r a t e d  value.  The f i r s t  t h r u s t  
chamber f i r i n g  t e s t  w a s  conducted 3 months a f t e r  t he  s ta r t  of the  prclgram 
with subsequent: tests reaching the  one mi l l i on  lb .  t h r u s t  mark. 
f a c i l i t i e s  pt?rrnit.ted runs of only a few seconds durat ion.  

I n i t i a l  

The con:;t~cuction of a new t e s t  s tand complex a t  Edwards permit ted t h e  
f i r i n g  of the  f i r s t  complete experimental  engine i n  May of 1961. A year  
l a t e r ,  i n  May :L962, development had progressed t o  the  poin t  where an F-1 
engine was f:ired f o r  150 seconds, i t s  r a t e d  dura t ion ,  a t  f u l l  t h r u s t  of 
1,500,000 pounds. During t h i s  r a t ed  run, approximately 60,000 galloris of 
l i q u i d  oxygan and 40,000 gal lons  of kerosene were consumed. 
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Current development a c t i v i t y  i s  concerned wi th  v e r i f y i n g  t h a t  t h e  F-1 

This per iod of development is  expected t o  culminate i n  e a r l y  € i s c a l  
design can meet i t s  performance requirements as a sound and dependable 
engine. 
year  1964 with the  completion of a prel iminary f l i g h t  r a t i n g  test  (PFR’r), 
which i s  a farmail series of tests which t h e  engine must pass  success fu l ly  
before  i t  can. be: used i n  t e s t i n g  f l i g h t  v e h i c l e  s tages .  

In  f i s c a l  year 1964, a very  in t ens ive  t e s t  program is  planned t o  
e l imina te  design shortcomings and permit t h e  completion of PFRT. 
design, f ab r i ca t ion  and test a c t i v i t y  w i l l  be reached a t  the  beginning of 
f i s c a l  year  15164. i n  order  t o  meet t h e  PFRT da te .  This da t e  is c r i t i c a l  s ince  
i t  w i l l  ce r t i f ’y  the  f l i g h t  worthiness of t he  F-1 engine f o r  use i n  devielop- 
nient of t h e  Advanced Saturn.  Engine d e l i v e r i e s  f o r  t h i s  purpose w i l l  lbegin 
i n  October 1963. A higher  degree of engine r e l i a b i l i t y ,  however, is rlequired 
f o r  manned payloads. Mission r e l i a b i l i t y  requirements d i c t a t e  t h a t  thi: F-1 
engine must demonstrate completely acceptable  performance during 75 consecu- 
t:ive f u l l  dura t ion  runs before it can opera te  wi th  a manned payload i n  the  
Advanced Saturn.  There are many opera t iona l  f a c t o r s  which a r e  s t r i n g e n t l y  
monitored during these  r e l i a b i l i t y  tests. F a u l t s  i n  any of these  w i l l  
n e c e s s i t a t e  redesign and improvements i n  t h e  engine. 

A pe,ak of 

To obta in  t h e  r e l i a b i l i t y  required f o r  manned missions,  a follow-on 
development prog,ram has been i n i t i a t e d .  
f u l l  proporticlns during f i s c a l  year  1964, immediately a f t e r  t h e  PFRT dlemon- 
s t r a t i o n s  have been completed. This continued R&D program w i l l  be comlpleted 
i n  1966 wi th  the q u a l i f i c a t i o n  of t he  engine f o r  manned f l i g h t  use.  The 
components of t he  engine w i l l  be improved by opera t ing  t h e  F - 1  under eKtreme 
limits and environmental condi t ions,  and by redesigning and proof t e s t i n g  
cmmponents where necessary.  
o u t  f o r  inves t iga t ion .  Of prime importance is the  r e so lu t ion  of t h e  problem 
of rough combustion, which, should it occur, could se r ious ly  damage thle engine 
and endanger the veh ic l e  and the  e n t i r e  mission. Because of t he  fundmen ta l  
na ture  of t h i s  problem, both research and development e f f o r t  w i l l  be iinvolved. 
Eixperienced personnel from var ious  sources  w i l l  be r e c r u i t e d  f o r  t h i s  
inves t iga t ion .  Improved r e l i a b i l i t y  w i l l  a l s o  be explored by exe rc i s ing  
s t r i n g e n t  con t ro l s  i n  q u a l i t y  of f ab r i ca t ion ,  c l ean l ines s  of t h e  engins 
system, and t h e  development of improved and automatic procedures f o r  i t s  
operat  ion. 

Its scope and a c t i v i t y  w i l l  rieach 

Twenty-one problem a reas  are being singleld 

The explclratory na ture  of t h e  development e f f o r t  t o  seek and corrioct 
areas of desigp weakness w i l l  r equi re  g r e a t e r  t e s t i n g  a c t i v i t y ,  which w i l l  
produce a la rger  a t t r i t i o n  rate on engines and components. The planned test 
program during, f iscal  year  1964 includes approximately 250 engine test 
f i r i n g s .  During t h e  year ,  twelve complete engines and t e n  equivalent  [engines 
(components) w i l l  be f ab r i ca t ed  and used. I n  addi t ion ,  approximately 40,000 
t:ons of kerosene and 130,000 tons  of l i q u i d  oxygen w i l l  be required.  
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1964 
-PPI 

;J-2 engine 1962 1963 

Engine development.. ........... $31,597,000 $35,542,000 $38,550,000 
T e s t  equipment. ................. --- 1. ,4C 0,000 
F a c i l i t i e s . .  .................... --- --- - - I.. 
P rope l lan t  3 . .  . ,, ................ 2.038.000 9.000.000 8 . 2c0.000 d 

Subto ta l ,  d i r e c t  R&D cos ts . .  $33,635,000 $44,542,000 $48,200,000 

Personnel costs. . . . , . . . . . . . . . . .  536,000 773,000 8 36,000 
Operat Lon of i n s t a l l a t i o n s . .  ... 353. 000 433,000 - -aI 537,000 - 

Tota l  cos ts . .  ................. $34.524.000 $45,74LO$g $49,6B3,0oO_ ----- 
82 

---__L_- 

73 Tota l  personnel .............. 6 1  

I n  1960 i t  became apparent t h a t  a high performance l i qu id  hydroglm- 
l i qu id  oxygen propel lan t  system was required i n  t h e  upper s t ages  of Saturn 
c l a s s  vehic les  t o  increase  payload-carrying c a p a b i l i t i e s .  To m e e t  t h i s  
requirement, a cont rac t  w a s  l e t  t o  Rocketdyne i n  September 1960 to1 develop 
the  5-2 engine. This 200,000 pound t h r u s t  rocket engine w i l l  have 13 times 
the  t h r u s t  of the  RL-10, the  f i r s t  ope ra t iona l  engine using l i q u i d  hydrogen 
as a f u e l .  The 5-2 weighs approximately 1 ton,  is 10 f e e t  long, and 6% f e e t  
i n  diameter.  A s i n g l e  5-2 engine w i l l  power t h e  second s t age  of the  Saturn B 
and the  t h i r d  staige of t he  Advanced Saturn,  and a c l u s t e r  of five will supply 
the  propu1sj.m f o r  the  second s t age  of t h e  Advanced Saturn.  

The bas i c  engine design was completed 6 months a f t e r  the  s t a r t  clf the  
program, and the  f i r s t  5-2 engine ( t h r u s t  chamber with p rope l l an t  pumps) 
w a s  t e s t - f i r i d  i n  January 1962. I n  an October 1962 t e s t ,  a 5-2 engine was 
f i r e d  a t  f u l l  t h rus t  (200,000 lb . )  f o r  a dura t ion  of 250 seconds. A new 
requirement has been imposed on the  5-2 t o  extend i t s  opera t iona l  duratiort 
from 250 t o  500 seconds. 
opera t iona l  requirements f o r  the  Saturn B and Advanced Saturn vehic lcs .  

This  has been occasioned by a change i n  tht: 

A r e l a t i v e l y  mild form of rough combustion has been encountered and 
overcome. Its cause was ascr ibed  i n  p a r t  t o  opera t ion  of t he  engine a t  low 
f u e l  temperatures. The use of a new type of combustion suppressor wi th  
t h e  in j ec to r  bas provided a s t a b i l i z i n g  inf luence.  D i f f i c u l t y  wi th  ;he 
i n a b i l i t y  of t he  l i q u i d  hydrogen pumps t o  maintain undisturbed flow also 
appears t o  have been resolved by the  development of a new s t a r t i n g  t?chni.que. 

The J - 2  clevelopment program w i l l  be en te r ing  i t s  fou r th  year  a t  the  
beginning of f i s c a l  year  1964. 
accomplished by t h i s  time with t h e  major ob jec t ives  being t h e  development of 
a technique f o r  cooling down and s t a r t i n g  t h e  engine, a t ta inment  of r a t e d  
performance, evaluat ion of component performance and se rv ice  l i f e ,  and the  
opera t ion  o:E t h e  5-2 a t  a f l i g h t  simulated a l t i t u d e .  
f a b r i c a t i o n ,  and test  a c t i v i t i e s  w i l l  be reached a t  t he  beginning of f i s c a l  
year  1964. 

Approximately 400 engine tests w i l l  have been 

A peak of design, 



Ear ly  i n  f i s c a l  year 1964 t h e  PFRT w i l l  be accomplished t o  determine 
t h e  f l i g h t  worthiness  of t he  5-2 ,  and a c t u a l  engine de l ive ry  f o r  use i n  the  
Saturn B boos ter  w i l l  begin i n  June 1964. A l t i t u d e  s imula t ion  tests of t h e  
5-2 with  a nozzle ex tens ion  w i l l  be conducted i n  f i s c a l  year  1964 as p a r t  of 
a program t o  imprave performanceof t h e  S-IVB s t age  of t h e  Sa turn  B and t h e  
Advanced Sa turn  veh ic l e s .  An i n v e s t i g a t i o n  of the  v i b r a t i o n  c h a r a c t e r i s t i c s  
w i l l  be conducted and t h e  a b i l i t y  of the engine system t o  a d j u s t  i t s e l f  t o  
v a r i a t i o n s  i n  e i t h e r  l i q u i d  hydrogen o r  oxygen flows w i l l  be inves t iga t ed .  
Late i n  f i s c a l  year  1964, t h e  design of t he  5-2 engine t o  undergo q u a l i f i c a -  
t i o n  t e s t i n g  leading t o  manned f l i g h t  w i l l  be re leased .  

The r e so lu t ion  of problems necessary t o  meet t h e  scheduled comple!.ion of 
PFRT w i l l  p lace  *an except iona l  demand on t h e  5-2 program during f i s c a l  year  
1964. The need to  complete PFRT on schedule is an urgent  requirement riince 
t h e  f i r s t  PFR'L! type engine f o r  v e h i c l e  use must be de l ive red  during t h e  e a r l y  
p a r t  of t he  year .  
r equ i r e s  t h a t  an i n t e n s i v e  development program be undertaken a f t e r  PFRT t o  
inc rease  t h e  r e l i a b i l i t y  of t h e  engine t o  t h e  very h igh  l e v e l  (99%) requi red  
f o r  manned f l i g h t .  Approximately 425 engine systems tests are scheduhd  and 
s e v e r a l  new and e ighteen  r e b u i l t  engines w i l l  be required.  P rope l l an t  re- 
quirements f o r  f i s c a l  year  1964 w i l l  be approximately 5,000 tons  of l i q u i d  
hydrogen and :32,1000 tons  of l i q u i d  oxygen. 

S imi la r ly ,  completion of 5-2 q u a l i f i c a t i o n  during 1965 

Sanne Instrumentaation 1962 1963 1964 

Advanced instrumentation..  e e .. e --- --- $3,300,000 
Design datia and measurement 

4,800 , 000 
Sa fe ty  instrumentation......... --- --- 3 ,45O,OOO 
Launch support instrumentation. --- --- 3 , 890 , 000 
Range teleinet ry expansion f o r  

Merritt 'Islaand launch area.. . --- --- 4.5 60.000 

instrumentation,............. --- --- 

Sub to ta l ,  d € r e c t  R&D costs. . .  --- --- $2 0 , 000,000 
Personnel c o s t s  ,. ............... --- --- 33:), 000 --- --- 78:) ,000 Operation of i n s t a l l a t ions . . . . ,  I- 

--- --- $2 1. ll!, .ooo Tota l  costs .  . ,. ............... - 
36 ,- ............. Tota l  personnel. --- 

This p r o j e c t  provides f o r  t h e  design, development and procurement of 
launch in s tnusen ta t ion  requi red  t o  measure and record performance of dtwelop- 
ment and opera t iona l  v e h i c l e s  of t h e  manned luna r  landing program. 
are t h e  development of new o r  updat ing of e x i s t i n g  ins t rumenta t ion  t o  provide 
compa t ib i l i t y  ,with t h e  new o r  modified v e h i c l e  conf igura t ions .  

Included 



Advancedins t rumentat ion. 

This includes the development of an accurate short range (lkft-o€f to 
500 yards) tracking system which will operate through flame plasma; the 
development cf a system to measure vehicle sway and flex on the pad t3 
prevent excess structural loading; the development of new ground telemetry 
equipment with frequencies higher than 2300 MC to provide compatrbility 
with instrumentation in the Saturn; and development of data reduction and 
display equipment, analog to digital conversion equipment, and instminenta- 
tion data transmission techniques. 

Desipn d s a  and measurement instrumentation 

These estimates cover the development and procurement of equipmeat which 
will be utilized to obtain information for future design purposeti or €or 
measuring and recording detailed performance during the launch of operational 
vehicles in the Merritt Island launch area. This will require the derelopment 
and procurement of mobile, high performance photographic, optical, an3 acoustic: 
measurement data and tracking equipment. 

Safe tv instrumentation 

Request includes the development and procurement of equipment required 
for the Merritt Island launch area to insure launch area and range safety. 
High resolution radar tracking and range safety television system will be 
developed and procured to supply critical information for the range safety 
officer. A rlew command control transmitter will be procured to insure that 
command and range safety signals are received by the vehicle under all 
conditions of' flight. 
toxicity of f'mies, nuclear radiation, temperature humidity, and wind patterns 
in the Merritt Island launch area to insure safety of personnel. 

Instrumentation will also be procured to determine 

Launch ;=sort instrumentation 

The development and procurement of instrumentation and equipment required 
to coordinate the instrumentation installations in the Merritt Island launch 
area are inc1.ucled here. Funds will be utilized to procure timing equipment 
for distribu.t:ion of the Atlantic.MMissile Range timing signals, synchroniza- 
tion equipment for countdown and instrumentation synchronization, equipment 
for acquisition and processing of weather data, equipment for accurate trans- 
mission of data between instrumentation stations, and equipment €or electro- 
magnetic spec:trum surveillance and determination. This equipment is essential 
and will become critical as launch activities increase. 

RanPe tcilemetrv expansion for Merritt Island launch area 

The NASA f'iscal year 1963 construction program provided for the con- 
struction: of' a Central Telemetry Facility and associated equipment. in the 
Merritt Isla.nd launch area in support of range instrumentation needs. There 
are now new i:ecluirements to provide telemetry support capabilitiI2s for the 
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simultaneous handling of mul t ivehic le  countdowns, launchings at  15 t o  30 
minute i n t e r v a l s ,  and simultaneous o r b i t a l  f lyby. 
represent  a major increase  of up t o  42 l i n k s  i n  the  number of te lemetry 
l i nks  wi th in  the  s t a t i o n  and w i l l  r equi re  a cormnensurate increase  i n  the  
xecording f a c i l i t i e s .  The funds f o r  t h i s  i t e m  cover t h e  procureme.nt of 
t h e  add i t iona l  equipment t h a t  w i l l  be needed t o  s a t i s f y  the  increased 
requirements and are above and beyond the  requirements f o r  t he  equipment 
t h a t  w a s  i n s t a l l e d  i n  the  o r i g i n a l  f a c i l i t y  under t h e  turn-key concept ,  

These new requirements 

- Range s u m o r t  19 64li -- 1962 1963 

A i r  Force salaries and r e l a t e d  
expenses.................... $524,000 $759,000 $1,000,000 

Range cont rac tor  support...... 1,483,000 3,100,000 l.O,OOO, 000 
Equipment, suppl ies  and 

material.................... 83,000 2,739,000 6,401),000 
Maintenance, r e p a i r  and 

alteration.. . . . . . . . . . . . . . . . .  120,000 1.402.000 3.600.000 

Subto ta l ,  direct  R&D cos ts . .  $2,210,000 $8,000,000 $21,000,000 

Personnel costs.. . . . . . . . . . . . . .  54,000 90,000 23'11,000 
Operation of i n s t a l l a t ions . . . .  61,000 167,000 544,000 

$8.257 -000 $21.77:; .OOO 
-PI- 

Tota l  costs................. $2,325.000 

I- 
To ta l  personnel.. . . . . .  ...... 6 13 25 

This p ro jec t  provides t h e  funding required t o  cover t h e  range opelrating 
cos t s ,  personnel,  materials, and services, necessary f o r  t h e  NASA manned 
f l i g h t  prograrrls under the  terms of a j o i n t  NASA/IX)D agreement. 
apply pr imar i ly  t o  t h e  new Merritt I s land  launch area ,  but  a l s o  includlr 
support f o r  operat ions conducted a t  Cape Canaveral on Saturn launch complex 
34 and 37. 

The coists 

During f i s c a l  year  1963, support  w a s  provided f o r  Saturn launches from 
c:omplex 34, cons t ruc t ion  on complex 37, planning and development for  the 
Merritt Is land launch area, and some advance procurement of mater ia l s  €or  
t h a t  area.  A l l  t h e  required land i n  the  new area w i l l  have been purch,nsed 
by t h e  end of f i s c a l  year  1964 and most of t h e  bas i c  land improvements w i l l  
hLave been accomplished. By t h e  end of f i s c a l  year  1964 t h e  land a r e a  >n 
which NASA manned programs a r e  supported w i l l  have increased t o  over 100,000 
aicres. 
occupied and work on launch complex 39, t h e  Advanced Saturn complex, w i l l  be 
we11 underway. 
amd complex 37 w i l l  have become operat ional .  Range support  requirements a r e  
c:onsistent with the  o v e r a l l  bu i ld  up i n  NASA a c t i v i t i e s  assoc ia ted  wi t17  t he  
nlanned lunar  landing program. 

I n  addi t ion ,  c e r t a i n  major bu i ld ings  w i l l  have been completed ,and 

Also launch r a t e s  of Saturn on complex 34 w i l l  have increased,  
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A i r  Force s a l a r i e s  and r e l a t e d  expenses 

This  provides f o r  t h e  reimbursement of d i r e c t  salaries and expenscis 
of A i r  Force c i v i l i a n  and m i l i t a r y  personnel engaged d i r e c t l y  i n  t h e  support  
of t h e  NASA manned lunar  landing program. Increases  in f i s c a l  year 19ri4 
r e f l e c t  the  add i t iona l  coordinat ion and superv is ion  requi red  as NASA ac:tivitie:s 
expand. 

Ranpe con t r ac to r  support  

S a l a r i e s  and r e l a t e d  expenses f o r  A i r  Force procured contract .or pizrsonnel 
requi red  t o  support  t h e  NASA manned luna r  landing program are covered here .  
In general  t hese  people are s e c u r i t y  guards, f i r e  f i g h t e r s ,  car arid t ruck  
drivers,  laborers ,  food service and dispensary personnel ,  telemetiy s t#a t ion  
olperations, da t a  reduct ion people,  photographic service personnel  and 
planning and design engineers .  
per year  and an est imated 1,000 man-years of e f f o r t  is required.  

Average employee cos t  is  approaching $10,000 

Equipmen&,supplies and material 

This category provides f o r  t h e  b a s i c  equipment, usable  supp l i e s  a i d  s tock  
material required by t h e  range con t r ac to r  and A i r  Force personnel  i n  slipport 
of t he  manned lunar  landing program. The increased requirement i s ;  a d i r e c t  
r e f l e c t i o n  of t he  expansion i n t o  the  new area. It inc ludes  the  purchase of 
such equipment i tems as general  and s p e c i a l  purpose veh ic l e s  (cranes,  Eork 
l i f t s ,  and f l a t  beds),  shop equipment, s e c u r i t y  s t a t i o n  equipment, f i r ?  pos t  
bas i c  suppl ies ,  mobile f i e l d  genera tors  f o r  o n - s i t e  work where pa re r  l i n e s  
are not  ava i l ab le ,  o f f  i c e  f u r n i t u r e  and s u p p l i e s ,  petroleum products ,  r epa i r  
p a r t s ,  handtocls ,  photographic supp l i e s ,  medical suppl ies  and genera l  stock 
p a r t s .  

Maintenar.ce . repair and a l t e r a t i o n  

Maintenance, r e p a i r ,  and a l t e r a t i o n  of  f a c i l i t i e s  and equipment used i n  
d i r e c t  support o f  t he  NASA program i n  t h e  Merritt I s l a n d  launch a r e a  are 
funded here .  Also included are r e p a i r s  t o  a l l  e x i s t i n g  and newly purchased 
equipment, such a s  motor vehicles, ground powered equipment, commiinications 
equipment, ancl shop t o o l s .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

AEROSPACE MEDICINE 

- CIBJECTIVES : 
--- 

-- 

- SUMMARY OF RESSRCES REQUIREMJNTS: 
Funds 1964 -- 1962 1963 

Experimental studies.............. $ 5,827,000 $ 2,936,000 $ 8,125,000 
Crew systemls...................... 934,000 3,614,000 3,950,000 
Biomedical in-flight experiments.. 889,000 250,000 3,125,000 
Medical operations................ 204,000 200,000 1,500,000 

Sub-total, direct R&D costs..... $ 7,854,000 $ 7,000,000 $16,700,000 

Personnel costs................... 1,040,000 1,815,000 2,430,000 
Operation of installations........ 1,236,000 1,996,000 2,710,000 

$10,130,000 $10,811,000 $21, B40,OOO - Total costs..................... 

Personnel 

NASA Headquarters................. 72 71 76 
165 Manned Spacecraft Center.......... 65 128 

Total personnel 137 199 :!41 
I 

=Ir 

The cognizance for this program is in the Office of Manned Space Flight, 
NASA Headquarters, with support at the Manned Spacecraft Center. 

PROGRAM JUSTIFICATIONS : 

The aerospace medicine objectives for project Mercury have been aizhieved. 
Medical data from these flights revealed no significant physiological ab- 
normalities that could be attributed to space flight. Studies for the 
Mercury program concluded that weightlessness and "g" forces would be of 
little or no consequence for the planned missions. 
d,emonstrated the validity of these studies. In addition, the Mercury €lights 
proved that the crew equipment and bioinstrumentation, and the conceptis upon 
which their development was based are valid. 
changes are necessary for the One-Day flight in the spring of 1963. 
primary alteration being made to existing Mercury space medicine procedures 

The Mercury flight's 

As a result, few biomediiEa1 
Tine 
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and equipment: f o r  t h a t  f l i g h t  is  t h e  extension of t he  environmental. ccntro:l. 
system t o  a t:wenty-four hour capab i l i t y .  

Projects Gemini and Apollo create many b a s i c a l l y  new problems. Radia- 
Knowledge t i o n  poses, a i:hi-ea,t t o  t h e  as t ronaut  i n  t h e  longer Apollo f l i g h t s .  

of t h e  amounts of r a d i a t i o n  wi th in  a spacecraf t  are e s s e n t i a l  to  providing 
necessary persorinel p ro t ec t ion  with a minimum sh ie ld ing  weight 

I n  these  p r o j e c t s  man w i l l  be subjected t o  ex tens ive  per iods of height-  
Vciy l i t t l e  i s  known of t h e  e f f e c t s  of prolonged exposure t o  t h i s  Iessness .  

condi t ion ;  thc! e f f e c t s  of physiological  stresses must be re-evaluat ed i n  these  
t e r m s .  Further  i n f c r z a t i o n  concerning t h e  emotional r eac t ions  and hormonal 
changes of as 1:ronauts under stress during weight lessness  i s  required.  
projected lengths  of time away from e a r t h  r equ i r e  a determinat ion of the  type 
of i l l n e s s  and i n j u r i e s  which might occur during f l i g h t  and t h e  devis ing  of 
methods of s e l  f treatment including t h e  development of miniaturized equip- 
ment f o r  suck treatment.  

The 

Marked iricrease i n  t h e  l i f t i n g  power of new boosters  has placed addi- 
t i o n a l  requirements f o r  i nves t iga t ions  of acce le ra t ion  to l e rances ,  t he  physio- 
1-ogical e f f e c t s  of sus ta ined  acce le ra t ion ,  and t h e  e f f e c t s  of vi.b.:a.tion while 
t he  astronaut  i s  i n  a supine pos i t ion .  

In  projec:t Mercury, long term i s o l a t i o n  and confinement, cabin volume, 
and prolonged exposure to  a r t i f i c i a l  atmospheres were not s i g n i f i c a n t l y  
important considerat ions.  However, i n  t he  extended f l i g h t s  of Gemini and 
Apollo, t he  sctlution t o  these  problems, as wel l  as t h e  performance problems 
of t h e  a s t r o n m t  s under t h e  a r t i f i c i a l  s o c i a l  and physical  enviroiirrient, becomes 
e s s e n t i a l  t o  E .  successfu l  mission. 

ICPLANATION OF FUNDS REQUESTED - : - --- 
s t u d i e s  
---I- 

These s tud ie s  se rve  t o  d e l i n e a t e  t h e  c b  cteris t ics * ''tipad 
nian under the  va r i ab le s  of t he  space environment and s p a c e z p m e n t  - 
These s t u d i e s  will.  be conducted d u r i n g t r o n a u t  t r a in ing ,  o r b i t a l  f l i  zhts 
including the  One-Day mission, and i n  s imulat ion tests. The studi-es i 2 i t i a t e d  
o r  continued i n  f i s c a l  year  1963 and being pursued i n  f i s c a l  year  1964 in-  
c lude t h e  determinat ion of i n t e r a c t i o n  of protons with var ious ma te r i a l s ,  
human to le rance  t o  impact and landing acce le ra t ions ,  and inves t ig t i t ion ;  of 
launch, re-entry and abor t  acce le ra t ions .  

_a . 

New experimental s t u d i e s  w i l l  be i n i t i a t e d  i n  f i s c a l  year  1964 i n  t i s s u e  
$radiation damage, e m e r g e m i c a 1  procedures f o r  r a d i a t i o n  exposure, 
s_h_ielding c o n c 2 t s  which w i l l  reduce weight p e n a l t i e s ,  and instrur%iXaItion t o  

i t v  of: icles . Other experimentail i .ndicate f l u , ,  enerp-v. type - --I--- 

-- e- 

studies w i l i - b e  d i r ec t ed  toward t h e  e f f e c t s  of v i b r a t i o n  i n  a su@ne ----- pos i t i on ,  
' e n t i l a t i o n  systlrm, and dlevelopment of a s e l f - c o n t a i n e d f e  2 

----2 
an-ZgatlonTf atmospheric  composition f o r  long dura t ion  fll6 ats. .-----e-- 

KDO 3-2 



Crew systems 

This area inc ludes  t h e  dce_velopment and improvement of t h e s y s  t e rn  and 
components requi red  t o  suppo-rt and p r o t e c r t h e  a s t ronau t s  such as pressure  
chits, cabi-zitnmsphere,  and s u r v i v a l  equipment  tasks being conanued i n  
IEiscal year  1964 i nc lude  t h e  developnent of a space s u i t  f o r  use  in s ide  a 
spacec ra f t ,  mi ex t r aveh icu la r  space s u i t ,  and an automatic p re s su re  s u i t  
test console. blew s t u d i e s  i n  f i s c a l  year  1964 inc lude  t h e  development of 
an ex t r aveh icu la r  s u i t  maneuvering device,  a space garment, min ia tur ized  
equipment for i n - f l i g h t  medical care, and food f o r  space f l i g h t .  

-- 
--I 

13iomedical in:.-. i g  h t experiments 

These experiments are rFquired t o  maintain current- rn on t h e  
p ~ i d _ d * t s  0 f space f l i p h t .  O r b i t a l  f l i g h t  produces an envlron- 
nnent which i n .  mamy re spec t s  cannot be dup l i ca t ed  on e a r t h ,  such a:; extended 
weightlessness.. 

I n  f i s c a l  year  1964, new t a s k s  are t o  be i n i t i a t e d  t o  ob ta in  up- t s -da te  
information or. t h e  biomedical aspec ts  of weight lessness  and t o  test  crucial 
hypotheses regard ing  weight lessness  e f f e c t s .  The development of iat I  environ- 
mental cont ro l  system f o r  long du ra t ion  f l i g h t s  i s  t o  be continued i n  fiscal 
year  1964. 

- Medical operat  ions 

This area inc ludes  s p e c i f i c  e f f o r t s  d i r e c t e d  t o  ward f l i g h t  crews, ground 
It inc ludes  t h e  support act ivi t ies  ----' and t h e  a n a l y s i s  of f l i g h t  medical da&a. 

qiedical sel e c t i o n  of t h e  as-, t h e i r  t r a i n i n g  i n  t h e  physiologicnl bases 
f o r  t h e  l i f e  support system, t h e  development-EITtz-al 
xecovery plan,  and t h e  des ign  Gf i n - f x h t  medicaf-experim_epts. -_ T h e L s c a l  
year 1964 eTZr-Gi11 inc lude  n e w  tasks- concerned with t h e  i d e n t i f i c a t  ion of 

+ -- 

i P 

hlazardous m a t e r i d s  and opera t ions  a t  rtre r e l evan t  NASA c e n t e r s  a d z - -  
development of appropr i a t e  s a f e t y  measures. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

INTEGRATION AND CHECKOUT 

OBJECTIVES : 

The ob ject:Ives of this program are to provide overall integration analysis, 
reliability iwsessment and checkout for all elements essential to the Apollo 
project. ThLs includes the launch vehicle, the spacecraft and the ground 
operational support systems. This effort will be directed toward the objective 
of insuring that the major system elements of the Apollo project are designed,, 
developed anti tested to fit together mechanically, electrically and function- 
ally for systems assembly and compatibility during operations. 

SUMMARY OF RSSQJRCES REQUIREMENTS: 

Funds 1964 -- 1962 1963 

 integration.................^.* $ 200,000 $ 6,000,000 $2(i,000,000 
C h e c l c o u ~ t . . . . . . . . . . . ~ . . ~ ~ . . . ~ ~ ~ ~  825,000 26,500,000 1O:l. ,OOO,OO(> 
Reliability assessment......... 225,000 6,000,000 . -  2ti, OOO,OO(E 
Subtotal, direct R&Ll costs.. . $1,250,000 $38,500,000 $153,000,00(~~ 

Personnlel costs................ 216,000 1,405,000 :Il,703,000 
Operation of installations..... 279,000 1,929,000 :L 675, OOU 
Total costs .................. $1,745,000 $41,834,006 - $15;’ ,378,OOG - - 

Pers onne 1 

NASA Headquarters.........,.... 27 130 150 
North Eastern Office........... I 

Total personnel............,. 27 

The cognizant Headquarters office responsible for program minageinent 
is the Office of Manned Space Flight. 

PROGRAM JUSTIFICATION -- : 

The requirement for the Integration and Checkout program arises Erom the 
unique characteristics of the Apollo project which distinguishes it from other 
projects. 
in terms of national prestige, human life, and cost; (2) the complexity of the 
total project in terms of the technology required and the numbers and types 
of industrial contractors involved; and (3) the long period of operations in 
the space environment with no significant maintenance or repair possible. 

conducted by the General Electric Company (GE) u d e r  contract w t h  NASA. 

These include (1) the serious consequences of failure as measured 

The direct R&D funds associated with the pro ram primarily-cover work 
The 



con t rac t  wab, executed i n  February, 1962. E f f o r t  from t h i s  po in t  u n t i l  
September, 1962, cons i s t ed  of a s tudy  program t o  analyze t h e  i n t e g r a t i o n  and 
checkout reqpirements of t h e  Manned Lunar Landing Program. 
of t h e  study phase, GE w a s  au thor ized  t o  implement po r t ions  of t h e  program 
evolved during t h e  study phase, and i s  c u r r e n t l y  expanding i t s  e f f o r t s  a t  
a rap id  pace t o  meet t h e  requirements of t h e  program. A new d i v i s i o n ,  t h e  
Apollo Support Department wi th  Headquarters i n  Daytona Beach, F lo r ida ,  w a s  
c r ea t ed  by C:15 t:o handle t h i s  con t r ac t .  CE has e s t a b l i s h e d  o f f i c e s  at  t h e  
Manned Spacecrtift Center, Marshall Space F l i g h t  Center and t h e  Launct Opera- 
t i o n s  Center t o  b e t t e r  m e e t  t h e  needs of t h e  program as i t  develops. I n  t:he 
performance of work under the  con t r ac t  with NASA, GE i s  under t h e  genera l  
d i r e c t i o n  of t h e  D i r e c t o r a t e  of I n t e g r a t i o n  and Checkout, Of f i ce  of Planned 
Space Flight:,,  I n  each s p e c i f i c  area of t echn ica l  endeavor r e l a t e d  t c  pro- 
grams conduc:r:ed a t  t h e  NASA f i e l d  cen te r s ,  however, t h e  NASA Center Directors,  
provide t.echnica1. and admin i s t r a t ive  d i r e c t i o n  t o  t h e  con t r ac to r  personnel . 

Upon completion 

EXPLANATION --- OF FUNDS REQUESTED: 

I n t e g r a t i o n  

Work i n  t h e  i n t e g r a t i o n  area i s  d i r e c t e d  toward i d e n t i f i c a t i o n  ciind docu-b 
mentation of equipment and procedure t a w f a c e s  wi th in  t h e  Apollo p r o j e c t  j p1.e- 
pa ra t ion  of an Apollo system desc r ip t ion ;  and s t u d i e s  of i n t e g r a t i o n  methods 
and t h e i r  a p p l i c a t i o n  t o  Apollo inc luding  des ign  s t anda rds ,  conf igurit t ion 
c o n t r o l ,  anti diata handling. Technical support  i s  a l s o  provided t o  t h e  Off ice  

'of Manned Space F l i g h t  and t h e  NASA f i e l d  c e n t e r s  ca r ry ing  out  manned space 
f l i g h t  prog~r~uni;. As a r e s u l t  of t h i s  work, numerous t e c h n i c a l  r e p o r t s  have 
been published and d i s t r i b u t e d .  

The i n t e g r a t i o n  level of e f f o r t  w i l l  rise over t h e  next several yea r s  i n  
This buildup 1s t!ssentia!l phase wi th  t h e  growth i n  t h e  t o t a l  Apollo p r o j e c t ,  

so that t h e  documentation and study of t h e  current program can be coiiducted 
and decisioiis reached on f u t u r e  systems and procedures t o  i n s u r e  proper systems 
i n t e g r a t i o n ,  It is  estimated t h a t  con t r ac to r  personnel  required f o r  i n t e g r a  
t i o n  w i l l  r each  650 man-years i n  f i s c a l  year  1964, compared with 6 i n  f i s c a l  
year  1962 and 135 i n  f i s c a l  year  1963. 

Funds are a l s o  programmed i n  f i s c a l  years  1963 and 1964 f o r  t h e  use  of 
The l a r g e  volume of t echn ica l  d a t a  which w i l l  be handled neces- computers. 

s i tates t h e  use of automatic  d a t a  processing and computation equipment. 

Checkout 

Work i n  t h e  checkout area c o n s i s t s  of two d i s t i n c t  p a r t s .  One p o r t i o n  
is a cont inua t ion  of t h e  engineering study e f f o r t  t o  provide NASA wii:h checkout 
systems a n a l y s i s ;  s t anda rd iza t ion  s t u d i e s ;  an i n t e g r a t e d  space v e h i c l e  check-. 
ou t  system s p e c i f i c a t i o n ;  s t u d i e s  on test procedures; t h e  a p p l i c a t i o n  of ad- 
vanced checkout techniques t o  t h e  Apollo p r o j e c t ;  and system checkou: engineiar- 
i n g  support a t  t h e  f i e l d  centers .  
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The other portioncovers the provision of checkout equipment to bt! included 
within the integrated launch control and checkout system. 
be developed and installed at the Launch Operations Center to support opera- 
tional manned lunar flights from Launch Complex 39. 
funds are relquired for the initial procurement of hardware items for i:he system. 
The fiscal year 1964 estimates also provide for long lead-time procurit- 
ment of checkout equipment to assure delivery, installation and testing 
prior to the needed operational date for the system. Requirement,.. for these 
hardware item are directly tied to Apollo and Saturn production plan!; and 
launch schedules. 

This system will 

In fiscal year l963, 

Contractor man-years for checkout will increase from 23 in fiscat year 
1962 to 6.50 in fiscal year 1963 and 1,800 in fiscal year 1964. 

Reliability assessment 

The reliability effort consists of assessing overall mission reliability 
and safety levels; implementing an overall reliability and failure dai:a systeiii; 
and reviewing reliability and quality pmcedures and controls . 
of this effort will be conducted at the NASA centers through the support of 
Center reliability assessment programs. 
procedures, and compilation of summary data will be accomplished at tile GE 
Daytona location for utilization by the centers. 
estimates will be used to identify areas where greatest reliability aiid 
safety gains are needed, and to establish requirements for redundancy, man- 
power and testing. Review and improvement of design, manufacturi-ng, test and 
launch operations reliability and quality procedures and controls will result 
in improved system hardware reliability levels. 

A majo e portion 

Preparation of common definitions and 

Mission reliability and saflety 

The level of effort for this portion of the program will also increase 
in fiscal years 1963 and 1964. The funds are related to the contractlx man- 
power required to review reliability and quality procedures and contrDls in the 
areas of design, manufacturing, test and launch operations. About 650 man- 
years will be required in fiscal year 1964, compared with 7 and 180 in fiscal 
years 191,- and 1963 respectively. 
an early date' a. reliability and failure data system that provide:; mission 
reliability and safety estimates which can result in timely and effective 
improvements, 
computers, since the large volume of data handled necessitates the use of 
automatic data processing and computation equipment. 

Effort is also required to implement at 

Funds in fiscal years 1963 ana 1964 will also be required for 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

SYSTEMS ENGINEERING 

OBJECTLVES: 

The ob jec t ives  of the  Systems Engineering program are t o  provide f o r  
cen t r a l i zed  systems engineer ing and s tudy c a p a b i l i t y  f o r  the  manned liinar 
program; €or  the s tudy of advanced mission concepts;  and f o r  the support  
of Apollo system synthes is ,  including development of o v e r a l l  r e l i a h i l : . t y  
and systems t e s t  p lans  and the d e f i n i t i o n  of environmental hazards ant1 
s c i e n t i f i c  mission requirements.  

SUMMARY OF R13 SOURCES REQUIREMENTS : 

1964 ---- Funds 1962 1963 

Sys t e m s  .Engineering and $992,000 $26,500,000 $37,000,000 
s tud ie s ,  d i r e c t  R&D 
c o s t s  

Per s onne 1 13 os t s $1,846,000 4,133,000 4,76O,O(IO 
Operation sf i n s t a l l a t i o n s  1,831,000 4.237.000 5.768. OCG 

Tota l  cos ti; $4,669,000 $34,870,000 $47,528,0(2 
Per s onrie 1 = 

NASA Headquarters 125 
Marshall. Spac:e F l i g h t  Center 96 
Manned Spacecraf t  Center "-- 
Launch Opera t: ions  Center --- 

197 
150 
40 
13 

2 30 
150 
40 
15 

5 
440 
-- 4 

To t:a 1 personne 1 22 1 404 
North Eastern Off ice  --- 

-- 
The r e s p o n s i b i l i t y  f o r  the  Systems Engineering program i s  assigned t o  

,the Off ice  of Manned Space F l igh t ,  NASA Headquarters. The i n s t a l l a t i c n s  
working on the  program are l i s t e d  above. 

l?ROGRAM JUSTI~I~ICATION 

The goal.:; of  the  Systems Engineering e f f o r t  are t o  provide c l e a r  d e f i -  
n i t i o n  of mission ob jec t ives  f o r  both approved and f u t u r e  manned space 
f l i g h t  missions,  s e l e c t i o n  of means by which missions are t o  be accomplish- 
ed, o rde r ly  review of a l t e r n a t i v e s  p r i o r  t o  dec is ions ,  development of broad 
subsystem s p e c i f i c a t i o n s ,  c l e a r  de l inea t ion  of the  i n t e r f a c e  between 
spec i f i ed  t echn ica l  a r e a s  of r e s p o n s i b i l i t y ,  t echn ica l  monitoring of the  
s t a t u s  of these  a c t i v i t i e s ,  a s tudy c a p a b i l i t y  t o  provide a b a s i s  f o r  r e -  
so lv ing  technica l  problems, and planning f o r  backup and f u t u r e  missions.  
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These a c t i v i t i e s  are accomplished wi th in  t h e  Off ice  of Manned Spsce 
F l i g h t  by the Off ice  of Systems. The organiza t ion  i s  d iv ided  i n t o  t w 3  
major components; Systems Engineering and Systems S tud ie s .  The S y s t e m  
Engineering a c t i v i t y  re la tes  t o  communications and t racking ,  f l i g h t  systems, 
design performance, design p r a c t i c e s  and r e l i a b i l i t y .  The Systems Stiidies 
group provides t h e  c a p a b i l i t y  f o r  program planning, space sc ience  s t u d i e s ,  
human f a c t o r s  s t u d i e s  and engineering s t u d i e s .  The Of f i ce  of Systems i s  
supported by Bellcorn ,I=., a subs id i a ry  of the American Telephone and T e l e -  
graph Company, which pLovides supplementary s c i e n t i f i c  and t echnrca l  :apa- 
b i l i t y  needed t o  undertake engineering s t u d i e s  i n  depth, conduct techi i ical  
f a c t  f ind ing  and eva lua t ion ,  and provide a n a l y t i c a l  support  i n  tcxhnologi- 
c a l  areas r e l a t e d  t o  the  manned space f l i g h t  program. Current ly  p lan ied  
t echn ica l  personnel of Bellcomm, Inc ,  t o t a l  167, reaching t h a t  l e v e l  3n 
about October 30, 1963. Support i s  a l s o  obtained from t h e  J e t  Propulsion 
Laboratory, which provides f u r t h e r  e f f o r t  requi red  i n  t h e  f i e l d  of space 
technology. 

Numerous concept s tudy  c o n t r a c t s  are a l s o  planned involving the  Apollo 
mission and such f u t u r e  missions as the  manned lunar  base, manned spaze 
s t a t i o n s  and manned p lane ta ry  explora t ions  toge ther  w i th  supporting pco- 
j e c t s  such as t h e  lunar  l o g i s t i c s  system and the  Nova l a r g e  launch veh ic l e .  
Based on these  s t u d i e s  determinations w i l l  be made on t h e  f e a s i b i l i t y  of 
the  proposals and the  t i m e  phasing t o  incorpora te  these  f u t u r e  programs 
i n t o  the  o v e r a l l  n a t i o n a l  space e f f o r t .  

EXPLANATION QFFUNDS REQUESTED: 

I n  J u l y  1962, based on s tud ie s  d i r e c t e d  by the  Of f i ce  of Systems, a 
dec i s ion  w a s  reached t o  focus s tudy,  planning and procurement e f f o r t s  f o r  
lunar  exp lo ra t ion  p r imar i ly  on the  Lunar Orb i t  Rendezvous (LOR) mode. 
However, s t u d i e s  continued on d i r e c t  f l i g h t  and e a r t h  o r b i t  rendezvous 
modes. I n  October a r e p o r t  was published summarizing t h e  resu l t s  of these 
f u r t h e r  s t u d i e s  and r ea f f i rming  the  s e l e c t i o n  of t he  LOR mode as the  les t  
choice f o r  the mission. 

S i g n i f i c a n t  progress  has been made toward t h e  development of t h e  
Apollo Systems Spec i f i ca t ions ,  scheduled f o r  completion during January, 
1963. This document, which must be con t inua l ly  updated, de f ines  the 
f l i g h t  missions t o  be undertaken, d e l i n e a t e s  the  i n t e r f a c e s  between s i b -  
systems and e s t a b l i s h e s  the  requirements t o  be m e t  by each subsystem. 

S tud ie s  and e f f o r t  underway, i n  add i t ion  t o  t h a t  l ead ing  t o  the  l?ubli- 
c a t i o n  of t he  Apollo Systems Spec i f i ca t ions  i n  January 1963, involve tasks  
r e l a t e d  not  only t o  approved missions bu t  a l s o  t o  poss ib l e  f u t u r e  missions.  
The following a re  t y p i c a l  of t he  e f f o r t s  underway: s tudy  t o  i d e n t i f y  the  
c r i t i c a l  problems involved i n  lunar  launch; s t u d i e s  t o  ga the r  a v a i l a b l e  
information on the  n a t u r a l  environmental hazards t o  Apollo mission su:cess; 
and s tudy  t o  d e f i n e  communication and t r ack ing  systems requirements il 

support  of t h e  manned lunar  landing program. 
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Many a d d i t i o n a l  s t u d i e s  and t a sks  are  planned f o r  t he  remainder of 
f i s c a l  year 19163 and throughout f i s c a l  year 1964. Among these  a r e  s t u d i e s  
designed t o  def ine  a lunar  l o g i s t i c s  system and i ts  poss ib l e  r e l a t i o n s h i p  
t o  the  Apollo mission, toge ther  wi th  i t s  r e l a t i o n s h i p  t o  an advanced 
mission f o r  cons t ruc t ion  of a manned lunar  base. S tud ie s  w i l l  a l s o  :.nvolve 
the  deve Lopinent of concepts and p lans  f o r  manned lunar  base construcl:ion, 
the  s c i e n t i E i c  and t echn ica l  r o l e  of manned space s t a t i o n s ,  and the  purpose 
and f e a s i b i l i t y  of manned p l ane ta ry  explora t ions  of Mars and Verus. The 
Nova veh ic l e ,  ?which i s  the  l a r g e s t  c u r r e n t l y  envisioned, i s  a l s o  under 
study, p a r t i c u l a r l y  s i n c e  i t  is  the  next s t e p  i n  inc reas ing  payload capa- 
b i l i t y  and (can provide the  escape v e l o c i t y  requi red  f o r  deep space pi-obes 
by manned spacec ra f t .  Pre-development s t u d i e s  are i n  process t o  es t i rb l i sh  
the  veh ic l e  conf igura t ion .  Generally, it i s  c u r r e n t l y  described as i i  two 
s t age  t o  o r b i t  ( t h r e e  s t age  t o  escape) launch veh ic l e  about 300 f e e t  i n  
he ight  exc lus ive  of payload. Both l i q u i d  and s o l i d  p rope l l an t s  are iinder 
cons idera t ion  f o r  t he  f i r s t  s t age  whereas the  second and t h i r d  w i l l  probably 
u t i l i z e  l i q u i d  hydrogen and Liquid oxygen p rope l l an t s .  Design of th(? 
veh ic l e  w i l l  enable  use of a nuc lear  powered t h i r d  s t a g e  when avai1al) le .  
The design of  t h e  veh ic l e  i s  being c a r e f u l l y  developed t o  provide f l e x i -  
b i l i t y  i n  the  d e l i v e r y  of payloads wi th  wide v a r i e t i e s  of s i z e s ,  shapes, 
d e n s i t i e s  and weight d i s t r i b u t i o n s .  

F i s c a l  year 1964 funding estimates are based, f o r  t h e  most p a r t ,  on 
es t imates  of c u r r e n t l y  planned e f f o r t  cont rac ted  wi th  Bellcomm, Inc.  and 
the  J e t  Propulsion Labora tor ies ,  and estimates of s p e c i f i c  study c o n t r a c t s  
i n  connection with c u r r e n t  and advanced mission planning. 

RClO 5-3 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

METEOROLOGICAL SATELLITES 

OBJECTIVES : 

The objectives of the Meteorological Satellites Program are: 

(1) To establish and continually improve meteorological satelli.te 
ciapability to provide the meteorologist with world-wide ob:;er- 
viations of atmospheric conditions and storm systems. 

(2) To develop a meteorological satellite system suitable for iise 
0x1 a routine continuing basis in an operational meteoro'logj.ca1 
s a  te'llite system. 

(3) To picovide a capability to explore and understand the structure, 
ttmporal and spatial variation, and the dynamic processes of 
the atmosphere in the region from 30 to 100 kilometers. Ftirthei:, 
to determine the interactions of this region with other reg;ions 
of the atmosphere through the measurement and analysis of the 
ba.;ic meteorological parameters, so that improvements may 1 e 
made in the capabilities for obtaining operational and research 
data ., 

SUMMARY OF PJLSOURCES REQUIREMENTS: 
1964 --- Funds 1962 1963 

Support:llng research and 
technolo gy.................. $3,436,000 $4,500,000 $10,2OC,OOO 

Flight program................ 30,997,000 52,815,000 >3,5OC,OOO 

Subtoi:al., direct R&D costs.. $34,433,000 $57,315,000 $63,700,000 

Personnel costs., ............. 2,406,000 3,291,000 4,537,000 
0perati.on of installations.... 2,857,000 3,683,000 J,848,000 

Total costs.. ............... $39,696,000 $64,289,000 23,085,000 -- 
Personnel, 

NASA He ctdquar t er 8 .  ............ 27 32 38 
Langley Research Center....... 2 29 33 
Goddard Space Flight Center.. . 230 243 319 
Wallops' St:ation.. 52 60 70 
Western Operations Office.. 7 6 5 

............. ... 
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1964 
-I_- 

1962 1963 

Pacific Launch Operations 
Office................... --- 9 ----A 
Total personnel... ....... 318 476 379 ---- 

Primary responsibility for the Meteorological Satellites Program, includ- 
ing both satellites and meteorological sounding rockets, is in the OfEice of 
Applications at N.ASA Headquarters. Implementation of the prograrn is sccom- 
plished mainly at Goddard Space Flight Center with further support at the 
installations listed above. 

PROGRAM JUSTEFICATION : 

The meteorological satellite is a new observation tool which has already 
demonstrated its value to the science of meteorology and to the practice of 
weather forecasting. Satellites will not provide all necessary meteorological1 
information, but they have already supplied tremendous amounts of useEul 
meteorological data not available from conventional observational tecnniques. 
Satellites give global coverage of some meteorological parameters, in con- 
trast to the five to ten per cent coverage provided by ordinary methods, and 
because of their unique vantage point above the atmosphere, make new 'neasure- 
ments possible. 'These data will improve the basic scientific understanding 
of atmospheric processes, will lead to a more comprehensive knowledge 3f world 
and regional climatology, and produce advances in weather forecastiig. 'The 
data are alsc used in practical daily forecasting by identifying and tracking 
significant atnospheric storm systems. 

The benefits to be derived from improved capabilities in meteorology 
include protection of life and property from weather disasters; safeguarding 
transportaticn; crop planning, control and protection; industrial planning of 
weather-dependent products, outdoor enterprises, and heating and cooling load:;; 
convenience in planning personal activities; eventual limited weather modif- 
ication and control; and improved international cooperation, along with good 
will, in return for providing current global meteorological data to other 
nations. The same meteorological data required for world wide czivilian needs 
can,under an overall operational system, with proper handling, a:Lso meet 
special military needs. 

The flight program was begun with the successful launchings of TIROS I 
through VI, and five more R&D T I R O S  launchings are planned, Opei:atiol?al 
TIROS launchings, funded by the Weather Bureau, are scheduled anti are inter- 
spersed with the five RGrD launches to give additional data until the Elight 
operations of Nimbus demonstrate that the Nimbus/Nimbus Operational System 
data can fulfill routine requirements. The Nimbus R&D project encompasses 
the launch of four progressively more advanced spacecraft, beginning in fiscal 
year '1964. 

The U. S. Weather Bureau, in the Department of Commerce budget submis- 
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s ions ,  w i l l  request  funds f o r  t he  launch  and f l i g h t  of opera t iona l  Ni\nbus 
spacecraf t ,  which w i l l  form the  b a s i s  of a Nimbus Operational System (NOS). 
The f l i g h t s  o f  the  opera t iona l  Nimbus spacecraf t  w i l l  be ih t e r spe r sed  with 
NASA's R&D launches. Although a l l  d a t a  gained from the  R&D spacecraf t  w i l l  
be ava i l ab le  f o r  opera t iona l  purposes, the  ope ra t iona l  Nimbus w i l l  emiphasize 
the  appl ica t ion  of the  d a t a  gained f o r  rou t ine  weather analyses.  

The NOS system will form the  development link between the  Nimbus RE& pro-  
j e c t  and a f u l l y  opera t iona l  meteorological  sa te l l i t e  system. Meanwhile , 
NASA w i l l  continue t o  pursue fundamental Research and Development: ob jec ts .  
The development of improved opera t iona l  systems depends not only upon specific:  
f l i g h t  p r o j e c t s  but  also on sus ta ined  programs of supporting research  and 
technology. These programs include e f f o r t  on techniques r e l a t i n g  t o  ]:he 
reduct ion  and processing of meteorological sa te l l i t e  da ta ,  feasibility and 
i n i t i a l  design s t u d i e s  of more complex sensory systems, and advanced ineteoro- 
l o g i c a l  sa te l l i te  conf igura t ions  and concepts. The programs will.  a l s o  pro- 
v ide  improved sa te l l i t e  instrumentat ion and equipment t o  measure and in t e r -  
p r e t  c r i t i ca l  atmospheric parameters. 

The planned s a t e l l i t e  f l i g h t  schedule follows: 

Mission 
R&D 

TIROS I 
TIROS I1 
TIROS I11 
TIROS I V  
TIROS V 
TIROS V I  
TIROS A-52 
TIROS A-53 
TIROS A-54 
TIROS A-5.5 
TIROS A-56 
Nimbus A-4 
Nimbus A-5 
Nimbus A-6 
Nimbus A-'7 

Launch 
Vehicle 

Thor - Ab 1 e 
Thor-Delta 
Thor-Delta 
Thor-Delta 
Thor-Delta 
Thor-Delta 
Thor-Delta 
Thor-Del t a  
Thor-Delta 
Thor-Delta 
Thor-Delta 
Thor- Agena 
Thor- Agena 
A t l a s -  Agena 
A t  l a  s- Ag ena 

Calendar Y e x  
of Launch 

1960 ) successfu l ly  
1960 ) launched 
1961 ) 
1962 ) 
1962 ) 
1962 ) 
1963 
1963 
1963 
1964 
1964 
1963 
1964 
1965 
1966 

Meteorological sounding rockets  are at present  t he  only f e a s i b l e  veh ic l e s  
f o r  acquir ing d.ata i n  the  100,000 foo t  t o  300,000 foo t  l a y e r  of t h e  atmosphere. 

This  l aye r  is above t h e  a l t i t u d e s  normally reached by radiosonde bal loons and 
is not amenable t o  i n d i r e c t  sensing techniques from satel l i tes ,  being f a r  
below the  a1 t i t u d e s  where satel l i tes  can o r b i t  and make ambient measui:ements. 
The samples of (data obtained thus  f a r  i n d i c a t e  t h a t  s i g n i f i c a n t  meteoi:ologica'l 
processes  take  place a t  these  a l t i t u d e s .  This l aye r  may hold the  key t o  an 
understanding of how changes i n  the  sun 's  r a d i a t i o n s  inf luence  the  weiither. 
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Furthermore, these  l e v e l s  may be u t i l i z e d  by f u t u r e  high f l y i n g  a i r c r # i f t  and 
a r e  known t o  be c r i t i c a l  fo r  r een te r ing  space vehic les .  
the  observat ion c a p a b i l i t i e s  i n  the  region must be improved. 

For these  reclsons, 

It i s  planned t o  launch about 45 lt-rge meteorological sounding rocke t s  i n  
f i s c a l  year 1964 t o  develop sensors  and techniques f o r  measuring t h e  impor- 
t a n t  atmospheric parameters from 200,000 t o  300,000 f e e t  and above. Approx- 
imately 100 small meteorological sounding rocke t s  a r e  t o  be launched .in f i s c a l  
year 1964 t o  provide da t a  t o  be used i n  the  development of a meteorological  
sounding iroclcet system f o r  use i n  the  100,000 t o  200,000 foo t  region. 

EXPLANATION OFFUNDS REQUIRED: 

1964 ---- Suppor t in iq~esea rch  and technology 1962 1963 

Synchronous meteorological  

Advanced meteorological sensor 
..................... $300 , 000 $!l50,000 s a t e l l  its. --- 

developmant ................... $800,000 950,000 3,:!00,000 
Meteor ol Iogi ca 1 systems re search. 2,636,000 1,650,000 2 , 11.50 , 000 
Advanced met eo ro l  og i c a  1 system 

componr?nt development ......... --- 1,600,000 3, tiOO, 000 

Subtotal . ,  d i r e c t  R&D costs . .  .. $3,436,000 $4,500,000 $:LO,;!OO,OOO 

Personne 1 costs . .  ............... 441 , 000 753,000 1,111,000 
Operation of i n s t a l l a t i o n s . .  .... 501,000 709.000 , 1, O&,ooO 

Tota l  costs . .  ................. $4 , 378,000 $5,962,000 ,$X2,:'115,000 
.- 

.............. Tota l  personnel. 58 81 .---- 115 

The ob j w t i v e s  of the  supporting research  and technology e f f o r t  i r e :  
(1) t o  develop :;ensors, con t ro l s ,  and da ta  a c q u i s i t i o n  and handling sjfstems 
to implement imd improve meteorological  systems; (2)  t o  study da ta  frcm pre- 
vious satellj.i:e:; and sounding rocke t s  t o  provide broader bases  f o r  sys tern 
improvements; (3 )  t o  eva lua te  f u r t h e r  experiments and uses  f o r  a giver syst:em; 
;and (4) t o  st:udy f o r  f e a s i b i l i t y  and value t o  the  program new concepts o r  
app l i ca t ions  of meteorological. systems, p r i o r  t o  e s t a b l i s h i n g  a f li-ght project  
(e .  g. the  equator i  a1  o r b i t i n g  , synchronous, ear th-  or ien ted  meteorol-ogi c a l  
s a t e l l i t e ) .  

Accompli.shnients i n  supporting research  and technology provide imFrove- 
rnents f o r  cur ren t  p r o j e c t s  and the  t echn ica l  foundation f o r  progress.  Some 
of the  most s i g n i f i c a n t  a r e a s  of a c t i v i t y  are discussed below. 

Ti ros  experiments have produced ex tens ive  p i c t u r e  and in f r a red  r a d i a t i o n  
data .  While opera t iona l  use has  been made of t he  p i c t u r e  da t a ,  muc:h remains 
to be done i n .  c o r r e l a t i n g  the  p i c t u r e s  wi th  t h e  in f r a red  data .  

Further  development of such i tems as radiometers,  spectrometers and r a d i -  
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artion d e t e c t o r s  s u i t a b l e  f o r  i nc lus ion  i n  t h e  Nimbus spacecraf t  i:; undlerway. 
As t hese  new sensors  are developed f o r  Nimbus, a power system of 1:reater and 
b e t t e r  regulated e lectr ical  capac i ty  w i l l  be  requi red  and must be developed 
c:oncurrently for t he  sensors  t o  be  of use. More accura te  and mort: r e l i a b l e  
con t ro l  systems and such i t e m s  as horizon sensors ,  which are v i t a l  t o  con t ro l ,  
w i l l  provide improved measurement v a l u e s  commensurate wi th  improved sensors.  
Techniques and components f o r  t hese  purposes are under study and developmedt. 

The present. Nimbus s o l a r  paddle system wi th  only one degree of  freedom. 
r e s t r i c t s  the  vaxie ty  of o r b i t s  a v a i l a b l e  t o  the  spacec ra f t  and a l s o  r e q u i r e s  
it l a r g e r  s o l a r  panel,  due t o  the  loss  of e f f i c i e n c y  when t h e  sun ' ;  r a y s  s t r i k e  
the  s o l a r  c e l l s  a t  less  than the  optimum angle. A system wi th  two degrees of 
freedom i s  uncler study. 

A tape  recorder  capable  of being read out  a r b i t r a r i l y  a t  several loca- 
t i o n s  with no l o s s  i n  recorded d a t a  and no "dead t i m e "  i s  being developed 
t o  record TV and high r e s o l u t i o n  i n f r a r e d  s igna ls .  

S tudies  have shown i t  t o  be d e s i r a b l e  t o  develop techniques and compon- 
e n t s  f o r  adagt:ing the  e l e c t r o s t a t i c  tape  camera t o  meteorological  s a t e l l i t e s .  
Technical ly ,  the  e l e c t r o s t a t i c  tape  camera i s  a combination TV camera and 
tape  recorder  which e l imina te s  one s t e p  i n  the  image t r a n s f e r  process.  The 
e l e c t r o s t a t i c  tape camera w i l l  a l s o  provide higher  r e s o l u t i o n  p i c t u r e s  and 
a g r e a t e r  nuuitjer of gray shades. 

The TIROS and Nimbus i n f r a r e d  systems tape  r eco rde r s  are a r e s u l t  of 
support ing re:;eitrc,h and technology i n  t h e  pas t .  Improvements i n  recorder  
technology anti t he  development of a d i g i t a l  tape recorder  are needed f o r  t he  
t ransmission o f w e r ' i n c r e a s i n g  volumes of meteorological  da t a  from the Nimbus 
spacecraft:  s e r i e s .  

New type:; of TV cameras such as the  image or th icon  f o r  night t ime viewing 
w i l l  provide b e t t e r  p i c t u r e  d a t a  from f u t u r e  meteorological  s a t e l l i t e s ;  and 
s ince  the  inc:omiing r a d i a t i o n  from t h e  sun profoundly a f f e c t s  t he  atmosphere, 
ian instrument: s u i t a b l e  f o r  measuring and te lemeter ing the  s o l a r  cons t sn t  from 
met e o r  o l  og i ca:l sate 11 it e s i s h ighly  de sir ab le .  

The present ly  authorized meteorological  s a t e l l i t e  p r o j e c t s  inclucie only 
,the TIROS pro-ject  ( t h e  o r i g i n a l  p r o o f - o f - f e a s i b i l i t y  s a t e l l i t e )  and Nimbus 
I( t he  polar  o r b i t i n g ,  ea r th -o r i en ted ,  f i r s t  ope ra t iona l  s a t e l l i t e ) .  N E  i t h e r  
t he  TIROS, nor the  Nimbus, s ing ly ,  o r  even toge ther ,  provide the  u l t i m a t e  
c a p a b i l i t y  needed t o  meet user  requirements. Therefore ,  a study i s  urder  way 
i n  f i s c a l  year  I963 t o  i d e n t i f y  the  c r i t i c a l  s c i e n t i f i c  and engineer i rg  pro- 
blem areas and the  advances i n  technology requi red  t o  b r ing  the  maximiun area 
of t he  e a r t h  iintier cons tan t  observat ion.  An e q u a t o r i a l  o r b i t i n g ,  synchronous, 
ea r th -  o r i en ted  sate 11 i te  i s  considered a 1 i k e l y  conf igura t ion .  P r  e 1 i n  tinary 
work toward determining system and component c h a r a c t e r i s t i c s  w i l l  be under- 
taken i n  f isc ,xl  year  1964. 
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1964 --- 1962 1963 

Spacecraft  and subsystems.. ..... $5,304,000 $5,500,000 $2,000 000 
Data acquisition... . . . . . . . . . . . . .  330,000 4 , 100 , 000 I , 600 000 
Engineering u t i l i z a t i o n  of data .  1,041,000 1,400,000 1,300 000 
Launch vehicles................. --- 10,200,000 -2,300,000 

Sub to ta l ,  d i r e c t  R&D costs . .  .. $6,675,000 $21,200,000 $~,200,000 

Personnel costs................. 1,255,000 1,192,000 1,616,000 
Operation. of i n s t a l l a t ions . . . . . .  1,526,000 1,364.000 J,759,,000 

To ta l  c'osts. ................... $9,456,000 $23,756,000 $l(l,575,000 

170 151 ---- Tota l  p'ersonnel............... 166 

The ob jec t ives  of t h e  TIROS p r o j e c t  are: (1) t o  prove the  enginec2ring 
and s c i e n t i f i c  f e a s i b i l i t y  and d e s i r a b i l i t y  of t h e  meteorological. s a t l z l l i t e ;  
(2) t o  provide maximum i n t e r i m  ope ra t iona l  d a t a  f o r  use i n  weather a n , i l y s i s  
and fo recas t ing  p r i o r  t o  a v a i l a b i l i t y  of Nimbus d a t a ;  (3) t o  provide lt&D toward 
advanced meteorological  sa te l l i t e  systems; (4) t o  measure emitted in f r a red  am1 
r e f l e c t e d  s o l a r  r a d i a t i o n  i n  se l ec t ed  s p e c t r a l  reg ions ;  and (5) to observe 
cloud cover and p a t t e r n s ,  and measure earth-atmosphere hea t  balance. 

TIROS has  proved the  engineer ing and s c i e n t i f i c  f e a s i b i l i t y  and des i r a -  
b i l i t y  of t he  meteorological  s a t e l l i t e ,  and cont inues  t o  provide s i g n i f i c a n t  
d a t a  toward the accomplishment of a l l  o the r  ob jec t ives .  A l l  s i x  attempted 
launches have been successfu l  and ope ra t iona l  da t a  have been provided t o  the  
ex ten t  of the system's c a p a b i l i t i e s  s ince  t h e  launch of TIROS I on A p r i l  1, 
1960. As of December 1, 1962, approximately 194,000 p i c t u r e s  had bee.1 receivltd 
from the  s a t e l l i t e s ,  of which over 70 per cen t  were meteoro logica l ly  i s e fu l .  
Discovery, v e r i f i c a t i o n ,  and pos i t i on ing  of a cons iderable  number of inajor 
storms has  been made poss ib l e  or confirmed by TIROS data.  

A t o t a l  of f i v e  add i t iona l  R&D TIROS s a t e l l i t e s  i s  planned f o r  launch 
through f i s c a l  year 1965. I n  order t o  accommodate the  d e s i r e s  of t h e  Weather 
Bureau t o  au,gment continuous ope ra t iona l  cloud da ta  coverage a t  t he  e a r l i e s t  
poss ib l e  'date, a d d i t i o n a l  ope ra t iona l  TIROS s a t e l l i t e s ,  funded by t h e  Neather 
Bureauyare planned for  launch i n  f i s c a l  y e a r s  1964 and 1965, i n t e r spe r sed  w i t h  
t he  f i v e  R&D launches. The schedule w i l l  be phased t o  cover the  cale.idar years  
1963 and 1964 t o  provide a r egu la r  flow of TIROS d a t a  u n t i l  the Nimbu;/NOS 
d a t a  can 'be r e l i e d  upon t o  meet r o u t i n e  meteorological  requirements. 

I n  add i t ion  t o  the  d a t a  used ope ra t iona l ly  i n  weather ana lyses  a i d  fore-  
ca s t ing ,  the TIROS s e r i e s  i s  providing a continuing background of reszarch ,  
development and r l e l i a b i l i t y  information on meteorological  s a t e l l i - t e  systems. 
This background i s  con t r ibu t ing  t o  the improvement of follow-on s a t e l l i t e  
systems such a s  Nimbus; f o r  example, equipment e s s e n t i a l  f o r  the N i m b ~ s  stabi1.- 
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i z a t i o n  and cont ro l  system w i l l  be t e s t e d  us ing  TIROS. Further  work iinder 
cons idera t ion  inc ludes  a h ighly  e c c e n t r i c  o r b i t  t o  provide inforniatioii on the 
whole d i sk  oE t ' he  e a r t h  f o r  more d e t a i l e d  work on the  concept of a syi~chronoue; 
equa to r i a l  o r b i t  f o r  a meteorological  s a t e l l i t e .  TIROS da ta  have beeii used 
a l s o  i n  research which showed t h a t  c e r t a i n  in f r a red  d a t a  can be used Por 
night t ime clloud observat ions and the  approximate determinat ion of cloiid top 
he ight ,  and demonstrated t h a t  t he  organiza t ion  of cloud p a t t e r n s  i s  f d r  g rea t -  
e r  than w a s  ever an t i c ipa t ed ,  p a r t i c u i a r l y  the  s p i r a l  banding noted i n  storms 
and a previously unknown convective p a t t e r n  which i s  f requent ly  obser-red over 
ocean areas. 

Addit ional  TIROS w i l l  be launched by the  Thor-Delta veh ic l e  (TIRO3 I was 
Delta veh ic l e s  f o r  R&D launches will.  continue t o  launched by the  Thor-Able). 

be incremental ly  Eunded i n  f i s c a l  year  1964. 

Nimbus 

1961i --- 1962 1963 

Spacecraf t  and subsystems..... ... $16,581,000 $21,240,000 $31,5513,000 
Data acquis i t ion. . . . .  ............ --- 2,450,000 4,0513,000 
Launch vehicles.................. 7,300,000 6,600,000 -8,2013,000 

Subto ta l ,  d i r e c t  R&D cos t s .  .... $23,881,000 $30,290,000 $43,803,000 

Personnel costs.................. 533 , 000 992,000 1,421,000 
Operation of ins ta l la t ions . . . . . . .  603,000 1,213,000 -1,652,000 

To ta l  C C l S t S , .  .................. $25,017,000 $32,4959000 $Li6J873J000 

To ta l  personnel ................ 70 14 6 104 ---- 
The ob jec t ives  of the  Nimbus p r o j e c t  are: (1) t o  develop f o r  cont inuing 

use a r e l i a b l e  s a t e l l i t e  system, inc luding  read-out s t a t i o n s ,  f o r  an eventual  
opera t iona l  nieteorological s a t e l l i t e  system, and provide i n i t i a l  improvements 
t o  t h a t  s y s t ~ m ; ( 2 )  t o  provide da t a  from the  Nimbus R&D system, toge ther  w i th  
the  s a t e l l i t e s  furnished through t h e  Nimbus Operat ional  System (NOS) f o r  oper- 
a t i o n a l  use hy the  Weather Bureau and o ther  weather services, and fo r  meteoral- 
l o g i c a l  researc:h; (3 )  t o  ob ta in  f u l l  g loba l  p i c t u r e  coverage of daytime cloud 
cover,  and @,t-osser n igh t  cloud cover us ing  I R  sensors;  and (4) t o  ob ta in  e m i t -  
ted infrared. arid r e f l e c t e d  s o l a r  r a d i a t i o n  measurements. 

The resu~1.t~ of an a n a l y s i s  and study of t he  requirements of the U. S. 
Weather Bureau, the Department of Defense, and the  Federal  Aviat ion Agency 
f o r  meteorological da t a  which can be most p r a c t i c a l l y  acquired t'hrough s a t e l -  
l i t e s  were a.ppl.ied t o  the  Nimbus P ro jec t .  The agencies  were con t inua l ly  c:on- 
su l t ed  during; design and planning. The spacecraf t  developed under t h i s  pro- 
j e c t  a r e  plamned a s  the  bas i c  instruments  i n  t h e  opera t iona l  meteorological  
s a t e l l i t e  system. The use r  requirements are such t h a t  t he  s a t e l l i t e  must have 
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e a r t h  s t a b i l i z , a t i o n  i n  order  t o  view t h e  atmosphere continuously.  Fur ther ,  
the  s a t e l l i t e  must be i n  a near-polar  o r b i t  i n  order  t h a t  combined views from 
i t s  o r b i t s  w i l l  show t h e  e n t i r e  globe a t  least  once each day i n  dayl ight .  
The s a t e l l i t e  design must allow f o r  growth, t o  permit t h e  inc lus ion  of o ther  
o r  improved sensors  as they are developed, without  n e c e s s i t a t i n g  a c o s t l y  
redesign and complete r e q u a l i f i c a t i o n  each t i m e .  
ments w i l l  be mat most r ap id ly  a t  t h e  l eas t  cos t .  
f i r s t  c iv i l i am ear th-or ien ted  satel l i te .  (TIROS i s  space-or iented and conse- 
quent ly  can view the  e a r t h  through only p a r t  of any given o r b i t ;  €or  these  
and o the r  reit';oris, i t  cannot adequately s a t i s f y  use r  requirements on a long 
term bas is . )  

I n  t h i s  manner user  requi re -  
Nimbus is planned a s  the  

Nimbus i t ;  approximately 10 f e e t  high and 5 f e e t  i n  diameter a t  tl-e base 
;and w i l l  weigh about 700 pounds. This  i n i t i a l  vers ion  i s  l imi t ed  by c u r r e n t l y  
planned 1aunc:h veh ic l e  c a p a b i l i t i e s .  The l a t e r  Nimbus w i l l  probably k e igh  up 
to 850 o r  more pounds and u t i l i z e  the  Atlas-Agena launch vehic le .  The s a t e l -  
l i t e  w i l l  h a w  th ree  major subsystems: power, s t a b i l i z a t i o n  (consfs t ing  of 
gas j e t s  f o r  coiirse con t ro l  and i n e r t i a  wheels f o r  f i n e  c o n t r o l ) ,  and the  
sensory system, which w i l l  inc lude  t h r e e  v id icon  cameras and r a d i a t i o r  sensors  
cDn the  f i r s t  Nimbus. Later Nimbus spacecraf t  w i l l  include d u p l i c a t e  : ,e ts  of 
these sensor:; f o r  improved use fu l  l i f e  and r e l i a b i l i t y .  

It i s  an r i c ipa t ed  t h a t  t h e  launch of four  Nimbus R&D spacecraf t  v 4 l l  re- 
s u l t  i n  a re:Liable and s u f f i c i e n t l y  redundant s a t e l l i t e  t o  assure  the  weather 
da ta  user  the  mlnimum d a t a  t h a t  he r e q u i r e s  on a continuous bas i s .  The f i r s t  
two research  ,and development s a t e l l i t e s  w i l l  be pr imar i ly  minimurr sa te l l i tes  
launched to t e s t  out  t he  b a s i c  system and t h e  b a s i c  conf igura t ions .  Ehen 
t h e i r  da t a ,  hwever ,  w i l l  be immediately made a v a i l a b l e  f o r  opera t  i o n d  weiilth-. 
e r  ana lys i s  and forecas t ing .  

The t h i r d  Nimbus s a t e l l i t e  w i l l  inc lude  sensor redundancy i n  an c!lementai:y 
form by having 'dupl icate  systems, and w i l l  r equ i r e  t h e  Atlas-Agena launch ve- 
h i c l e .  The Eourth research  and development s a t e l l i t e  w i l l  be an in t eg ra t ed  
redundant system, wi th  the  c a p a b i l i t y  of in te rconnec t ing  ind iv idua l  p a r t s  of  sub- 
systems i n  f l i g ' h t  on command, i n  order  t o  provide a system wi th  still longer 
l i f e .  

Since i t  i s  recognized t h a t  f a i l u r e s  may take  p lace  during t .his l ~ e r i o d  
which w i l l  prevent con t inu i ty  between R&D launches,  Congress has  provided the 
Weather Bureau funds f o r  add i t iona l  s a t e l l i t e  launches--the NOS s a t e l l i t e s - -  
t o  be in te r leaved  wi th  the  R&D s a t e l l i t e s ,  The f a b r i c a t i o n ,  launch and oper- 
a t i o n  of these NOS sa te l l i t es  i s  being managed by NASA wi th  funds t r a n s f e r r e d  
by the  Weather Bureau. 

Af te r  t h e  Nimbus R&D series has  been completed and t h e  b a s i c  Operational 
s a t e l l i t e  has  been developed, Nimbus type satel l i tes  w i l l  be funded b ' g  the  
Weather Bureau and launched on a rou t ine ,  r egu la r  b a s i s  as p a r t  of thl? con- 
t i nu ing  NASA r e s p o n s i b i l i t y  under the  opera t iona l  meteorological  s a t e l l i t e  
sy s t e m .  
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Meteor olonici& sounding rocket systems 

1964 --- 1962 1963 

Experiments:, equipment , and 

Large rockets. .  --- 270 , 000 36C .OOO 
support: f o r  l a rge  rockets. .  ... $441,000 $790,000 $1,44C ,000 

.......... 265,000 70C, 000 Smal l  roc:lcet systems.. --- 
Subt:ota:l, d i r e c t  R&D costs . .  .. 441,000 $1,325,000 $2,50C , 000 

................. 

Personnel. costs . .  ............... 177 , 000 354,000 389 , 000 
Opera t: ion of i n  s t a1 l a  t ions ...... 227,000 397*.000 433,000 

Tota l  c:ost:s ................... $845,000 $2,076,000 $3,322,000 

Tota l  personnel. .............. 24 45 43 ---- 
The ob jec t ives  of t h i s  p ro jec t  a r e  t o  develop and improve sensors and 

techniques f o r  measuring the  bas i c  meteorological parameters i n  the region 
from 200,000 t o  300,000 f e e t  wi th  l a rge  rocke ts ;  and t o  develop a r e l i a b l e ,  
s impl i f ied ,  ne1.f-sufficient sounding system ( rocket  vehic le ,  sensors ,  and 
da ta  acquiisi t ion)  t o  provide a c a p a b i l i t y  f o r  rou t ine  measurement:; of the  
bas i c  meteorological parameters f o r  research  and app l i ca t ions  i n  t:he 100,000 
t o  200,000 foot: region of the atmosphere wi th  s m a l l  rockets .  

I n  order  t:o determine the  magnitude and ex ten t  of the  dynamic: and thermcl- 
dynamic vari.atj.ons of atmospheric p rope r t i e s  i n  the  upper s t r a tosphe re  and 
mesosphere, 1.aunch s i t e s  f o r  l a rge  meteorological sounding rockets  a r e  d i s -  
t r i b u t e d  a t  var ious  l a t i t u d e s  t o  measure the  atmospheric s t r u c t u r e  i n  the  
var ious  c1imati.c regimes from the  Arc t ic  t o  the  Tropics.  NASA plans t o  launch 
approximately 4.5 l a rge  meteorological sounding rockets  i n  f i s c a l  year 1964.. 

Recent ~r~esearch  has  ind ica ted  t h a t  the  reg ion  of t he  atmosphere explored 
by s m a l l  metemxlogical  sounding rockets  se rves  as an important l i n k  hetween 
the  higher  regions where s o l a r  r a d i a t i o n  e f f e c t s  dominate., and t h e  lover  re -  
gions where olxrvection and a i r  mass mixing con t ro l  t he  sur face  weather. 
Thus, t h i s  r e & m  may provide the  d a t a  leading t o  the  so lu t ion  of inany pro- 
b l ems  i n  weather ana lys i s  and forecas t ing .  

A t  present  a v a r i e t y  of rocke ts  and sensors  are used f o r  studying; t h i s  
region. 
motor, sensoirs, and d a t a  acqu i s i t i on  equipment, is aimed a t  providing a stand- 
ardized f l i g h t  ,art icle which w i l l  meet the  requirements a t  an o v e r a l l  minimum 
cost .  ApproicIm,stely 100 rockets  w i l l  be launched i n  f i s c a l  year 1964, 

The Integrated system to  be developed, cons i s t ing  of the  rocket  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

COMMUNICATIONS SATELLITES 

- OI3JECTIVES : 

The objec.t:ives of the  NASA Communications S a t e l l i t e  Program a r e  t o  
a s s i s t  i n  the  e a r l y  es tabl ishment  of opera t iona l  communications s a e e l l i t e  
systems, and t o  support  the  continuing development and expansion oE such 
systems through a program of research ,  development and f l i g h t  t e s t i n g  
of techniques cmtl concepts designed to insure  the  r e a l i z a t i o n  of the  f u l l  
capab il it i e  s CI 1: c:omunic a t  ions  s a t  e l  1 it e s . 
- SIJMMARY OF REEIOUILCES -- REQUIREMENTS : 

Funds 1962 

Supporting research and 
technol.c~gy.. ................ $ 7,478,000 

Fl igh t  prc)gx:arm.. .............. 25,627,000 

Subt.otd. ,  d i r e c t  R&D cos ts . .  $33,105,000 

Personnel costs . .  ............. 1,179,000 
Operation of i n s t a l l a t i o n s . .  .. 1,307,000 

Tota.1 c.ost:s. ................ $35,591.000 
Personne 1 

NASA Heaclquarters ............. 27 
Goddard Slpac:e F l i g h t  Center.. . 95 
Langley Eksearch Center.. ..... 23 
Western Operat ions Off ice. .  ... 1 
Wallops Stat: ion. .............. 8 
North Eas te rn  Off i c e  .......... 

Tota l  raimber of personnel 
r e l a t e d  t o  program ........ 454 

- 
- 

1963 

$12,976,000 
30,739,000 

$43,715,000 

2,644,000 
2,690,000 

$49 ,049,000 

32 
213 

24 
1 
9 

1964 --- 

$ .5,000,000 - 46,100,000 

$5L,100,000 

2,293,000 - 2,378,000 

$55,771,000 

38 
168 

19 

8 
1 

- 

-e-- 

280 234 --- --- 
Pr imary  r e s p o n s i b i l i t y  f o r  the  Communications S a t e l l i t e  Program i s  i n  t h e  
Off ice  of Applicat ions a t  NASA Headquarters. Pro jec t  management responsi-  
b i l i t y  has been assigned f o r  each of t h e  cu r ren t  p r o j e c t s  t o  Goddacd Space 
Fltight Center. 
l i s t e d  above. 

Support f o r  the program i s  accomplished a t  the  1ocat.ions 
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PROGRAM JUSTIE'ICATION : 

The effec:t ive conduct of the  Nation's a f f a i r s  depends on r ap id  and 
r e l i a b l e  comunica t ions  over g rea t  d i s t ances  on the  ea r th .  High- Erequency 
r ad io ,  used in  many of the  present  worldwide communications systems, and 
the  e x i s t i n g  t .rmsoceanic telephone cables  are r a p i d l y  being overburdened. 
The an t i c ipa t ed  fu tu re  expansion of communications requirements n e c e s s i t a t e s  
the  developmerit of new, more r e l i a b l e ,  and more economical techniques of 
g r e a t e r  c a p a b i l i t y  than e x i s t i n g  systems. Communications s a t e l l i c e s  make i t  
poss ib le  t o  e s t a b l i s h  microwave communication over long d i s t ances  by pro- 
v id ing  r e l a y  s t a t i o n s  a t  a l t i t u d e s  where they can be viewed simulraneously 
from many poirits on the  e a r t h ' s  surface.  
1:elecommunicat:ions can be extended t o  the  e n t i r e  ear th .  NASA w i l l  support 
the  continuing; improvement, development and expansion of the  uses  of communi- 
ca t ions  satel 1.it:e systems through research ,  development and f l i g h t  t e s t s .  
NASA w i l l  not only play a pr imary  r o l e  i n  support  of the  Space Cornmunizations 
Corporation i r l  siccordance w i t h  the  pol icy of the  Communications S a t e l l i t e  A c t  
of 1962, b u t  w i l l  a l s o  support  a l l  i n d u s t r i e s  supplying component:; for fu tu re  
communication 5, s i a t e l l i  t e  s y s  terns. 

With t h e i r  use  a l l  typea of 

NASA exctianges information with the  Department of Defense (DOD), and 
insures  t h a t  NASA's program w i l l  meet DOD requirements t o  the  maximum exten t  
poss ib l e ,  through a Technical Committee f o r  Communications S a t e l l  i t e s ,  made 
up of program and p ro jec t  l e v e l  r ep resen ta t ives  from NASA and Defense 
agencies,  report:ing t o  the  Unmanned Spacecraf t  Panel of the  Aeron.sutics and 
Astronaut ics  Coordinating Board. 

The NASA Communications S a t e l l i t e  program c o n s i s t s  of supporting 
research and development of components and techniques required fo r  fu tu re  
spacec ra f t ,  EL:; well  as a f l i g h t  program t o  design,  develop, test  Eeas ib i l i t y ,  
t e s t  r e l i a b i l i - t y ,  and determine the usefu l  l i f e  of communications s a t e l l i t e s .  
The f l i g h t  program w i l l  pursue the  development and f l i g h t  t e s t i n g  of both 
ac t ive  repeat.t!r and passive s a t e l l i t e s .  The a c t i v e  r epea te r  s a t e  11 i t e  
p r o j e c t s  include Relay, Syncom, and the  advanced synchronous s a t e  11 i t e  
development. Ec:ho i s  a passive s a t e l l i t e  p ro jec t .  

The comniunicat ions satel 1 i t e  

Mission ---- 
Echo-11: ( r i g i d i z e d  sphere 

passive r e f l e c t o r )  
Suborbit:al test  (2 f l i g h t s )  
Orb i t a l  tes t  

Relay (low a l t i t u d e  wideband 
ac t ive  r epea te r )  
1 f l ight :  
2 flight::; 

f l i g h t  schedule i s  as follows: 

Launch Calendar Year Launch 
Vehicle of Launch Locat ion  --- 

Thor 1962 
Thor-Agena 1963 

Thor-Delta 1962 
Thor-Delta 1963 

,w 
PMR 
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M i  8 s ion 
Launch Calendar Year Launch 
Vehicle of Launch Location --- 

Syncom (24-hour o r b i t ,  narrow 
band ac t ive  repea ter )  
3 f l i g h t s  Thor-Delta 1963 

Advanced Synchronous C o m n i -  
ca t ions  S a t e l l i t e  (24-hour 
o r b i t ,  wideband ac t ive  repea ter )  
2 f1ight.z; Atlas-Agena 1965 
2 fl ights;  Atlas-Agena 1966 

AWR 
rm 

The Comniiinlications S a t e l l i t e  program w i l l  use ground s t a t i o n s  for 
t ransmi t t ing  and rece iv ing  s igna l s  f o r  communications, command-control , 
and telemetry,  
s t a t i o n s ,  and spec ia l  ground equipment f o r  some of i t s  communications 
pro jec ts .  
j o i n t l y  with o the r  p a r t i c i p a n t s ,  such as t h e  DOD and c e r t a i n  fore ign  & o v e n -  
ments, which w i l l  u t i l i z e  t h e i r  own ground s t a t ions .  

NASA w i l l  lease o r  bu i ld  ground s t a t i o n s ,  telemetry-cornand 

A iiurnber of t he  communications experiments w i l l  be conducted 

EXPLANATION OFFUNDS REQUESTED : 

Supporting Research and technology 1962 

Advanced synchronous 

High ga in  r e f l e c t i v e  

Advanced passive s a t e l l i t e  

1ntermed.iatte a l t i t u d e  

E l ec t ror i ica l  l y  s t ee rab le  

Isotope thermoelectric power 

Technical and opera t iona l  

sa te l l i te  studies........... $ 1,000,000 

structures.................. 126,000 

studies..................... 4,113,000 

satell it.e s tudies .  .......... 
anteIllrtas.................... 

--- 

--- supp1.y studies. .  ............ 
studies, ,  .................... 2,239,000 

Subtota:L, d i r e c t  RAD cos ts .  . $ 7,478,000 

Personnel costs............... 146,000 
0perat:im of i n s t a l l a t i o n s .  ... 172,000 

Tota:L COS~S.... . . . . . . . . . . . . .  7,796,000 

Tota l  personnel............. 19 

$ 5,000,000 

450,000 

2,750,000 

2,000,000 

234,000 

100,000 

2,442,000 

$12,976,000 

- -- $ 

200 ,000 

1,200,000 

2,0010,000 

100,000 

200,000 

1,300,000 

$ s,oc~o,ooo 

1,130,000 7r1.5,Ooo 
1,178,000 7 t,l5 000 

$15,284,000 $ 6,5:10,000 --- 
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These es t imates  provide support  f o r  advanced communications s a t e l l i t e s  
and new system concepts. The program c o n s i s t s  of comprehensive s t u d i e s ,  
t h e o r e t i c a l  s tud ie s  and inves t iga t ions ,  and subsystem-system f e a s i b i l i t y  
and development. Comprehensive s t u d i e s  provide a b a s i s  f o r  program d i r e c t -  
t i o n  and embrace severa l  e f f o r t s  which are concerned with the  technological ,  
opera t iona l  and economic problems of communications s a t e l l i t e s .  Theore t ica l  
s t u d i e s  and inves t iga t ions  determine areas of  worthwhile hardware det'elopment:. 
The r e s u l t s  of such s t u d i e s  lead  t o  f e a s i b i l i t y  demonstrations and develop- 
ments appl ic  ab Le t o  fu tu re  communications s a t e l l i t e  systems. 

Advance43 passive s a t e l l i t e  technology work i s  being undertaken t o  develop 
a number of passive s t r u c t u r e s  having improved r ad io  c ros s  section-tc-weight 
r a t i o s  and i:ednced s u s c e p t i b i l i t y  t o  s o l a r  pressure.  The t a r g e t  f o r  t h i s  
improved r ad io  c ros s  sec t ion  i s  a s t r u c t u r e  with t e n  times the  Echo A-12  c ross  
sec t ion  but  of s u b s t a n t i a l l y  t h e  same weight. An improvement of t h i s  
magnitude i s  necessary t o  reduce the  ground s t a t i o n  complexity and c c s t  
required t o  e s t a b l i s h  use fu l  communication channel c a p a b i l i t i e s .  
be devoted to mat.erials improvement, s t r u c t u r e s  development, and ground 
t e s t i n g  of t:he var ious approaches. 

E f f o r t  w i l l  

The fiscal .  year 1963 program includes major e f f o r t  on advanced synchronoixs 
o r b i t  sat.ell.iLtc! s t u d i e s  , and f e a s i b i l i t y  research  on intermediate  a l t i t u d e  
communications spacecraf t .  Such s t u d i e s  a l low a thorough ana lys i s  and 
eva lua t ion  of c:omplex advanced systems problems before  the  placement of 
ex tens ive  de:veI.opment cont rac ts .  

F i s c a l  year 1964 funds w i l l  be used t o  continue research on hi-gain 
r e f l e c t i v e  st :ructures , d i r e c t i v i t y  p a t t e r n s  f o r  antennas and measurement 
of r ad io  tratrisniission lo s ses  due t o  s c a t t e r i n g  o b j e c t s  , development of 
s a t e l l i t e  makerials and components, and a t t i t u d e  s t a b i l i z a t i o n  tedhniques. 
The e f f o r t  will include cont inuing s tudy on intermediate  a l t i t u d e ,  advanced 
pass ive ,  a n d  mul t ip le  access communications spacecraf t  , and research  d i rec ted  
toward the  demcmstration of f e a s i b i l i t y  of i s o t o p i c  thermoelectr.ic power 
suppl ies .  S tudies  w i l l  be i n i t i a t e d  on l a r g e  s o l a r  c o l l e c t o r s  and p r v a g a -  
t i o n  c h a r a c t e r i s t i c s .  

The Hugties A i r c r a f t  Company, Culver C i ty ,  Ca l i fo rn ia ,  was awarded a 
con t r ac t  f o r  a prel iminary design of an advanced synchronous a l t i t u d e  
sa te l l i t e  spacecraf t ,  including the  design and development of a t r ave l ing  
wave tube,  a transponder,  an e l e c t r o n i c a l l y  s t e e r a b l e  phased ar ray  antenna, 
a hot  gas r eac t ion  j e t  con t ro l  system, and s p e c i f i c a t i o n s  f o r  the  spazecraf t  
and the  on-board e l ec t ron ic s .  The Cent ra l  Radio Propagation Laboratory, 
National Bureau of Standards,  Boulder, Colorado, i s  engaged i n  r e sea r -h  on 
d i r e c t i v i t y  patteams f o r  antennas and measurements of r ad io  t ransmission 
lo s ses  due t o  s c a t t e r i n g  objec ts .  
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E 1  i g h t  progr a!! 

Ekho ( r ig id i zed  sphere) 1962 1963 19611 
-I_- 

Thor laurichi vehic le  

Thor-Agerta launch vehic le  

Sphere development and 

Canister:; cind spacecraf t  

--- $ (one b d 1 . i s t i c  flight)...... $1,000,000 $ --- 
(one or:bj.tal flight)........ 4,800,000 --- --- 
procurement, ................ 75,000 306,000 --- 
enviroruncatal tests.. ....... 65,000 400,000 --- 

Beacons 163,000 245,000 --- 

Data reduct ion and analysis . .  . --- 450,000 - 200 I 000 

.......................... 
Testy evialuation and 

doc:umcvitation services. .  .... --- 34,000 
- 

Sub to ta l ,  d i r e c t  R6J) costs . .  $6,103,000 1,435,000 $ 200,000 

Personnel costs . .  ............. 542,000 597,000 407 I ,  000 
Operation 'of ins ta l la t ions . . . .  560,000 553,000 :377 , .,OOO 

Tota l  CostS................. $7,205,000 ~ 2 , 5 8 5 , 0 0 0  9 984,,000 ---- 
44 66 e--- 

Tota l  persimnel....,........ 7 1  

Proj 'ect  Echo covers development and f l i g h t - t e s t i n g  of a passive 
communications s a t e l l i t e  which w i l l  be sphe r i ca l ,  135 f e e t  i n  diamete.:, 
weigh about 500 pounds, and be constructed of an aluminum-mylar ].aminate. 
The p ro jec t  includes two b a l l i s t i c  f l i g h t s  from which took p lace  i n  Jnnuary 
and J u l y ,  1902, and one o r b i t a l  launch scheduled from the  P a c i f i c  M i s s i l e  
Range i n  the  l a . s t  ha l f  of f i s c a l  year  1963. The b a l l i s t i c  f l i g h t s ,  using 
Thor DM-21 launch vehic les  with TV equipment and a recover iab le  f i lm  
camera, t e s t e d  s a t e l l i t e  e j e c t i o n  and i n f l a t i o n .  I n  the  f i r s t  b i ~ l l i s t i c  
f l i g h t  (AVT-I.) t he  c a n i s t e r  opening and sphere e j e c t i o n  was  suci:essfJl, 
but  t he  sphere ruptured and t o r e  apar t .  The second b a l l i s t i c  f l i g h t  (AVT-2) 
r e su l t ed  i n  successfu l  e j e c t i o n  and deployment of the  sphere,  alchough radar 
d a t a  ind ica ted  t h a t  t he  i n f l a t i o n  process  may not  have been complete. 
Excellent q u a l i t y  TV s i g n a l s  from the  Thor were received and recorded a t  
AMR, and i n  hot:h b a l l i s t i c  tests the  recovered f i l m  da ta  capsules  yielded 
excellent.  fi:tm,, 

The o r b i t a l  launch, u t i l i z i n g  a Thor-Agena launch veh ic l e ,  will place  
the  satel.lit:e :in a c i r c u l a r  o r b i t  of  about 700 n a u t i c a l  m i l e s  a l t i t ude .  
The major ob-jective of  the  o r b i t a l  f l i g h t  i s  t o  test the  use fu l  l i f e  of the  
r ig fd ized  sphere and i t s  p r a c t i c a l i t y  as a r e l i a b l e  r e f l e c t o r  of rad io  
waves. The major con t r ac to r s  f o r  t h i s  p r o j e c t  a r e  G. T. Schjeldahl Co. of 
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I!linnesota f o r  t h e  spheres;  Aero-Geo-Astro of V i rg in i a  f o r  beacons ; Grtimman 
.Aircraft  Enghee r ing  Co., Bethpage, L.I., New York, f o r  c a n i s t e r s ;  Geophysics 
Corporation o E  America, Viron Div., i n  Minnesota f o r  i n f l s t i o n  system; 
Douglas Airci:,ift of Ca l i fo rn ia ,  f o r  t h e  b a l l i s t i c  launch veh ic l e s  and t h e  
booster s tage f o r  t he  o r b i t a l  launch veh ic l e s ;  and Lockheed Missile & Space 
Co. of Callifornia,for t he  Agena B s t age  of the o r b i t a l  launch veh ic l e ,  

Spsct:crilEt develowmt and procurement, launch v e h i c l e s  and launch support 
were provided f o r  with p r i o r  year funds. F i s c a l  
t o  permit continued observa t ion  of t he  s a t e l l i t e  
and f o r  d a t a  reduction and ana lys i s .  

Relay 1962 

Spacecraft.................... 
Ground , s ta t ion  equipment.. .... 
Radiat ion (experiments 
Ground , s ta t ion  operations..... 
Command and con t ro l  s t a t ions . .  
Coordination planning and 

documentation............... 
Communications rentals........ 
Data reduct ion  and ana lys i s .  .. 
Thor-Delta launch vehicles* 

(2 o r b i t a l  f l i g h t s  and 
1 bac!kup).. ................. 

$3,409,000 
376,000 
245,000 
833,000 

2,049,000 

--- 
Sub to ta l ,  d i r e c t  R&D costs. .  $6,912,000 

*Funded i n  FY 1961 

Personnel eosts............... 361,000 
Operation of i n s t a l l a t ions . . . .  426,000 

To ta l  costs................. $7,699,000 

year 1964 funds a r e  requi red  
i n  t h e  post launch pc!riod, 

19 63 

$3,000,000 
1,603,000 

115,000 
1,680,000 
1,085,000 

1,210,000 
100,000 
275,000 

$9,068,000 

567,000 
594,000 

$10,229,000 

350,000 
17!i, 000 
22!i,OOO 

$1,900,000 

298,000 
31t3,OOO -- 

Tota l  personnel............. 47 59 30 --- 
The mission of Relay i s  t o  accomplish experimental wideband commimica- 

t i o n s  between widely separated ground s t a t i o n s  by means of a low-a l t i tude  
a c t i v e  communications s a t e l l i t e ;  t o  measure the  e f f e c t s  of t he  space environ- 
ment on t h e  Relay sa te l l i t e ;  and t o  determine the  r e l i a b l e  a c t i v e  l i f e  of 
the Relay spacecraf t .  

P ro jec t  Relay covers development and f l i g h t  t e s t i n g  of an experimental 
wideband, low o r b i t ,  a c t i v e  r epea te r  communications s a t e l l i t e .  The s ,? in-  
s t a b l i z e d  spacec ra f t  i s  an 8-sided p r i s m ,  29 inches i n  maximum width and 
weighing about 168 pounds, w i t h  a degree of a t t i t u d e  c o n t r o l  through use  of 
a magnetic c o i l .  The spacec ra f t  conta ins  two complete and separate clmmuni- 
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ca t ions  trcmsponders, each capable of re lay ing  a s tandard TV channel o r  
equivalent  high speed data .  Only one transponder i s  operated a t  any time; 
the  o the r  i s 3  f o r  backup. The spacecraf t  a l s o  has  the  capabi1it:y of multi-  
channel twcl-way telephone se rv ice  between se l ec t ed  ground s t a t i o n s .  It con- 
t a i n s  a radj.at.ion experiment f o r  monitoring the  r a d i a t i o n  l e v e l s  encountered 
by t h e  sate1 li t e  and measuring r ad ia t ion  damage t o  se l ec t ed  s o l i d - s t a t e  
devices. In addi t ion ,  the  s a t e l l i t e  includes a s o l a r  cell/nickt?l-cadmium 
b a t t e r y  power supply, s o l a r  a t t i t u d e  sensorls, and command-telemetry equipment. 

Communications experiments with the  Relay spacecraf t  demonstrat ing 
a U. S.-Europe l i n k  w i l l  be conducted between the  AT&T ground st:atioii a t  
Andover, Maine ( se rv ices  of which a r e  being cont rac ted  f o r  by U S A )  m d  
European ground s t a t i o n s  a t  Goonhilly, England; Pleumeur-Bodou, Franc:e; 
Fucino, I t a l y ;  and Rais t ing ,  West Germany. Experiments demonstratinl; a 
U. S.-South America l i n k  w i l l  be conducted between the  IT&T ground : ; ta t ion  
a t  Nutley, New J e r s e y  (which i s  being cont rac ted  f o r  by NASA) and a !;outh 
American s t a t i o n  a t  Rio de Jane i ro ,  Braz i l .  In  addi t ion  t o  the  cornmimica- 
t i o n s  ground s t a t i o n s ,  NASA i s  u t i l i z i n g  two ground s t a t i o n s  t o  test the  
funct ioning of the  Relay spacecraf t .  These s t a t i o n s  w i l l  be loca ted  a t  
Nutley, New .Je:rsey, and Mojave, Cal i forn ia .  Relay spacecraf t  w i l l  br 
launched from AMR i n t o  e l l i p t i c a l  o r b i t  with 4,000 n a u t i c a l  mile apogee, 
700 nautical. m i l e  per igee ,  and 47' i nc l ina t ion .  
place on December 14, 1962, using a Delta vehicle .  

The f i r s t  launch tock 

The major con t r ac to r s  a r e  STL of Ca l i fo rn ia  f o r  a spacecraf t  design 
study and coord ina t ion ,  planning and documentation; Astro-Electronics  Divis ion 
of RCA of Net7 J e r s e y  f o r  spacecraf t  development; Phi lco  Corporation of 
C a l i f o r n i a  f o r  t he  Mojave ground antenna; AT&T of New York and I'C&T of New 
York f o r  ground s t a t i o n  opera t ions ;  and Douglas A i r c r a f t  Corporation of 
Ca l i fo rn ia  f o r  the  launch vehic les .  

P r i o r  year funds have been used f o r  spacecraf t  development, groulnd 
s t a t i o n  opera t ions  equipment, command and con t ro l  s t a t i o n s ,  and r a d i a t i o n  
experiments. The funds a l s o  provided f o r  i n i t i a t i o n  of coordinat:ion, plan- 
ning and documentation, communications r e n t a l s ,  and da ta  reduct ion and 
ana lys i s .  

Funding f o r  Eiscal year 1964 w i l l  cover cont inua t ion  of ground s t a t i o n  
opera t ions  of AT&T and IT&T, coordinat ion,  planning and documentattion, 
comtnunication r ' en t a l s ,  and da ta  reduct ion and ana lys i s .  

syncom 1904 -- 19 62 19 63 

Thor- De j! :t a 1 aunch veh ic l e s  
(two o r l~ i l s a l  f l i g h t s  and 
one backup). ................ $2,500,000 $5,000,000 $ --- 

Apogee motor development (JPL) 475,000 250,000 --- 
Backup t:i:avel,ing wave tube. ... 132,000 50,000 --- 
Spacecraf t  ., ................... 6,668,000 3,445,000 so0 ,000 
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L964 -- 19 62 1963 

Range and range r a t e  

Ground stati.Cn support and 
equipment.. ................. $1,571,000 $ 785,000 $ 4 10,000 

environmental test..  1,066,000 3,881,000 2,215,000 
Communication rentals......... --- 330,000 --- 
Data redu.ction and analysis. .  . --- 865,000 875,000 

........ 
I- 

Subtcital , d i r e c t  R&D cos ts .  . $12,412,000 $14,606,000 $4 ,0800 ,000 

Persocrrtel. costs. .  ............. 130,000 350,000 288,000 ... 308,000 Operation of i n s t a l l a t i o n s .  149,000 365,000 -- 
Tota:. c:osts ..... ............$ 12,691,000 $15,321,000 $4,596,000 - 
T o t d  personnal ............. 1 7  29 37 -- 

The ob-jectives of Syncom are t o  provide experience i n  using cormunica- 
t i o n s  satel.:til:es i n  a 24-hour o r b i t  a t  the e a r l i e s t  possible  t i n e ;  t o  f l i g h t  
t e s t  a new .and simple approach t o  s a t e l l i t e  a t t i t u d e  and period cont ro l ;  
t o  devel-op 1:riansportable ground f a c i l i t i e s  which can be r ead i ly  deployed i n  
usefu l  a reas ;  t o  develop the capab i l i t y  of launching s a t e l l i t e s  in tc  the 
24-hour orb i t ,  using ex i s t ing  launch vehic les  plus  apogee kick rockets ; and 
t o  t e s t  the l i f e  of communications s a t e l l i t e s  components a t  the 24-tour o r b i t  
a 1 t i  tude. 

The S:yicom spacecraf t  w i l l  be a narrow band ac t ive  repea ter  conununica- 
t i ons  sate:lLite. The spacecraf t  w i l l  be 28-inches i n  diameter, weigh about 
145 pounds, and contain a communications transponder capable of accclmmodating 
one two-way rad io  telephone channel. It w i l l  a l so  contain the  apogcme-kick 
rocket motor, hydrogen peroxide j e t s  and ni t rogen gas j e t s  fo r  a t t i t u d e  and 
pos i t ion  cont ro l ,  s o l a r  a t t i t u d e  sensors,  s o l a r  c e l l / n i c k e l  cadmium ba t t e ry  
power suppLy, and telemetry and cont ro l  equipment. A Delta vehicle  w i l l  be 
used t o  launch the spacecraf t  i n t o  a highly eccen t r i c  o r b i t  with apogee 
a t  synclnroinous a l t i t ude .  When apogee i s  reached, the apogee-kick rocket 
motor w i l l  be  f i r e d  and w i l l  provide s u f f i c i e n t  addi t iona l  ve loc i ty  t o  
i n j e c t  the s a t e l l i t e  i n t o  a c i r c u l a r  near 24-hour o r b i t  incl ined 33" t o  the 
equator. 

This project  commenced i n  f i s c a l  year 1962. Major cont rac ts  i n i t i a t e d  
were with Hughes Ai rc ra f t  of Cal i forn ia  f o r  spacecraf t  and te1emetr:r and 
command equipment; STL of Cal i forn ia  f o r  range and range r a t e  equipment; 
Watkins-Johnson of Cal i forn ia  f o r  a t r ave l ing  wave tube backup; and Douglas 
Ai rc ra f t  of Cal i forn ia  for  the Thor-Delta launch vehicles .  

The ground s t a t i o n s  (except f o r  the  telemetry and command,, and range 
and range r a t e  equipment ) w i l l  be furnished by the  DOD through the U.S. Army 
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S a t e l l i t e  Conmnunj.cations Agency. The main ground s t a t i o n  con t r ac to r  t o  the  
DOD i s  Bendfix Aviation of Towson, Maryland. 
equipment: f o r  (1)l communications and ( 2 )  func t ions  concerned w i t h  the cont ro l  
of the spacecraf t  and r e c e p t j  on of te lemetry,  Overal l  grotmd s t a t i o n  design 
and provi s ion  of t he  bas i c  communications ground s t a t i o n  i s  the respcnsibi  l i t  y 
of the  DOD. However, NASA will provide a l l  of the  equipment r e q i i r e d  f o r  
the  second f'unct i on above. 

Each ground s t a t i o n  conta ins  

P r i o r  year  funds were used f o r  spacec ra f t  development; range and range 
ra te  equipment; backup t r a v e l i n g  wave tube;  apogee motor development; ground 
s t a t i o n  suppor;t and environmental test;  and f u l l  payment f o r  t h ree  Tkor- 
Delta launch vehic les .  F i s c a l  year  1963 funds provided f o r  comunicz. t ions 
ren ta l s ,  and the  i n i t i a t i o n  of d a t a  reduct ion  and ana lys i s .  

Funds f o r  fi.sca1 year  1964 are requi red  t o  cont inue ground ska t ion  
support ,  spacecraf t  and range and range rate equipment procurement and d a t a  
reduct  ion  arid imalysi  s . 
Advanced syw&-onous communications 
sa te l l i t es  1962 

A t  1as-A.g;ena launch vehic  Les 
( three  o r b i t a l  f l i g h t s  

and one backup).*. .......... $200,000 
Spacecr~.ft........... ......... --- 
Equipment f o r  ground s t a t i o n s .  --- 
Ground s t a t i o n  operations..... --- 
R e l i a b i l i t y  studies........... --- 
Switching circuit............. --- 
Telemetry and command s t a t i o n s  --- 
Range and range rate 

equipment. .................. 
Services  and rentals.......... --- 
Data reduct ion  and 

a n a l y l s i s . . . . . . . . . a . . . . m ~ . e o .  --- 
--- 

Subtoi;al, d i r e c t  R6J) costs. .  $200,000 

PersonneL CoSts............... 
Operation of i n s t a l l a t i o n s .  ... --- 

19 63 

$2,200,000 

1,100,000 
2,330,000 

--- --- 
--I 

$5,630,000 

--- 
Tot:al cos t s .  ................ $200,000 $5,630,000 

19 64 .---- 

:i 12,500,000 
16,6 k0,OOO 
4,9 150,000 
1,0~10,000 

500,000 
3O0,OOO 
6O0,OOO 

2,000,000 
5( 10 ,000 

$40,000,000 

5'15,000 
590,000 --- 

$41,14 5,000 

Tota l  personnel ............. - 11 - I/ 56 
a_--. 

- 1/ Personnel ass igned t o  support ing r e sea rch  and technology 
i n  1962 and 1963. 

The ob jec t ives  of t h i s  p r o j e c t  are t o  develop and f l i g h t  t e a t  an 
advanced ac t ive  communications satel l i te  i n  a 24-hour o r b i t .  This s a t e l l i t e  



w i l l  be compatible with a l l  cu r ren t  types of common carrier t r a f f i c ,  includinp; 
voice communications, t e l e t y p e ,  monochrome and co lo r  t e l e v i s i o n  i n  q u a l i t y  
cons i s t en t  with i n t e r n a t i o n a l  s tandards.  Numerous ground s t a t i o n s  w i l l  be 
r e a d i l y  accorrmodated, and each s t a t i o n  w i l l  be ab le  to  c0mmunicat.e wi:h 
any or a11 o t h e r  s t a t ions .  The spacecraf t  comunica t ions  e l e c t r o n i c s  plan 
provides f o r  four s a t e l l i t e  t ransponders ,  each of them i n  dupl ica te .  Each 
transponder w i l l  have the  capac i ty  o f  600 two-way voice channels o r  o l e  
monochrome 01 color  t e l e v i s i o n  channel with some margin over i n t e r n a t i o n a l  
s tandards,  wk.en. used with 85-foot d i s h  antennas o r  equivalent  horn-type 
antennas. The s a t e l l i t e  w i l l  r epresent  t he  l o g i c a l  extension of the  Syncom 
s a t e l l i t e  t o  a wideband c a p a b i l i t y  and w i l l  use  similar techniques fo r  
achieving orh i t . ,  and maintaining pos i t i on  and o r i en ta t ion .  Launch w i l l  be 
from the  At l an t i c  Miss i le  Range i n t o  a 24-hour c i r c u l a r  equa to r i a l  o r b i t  
(22,300 m i l e s  a l t i t u d e ) .  I n  t h i s  o r b i t  the  sa te l l i t e  w i l l  appear s t a t i o n a r y  
t o  an observer on e a r t h ,  and can serve as a l i n k  between s u i t a b l y  equipped 
ground s t a t i o n s  wi th in  i t s  view. 

F i s c a l  year 1962 funds provided f o r  t he  i n i t i a l  incremental  funding 
of Atlas-Agena launch vehic les .  F i s c a l  year 1963 funds cover spacecraf t  
development,, scheduled t o  commence i n  the  l a t te r  ha l f  of  the  year ,  i n i t i a l  
procurement of equipment f o r  ground s t a t i o n s ,  and the second increment of 
funding f o r  Atltas-Agena launch vehic les .  

F i s c a l  :year 1964 funds are required f o r  spacecraf t  development ; opera- 
t i o n a l  support ;  ground s t a t i o n  opera t ions ;  r e l i a b i l i t y  s t u d i e s ;  switching 
c i r c u i t ;  te:Lemetty and command s t a t i o n s ;  equipment f o r  ground s t a t i0 r . s ;  
range anti r i ~ ~ g i ?  r a t e  equipment; s e rv i ces  and r e n t a l s ;  d a t a  reduct ion  and 
ana lys i s  ; aiicd incremental funding f o r  Atlas-Agena launch vehicles , .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

ADVANCED APPLICATIONS SATELLITES 

(OBJECTIVES : 

The Advirnclzd Applications S a t e l l i t e  program i s  intended t o  examine possible  
new a p p l i c a t i m s  of s a t e l l i t e s ,  determine t h e  f e a s i b i l i t y  of such appl.ications;, 
and develop s'ys terns t o  meet e s t ab l i shed  requirements. 

SUMMARY OF RESOURCES --- REQUIREMENTS : 

Funds - 1962 1963- - 1964 

Supporting research and technology -- $800,000 $1 ,000,000 
Subto ta l ,  d i r e c t  R&D costs.......... -- $800, OOCT $II 000,000 .- 

Personnel costs....................... 32,000 85,000 232,000 
Operaticn of instal la t ions. . . . . . . . . . . .  41,000 118, OOQ 372 , OOO-- 

Total  costs.. ....................... $73,000 $1.003,00(L $1,604,000- - ---. 
.- Person*. 1962 1963 19  64 --. 

NASA He:adcparters.. ................... 4 21 --.- 8 
8 

-- 
21 ~ ~ t a l  personnel..  ................... ~4 -- --.- 

--. .- 

Responoi.bili t y  f o r  the  Advanced Applications S a t e l l i t e s  program is i n  the  
As t h e  program develops,  ass ign-  Off ice  of Applications a t  NASA Headquarters. 

ments t o  cerilreirs w i l l  be made. 

JUSTIFICATIOY ---I rW EXPLANATION OF FUNDS REQUESTED : 

Under t h i s  program, NASA conducts a continuing review of new p r a c t i c a l  
and d e s i r a b l e  non-mili tary s a t e l l i t e  app l i ca t ions  t o  establish f e a s i t i i l i t y  
and need. 
space.  

'rhis program i s  designed t o  r e a l i z e  the  maximum u t i l i z a t i o n  of 

F i s c a l  year 1964 e f f o r t  w i l l  emphasize s t u d i e s  i n  two areas  of 1)ossible 
c i v i l i a n  s a t e l l i t e  appl ica t ions .  In t h e  f i r s t  of these ,  t h e  navigat:i.onal 
s a t e l l i t e ,  NASA'S e f f o r t  w i l l  r e f l e c t  t h e  i n t e r e s t  of such groups as the  I n t e p -  
na t iona l  Meeting on Marine Aids t o  Navigation, t h e  Radio Technic:al Cc~mmissioi:i 
f o r  Aeronautics, t he  National Academy of Sciences,  t h e  U.S. M a r i t i m e  Adminis- 
t r a t i o n  and the  Federal  Aviation Agency. 
recognized t h e  need fo r  g rea t e r  naviga t iona l  accuracy t o r  nonmili tary c r a t t .  
Several  have recommended t h a t  research  be conducted to e s t a b l i s h  the requi re -  
ments f o r  a p r a c t i c a l  c i v i l i a n  naviga t iona l  s a t e l l i t e  system. 

A l l  of t hese  0rganizat:ions have 
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Since the  Navy i s  engaged i n  development of t h e  Trans i t  system foi* m i l i t a r y  
navigat ion necsds, NASA w i l l  conduct a thorough eva lua t ion  of the  p o s s i b i l i t i e s  
of meeting c i y i l i a n  requirements through t h a t  system. But because of t he  
d i f fe rences  between m i l i t a r y  and c i v i l i a n  requirements,  t h e  present  hij;h cos t  
of T rans i t  ground equipment, and the  technological  advances made s ince  
inaugurat ion (of Trans i t  development, o the r  techniques w i l l  a l s o  be inves t iga-  
t ed  t o  determine t h e  need f o r  an advanced c i v i l i a n  system. 

F i s c a l  year  1964 e f f o r t  w i l l  a l s o  concentrate  on determining the  
f e a s i b i l i t y  of a s a t e l l i t e  designed t o  c o l l e c t  d a t a  from widely s c a t t e r e d  
ioca t ions  throughout t h e  world, inc luding  f l o a t i n g  buoys, meteoro~togicsl  
balloons,  and remote, automatic ground s t a t i o n s .  The sa te l l i t e  ei ivis imed 
would be capable of c o l l e c t i n g  seismic da t a ,  meteorological d a t a  near  the  
su r face  of t h e  e:arth, oceanographic da t a ,  cosmic ray  information i 3 t  high 
levels of the atmosphere, and geomagnetic d a t a  from the 71% of t h e  e a r t h ' s  
su r f ace  covered by water and from inaccess ib l e  land areas such as polar  regions 
or dese r t s .  
t r a c t s  t o  iden t i fy  t echn ica l  requirements and incorpora te  recent  technica l  
advances i.nto f e a s i b i l i t y  and prel iminary design s t u d i e s  of poss ib l e  s a t e l l i t e  
lconf iguratioru; . 

The program contemplated f o r  f i s c a l  year  1964 w i l l  include con- 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

INDUSTRIAL APPLICATIONS 

OBJECTIVE : 

The obj2c t ive  of the  I n d u s t r i a l  Applicat ions program i s  t o  promcite the 
e a r l y  and e Efective u t i l i z a t i o n  of the  technological  advances evolvirlg from 
the NASA research and development a c t i v i t i e s  by industry.  

SUMMARY OF REOUKCES REQUIREMENTS : 

'-9 64 --- Funds 1962 1963 

I n d u s t r i a l  Applicat ions,  
d i r e c t  R&D costs. . . . . . . . . . . . . . .  $300,000 $2,370,000 $3,.jOO,OOO 

Personnel costs. . . . . . . . . . . . . . . . . .  288,000 675,000 1, 180,000 
Operation of i n s t a l l a t ions . . . . . . .  289,000 715,000 . l ,lr19,000 

T o t a l  costs . . . . . . . . . . . . . . . . . . . .  $877,000 >3,760,000 $6,099.000 - 
P e r  so  nne 1 

NASA Headquarters ................ 
Fl igh t  Research Center..  ......... 
L e w i s  Research Center.. . . . . . . . . . .  
Manned Spacecraf t  Center.. ....... 
Marshall Space F l igh t  Center.. . . .  
Ames Research Center. . . . . . . . . . . . .  
Langley Research Center. . . . . . . . . .  
Wallops Stat ion. . . . . . . . . . . . . . . . . .  
Western. Operations Office. . . . . . . .  
North E,as t e r n  Off ice. ............ 
Goddard Space F l igh t  Center..  .... 

Total personnel. ............... 

19 
1 
8 
2 
6 -- 

36 

39 
1 
7 
3 
8 
3 
4 
1 
1 
1 

68 
-- 

62 
1 
8 
3 

13 
4 
4 
2 
2 
2 

11 
1 1 2  

- 
--- 

Pr imar) .  r e s p o n s i b i l i t y  f o r  the  program i s  i n  the Off ice  of Applicat ions 
a t  NASA Heac!quarters. A l l  of  the loca t ions  l i s t e d  above a r e  an i n t e g r a l  parr: 
of the progr'am and w i l l  provide support. 

PROGRAM JU5;1:II'CATION: 

I n  the National Aeronautics and Space Act of 1958, Congress charged NASA 
t o  apply the s c i e n t i f i c  and t echn ica l  knowledge from i t s  v a s t  research  and 
development program f o r  the  b e n e f i t  of a l l  mankind. One segment of  the over-  
a l l  NASA program which has  been e s t ab l i shed  t o  s a t i s f y  t h i s  reqJi .rexent i s  
the Industr ia l .  Appl icat ions program. This program i d e n t i f i e s  and disseminates  
t o  i n d m t r y  new ideas  and innovat ions a r i s i n g  i n  the  course of conducting the  
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space program. The i n d u s t r i a l  community w i l l  t r a n s l a t e  t hese  i d e a s  arid 
innovations i n t o  new products,  processes ,  techniques,  devices ,  and ma1:erials 
f o r  the b e n e f i t  o f  the  n a t i o n a l  community. 

EXPLANATION OFFUNDS REQUESTED : 

A procelclure has been e s t a b l i s h e d  t o  i d e n t i f y  and document innovat ions 
acid ideas  with i n d u s t r i a l  p o t e n t i a l  a t  NASA Centers and NASA con t rac to r s .  
This  information is  then evaluated t e c h n i c a l l y  t o  determine the  i n d u s i x i a l  
p o t e n t i a l .  The f i n a l  s t e p  i n  the  procedure i s  disseminat ing the  infoi:mation 
t o  the  i n d u s t r i a l  community. 

I n  f i s c a l  ye,ar 1963, e f f o r t s  were concentrated on i d e n t i f y i n g ,  (iocu- 
menting, and eva lua t ing  p o t e n t i a l  app l i ca t ions .  I n d u s t r i a l  Appli.cations 
O f f i c e r s  were designated a t  each NASA Center and a t  each opera t ing  o f € i c e  t o  
e s t a b l i s h  and manage the  procedures by which personnel i d e n t i f y  and document 
t h e i r  innovations on s p e c i a l  r epor t s .  

A t  NASA Headquarters these r e p o r t s  a r e  evaluated t o  determine thl?ir  
i n d u s t r i a l  p o t e n t i a l .  Non-profit o rganiza t ions ,  such as regional. resl?arch 
i n s t i t u t e s  and u n i v e r s i t i e s ,  a i d  i n  t h e  eva lua t ion  process. These organiza- 
t i o n s ,  located ac ross  the  United S t a t e s ,  work with the  f i e l d  Centers md 
c o n t r a c t o r s  i n  g e t t i n g  f i r s t -hand  information on the  innovat ion or id2a. 

The p o t e n t i a l  a p p l i c a t i o q s ,  having been i d e n t i f i e d  and evaluated,  a r c  
disseminated t c  t he  i n d u s t r i a l  community. The i n i t i a l  disseminat ion nethod 
has consisted c f  b r i e f i n g s  t o  indus t ry ,  o u t l i n i n g  the  p o t e n t i a l  ixpplications. 
The meetings which were held i n  a number of midwestern c i t i e s  i n  f i s c a l  year 
1963 have been w e l l  received by the  i n d u s t r i a l  conununity, and contac ts  made 
i n  the course of these meetings a r e  being followed up. 

Other diss4emination methods are being considered. Informat ion will be 
re leased  thrcjugh e x i s t i n g  publ ica t ions ,  i n  one vers ion  f o r  management and a 
second more d e t a i l e d  vers ion f o r  engineers  and s c i e n t i s t s .  1nfo:cmation w i l l  
be processed through t h e  Off ice  of S c i e n t i f i c  and Technical Inforaiation i n  
NASA Headque.rters t o  t r ade  jou rna l s ,  p rofess iona l  s o c i e t i e s ,  t rade  a s soc i -  
a t i o n s ,  and o the r  government agencies ,  such as the  Small Business Adr in is t ra -  
t i o n  and the Off ice  of Technical Services  w i t h i n  the  Department l o f  Commerce. 
Educational i n s t i t u t i o n s  w i l l  a l s o  be used i n  disseminat ing information tot 
t h e  industrLa1 community. 

Stud.iea have already been i n i t i a t e d  with i n d u s t r i a l  concerns t o  0btai.n 
management advice on how b e s t  t o  r e t r i e v e  innovations and i d e a s  from NASA's 
i n d u s t r i a l  cmntractor s. 

Tile fuii js  requested f o r  f i s c a l  year  1964 w i l l  be used t o  expmd these 
p i l o t  p rogram t o  encompass a g r e a t e r  proport ion of NASA's e f f o r t ,  arid t o  
i n v e s t i g a t e  new disseminat ion techniques which w i l l  i n su re  t h a t  indu:itry 
has the  information on a t imely bas i s .  



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

GEOPHYSICS AND ASTRONOMY 

OBJECTIVES: 

The fundamental ob jec t ive  of t he  Geophysics and the  Astronomy program 
is t o  extend our knowledge and understanding of the e a r t h ,  the  surL, ant1 the 
universe .  The maj 'or  p r o j e c t s ,  planned and underway, t o  accomplist\ thi: ;  
f:undamental ob jec t ive  can be grouped i n t o  the following d i s c i p l i n e s :  

GEOPHYSICS 

The e a r t h ' s  upper atmosphere, ionosphere,  and magnetosphere End tlie near  
region of  i n t e rp l ane ta ry  space w i l l  be explored wi th  the  objec t ive  of cieter- 
mining the n a t u r a l  environment and t o  understand t h e  geophysical phenornena 
involved. These s t u d i e s  provide a s c i e n t i f i c  b a s i s  f o r  meteorological i n v e s t i  
ga t ions ,  rad io  propagation s t u d i e s ,  exp lo ra t ion  of  o t h e r  p l ane t s ,  and Iieter- 
mination of e f f e c t s  on manned and instrumented space f l i g h t .  Measurements 
w i l l  be made t o  determine the shape, s i z e ,  and g r a v i t a t i o n a l  f i e l d  of LE,e 
e a r t h  and the i n t e r a c t i o n  of the  e a r t h  with the  g r a v i t a t i o n a l  f i e l d s  of  
nearby c e l e s t i a l  bodies. In add i t ion  t o  i t s  value as bas i c  s c i e n t i f i c  da t a  
this da ta  i s  necessary f o r  o r b i t  and t r a j e c t o r y  ca l cu la t ions .  

SOLAR PHYSICS 

A comprehensive s tudy of the sun will be made from above t h e  obscuring 
and dietorting inf luence of the e a r t h ' s  atmosphere with the  objec t ive  of 
understanding i t s  s t r u c t u r e ,  composition, and dynamics as a typic:al s rar and 
t o  determine i t s  inf luence on the e a r t h  and o the r  p l ane t s .  Since the sun i s  
the dynamo wkich d r ives  the s o l a r  system, understanding the na ture  of s o l a r  
r ad ia t ion  am i t s  f l u c t u a t i o n s  is necessary t o  understand the o ther  pienomena 
involved i n  geophysics. This s tudy includes not  only the measurcment of the 
more conventional e lectromagnet ic  r a d i a t i o n ,  such as v i s i b l e  and u l t r a v i o l e t  
r a d i a t i o n  artcl x - rays ,  but also the  s o l a r  protons emit ted during j o l a r  f la res .  
Knowledge of the  f l u x  of these p a r t i c l e s  i s  required t o  a s ses s  t i e  hazard t o  
manned space f - t igh t .  

ASTRONOMY 

Astronimi~al i  observat ions w i l l  be made from above the  e a r t h '  atmosphere 
t o  increase  our understanding of the na ture ,  evolu t ion ,  and n a t u r a l  1.aws of 
the  universe  and t o  study the  behavior of matter and energy. 

I n  ,addition t o  these fundamental s c i e n t i f i c  and technica l  ob jec;:ives , 
the  program a l s o  has the ob jec t ive  of fu r the r ing  our i n t e r n a t i o n a l  cooper(a- 
t i o n  i n  the exp lo ra t ion  of space.  
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SUMMARY OF ELIEXIURCES REQUIREMENTS : -- 
1962 - Funds 

Supporting research and 
tt:ch11l31(3gy ............ $ 5,200,000 

F 1 igh t '?ns j e c t s .......... 92,575,000 

Personn1?1 costs .......... 10,091,000 

Subtotals  !, d i r e c t  
R&I) ci0St:s ............. $97,775,000 

Operation of 

I963 - 

$ 13,700,000 
130,800,000 

$144,500,000 
14,566,000 

i1istiallations ......... 11,905,000 15,143,000 
Total  cos t s  ........... $119,771,000 $174,209,000 

P e r  s onne L --- 
NASA Headquarters .......... 103 
F l i g h t  Research Center ..... 1 
Goddard Space F l i g h t  Center. 1,141 
Wallops S t a t i o n  ........... 79 
Ames Research Center ....... 
L e w i s  Research Center ....... 
Langley Research Center.  .... 
P a c i f i c  Launch Operations 

North Eastern Of f i ce . .  ...... --- 

--- 
..-- 
--- 

Otf i ce  ................... 
Total  personnel .......... 1,324 

119 
1 

1,297 
90 
30 

7 
35 

6 
3 

1,588 

1964 -- 

$ 15,2c~o,ooo 
--A 1 7 9  2C0,000 -- 

$1 94 ,4( 10 ,000 
19,0:!3,000 

1116 
3 

1,606 
1:.7 
!io 

7 
:35 

11 
3 

Primary r e s p o n s i b i l i t y  f o r  the Geophysics and Astronomy program i s  i n  
the Orf ice  c f  Space Sciences a t  NASA Headquarters.  The Goddard Space F l i g h t  
Center i s  respons ib le  f o r  management of the ind iv idua l  f l i g h t  p ro jec t s .  
Launch vehicle  support  i s  provided by Goddard Space F l i g h t  Center ,  Lnngley 
Research Cer t e r ,  Marshall Space F l i g h t  Center ,  and the Lewis  Researc'i Center I 

Wallops S t a t i o n  provides support  f o r  sounding rocket  and Scout .-aunciings. 
Some of the smal le r  spacec ra f t  a r e  developed a t  the Goddard Space  F l i g h t  
Center w i t h  much of the subsystem design and almost a l l  of the manufscturing 
contracted t o  indus t ry .  The l a r g e r  spacec ra f t  are developed by i n d u s t r i a l  
cont rac tors  with the ass is tance of the NASA labora to r i e s .  

About 70 organiza t ions  i n  26 states including NASA c e n t e r s ,  u n i v e r s i t i e s  
and o ther  government and non-government research  organiza t ions  a re  now p a r t i c -  
i pa t ing  In t:he program by providing s c i e n t i f i c  experiments and conducting 
support ing research .  The program thus provides a means by which qua l i f i ed  
s c i e n t i s t s  throughout the na t ion  can p a r t i c i p a t e  i n  the exp lo ra t ton  of space.  
It a l s o  prcnricles a means whereby s tudent  s c i e n t i s t s  and engineers  can p a r t i c -  
i p a t e  i n  the  program, gaining t r a i n i n g  and developing i n t e r e s t  i:i space 
exp 1 ora  t ion 



PROGRAM JUS T I T  ICATION : ---- 
The Geophysics and Astronomy program is a l o g i c a l  cont inua t ion  of a 

lhinhly suc:ces:;fiil program of geophysical and astronomical research  which t h i s  
Nation has conduct:ed over s e v e r a l  decades. A s  technology has progressed tliis 
'program has slicce5sively used a i r p l a n e s ,  ba l loons ,  sounding rocke t s ,  and 
s m a l l  s p i n  s t a b i l i z e d  s a t e l l i t e s  t o  ca r ry  ins t rumenta t ion  f a r t h e r  and f a r t h e r  
from the surfg3ce of the  e a r t h ,  and f o r  longer and longer periods o f  time. 
!Larger, stab!. 1i:zecl spacec ra f t  a r e  now being used t o  conduct the i n t e r d i s c i p l i -  
nary experiment:; requi red  t o  understand t h e  au ro ra ,  trapped r a d i a t i o n ,  and 
the processez; whic:h determine t:he s t r u c t u r e  and dynamics of the upper 
atmosphere. ! ; m a l l  s a t e l l i t e s  are s t i l l  very use fu l ,  and w i l l  continue t o  be 
used f o r  nioni.i:oring and f o r  unique experiments which cannot be ca r r i ed  on 
the l a r g e r  ob!;ei:vatories. 

The sun., as the  cen te r  of our s o l a r  system and the  primary source of 
t e r res t r ia l  energy, has a profound e f f e c t  on our ex i s t ence .  It cori t rc ls  the 
weather and cl~isrupts communications. A major hazard t o  Apollo stems from 
ithe high energy p a r t i c l e s  e j e c t e d  from s o l a r  f l a r e s .  A s  a t y p i c a l  s t a r ,  the  
sun o f f e r s  an opportunity t o  study a t  r e l a t i v e l y  c lose  range the charac te r -  
i s t i c s  of bodies which a r e  a p r i n c i p a l  cons t i t uen t  of the  universa .  Space- 
c r a f t  o f f e r  i i  unique opportunity f o r  t h i s  s tudy  because they overcome the 
Liniitations on observa t ion  inherent  i n  the  e a r t h ' s  atmosphere. 

Successj.vel.y l a r g e r  ground based te lescopes  have been used f o r  a s  t r o -  
noniical s t udjxs i n  order  t o  improve the r e s o l u t i o n  and increase  t if' range of 
observation. However, telescopes have always been l imi ted  t o  a vcry narrow 
o p t i c a l  regicm, and by atmospheric turbulence i n  the  r e s o l u t i o n  w?i.ch they 
could obta in .  Vi th  the increase  i n  payload c a p a b i l i t y  brought a b o u t  by the 
Large boos t e n  iind the development of technology requi red  t o  prodx:e a l a rge  
spacecraf t  such as the Orbi t ing  Astronomical Observatory, capahle of po in t ing  
<2 l a rge  te lescope  w i t h  g r e a t  accuracy, both of these  fundamental 1 imi ta t ions  
on astronomy t r i l l  be removed. 

Ultimatf1.y: as  the technology i s  developed, t he  techniques of manned 
:Elight w i l l  tic! used f o r  the  more complex experiments which r equ i r e  the 
presence of nisin. 

The b a s i c  j u s t i f i c a t i o n  f o r  t h i s  program i s  t o  increase  our Icnowledge 
and understanding of the  universe.  The perennia l  ques t  f o r  knowledge and 
con t ro l  of ernrironment i s  a n a t u r a l  i n c l i n a t i o n  of man. The space program 
provides a new and challenging opportunity t o  s a t i s f y  t h i s  motiva :ion. 



The Geophysics, and Astronomy f l i g h t  schedule i s  as follows: 

t4ission Launch Vehicle Launch Location F I r s  t Launch 

Geophysics- 

Explorers & 14oriitors Scout/Delta 
Geophys i c a l  Observatories 
Eccen t r j-c 0 : e  b it Atlas hgena 
Po la r  Orbit Thor Agena 

Geodesy Delta 

Solar  Physic:? 

os0 Delta 

AMEUPMR 

AMR 
PMR 
AMR 

AMR 

L959 

15163 

15164 
151164 

1!)62 

Astronomy 

OAO Atlas Agena AMR 1965 

I n  t e rna  t ionai. 

Ar i e l  (UK 4.1) Delta 

A 1  loue t t e  (Canada) Thor Agena 
Polar  Ionoe phere Beacon Scout 

scout  

United Kin@,dom #2 scout  

Fol 1 ow- on I'r ogram 

AMR 1962 
AMR 1963 
PMR 1962 
PPIR 1963 
rnIRIPMR 1964 

EXPLANATION -- OF FUNDS REQUESTED: 

1S64 -- 1963 - 1962 Supporting nZe!arch and technolopy - 
Geophysi<:z; ...................... $ 3,615,000 $10,161,000 $ 9: 5,OO,OOO 
Solar  physics .................. 405,000 1,335,000 2,C100,000 
Astronomy ...................... 449,000 1,429,000 3, C'O0,OOO 
I n t e r d i s c  ip  Linary space sciences 731,000 /75,000 ; 00,000 

Sub to ta l ,  d i r e c t  R&D c o s t s  ... $ 5,200,000 $13,700,000 $15,200,000 

Personne I costs ................ 2,815,000 2,690,000 3,1.20,000 
Operation of i n s t a l l a t i o n s  ..... 3,280,000 2,661,000 2 ,  I198 000 

Tota l  ( c o s t s  .................. $11,295,000 $19,051,000 $21,218,000 --- 
Tota l  personnel .............. 368 2 84 :I22 ---- 



The support ing research and technology e f f o r t s  are conducted by univer-  
s i t ies ,  NASA i n s t a l l a t i o n s ,  and o the r  government and non-government research  
organiza t ions  under the  s c i e n t i f i c  and admin i s t r a t ive  coord ina t ion  of t he  
Off ice  of Space Sciences i n  NASA Headquarters. The program inc ludes  t h e o r e t i -  
c a l  and laboratory research and development of labora tory  models of l ' l i gh t  
experiments,  Experiments are not  s e l ec t ed  f o r  f l i g h t  p r o j e c t s  u n t i l  t h e i r  
f e a s i b i l i t y  has  been demonstrated t o  a degree t h a t  w i l l  g ive a h igh  probabi l -  
i t y  of succc~ssEu1 development of a f l i g h t  experiment t o  meet a given f l i g h t  
date .  This area of e f f o r t  a l s o  inc ludes  the  development of experiments t o  be 
flown i n  ba l loons  and a i r c r a f t  and advanced work on s c i e n t i f i c  instri iments 
f o r  the manned space f l i g h t  program. Data which has  been obtained fi'om 
var ious  f l i g n t  p r o j e c t s  and ground based observat ion i s  c o r r e l a t e d  urtder t h i s  
program to take advantage of a l l  a v a i l a b l e  information i n  a r r i v i n g  a t  con- 
c lus ions  * 

The f i : ;=a l  year  1963 program inc ludes  130 research  t a sks  i n  39 univer-  
s i t i es ,  4 NASA Centers  and 26 o the r  research organizat ions.  The f i s c a l  yea r  
1964 program w i l l  increase  the  number of these  e f f o r t s  and w i l l  brini: addi-  
t i o n a l  u n i v e r s i t i e s  i n t o  the  program. The program has  been developetl 
pr imari ly  on t he  b a s i s  of unso l i c i t ed  proposals ,  which are evaluated f o r  the  
research i d e s  ,and the  competence of the  s c i e n t i f i c  research  team involved. 
This approach no t  only encourages i n i t i a t i v e  on the  p a r t  of scient is1:s  throup,h- 
out  the couiitr:y, bu t  a l s o  r e s u l t s  i n  a h igher  q u a l i t y  of research ,  si.nce the  
s c i e n t i s t s  i3re working i n  the  areas of t h e i r  h ighes t  i n t e r e s t  and coripetence,, 
Major elements i n  the  d i r e c t i o n  of t he  program inc lude  consu l t a t ion  between 
NASA program s c i e n t i s t s  and the  research s c i e n t i s t s  involved and par t i . c ipa t ion  
by r ep resen ta t ive  s c i e n t i s t s  from outs ide  NASA i n  the  planning of t he  prograrri. 

F l i g h t  pro j (2s: 

G e  ophy s i c  s 

1962 - Explorers anrd monitors 

Spacecraf t . .  ............... $4,483,000 
Launch vehic les . .  .......... --- 

:.964 -- 1963 - 
$9,300 , 000 $11,800,000 
11,200,000 8 ,800,000 

Orbi t ing  geophysical observa- 
t o r i e s  

Spacecraf t  ................. 20,629,000 27,500,000 39 , ilj00,OOO 
Launch vehicles... . . . . . . . . .  5,100,000 11,000,000 22, .zoo, 000 

Geodesy 

Spacecraf t  ................. --- --- 3,400 , 000 
Launch vehicles... . .  ....... "-- --- 2 , ~300,000 

Sub to ta l ,  d i r e c t  R 6 D  
c o s t s . . . . . . .  ........... $30,212,000 $59,000 , 000 $88 ,600,000 
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19 64 -- 19 63 - 1962 ]?l ight  p r o j e c i z  (continued) - 
Personnel c.ost:s. ............ 3,379,000 5,373,000 6,939,000 
Operation of i n s t a l l a t i o n s . .  3,943.000 5,605,000 - 7.119.000 

Tota l  c o s t s , .  ............. $37,53 4.000 S69.978,OOQ S102.658.OQO 
......... 7 10 Tota l  personnel.. 442 562 -I-- 

Explorer:; -- and monitors 

Explorers a r e  smaller satell i tes designed t o  c a r r y  a s p e c i f i c  graup of 
experiments i n t o  o r b i t s  e spec ia l ly  se l ec t ed  f o r  the  experiments involved. 
They have the  advantage of a comparatively s h o r t  development leadtime and can 
be launched by lhlta and Scout launch vehic les .  These s a t e l l i t e s  have 
demonstrated t h a t  some measurements must  be repeated over an extended per iod 
of t i m e  t o  monitor v a r i a t i o n s  i n  the  phenomena and t h e i r  r e l a t ionsh ips  t o  the  
rsolar cycle.  For t h i s  purpose Monitors are being developed, which w i l l  f l y  a 
r e l a t i v e l y  standard s e t  of instruments  i n  a s tandard spacecraf t .  These w i l l  
lbe launched by lhlta launch vehic les .  

Explorer sa te l l i tes  flown t o  da te  have provided a s u b s t a n t i a l  amclunt of 
information on cosmic r a d i a t i o n ,  the  g r e a t  r a d i a t i o n  b e l t ,  the  ea r th ' s  
magnetic fie:Ld, and the  e f f e c t s  of s o l a r  events  on the  environment of the  
ear th .  Exp1o:cer XII, developed by the  Goddard Space F l igh t  Center ancl launch- 
led on August 15, 1961 by a Delta veh ic l e ,  t raversed  the  e a r t h ' s  magnetosphere 
$at a l t i t u d e s  ranging 180 m i l e s  t o  47,800 miles. 
hours. Since t h i s  spacecraf t  operated p r i o r  t o  the  high a l t i t u d e  nuclear  
t e s t s  which p~oduced  the  a r t i f i c i a l  r a d i a t i o n  b e l t s ,  i t  provided a gocid b a s i s  
f o r  a s ses s ing  the  changes produced by those tests. 

Each o r b i t  l a s t e d  abclut 26 

Exploreic X'LV, which i s  similar t o  Explorer XII, w a s  launched on October 
2, 1962. It  t r ave r ses  the  e a r t h ' s  magnetosphere out  t o  about 61,000 miles. 
Each o r b i t  l a s t s  about 36 hours. Preliminary r e s u l t s  from t h i s  spacecraf t  
i n d i c a t e  t h a t  t he  Van Allen r a d i a t i o n  b e l t  i s  e s s e n t i a l l y  unchanged bjp the  
high a l t i t u d e  nuclear  explosions except i n  the areas wi th in  3,000 m i l e s  of 
the  ear th , .  These r e s u l t s  a l s o  i n d i c a t e  t h a t ,  f o r  spacec ra f t  operating; a t  
a l t i t u d e s  betwelen 200 and 1,000 mi les ,  s o l a r  c e l l s  should be shielded to 
prevent power d e t e r i o r a t i o n  due t o  r a d i a t i o n  damage. 

Explorer X V  was launched on October 27,  1962, s p e c i f i c a l l y  t o  study 
f u r t h e r  the inan made r a d i a t i o n  b e l t s  c r ea t ed  by the  high a l t i t u d e  nuc lear  
tests. Incorporat ing experiments designed f o r  Explorer XIV, T e l s t a r ,  and 
Relay, t h i s  s a t e l l i t e  w a s  launched i n t o  an o r b i t  of 194 t o  10,900 s t a t u t e  m i l e s  
and c i r c l e s  the e a r t h  every 5 1/4 hours. 

Data taken by Explorer VI1 and bal loon f l i g h t s  have shown t h a t  ai: 
c e r t a i n  t imes,  such as during the  s o l a r  proton events  of November 1960, an 
unprotected .astronaut would have received a l e t h a l  r a d i a t i o n  dosage 01: about 
3,000 R. These da t a ,  together  with information ava i l ab le  from o the r  s o l a r  
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events ,  have sham t h a t  the design of sh i e ld ing  from s o l a r  protons .is i i  major 
problem a r e a  i n  the  Apollo program. Theore t ica l  s t u d i e s  and a n a l y s i s  of the  
a . r r iva1  t imes of s o l a r  protons a t  the  e a r t h  have shown t h a t  the  configi i ra t ion 
of t he  in t e rp l ane ta ry  magnetic f i e l d  can a f f e c t  the  dura t ion ,  i n t e n s i t y ,  and 
amgular d i s t r i b u t i o n  of a s o l a r  proton event.  

I n  order  t o  provide the  da t a  needed f o r  Apollo and t o  extend our 
research on energe t ic  p a r t i c l e s  and magnetic f i e l d s  i n t o  in t e rp l ane ta ry  space,  
development of a series of In t e rp l ane ta ry  Monitor sa te l l i tes  has  been i n i t i -  
a t ed  by the  Gmddard Space F l i g h t  Center. The f i r s t  of the  s e r i e s  i s  s:heduled 
t o  be launched i n  the l a t t e r  p a r t  of 1963. It w i l l  be sen t  on a highly 
eccen t r i c  o r b i t  reaching an a l t i t u d e  of about 173,000 s t a t u t e  mi les ,  only 
48,600 m i l e s  away from the  pos i t i on  a t  which the  moon comes c l o s e s t  t o  the  
ear th .  
:successfuI. Explorer X I I ,  X I V  and XV series of s a t e l l i t e s .  
about 125 poiiiids, be sp in  s t a b i l i z e d ,  and i n i t i a l l y  powered by s o l a r  c e l l  
a r r a y s  charging s i l v e r  cadmium b a t t e r i e s .  The system has s u f f i c i e n t  t rans-  
m i t t e r  power t h a t  even a t  173,000 m i l e s  from e a r t h  the  da t a  can be received 
'by the  NASA mini t rack s t a t i o n s ,  The In t e rp l ane ta ry  Monitors w i l l  be launched 
by Delta wehi.cles a t  i n t e r v a l s  which w i l l  provide f o r  continuous monitoring. 

The satel l i te ' s  s t r u c t u r a l  design is taken d i r e c t l y  from the highly 
It w i l l  weigh 

An i s o t o p i c  power supply i s  being considered f o r  the  t h i r d  spacecraf t  of 
the  In t e rp l ane ta ry  Monitor series. The system would weigh about the  riame as 
the  s o l a r  paddles and b a t t e r i e s  which i t  would replace.  
successfu l ly  on the Navy's Trans i t  4A s a t e l l i t e .  
i s  expected t o  extend the  use fu l  l i f e t i m e  of the  s a t e l l i t e  and providt! a more 
r e l i a b l e  source of power. 

It has  been used 
The i s o t o p i c  power $;upply 

Measurements of dens i ty ,  composition, pressure,  and temperat.ure of the  
e a r t h ' s  upper atmosphere have been made with sounding rockets  and by ]:racking 
i n f l a t e d  sphere satel l i tes  (Explorer I X  and Echo I). The f i r s t  atmospheric 
s t r u c t u r e s  s a t e l l i t e  designed t o  measure these  p rope r t i e s  by means of gauges 
and spectrometers w i l l  be launched e a r l y  i n  1963. By o r b i t i n g  such i i s t rumen t s  
i n  a s a t e l l i t e  we w i l l  be ab le  t o  study the  v a r i a t i o n s  of these p rope r t i e s  
with a l t i t u d e ,  l a t i t u d e ,  and time of day. This Explorer,  developed by the 
Goddard Space F l i g h t  Center,  i s  a s p h e r i c a l  spacecraf t  with a 35 inch 
diameter and weighs about 400 pounds. It w i l l  be launched by a Delta veh ic l e  
i n t o  an orbit .  ranging from 160 t o  700 s t a t u t e  m i l e s  and covering the  equato- 
r i a l  and temperate l a t i t u d e s ,  A second i d e n t i c a l  spacec ra f t  i s  scheduled f o r  
launch la te  i n  1963 o r  e a r l y  1964 t o  cont inue these  measurements. 

Development of an Atmosphere Monitor is being undertaken i n  f i s c a l  year  

This w i l l  
1964 f o r  i n i t i a l  launching i n  196s. 
veh ic l e  c:apal)lt? of pu t t i ng  i t  i n  a polar  o r  near  a polar  o r b i t .  
make i t  poss:tbLe t o  monitor the  atmosphere a t  a l l  l a t i t udes .  The design of 
the spacecraEt w i l l  be based on the  design of the  atmospheric s t ruc tLres  
Explorer,,  but -it w i l l  incorpora te  sensors ,  spectrometers ,  and a power supply 
designed for long l i f e  and r e l i a b i l i t y .  Addit ional  Atmosphere Monitor space- 
c r a f t  w i l l  b e  scheduled t o  provide f o r  continuous monitoring of the  atmosphere 
over a completle s o l a r  cycle .  

It w i l l  be launched by an improved D e l t a .  
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Direct  measurements of i on  and e l e c t r o n  temperature and dens i ty  in the  
e a r t h ' s  ionosphere have been made with sounding rockets ,  Scout probes,  and the  
Explorer V I 1 1  s a t e l l i t e .  The Canadian Al loue t te  i s  cu r ren t ly  soundinq the  
ionosphere from above using a swept frequency technique t o  examine thcz 
s t r u c t u r e  of the  top s ide  of the  ionosphere, es t imate  the  cosmic nois12 l e v e l ,  
and measure e l ec t ron  dens i ty  i n  the v i c i n i t y  of the s a t e l l i t e .  

Two Explorer s a t e l l i t e s  w i l l  be launched i n  1963 and 1964 t o  cont inue 
these  measurements using a f ixed  frequency technique f o r  sounding whkh  w i l l  
give a higher  information r a t e  although the  r e so lu t ion  w i l l  no t  be as high. 
These s a t e l l i t e s ,  developed under NASA sponsorship by the  Cent ra l  Radio 
Propagation Iahoratory of the  National Bureau of Standards and the Airborne 
Instruments Iahora tory ,  w i l l  be launched i n t o  near ly  c i r c u l a r  po lar  o r b i t s  of 
about 600 m i l e s ;  a l t i t u d e  by Scout vehic les .  

Measurements made t o  da te  have made i t  poss ib le  t o  i n i t i a t e  the design 
of an Ionosphere Monitor which w i l l  incorpora te  the  b e s t  f e a t u r e s  of the  
e a r l i e r  satel.11.tes and probes i n t o  a s tandard spacec ra f t  design €or  continuous 
monitoring o f t l e  ionosphere over a complete s o l a r  cycle.  
have a sounder f o r  monitoring the  topside of the  ionosphere,  beacons f o r  
transmission of: s i g n a l s  which can be received on the  ground fo r  ionospheric 
propagation research ,  and instruments f o r  d i r e c t  measurements i n  the  v i c i n i t y  
of the  satel.:lit:e. The f i r s t  of these Monitors w i l l  be launched Ln 1965 by a 
De 1 t a  vehic 1.6:. 

The spacec ra f t  w i l l  

Orbi t iq  ge ophy s i c a  1 observa tor ies  

The Orbxtrng Geophysical Observatories (OGO) , which are being developed 
by the  Space Technology Laboratory under the  management of the  Goddard Space 
F l igh t  Center,  are designed t o  ca r ry  l a rge  numbers of d i v e r s i f i e d  experiments; 
f o r  obtaining c o r r e l a t e d  s c i e n t i f i c  and technologica l  measurements wi th in  the  
e a r t h ' s  atmosphere, the  magnetosphere, and c i s l u n a r  space t o  obta in  ii b e t t e r  
understanding of the  earth-sun r e l a t i o n s h i p  and the  e a r t h  as a planet .  
da ta  acquired w i l l  be u t i l i z e d  t o  eva lua te  the  hazards  of space t o  mginned and 
unmanned splice f l i g h t ,  as we l l  a s  t o  provide a por t ion  of t he  s c i e n t i f i c  bast! 
required t o  understand the  complex phenomena a s soc ia t ed  with our solar system, 
our galaxy, and the  universe.  

The 

The spix1:ei:raft c o n s i s t s  of a bas ic  box-shaped body, approximate!.y two 
and one-ha1:E f e e t  square by f i v e  and one-half f e e t  long. The "box" provides 
space f o r  scLeintific experiments and the  subsystems requi red  t o  c o n t r o l  t he  
a t t i t u d e  and temperature of the  spacec ra f t ,  t ransmi t  t he  acquired dat:a t o  the 
ground, c o n t r o l  t h e  observatory from the  ground, and supply the  power. I n  
add i t ion ,  the  "box" supports  the  s o l a r  paddles u t i l i z e d  f o r  power generat ion 
and var ious booms which ca r ry  experiments, antennas,  and gas j e t s .  ' h e  
a t t i t u d e  of the  observatory i s  con t ro l l ed  t o  f u l f i l l  the  experiment requi re -  
ments f o r  po in t ing  a t  the  e a r t h ,  space, the  sun, and along the  orbi tc i l  p lane ,  
The weight 3f the  observatory i s  approximately 1,000 pounds. 
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The f i r s t  OGO, an Eccent r ic  Orbi t ing  Geophysical Observatory (EGC), 
will.  be 1aunc:hed i n  1963 by an Atlas-Agena veh ic l e  i n t o  a h ighly  e c c e r t r i c  
o r b i t  passing through the  Van Allen r a d i a t i o n  b e l t .  
twenty experFxnents were chosen tor t h i s  mission t o  s tudy s o l a r  and g a l a c t i c  
r ad ia t ion ,  the  Van Allen r a d i a t i o n  b e l t ,  the  e a r t h ' s  magnetic f i e l d ,  the 
ionosphere, the upper atmosphere, micrometeoroids, and r a d i o  noise  assoc ia ted  
with the ga 1a:cy. 

Over a year  ago, 

The s e a n d  O r a ,  a Polar  Orbi t ing  Geophysical Observatory (POGO), is  
scheduled f o r  launch i n  1964 by a Thor-Agena vehic le .  POGO w i l l  f l y  over 
the po la r  regions a t  r e l a t i v e l y  low a l t i t u d e s  t o  ob ta in  d a t a  i n  the uflper 
atmosphere awl ionosphere. Twenty experiments have been chosen f o r  t t l is  
mission t o  ob ta in  information similar t o  t h a t  which w i l l  be obtained 1,rorn 
EGO. Since the d a t a  w i l l  be acquired i n  the  reg ion  c lose  t o  the e a r t h ,  
most of the !?3GO experiments are assoc ia ted  with s o l a r - t e r r e s t r i a l  re-,  
l a t ionsh ips .  

It i:; now planned t o  continue t h e  OGO missions through a corpletc! 
s o l a r  cycle  i n  order  t o  ob ta in  continuous s c i e n t i f i c  d a t a  concerning the 
ear th-sun r e l a t i o n s h i p s .  Ce r t a in  experiment types w i l l  be s tandard a1)oard 
each f l i g h t ,  while o the r s  w i l l  be dependent upon the requirements for  i n -  
formation concerning new discover ies .  The spacec ra f t  w i l l  be updated t o  the 
s t a t e -o f - the -a r t  and modified t o  provide s p e c i a l  c a p a b i l i t i e s .  I n i t i i ~ l l y ,  
the Atlas -Agena and Thor Agena vehic les  w i l l  produce the  des i red  orbi5:s , but  
as heavier  payloads and more power conauming o r b i t s  are r equ i r ed ,  boosters  
with increased c a p a b i l i t y  w i l l  be needed. 

- Geodes)! 

The f i r s t  geodet ic  s a t e l l i t e ,  ANNA, has been success fu l ly  launched. 
The da ta  frorr t h i s  s a t e l l i t e  w i l l  improve our knowledge of the e a r t h ' ;  
g r a v i t a t i o n  f i e l d  and the  loca t ion  of po in ts  on the su r face  of the e a r t h .  
I n  order  t o  spec i fy  the g r a v i t a t i o n a l  f i e l d  of  the e a r t h  t o  the ciccurncy 
required f o r  p lac ing  a communication s a t e l l i t e  i n  geos ta t ionary  o r b i t ,  ad- 
d i t i o n a l  geodet ic  s a t e l l i t e s  must b e  launched a t  d i f f e r e n t  i n c l i n a t i o n s  and 
a t  d i f fe ren t .  a l t i t u d e s  from t h a t  of ANNA; these  s a t e l l i t e s  w i l l  ,31.so be 
necessary f o r  c a l i b r a t i n g  our s a t e l l i t e s  and space probe t rackin,$ techniques.  
Additiona 1 geodet ic  s a t e l l i t e s  with r ad io  and o p t i c a l  t rack ing  aids w i l l  be 
launched w i  t.h De 1 ta veh ic l e s  beginning i n  1964. 

So la r  physics -- 
1964 

.__I- 

Orbi t ing  s o l a r  observatory 1962 1963 

Spacecraf't  ................ $3,242,000 $ 8,650,000 !;12,600,000 
4,800,000 Launch veshi.cles . . . . . . . . . . . 

Sub to ta l ,  d i r e c t  RU> cos t s  $5,742,000 $11,350,000 $1 7,400,000 

- 2,500,000 2 , 700,000 



1961b --- 1962 1963 

Personnel costs . . . . , . . . . . . . . .  $5 12 , 000 $736,000 $1 , 621j,000 
Operation clf i n s t a l l a t i o n s . . .  597.000 759.000 - 1.62 3.000 

Tota l  cos t s  .............. $6.851.000 $12.845.000 $20.64i3.000 
_.-- 

Tota l  personnel .......... 67 166 77 ----- 
Ground bliised s o l a r  observat ions and experiments from rockets  have shown 

t h a t  t he  u l t r a - v i o l e t  and s o f t  X-ray po r t ion  of the  s o l a r  r ad ia t ion  v a r i e s  
with s o l a r  a c t i v i t y .  I n  order  t o  s tudy t h i s  phenomenon it  was necessary t o  
develop a spaicecraft capable of po in t ing  experiments a t  t h e  sun f o r  long 
per iods of tine and te lemeter ing t h e  energy input  i n  c e r t a i n  s p e c t r a l  regions.  
The Orbi t ing  So la r  Observary (OSO) w a s  developed t o  do t h i s .  

The f i r s t  r;ol.ar observatory,  OS0 I, w a s  launched i n t o  o r b i t  ,around the  
e a r t h  i n  Apr i l  1962 by a Delta launch vehic le .  
Brothers  Restiilrch Laboratory, Boulder, Colorado. The spacecraf t  cons i s t s  of 
a spinning %heel" f o r  gyroscopical ly  s t a b i l i z i n g  the  spacecraf t  i n  o r b i t ,  
4and a sec t ion  capable of po in t ing  experiments a t  the  sun wi th in  one minute 
of a r c .  This means t h a t  the  instruments are pointed a t  the  cen te r  of t he  
sun with an ticciiracy equal t o  1/30 of t he  sun ' s  diameter. Experiments a r e  
a l s o  c a r r i e d  in  the  spinning "wheel" i n  such a manner t h a t  they look a t  the  
sun during each revolut ion of the  wheel and compare the  r ad ia t ions  frcm the  
sun wi th  r ad ia t ion  from o the r  p a r t s  of t h e  sky. The experiments c a r r i e d  on 
OS0 I have provided our  most comprehensive information t o  da t e  on the mech- 
anisms i n  the  s o l a r  atmosphere a t  the  t i m e  of a s o l a r  f l a r e .  

It was developed by B a l l  

While the  first OS0 pointed i t s  experiments only a t  t h e  cen te r  of t h e  
sun making poss ib le  s p e c t r a l  measurements a s  a func t ion  of t i m e ,  i t  was not 
poss ib le  to r e l a t e  f luc tua t ions  i n  the  spectrum t o  p a r t i c u l a r  sunspots; o r  
a c t i v e  regions on the  sun. 
sur face ,  w i l l  accomplish t h i s  ob jec t ive .  One of t he  major experimentti on 
OS0 I1 w i l l  incorporate  an occul t ing  d i sk  which w i l l  obscure the  main body 
of t he  sun from the instrument f i e l d  of view so t h a t  s t u d i e s  can be mide of 
t he  sun 's  corona o r  ou te r  atmosphere. This  spacecraf t  w i l l  be launchdzd i n  
t h e  f i r s t  ha l f  of 1963. Addit ional  f l i g h t s  are planned with the  OS0 1:ype 
spacecraf t  a t  approximately s i x  month i n t e r v a l s  t o  continue the  s t u d i e s  of 
the  phenomena on the  sur face  of the  sun and t o  monitor s o l a r  a c t i v i t y .  

The next OS0 which w i l l  be a b l e  t o  scan the  sun 's  

Although OS0 I has a l ready  provided and OS0 I1 w i l l  provide a major 
advance i n  our understanding of s o l a r  physics ,  they have l imi ted  p a y h a d  
c a p a b i l i t y  arid poin t ing  accuracy and cannot be t r a ined  on a p a r t r c u l a r  region 
on the  sun. In order  t o  understand the  mechanisms responsible  f o r  a so l a r  
f l a r e ,  and h e l p  t o  provide a warning of an impending increase  i n  the  radia- 
t i o n  l e v e l  tcb am Apollo a s t ronau t ,  a sa te l l i t e  i s  needed which can point  a 
heavier  set ctf experiments a t  a very small region on the  sun. 
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Study coa t r ac t s  have been le t  wi th  t h r e e  f i rms which w i l l  lead t o  t h e  
development oE a n  Advanced OS0 t h a t  w i l l  have a c a p a b i l i t y  of po in t ing  all 
of i t s  experiments a t  t he  sun. The spacecraf t  w i l l  c a r ry  l a r g e r  and more 
complex experiments and poin t  them wi th  an accuracy of f i v e  seconds of a r c  
o r  about 1/368th o f  the  sun ' s  diameter. 
c a p a b i l i t y  it w i l l  be a b l e  t o  concentrate  i t s  instruments on ind iv idua i  a r eas  
of t he  sun s m e l l  enough t o  make d e t a i l e d  s t u d i e s  of ind iv idua l  s o l a r  f:'.ares. 
This should make poss ib le  a comprehensive s tudy of t h a t  p a r t  of the SUI) 

which can be seen from the  plane of the  e a r t h ' s  o r b i t .  Plans c a l l  f o r  launch- 
ing t h i s  spacecraf t  i n t o  a po la r  o r b i t  with an Atlas-Agena launch veh ic l e .  
Addit ional  study of t h i s  system and i ts  experiments w i l l  be conducted through- 
o u t  1963. 
boarding" of long lead-time subsystems w i l l  be i n i t i a t e d  during 1964. 

With o f f s e t  po in t ing  and scan 

In  addi t ion ,  prel iminary design of t he  spacecraf t  and the  '%read- 

I n  add i t ion  t o  e lectromagnet ic  r ad ia t ion ,  t h e  sun a l s o  emits charged 
p a r t i c l e s .  These can be divided i n t o  (1) a r e l a t i v e l y  constant  f l u x  o.E 
very low energy protons and e l e c t r o n s  ( the  s o l a r  wind) and (2) much mo.:e 
energe t ic  protons,  emitted during the  la rge  s o l a r  f l a r e s ,  which ccrnstil:ute 
a major hazard t o  manned space f l i g h t .  In order  t o  understand these  
phenomena ,and t o  be ab le  t o  p red ic t  t h e  onse t ,  dura t ion ,  and i n t e n s i t y  of 
a s o l a r  proton event ,  i t  i s  necessary t o  monitor simultaneously the  op.:ical 
f l u x  from the sun, the  s o l a r  wind, the  magnetic f i e l d ,  and the  f l u x  of the  
ene rge t i c  protons. The OS0 spacecraf t  w i l l  provide da t a  co r re l a t ed  i n  t i m e  
writh t h a t  of two o ther  spacecraf t  t o  accomplish t h i s .  The detail : ;  of :he 
Znterplanetary monitor, which w i l l  make measurements i n  t h e  v i c i n i t y  o E the  
e a r t h ,  a r e  described i n  the  Geophysics f l i g h t  program. 

- A.stronomy 1961i 
-I-- 

1962 1963 

Orbi t ing  astronomical 
observatory 

Spacecraf t  .................. $34,821,000 $31,800,000 $37,803,000 
Launch vehicles . . . . . . . . . . . . .  3.400.000 4.300.000 3.5,10 3.000 

Subto ta l ,  d i r e c t  R&D c o s t s  $38,221,000 $36,100,000 $52,903,000 

Personnel costs . . . . . . . . . . . . . . .  489,000 1,615,000 2,859,000 
Operation c'f i n s t a l l a t i o n s . . . .  57 1.000 1.665.000 - 2,846.000 

Tota l  costs . . . . . . . . . . . . . . .  $39,281.000 $39,380,000 $!i8.605,000 ---- 
Total  F'ersonnel.. ......... 64 2 92 209 --I_- 

The ob jec t ive  of the  Orbi t ing  Astronomical Observatory (OAO) is t o  
provide a s t a b i l i z e d  platform i n  space f o r  making observat ions of the  stars, 
p l ane t s ,  nebulae, and in t e rp l ane ta ry  and i n t e r s t e l l a r  media i n  the  r e l a t i v e l y  
unexplored inf'ra.-red, u l t r a v i o l e t ,  X-ray, and gamma ray  regions oE t he  
electromagnetic spectrum. This  spacec ra f t ,  which is t e n  f e e t  i n  diameter,  



t:en f e e t  long, and weighs about 3600 pounds, is  being developed by the  
C;rumnan A i r c r a f t  Engineering Corporation. 
launched i n  1965, w i l l  have a "coarse" cont ro l  system capable of poin t ing  
the  spacecraf t  i n  any des i red  d i r e c t i o n  wi th  an accuracy of one minute of 
a rc .  Subsequent spacecraf t  w i l l  have an a d d i t i o n a l  c a p a b i l i t y  of "f ine" 
poin t ing  the  primary instrument wi th  an accuracy of one second of a r c .  
f i r s t  OAO w i l l .  ca r ry  t w o  major experiments, one looking from each end of 
t h e  spacecraft..  
instrument which w i l l  use four  12-inch te lescopes  wi th  a broad band t e l e v i -  
s ion  ultravic11.et: photometer. It w i l l  map the  sky and record the  br ightness  
of 200,000 stars. The Universi ty  of Wisconsin i s  preparing the  o the r  major 
experiment foit t:he f i r s t  spacec ra f t .  It w i l l  use  fou r  8-inch te lescopes ,  
i3 16-inch tel.escope, and 2 spectrometers t o  s tudy the  energy d i s t r i b u t i o n  
of individual. stars and nebulae over a wide enough range of t h e  u l t r av io l e t .  
region of the  spectrum t o  provide information on the  s t r u c t u r e  and prcper- 
t i e s  of S ~ V ~ I X ~  hundred of the  b r i g h t e s t  stars and nebulae. 

The f i r s t  OAO, which will be  

The 

The Smithsonian Astrophysical  Observatory i s  preparing an 

The second OAO spacecraf t ,  t o  be launched i n  1965, w i l l  ca r ry  a fi6-inch 
Cassegrain te lescope  wi th  a la rge  ape r tu re  spectrophotometer. Using the  
f i n e  poin t ing  con t ro l ,  t h i s  instrument can be focused on seve ra l  thous~and 
se l ec t ed  s t a r s  and nebulae t o  provide d e t a i l e d  da ta  on temperature,  p ressure ,  
dens i ty ,  and chemical composition. 

Pr inceton Universi ty  has. been se l ec t ed  t o  prepare t h e  major experiment 
f o r  the  t h i r d  spacecraf t  which i s  schedule f o r  launch e a r l y  i n  1966. The 
experiment w i l l  be designed t o  make q u a n t i t a t i v e  observat ions of the  iibsorp- 
t i o n  spectrum of i n t e r s t e l l a r  gas i n  the  u l t r a v i o l e t  region of tke  spc!ctruin. 
From these  da t a  information i s  provided on the  chemical composition 0:: 
i n t e r s t e l l a r  gas and dus t ,  the  pressure  and temperature, i t s  state of ioniza-  
t i o n ,  ve loc i ty ,  pos i t i on  and r e l a t i v e  propor t ion  of occurrences i n  spilce. 

Work on add i t iona l  experiments w i l l  be i n i t i a t e d  i n  f i s c a l  year  1964. 
Astronomical instrumentat ion is  being flown on sounding rockets  to de':ermine 
the  bes t  combination of instruments t o  give t h e  g r e a t e s t  amount cif inEorma- 
t i o n  when f l o w n  on t he  OAO. The launch veh ic l e  f o r  the  OAO w i l l  be t ' ie  
Atlas-Agena modified t o  accommodate the  t en  foot  diameter and 3600 po-ind 
weight of t h e  spacecraf t .  

I n t e r n a t i o n a l s a t e l l i t e s  

Spacecraf t . . . . .  .............. 
Launch vehicles . .  ............ 

Subtota.]., d i r e c t  R&D cos t s .  

Personnel. costs. . .  ........... 
0perat.ion of i n s t a l l a t i o n s . .  . 

Tota l  c:ost:s.. .............. 
To ta l  p r s o n n e  1. ........... 

19 54 ---- 1962 1963 

$3,285,000 $2,300,000 $1,5 00,000 
7.350.000 10.550.000 5.500.000 

$10,635,000 $12,850,000 $7,000,000 

954,000 1,445,000 1,493,000 
1 120,000 1.457.000 1 . 387.002 

$12.709.000 $15.752.000 $9,880.000 



A number of i n t e r n a t i o n a l  cooperat ive space explora t ion  e f f o r t s  'lave 
been undertaken under t h i s  program. These include the  A r i e l  s a t c ! l l i t e  f o r  
which the  United Kingdom furnished the  experiments and NASA furnished the  
spacecraf t  and launch vehic le .  A second United Kingdom s a t e l l i t e  under 
s i m i l a r  arrangements i s  now under development. It i s  expected t h a t  t he  
United Kingdom w i l l  construct  a t h i r d  s a t e l l i t e  f o r  which NASA w i . 1 1  p.rovide 
the  launch veh ic l e  and support  s e rv i ces .  The successfu l  Canadian-buitt  
A l loue t t e  s a t e l l i t e  had t e s t  and support  s e rv i ce  and the  launch veh ic t e  
provided by NASA. NASA is a l s o  p a r t i c i p a t i n g  i n  the  a c q u i s i t i o n ,  rediiction 
and ana lys i s  of da ta  from these  s a t e l l i t e s .  

A Polar  Ionosphere Beacon s a t e l l i t e  i s  being developed by the  Applied 
Physics Laboratory of t he  Johns Hopkins Universi ty  under NASA sponsorship.  
Widespread i n t e r n a t i o n a l  p a r t i c i p a t i o n  has been arranged using the beitcon 
f o r  ionospheric propagation research  from ground based s t a t i o n s .  

The 'Italian Pro jec t  was conceived t o  p lace  an I t a l i a n - b u i l t  s a t e l l i t e  
i n t s  an equa to r i a l  o r b i t  u t i l i z i n g  a Scout launch vehic le .  This s a t e : . l i t e  
w i l l  make both .a dens i ty  and ionospheric  measurement and w i l l  be launched 
from a mobile platform located on o r  near  t he  equator.  The Geophysics; and 
Astronomy program is  planned so t h a t  the  s c i e n t i f i c  r e s u l t s  of these  
i n t e r n a t i o n a l  eEfor t s  complement the  NASA p r o j e c t s  and the  s c i e n t i f i c  da t a  
is made avai ' lable  t o  U.S. s c i e n t i s t s .  Each country f inances  i t s  own e f f o r t s  
i n  these  cooperative p ro jec t s .  

19t14 e--- 
Sounding roclgg3 and geoprobes 1962 1963 

Sounding ircxlcets and geoprobes , 
subtotall ,  d i r e c t  R&D cos ts . .  . $7,765,000 $11,500,000 $13,300,000 

Pe rs onne 1 cos t ................. 
Operation of i n s t a l l a t i o n s . . . . .  2.394.000 2.996.000 - 3.31 8.000 1 , 942,000 2,707 , 000 2 , 9S16 , 000 

Total. cos t s . .  ................ $12.101.000 $17.203.000 S19.614.000 --- 
Total. pairsonne 1. ............. 258 32 1 299 ---- 
During tihe pas t  year  NASA has continued t o  conduct v e r t i c a l  soundings 

:In many s c i e n t i f i c  a reas .  
Journeyman rockets  have and w i l l  continue t o  be used f o r  t h i s  purpose. 

Nike Cajun, Nike Apache, Aerobee, J ave l in ,  and 

Significant:  progress  has  been made using spectrometers i n  measuring the  
atomic and mc11.ec:ular mass composition of the  upper atmosphere. Coordinated 
s t u d i e s  of wind shears ,  turbulence,  and temperatures i n  the  upper atmosphere 
have been conclwted from sites i n  nor thern  and temperate l a t i t u d e s  and i n  the  
southern hemisphere using chemical r e l e a s e s  and grenades. NASA, ithe A i r  
Force,  and Sweden have cooperated i n  an experiment t o  sample noc t i l ucen t  
clouds-very hlgh, f a s t  moving, luminous clouds- t h a t  occur only in c e r t a i n  
regions of the '  au ro ra l  zone. 
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Ionosphere probes have been launched during 1962 conta in ing  Japanlese 
designed r ad io  frequency resonance experiments and U.S. designed Langmiur 
]probes. 
t u r e  using t h e  two independent techniques. 

These probes measured simultaneously e l e c t r o n  dens i ty  and tempera- 

Sounding rocket f l i g h t s  have s tud ied  t h e  behavior  of l i q u i d  hydrclgen 
under the  wei:ghtless condi t ions  of space. This  information is of impctrtance 
t o  the Ceritaiir iand Saturn veh ic l e  development programs. 

The f i r s t  success fu l  launching of a low frequency r a d i o  a s t r o n q ,  
r ece ive r  w a s  accomplished on a sounding rocket i n  1962. 
provided datin oin t h e  low frequency r a d i o  waves i n  t h e  Milky Way. Anal.ysis 
of t hese  datia i s  expected t o  provide information on t h e  evolution of our  
galaxy and 011 the  r a d i o  background no i se  a g a i n s t  which communications between 
space veh ic l e s  imust be made. 

The experiment 

Emphasi,s i n  f i s c a l  years  1963 and 1964 is being placed on pxeparrition 
of experiments t o  be conducted during the  I n t e r n a t i o n  Year of t h e  Q u i e t  Sun 
(1964-65). Ionospheric s t u d i e s  and s t u d i e s  on t h e  s t r u c t u r e ,  dynamic::, and 
absorp t ion  c h a r a c t e r i s t i c s  of the  atmosphere w i l l  be made during t h i s  per iod  
and co r re l a t ed  with s o l a r  observa t ion  t o  desc r ibe  the  e a r t h ' s  environment 
during a per iod i n  which it i s  l e a s t  a f f e c t e d  by s o l a r  a c t i v i t y .  

I n  J u l y  1963, an e c l i p s e  of t h e  sun w i l l  be observed from the v k i n i t y  
of For t  Churchi l l ,  Canada, where sounding rocke t s  w i l l  be launched t o  
measure both e l e c t r o n  temperature and dens i ty ,  and a i rg low during the  
e c l i p s e  . 

Increased emphasis w i l l  be placed on t h e  use of sounding rockets  f o r  
s o l a r  and gaI.ac.tic astronomy experiments. I n  add i t ion  t o  providing w r y  
u s e f u l  astronomical da t a  on t h e  sun, t h e  stars, and t h e  p l a n e t s  t h e s e  
f l i g h t s  w i l l  check out  instruments f o r  later f l i g h t s  on t h e  more expensive 
as t ronomi ca 1 obs e ma t o r  i e  s . 

J a v e l i n  and Journeyman v e h i c l e s  w i l l  be used t o  launch geoprobes which 
w i l l  carry cmmbinations of instruments t o  make coordinated v e r t i c l e  p r o f i l e s  
of t he  atmos:phere and ionosphere. 
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NATIONAL AERONAUTICS AM) SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

LUNAR AND PLANETARY EXPLORATION 

OB JECTIJES: 

The primary ob jec t ive  of the  Lunar and Planetary Explorat ion Program is 
the  exp1.oration of the  s o l a r  system. 
is  t o  c i t , t c i in .  s c i e n t i f i c  information and design da ta  requi red  fo r  manned 
spacefI.ight systems development, p a r t i c u l a r l y  f o r  the manned lunar landing 
pr ogr ant 

An immediate ob jec t ive  of the  program 

E f f o r t  supporting these  bas i c  ob jec t ives  c o n s i s t s  of two broad 
categorilerr: science and technology. The s c i e n t i f i c  e f f o r t  includes s t u d i e s  
of the tsuti, moon, p l ane t s ,  and in t e rp l ane ta ry  space. The technological  work 
i n c l u d w  the. development of space vehic le  systems, p a r t i c u l a r l y  spacecraf t ,  
necessctry t o  ca r ry  s c i e n t i f i c  payloads t o  the  moon and p lane ts ,  and t o  
accompl.:tsh landings on these bodies. 

Lunar program 

A pr:incipal s c i e n t i f i c  ob jec t ive  of the  lunar  program i s  the  explora- 
t i o n  of the  moon and i t s  environs f o r  information on the  h i s to ry  of the  
earth-nmoon system and on the  o r i g i n  of p lane tary  bodies i n  the  s o l a r  system. 
Experinmnts t o  be performed are intended t o  provide information on the  sur -  
face s t :~~uc tu re ,  physical  p rope r t i e s  of the  sur face ,  and o r i g i n  of the  
s u r  face f ea tu re  s . 

Urunaiined lunar  explora t ion  i s  an  e s s e n t a i l  s t e p  i n  preparing fo r  a 
succestr.Eu:L, s a f e ,  manned landing on the  moon. 
some dftstance from the  moon's sur face  w i l l  play an  important part. 
i n  the  f i n a l  ana lys i s ,  only observat ions made on the sur face  can measure 
the becuring s t r eng th  of the  su r face  and the  contours of sur face  irregu1a.r- 
ities. 
attempted with adequate confidence. 

Visual observat ions made a t  
However, 

Such information is  necessary before  manned lunar  landings can be 

Planetary and in t e rp l ane ta ry  programs 

The bas i c  ob jec t ive  of t he  p lane tary  and in t e rp l ane ta ry  programs i s  
the  expLoration of the  sun, i n t e rp l ane ta ry  space,  the  p l ane t s  and t h e i r  
sa te l l i  tei3, comets, and as te ro ids .  , 

The accomplishment of these  ob jec t ives  w i l l  be i n i t i a t e d  by unmanned 
_ f l y - b y  ini:ssions t o  Mars and Venus because such missions are, by comparison, 

easier to accomplish and provide the  g r e a t e s t  assurance of r e tu rn ing  
signif:Llcamt data.  Fly-by missions w i l l  be followed by capsule  I andings,  
and f i n a l l y  p lane t -orb i t ing  spacecraf t  with l a rge  landing capsu1.e~ which 
can ca r ry  out  d e t a i l e d  study of the  planetary surfaces .  
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The experiments and o b j e c t i v e s  of these  f l i g h t s  t o  t h e  p l a n e t s  p a r a l l e l  
those de'scribed f o r  t h e  lunar  program except t h a t  g r e a t e r  emphasis w i l l  be 
placed i n i t i a l l y  on t h e  determinat ion of atmospheric c h a r a c t e r i s t i c s  and o n  
t he  d e t e c t i o n  of l i f e  o r  l i f e  forms. 

SUMMARY-= RE SOURCE REQUIREMENTS : 

Fund s8 -. 1962 1963 
-I 1964 -- 

Supporting research  and 
t.ectinollogy.. ............... $10,843,000 $20,244,000 $20,000,000 

F1 i.gh t: program: 

B,rtnger.. ................... 63,430,000 78,970,000 90,000,000 
Surveyor : 
Lzinder................... 37,938,000 59,996,000 69,300,000 
Orbiter.................. 1,196,000 1,700,000 28,200,000 

ILtriner : 
5,726,000 --- ..-- 

Mari.ner Venues fly-by.. .. 30,226,000 9,096,000 --- 
Venus/Mars lander.  ....... 12,425,000 18,273,000 53,100,000 

Marimer A.. .............. 
Mari.ner Mars f ly-by ...... --- 29,400,000 47,000,000 

1':ioneer. ................... --- 3,500,000 _, 15,000 ,QOq 

Subto ta l ,  d i r e c t  RdrD 
costs . .  ................ $161,784,000 $221,179,000 $322,600,000 

Pe1::;ainel cos ts . .  ............ 1,446,000 2,830,000 4,757,000 
Opttiration of i n s t a l l a t i o n s . .  . 1,401,000 2,383,000 -I 3,9 1 3 , E g  

Tot:al costs . .  ........... $164,631,000 2226,392.000 - $331,270,0~0 -c 

NA:LP Headquarters. . . . . . 83 101 11 3 
Godda:rd Space F l i g h t  Center.. 34 21  f? 6 

he s Research Center.. ....... - 83 133 
Wa'llojps S t a t i o n  .............. - 2 4 
North Eas te rn  Office......... 3 -I D- 

Western Operat ions Office. .  . 76 129 1215 

- 3 

To ta l  personnel..  ....... 193 4 74 339 - -- -- - 
Primary cognizance of the  lunar  and p lane tary  programs i s  i n  the  0ffi .ce 

of Space Sciences i n  NASA Headquarters. 
t h e  major po r t ions  of t h e  t e c h n i c a l  program rests wi th  t h e  Jet  Propulsion 

. Laboratory and the  Ames Research Center. 
i n s t a l l a t i o n s  l i s t e d  above. 

Respons ib i l i t y  f o r  t h e  conduct of: 

Contr ibut ions  a r e  a l s o  made by the  
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PROGRAlLJlJSTIFICATION : 

The exploration of the moon is important to science because its surface 
has not been subjected to the erosion of winds and water, and therefore may 
preserve a record of the early history of the solar system. This record 
may we'll be lost forever on the earth, Mars, or Venus. The possibility 
exists that the moon may also have on or near its surface organic molecules 
which will provide a clue to the development of physical life on the earth. 

Exploration of the planets presents a different type of attraction, 
because they all differ markedly from the earth. 
may lis clues to the nature, origin, and evolution of the solar system. 
The study of other planets will certainly provide better knowledge of the 
earth. The expected discovery of organic molecules and life forms may have 
tremendous implications not only in basic chemistry and biology but even in 
medicine. The scientific study of solar and interplanetary space will 
strengthen the understanding of the sun-earth relationships on which not: 
only our comfprt but our life cycle itself so intimately depend,, Vital 
informition will be gathered on potential hazards which await future space 
travelers. Included in this category are lethal solar radiation stream:;, 
lunar <and planetary terrains, and even planetary meteorological conditions. 
Knowledge may be uncovered to permit utilization of natural resources at 
these distant de st ina t ions. 

In these very differences 

A fundamental prerequisite to the exploration of the solar system I s  
the development of spacecraft capable of performing the desired missions. 
This achievement requires the perfection and integration of many technolo-. 
gies, including attitude sensing and control; midcourse navigation (radio- 
command techniques for lunar missions and self-contained celestlal naviga1:ion 
for distant planetary missions); terminal guidance and spacecraEt propu1s:Lon; 
long-range communications; precise orientation of spacecraft-botne compsnents 
such as antennas, sensors, and radiators; long-term power gneration sources 
and systems; control of internal and surface temperatures under widely vary- 
ing conditions; design of extremely efficient structures capable of funct-ion- 
ing under the wide range of environmental conditions to which the spacec:raft 
will be exposed; the solution of the problems of entry into planetary aLmos- 
pheres; and the development of automatic or remotely-controlled devices for 
transporting instrumentation over the planetary surface, gatherlng sample; 
of planetary matter, analyzing them and transmitting the data ti:, earth. 

Lunar and planetary projects are planned to evolve to utilize the flu11 
capabilities of new launch vehicles as they become operational, SpacecraEt 
and instrumentation development are phased to this capability. The lunar 
and planetary exploration program has been planned to avoid duplication 
and to promote reliability in the spacecraft development area. 
has been made to minimize the number of types of spacecraft and to maximize 
the nunber of uses for each type. Wherever possible, the same basic sub- 
systems clr their advanced derivatives will be employed in successive spactz- 
craft series. This will result in the evolutionary development of a 

Every effmt 

- .  
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family of unmanned exploration spacecraft, wherein the relatively simple 
systems and limited capabilities of early spacecraft will be extended and 
refined as launch vehicle weightlifting capability is increased. This 
building-block concept will permit exploitation of early unmanned scientific 
and technological missions as part of an orderly flight-qualification 
sequence prior to undertaking manned exploration activities. 

The Lunar and Planetary Exploration flight schedule is as follows: 

Mission 

Ranger 
Test 
Capsule 
TV Package 

SurveyoI 
Lander 
Orbiter 

Mariner 
Venus 
Mars 
Lander 

Pioneer 

Launch Calendar Year LA un c h 
Vehicle of First Launch Location 

Atlas- Agena 
At 1 as- Agena 
Atlas- Agena 

Atlas-Centaur 
At las-Centaur 

1961 AMR 
1962 AMR 
1963 AMR 

1964 
1965 

At 1 a 8- Agena 1962 
Atlas- Agena 1964 
Atlas- Centaur 1965 

Thor- Del ta 

EWLANArgN OF FUNDS REQUESTED: 

Supportia, research and 
technslogy --- 

L u n a r . . . . . . . . . . . . . . . . . . . . . . . .  
Planet,ary and interplanetary. 

Subt.ot.al, direct R&D costs. 

Persortnel costs.. ............ 
' Operation of installations. . 

Total costs. ............... 
Total personnel... ......... 

1964 

AMR 
AMR 

AMR 
AMR 
AMR 

AMR 

1964 - 1962 1963 

$2,873,000 $4,504,000 $3,1395,000 
7,970,000 15,740,000 16.105,OOO 

$10,843,000 $20,244,000 $20,000,000 

4 10,000 953,000 1,739,000 
479,000 816,000 1,512,000 

S11.732,OOO $22,013,000 $23,251,000 

Supporting research and technology effort falls into three major 
categories: science, technology, and advanced studies, 
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The goal  of t he  science por t ion  of support ing research  i s  the  acqu i s i t i on  
of know:lI?dge about t he  moon, t he  p l ane t s ,  and in t e rp l ane ta ry  space by means 
of ground-based observat ion and study e f f o r t s  aimed a t  p red ic t ing  and siwu- 
l a t i n g  e x t r a t e r r e s t r i a l  environments. 
proper design of s c i e n t i f i c  instrumentat ion and t o  provide s tandards aga ins t  
which l a t e r  f l i g h t  da t a  can be compared. 
need i n  t h i s  area t o  provide s c i e n t i f i c  information v i t a l  t o  the  manned 
space f l i g h t  missions. 

These e f f o r t s  a r e  essent ia l  f o r  the  

There i s  a p a r t i c u l a r l y  urgent 

Lunar  s t u d i e s  w i l l  continue by t e l e scop ic  observat ions,  a n a l y s i s  of 
lunar  photographs, cons t ruc t ion  of topographic c h a r t s ,  and i n t e r p r e t a t i o n  of 
t he  infcmiat ion t o  ga in  geologica l  data .  
s imulat jon of lunar  sur faces ,  t h e  e f f e c t  of hyperveloci ty  impact of s m a l l  
p a r t i c l e s  on these  sur faces ,  and t h e  a n a l y s i s  of me teo r i t i c  and t e k t i t i c  
mater ia l s ,  I n  t h e  i n t e r p l a n e t a r y  a rea ,  support  i s  provided f o r  land-based 
and balI.oon-borne s t u d i e s  of the  composition of space, including p a r t i c u l a t e  
matter frcnn the  sun and from i n t e r s t e l l l a r  space; magnetic and e l e c t r i c a l  
f i e l d s ,  including g r a v i t a t i o n a l  f i e l d s ;  and instrumentat ion f o r  s t u d i e s  by 
spacecriift:. Concerning the  p l ane t s  themselves, use i s  made of physical  
technique!; such as o p t i c a l ,  r ad io ,  and radar  astronomy, t o  acquire  s p e c i f i c  
information about the  atmospheric composition of t he  p l ane t s ,  including 
ionosptusres, i f  present .  Research i s  a l s o  being supported i n  the  s imulat ion 
of planlatiary atmospheres and r e l a t e d  t h e o r e t i c a l  a reas .  Since the  research 
i n  many ii istances depends upon the  adequacy of the  physical  inst.ruments used 
i n  these s tud ies ,  instrument development i s  supported where necessary t o  
a s su re  a v a i l a b i l i t y  of adequate equipment. 

Research i s  underway i n  t h e  

Wcork i n  t h e  area of technology i s  d i r ec t ed  toward advancing the  
engineering of spacecraf t  hardware i n  support  of cu r ren t  and planned lunar  
and p lane tary  f l i g h t  pro jec ts .  
f i c a t i o n  of new concepts. 
are t r a n s l a t e d  i n t o  engineer ing p r a c t i c e s  thereby enabl ing the  development 
of a c t u a l  f l i g h t  hardware of improved performance capab i l i t y .  This  e f f o r t  
a lso supports  follow-on vers ions  of cu r ren t  p r o j e c t s  as w e l l  as the  
planning of f u t u r e  misssons t o  the  moon, p l ane t s ,  sun, and out-of-the- 
e c l i p t j c  des t ina t ions ,  both for s c i e n t i f i c  explora t ion  and as  preludes to 
manned space f l i g h t .  

It c o n s i s t s  of i n v e s t i f a t i o n  and v e r i -  
Discoveries  which a r e  derived from bas i c  research  

'Ithe cos t  of ob ta in ing  s c i e n t i f i c  d a t a  from space increases  wi th  the  
t o t a l  weight of t he  payloads boosted, and decreases  as the  usefu l  l i f e  and 
t h e  performance l e v e l  are increased. Therefore,  ways a r e  being sought t o  
reduce the  weight of the  s t r u c t u r e  t o  allow more s c i e n t i f i c  instruments  
aboard,  whi.le a t  t he  same t i m e  increas ing  both the  r e l i a b i l i t y  and t h e  
l e v e l  of performance, thus  reducing the  cost per i t e m  of s c i e n t i f i c  da t a  
obtained,  
spacecraEt ], t o  e n t e r  t he  atmosphere and land on a p lane tary  sur face ,  

Since 
spacecraEt t h a t  land on Mars and Venus must be b i o l o g i c a l l y  steri le,  apace- 
c r a f t  components which w i l l  no t  d e t e r i o r a t e  when s t e r i l i z e d  a r e  requi red .  
Comuinication systems which w i l l  operate  r e l i a b l y  over long d i s t ances  must 

Techniques w i l l  be developed f o r  e j e c t i n g  capsules  from pasr3ir.g 

- t ransmi t t ing  s c i e n t i f i c  da t a  during the  descent  and a f t e r  landing. 
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be developed, as we l l  as improvements i n  on-board processing of da t a  which 
w i l l  ena'ble more s c i e n t i f i c  da t a  to  be handled per  u n i t  of t i m e .  

The work w i l l  be done a t  the  Jet  Propulsion Laboratory (JPL,), a t  
var ious  NASA Centers,  and by con t r ac t  wi th  p r i v a t e  concerns and u n i v e r s i t i e s .  
Many of the ind iv idua l  t a s k s  t o  be performed by JPL and by NASA Clinters 
a r e  cont inua t ions  of work i n i t i a t e d  i n  previous years .  Funding requirements 
for these t a s k s ,  and f o r  new t a s k s ,  a r e  based on experience f o r  clomparable 
work previously conducted. Est imates  f o r  con t r ac t s  a r e  based on projected 
needs and. upon t h e  e x p l o i t a t i o n  of promising proposals  made t o  NASA, 

Work. during f i s c a l  year  1964 is p a r t  of a cont inuing program t o  
s u p p o r t  f ' l i gh t  programs projected f o r  the  next severa l  years .  Due t o  i t s  
na ture ,  t.he technology e f f o r t  must be s t a r t e d  e a r l y  t o  allow time f o r  re- 
orienting; e f f o r t  t o  e x p l o i t  break-throughs o r  promising avenues not i n i t i a l l y  
apparent ,  f'or overcoming unexpected d i f f i c u l t i e s ,  and f o r  examining a l t e r n a t e  
techniques before  s e l e c t i n g  the  b e s t  one. 

Stut1ic:s of advanced systems a r e  conducted t o  support planning of 
cur ren t  anti f u t u r e  programs, and t o  assist  i n  obta in ing  the  b e s t  program 
f o r  current: p ro jec ts .  

Advanced s tud ie s  f a l l  i n t o  two ca tegor ies :  s t u d i e s  of a general  
na ture ,  such as space f l i g h t  mechanics and p lane tary  t r a j e c t o r i e s ,  which 
support i a l l  lunar  and p lane tary  p r o j e c t s ;  and s t u d i e s  of p o t e n t i a l  fu tu re  
spacecril:?t systems t o  determine t h e i r  need, f e a s i b i l i t y  and general  con- 
f igura t ion . .  These s t u d i e s  a r e  gene ra l ly  conducted a t  NASA Center s; however , 
some studit's a r e  conducted by indus t ry  under NASA cont rac t .  Supporting 
s tudies  of advanced lunar  and p lane tary  systems have been conducted s ince  
the  beg:timing of NASA. Out of t h i s  a c t i v i t y  severa l  p r o j e c t s  have been 
modified and new ones have emerged. 

F l igh t  l?ro j e c t s  

Ranper 
Spacecraft . . . .  ............... 
Launlz'h vehic les . .  ............ 

Subto ta l ,  d i r e c t  R&D cos t s .  

Perslonnel costs. . . . . . . . . . . . . .  
Oper,ation of i n s t a l l a t i o n s . . .  

Tota l  costs.. . . . . . . . . . . . . . .  

To ta l  personnel.. . .  ........ 

19 64 - 1962 1963 
$32,530,000 $44,170,000 $48,300,000 

$63,430,000 $78,970,000 $90,,000,000 
30,900,000 34,800,000 41,700,000~, 

380,000 467 , 000 581,000 
354,000 382 , 000 -I 392,000 _. 

$64,164,000 $79,819,000 $90,973,000 

55 60 - 5 1  

The mission of the  Ranger p r o j e c t  i s  t o  obta in  b a s i c  s c i e n t i f i c  (data re -  
quired t o  understand the  o r i g i n  and na ture  of the  moon and t o  ob ta in  the  
information required f o r  adequate design of spacecraf t  f o r  t he  m,anned 
space f l i g h t  program. 
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The Ranger spacecraf t  c o n s i s t s  of a b a s i c  hexagonal s t r u c t u r e ,  o r  bus;, 
which i s  capable of ca r ry ing  va r ious  payloads. 
a t t i t u d e  con t ro l ,  communications, e l e c t r i c a l  power, and spacecraf t  envircn- 
mental con t ro l  i s  common t o  the  bus f o r  any of t he  s c i e n t i f i c  missiions which 
Ranger might be c a l l e d  upon t o  perform. 
used t o  place the  800-pound Ranger on i t s  des i red  t r a j e c t o r y .  

Equipment required, f o r  

An Atlas-Agena launch veh ic l e  is 

Of t h e  f i v e  f l i g h t s  attempted t o  d a t e ,  two spacecraf t  were placed i n  
c lo se  e a r t h  o r b i t ,  two i n t o  o r b i t s  about t he  sun a f t e r  f l y ing  by t.he moon, 
and one inpacted on the  f a r  s i d e  of t he  moon. 

The primary mission of the  f i r s t t w o  Ranger f l i g h t s ,  which w::re made 
i n  1961, 'das t o  provide engineer ing t e s t s  of the  spacecraf t  sys t i r i .  A 
secondar:y ob jec t ive  was t o  measure s i g n i f i c a n t  c h a r a c t e r i s t i c s  o i  t h e  
in te rp la .?z ta ry  medium along a 700,000 mile  h ighly  e l l i p t i c a l  e a r t h  o r b i t .  
The second s tage  of the launch veh ic l e  f a i l e d  t o  perform as y1annt.d 
during bDth f l i g h t s ,  r e s u l t i n g  i n  the  spacecraf t  being placed i n  i i  near 
e a r t h  o r b i t .  The spacecraf t  appeared t o  func t ion  normally. 

The next t h ree  Rangers, launched i n  1962, were designed t o  pmforr;l 
a lunar  rough landing mission. The spacecraf t  c a r r i e d  equipment 120 send 
back about 100 t e l e v i s i o n  p i c t u r e s  of the  lunar  sur face ,  t o  measure the  
gamma ray a c t i v i t y  i n  space and a t  the  sur face  of the  moon, and t o  fu rn i sh  
da t a  on t he  radar  r e f l e c t i v i t y  c h a r a c t e r i s t i c s  of the  lunar  surfa,:e. I n  
addi t ion ,  a major mission ob jec t ive  was t o  hard land on the lunar  sur face  
a 56-pound survivable  capsule  containing a h ighly  s e n s i t i v e  seismumeter. 
A launch veh ic l e  malfunction r e su l t ed  in the  Ranger I11 passing aliead of 
the  moon. The spacecraf t  functioned normally u n t i l  an attempt t o  obta in  
p i c t u r e s  during fly-by. 
IV andV but t he  spacecraft malfunctioned. 

The launch veh ic l e  performed properiy f o r  Ranger!; 

The engineer ing d a t a  obtained from t h e s e  f i v e  f l i g h t s  have been used 
t o  advantage i n  both the  Ranger and Mariner programs. For example, t h e  
Mariner 1.1 so la r  panels  were enlarged based on Ranger I11 da ta ;  and the 
Mariner c e n t r a l  computer and sequencer was provided wi th  redundant 
c a p a b i l i t y  as a r e s u l t  of t he  f a i l u r e  of t h i s  component on Ranger I V .  

The: mission f o r  t he  next  Ranger f l i g h t ,  scheduled i n  calendar  year  
1963, will be t o  ob a i n  high r e s o l u t i o n  t e l e v i s i o n  p i c t u r e s  of t he  lunar  
sur face .  
Rangers exc:ept t h a t  the  landing capsule  w i l l  be replaced by a c l u s t e r  of 
s ix  t e l e v i s i o n  cameras f ixed  t o  the  bus. The t e l e v i s i o n  system w i l l  begin 
opera t ion  a t  a d i s t ance  above the  lunar  sur face  which w i l l  provide p i c t u r e s  
of a qua!LiI:y equiva len t  t o  present  earth-based t e l e scop ic  photographs. 
Coverage ~ 1 ~ 1 1  cont inue u n t i l  impact, wi th  t h e  q u a l i t y  of the l a s t  p i c tu re  
s u f f i c i e n t  t o  i d e n t i f y  an ob jec t  a few f e e t  i n  diameter.  
the  telcwisicm equipment, s eve ra l  experiments f o r  studying the  space 
environnent during f l i g h t  w i l l  be included. 

The spacecraf t  w i l l  be b a s i c a l l y  the  same as  for e a r l i e r  

I n  add i t ion  t o  
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Addit ional  f l i g h t s  i n  calendar  yea r s  1964 and 1965 are planned. The 
payloads t h a t  w i l l  be f l w n  on these  f l i g h t s  w i l l  be determined based on data  
obtained from previous shots .  Several  worthwhile payloads, including the 
type uns ,xcess fu l ly  flown on Rangers 111, I V ,  and V are under con!;ideration. 

Payloads a l s o  being considered f o r  these f l i g h t s  include a st!ismomett:r 
hard-landing capsule  similar t o  the  one flown on Rangers III-V 01- the  t e l e -  
v i s i o n  package which w i l l  be flown on Rangers V I - I X .  Another payload iiow 

undergoing preliminary development i s  the  hard-landing photo-recoiiaissanct! 
capsule ,  T h i s  capsule ,  upon landing on the  lunar  sur face ,  w i l l  take a 360° 
panoramic p i c t u r e  of t he  landscape wi th  s u f f i c i e n t  d e t a i l  t o  i d e n t i f y  ob jec t s  
two-tent'hs of an inch i n  s i z e  i n  the  i m e d i a t e  v i c i n i t y  of the capsule .  

Among the  major subcont rac tors  incolved, t he  Aeronutronics Divis ion o f  
Ford Motor Company supplied the  hard landing capsules  f o r  Rangers 111, I V ,  
and V, and the  Radio Corporation of America w i l l  fu rn ish  the  high-resoultfori  
t e l e v i s i o n  package scheduled f o r  f l i g h t  on the  next  four  Rangers. 

Surveyor 

1962 1963 1964 __ 
Lander.. ......................... $35,629,000 $48,296,000 $37,5OO,OOO 
Orbiter..............,............ 1,196,000 1 , 700,000 18,000,C:OC 
Launch vehicles. . . . . . . . . . . . . . . . . .  2,309,000 11,700.OOO 42,000,210 

Subtotal ,  d i r e c t  R&D costs . . .  .. $39,134,000 $61,696,000 $97,500,000 

Personnel costs.................. 294,000 516,000 740, O O C ~  
Operation of i n s t a l l a t ions . . , . . . .  250,000 420,000 500sg 

Total  costs. . . . . . . . . . . . . . . . . . . .  $39,678,000 $62,632,000 $98,740,000 --- 
............ 70 Total  personnel.... 40 67 .. .-- 

Lan.d.er 
The Scaveyor lander  spacecraf t  i s  being developed t o  accomplish che fj:cst 
---. 

s o f t  landings on the  moon. The successfu l  development of t h i s  spacecraf t  w i l l  
make s ignif  i c a n t  con t r ibu t ions  t o  the  technology of spacecraf t  capable  of p r -  
forming c:oniplex p rec i s ion  maneuvers i n  space. 
Surveyor p ro jec t  i s ,  the re fo re ,  t o  demonstrate a s o f t  a lnding on the  moon,, 
Once s a f e l y  down on the  lunar  sur face ,  t he  lander  w i l l  serve as  a remote ob- 
s e rva t ion  pos t  f o r  surveying the  lunar  topography and examining t h e  surface 
tex ture .  1:t w i l l  a l s o  func t ion  a s  a s t a t i o n a r y  labora tory  f o r  measuring l;hz 
physical  arid chemical c h a r a c t e r i s t i c s  of t h e  lunar  sur face  and subsurface,  
and the t!nvironmental conditions on t h e  moon. Typical  of the  da t a  t o  be ob- 
fa ined  bly Surveyor are h igh- reso lu t ion  t e l e v i s i o n  p i c t u r e s  of the t e r r a i n  i n  
t he  v i c i n i t y  of t h e  landing s i t e ,  measurements of t he  lunar  surface hardness 
and o ther  physical  c h a r a c t e r i s t i c s ,  i t s  chemical and minerological  composition, 

The f i r s t  ob jec t ive  of the  
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seismic i i l- t ivity,  and the  rate of meteor i te  p a r t i c l e s  s t r i k i n g  t h e  moon. 

In  i d d i t i o n  t o  i t s  s c i e n t i f i c  func t ion  as a luna r  research  l abora to ry ,  
t he  lander  w i l l  provide e s s e n t i a l  d a t a  i n  support of t h e  Apollo manned luna r  
landing program. 
var ious  :Landing si tes f o r  Apollo landings and w i l l  provide e s s e n t f a l  s tatis-  
t ical  d a h  on t h e  meteoroid hazard on t h e  luna r  su r face ,  which a r e  requi red  
f o r  the proper design of p r o t e c t i v e  sh i e ld ing  i n  t h e  o u t e r  sk in  of t he  Apollo 
spacec ra f t  and i n  the  a s t ronau t s '  space s u i t s .  

S p e c i f i c a l l y ,  i t  w i l l  test  and v e r i f y  t h e  s u i t a b i l i t y  of 

The Lander spacec ra f t  system is c u r r e n t l y  under development lily t h e  Hughes 
A i r c r a f t  Company. Major subcont rac tors  are Thiokol-Elkton f o r  the main 
retroroclcet,  Thiokol Reaction Motors Div is ion  f o r  t h e  v e r n i e r  propuls ion 
system, iilld Ryan E l e c t r o n i c s  f o r  t h e  a l t i t u d e  and v e l o c i t y  r a d a r s ,  The 
responsib t l  i t y  for management has been assigned t o  t h e  Jet Propuls ion Labors.- 
tory.  

During f i s c a l  yea r s  1961 and 1962, t h e  lander  e f f o r t  was  d i r e c t e d  l a r g e l y  
toward engineer ing des ign ,  and component and subsystem development and tes t -  
ing. A l r m  during f i s c a l  year  1962, t h e  f a b r i c a t i o n  of t h e  p roof - t e s t  model 
of t he  spacec ra f t  w a s  begun. S i g n i f i c a n t  tests,  such as main retro-and 
vernier-triiglne propuls ion tests, l abora to ry  drop tests t o  study landing 
dynamics, and f r e e - f a l l  drop tests of t h e  terminal-descent  sequence from ti 

t e the red  ba l loon  were s t a r t e d .  The act ivi t ies  i n  f i s c a l  year 1964 w i l l  be 
concentriated p r imar i ly  on ex tens ive  system tests of t h e  proof- tes t  spacec ra f t  
and the  produc:tion of t h e  f i r s t  f l i g h t  un i t s .  These system t e s t s  w i l l  i n -  
clude thrmnal-vacuum tests,  shock tests, t e t h e r e d  tests wi th  t h e  propuls ion 
system ope ra t ive ,  s imula t ion  of t h e  e n t i r e  mission p r o f i l e  i n  the  environ- 
mental chmber ,  and field tests ihi the  C a l i f o r n i a  d e s e r t  where the  spacec ra f t  will 
be operated by r a d i o  command and d a t a  r e t r i e v e d  as though i t  were on the  moon. 
Also i n  fiscal. year  1964, a number of tests of cr i t ica l  lander  subsystems w i l l  
be conducted on Centaur development f l i g h t s .  
tests wi l .1  check out  spacec ra f t  s epa ra t ion ,  s t r u c t u r a l  dynamics, t he  ve rn ie r  
engines tuid the  r ada r s ,  t he  a t t i t u d e - c o n t r o l  system and t h e  midcourse 
maneuver ,, and o t h e r  v i t a l  functions.  

These comparatively inexpensive 

Orb i t e r  ---- 
The liuirveyor o r b i t e r  is t o  be our f i r s t  l una r  o r b i t i n g  s a t e l l i t e .  It: 

w i l l  be it d e r i v a t i v e  of t h e  Surveyor lander  and w i l l  use  many lander  compon- 
e n t s  and :subsystems. 

The o r b i t e r  i s  being designed t o  be launched i n t o  c l o s e  o r b i t s  about t he  
moon, where i t  w i l l  serve as a luna r  reconnaissance syatem, long- l i f e t ime  
environmeritizl monitor, and se l enode t i c  satellite. Its s t e r e o  t e l e v i s i o n  
cameras ~r : i l lL  provide broad area surveys of t he  luna r  sur face  and a. b a s i s  fo r  
t h e  i n i t i d  s e l e c t i o n  of landing s i tes  f o r  later unmanned and manned spacer- 
c r a f t .  
interpret:iit:ions of l a r g e  areas of t h e  luna r  su r face ,  t h e  cons t ruc t ion  of 
photomosaics and topographic maps. 
select lilcelty landing areas f o r  o n - s i t e  examination by Surveyor landers.  

The p i c t u r e s  obtained w i l l  provide bas i c  d a t a  f o r  photo-geological, 

From these  d a t a  it should be poss ib l e  to  
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From p r e c i s e  t r ack ing  d a t a  and a n a l y s i s  of the  changes i n  t h e  space- 
c r a f t ' s  orbit over a per iod of time, it  should be poss ib l e  t o  ob ta in  g r e a t l y  
improved Isnovledge of  t h e  f i g u r e  of  t h e  moon; i.e., t h e  c h a r a c t e r i s i t i c s  of 
i t s  g r a v i t a t i o n a l  f i e l d ,  i t s  gize,  shape, and mass d i s t r i b u t i o n .  Such d a t a  
are not on ly  of g r e a t  s c i e n t i f i c  i n t e r e s t  as they  relate t o  t h e  moon's 
i n t e r n a l  s t r u c t u r e ,  i t s  h i s t o r y ,  and process  of formation, but are e s s e n t i a l  
f o r  p rec i s ion  guidance of spacec ra f t  i n  t h e  v i c i n i t y  of t h e  moon, e.g., t h e  
Apollo l u n a r - o r b i t a l  rendezvous maneuver and t h e  ascent guidance f o r  t h e  
r e t u r n  t o  ea.rth. 

A s  a. l o n g - l i f e  monitor of t h e  environmental condi t ions  near  t h e  moon, 
t h e  o r b i t e r  w i l l  provide v i t a l  d a t a  on t h e  r a d i a t i o n  and meteoroid hazards  
c l o s e  t o  t:he l una r  sur face  which w i l l  be of va lue  of t h e  Apollo program. 

The o r b i t e r  and lander  w i l l  serve as an opera t iona l  team t o  s e l e c t  and 
v e r i f y  t h e  a u i t a b i l i t y  of sites f o r  f u t u r e  manned landings.  
t h e  o r b i t e r  w i l l  be used as a b a s i s  f o r  pre l iminary  s e l e c t i o n  of sites; t h e  
preliminirry s e l e c t i o n s  w i l l  then  be v e r i f i e d  by sending l ande r s  tcil make 
d e t a i l e d  surveys of t h e  l o c a l  t e r r a i n  and test the  sur face  t o  in su re  satis-  
f a c t o r y  bear ing s t r e n g t h  and s t a b i l i t y  for manned landings.  

TV imagery from 

E a r l y  f e a s i b i l i t y  s t u d i e s  of t h e o r b i t e r  t e l e v i s i o n  system were per -  
formed i n  1960 and 1961. Pre l iminary  design s t u d i e s  of t h e  spacec ra f t  con- 
f i g u r a t i o n  were s t a r t e d  by t h e  Hughes A i r c r a f t  Company i n  f i s c a l  year 1962, 
Fiscal year 1963 funds are being used t o  procure spacec ra f t  design s t u d i e s ,  
including, t h e  engineer ing opt imiza t ion  of subsystems and modes of ope ra t ion ,  
and t o  fund t h e  design and breadboard development of the  v i s u a l  instrumenta- 
t i o n  subsystem (VIS).pd%bmulti-camera t e l e v i s i o n  package t o  provide t h e  
s t e r e o  amid h igh- reso lu t ion  imagery of t h e  luna r  surface.  

Fis;cal. year 1964 funding w i l l  permit t h e  spacec ra f t  hardware develop- 
ment phtu;e t o  start ,  wi th  development of t h e  p roof - t e s t  spacecraf t .  
development w i l l  be synchronized so t h a t  i t s  p roof - t e s t  model can join t he  
spacecraEt f o r  system tests beginning i n  early ca lendar  year  1964.. 
schedule w i l l  permit an o r d e r l y  but  expedi t fous  test  and eva lua t ion  program 
t o  be c a r r i e d  out p r i o r  t o  t h e  f i r s t  o r b i t e r  mission, c u r r e n t l y  planned for 
mid-cals nd ar year 19 65 . 

The VIS 

This 

P ro jec t  management r e s p o n s i b i l i t y  f o r  t h e  o r b i t e r  has  been assigned t o  
t h e  Jet  Propulsion Laboratory, 

Mariner 1964 -- 
e, 

19 62 1963 - 
--- - .- M a r i n e r  A. .................. $5,726,000 

Mars lily-by. ................ --- 24,300,000 $31,400,000 
Venusl'Mcirs landers.  ......... 12,425,000 18,273,000 43,400,000 

Venus fly-by................ 13,226,000 $9,096,000 - .I - 
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Mariner (continued) 1962 1963 1964 

Launch veh ic l e s :  
at la.€;-Agena.. . . . . . . . , . . . $5,100,000 $15,600,000 
Centttur....,.......~~~~~. --- --- 9 ,700,000 

$17,000,000 

Su.kdxita.1 , d i r e c t  R&D 
c:os;ts,. . . . . . . . . . . $48,377,000 $56,769,000 $100,100,000 

Personriel. costs..........., 362,000 575,000 1,260,000 
Operation of i n s t a l l a t i o n s .  318,000 514,000 1,155,000 

Totad c:osts.. . . . , . . . . . $49,057,000 $57,858,000 $102,515,000 -- 
Total. personnel, , . . . . . . , 49 71 1 2 3 -  

The c e n t r a l  ob jec t ive  of t h e  Mariner is development and u t i l i z a t i o n  of 
t he  techaioI.ogy necessary f o r  f ly -by  and capsule landing missions to  Mars un'd 
Venus. From t h e  s tandpoin t  of both t echn ica l  spacec ra f t  developments and 
launch veh ic l e  a v a i l a b i l i t y ,  t h e  o b j e c t i v e s  w i l l  be accomplished i n  two 
phases . 

In  t:hs f i r s t  phase, which is a l ready  underway, t h e  technology f o r  t h e  
fly-by pc1rt:ion of t h e  mission w i l l  be developed and demonstrated using t h e  
Atlas-Ag;e:nci launch veh ic l e ,  
21,000 d.lo!s of Venus on December 14, 1962, was  p a r t  of t h i s  f i r s t  phase. 
Because of t h e  success of Mariner I1 t h i s  mission w i l l  no t  be repea ted  at 
t h e  time of t h e  Venus oppor tuni ty  i n  1964; i n s t ead  resources  w i l l  be concen- 
t r a t e d  on the Mars mission late i n  1964 and on la ter  missions w i t h  l a r g e r  
spacec ra f t  t o  both Mars and Venus, 

The Mariner 11, which flew wi th in  approximately 

I n  t h e  second phase, during a per iod  from 1963 t o  approximately 1967, 
t h e  techaiol.ogy necessary f o r  p l ane ta ry  atmospheric e n t r y ,  descent and landing 
w i l l  be developed r e s u l t i n g  i n  a heavier  spacec ra f t  t o  be flown on the  Atlas- 
Centaur 1.aunch vehic le .  I n  t h i s  manner, by 1967 both t h e  d e l i v e r y  system and 
the entxy-lander system w i l l  have been developed, I n  adddtion, t h e  d e l i v e r y  
system will .  have been demonstrated and r e f i n e d  on both t h e  Agena and Centaur 
Sly-by-ccipsmle missions,  and t h e  en t ry- lander  system w i l l  have been demon- 
s t r a t e d  on t h e  Centaur missions. Thus, during t h e  per iod 1962 t o  1967, 
Mariner,  jrpcrcecraft w i l l  perform t h e  i n i t i a l  s c i e n t i f i c  exp lo ra t ion  of Venus 
and Mars;, ctnd by 1967, developments i n  spacec ra f t  technology w i l l  have set 
t h e  s t age  for a cont inua t ion  of t h i s  e f f o r t  by t h e  l a r g e r  and more v e r s a t i l e  
Voyager spacecraf t .  

The! choice of s c i e n t i f i c  instruments t o  be c a r r i e d  on Mariner i s  govern- 
ed both by t h e  b a s i c  sc ien t ih ic  o b j e c t i v e s  and by the  f a c t  t h a t  t h e  fly-bys 
are prel.udc!s t o  more thorough i n v e s t i g a t i o n s  wi th  o r b i t e r s  and landers.  
t h e  course of t h e  Mariner p r o j e c t ,  1962 t o  1967, t h e  instruments w i l l  gradu- 
a l l y  chmge. A s  more knowledge i s  gained, t h e i r  purposes w i l l  become more 
specific.  arid t h e i r  des i r ed  ranges more c l e a r l y  defined. 

During 
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For Venus, i t e m s  of i n i t i a l  i n t e r e s t  are t h e  na tu re  of t h e  atmosphere, 
t h e  surfa1c:e temperature, t h e  r o t a t i o n  rate, sp in  axis, o r i e n t a t i o n ,  and mag- 
n e t i c  fie1.d and p a r t i c l e  measurements. 
Venus is of g r e a t  s c i e n t i f i c  interest. 
t u r e  p r o f i l e  and c o n s i t i t u e n t s  is of immediate importance i n  planning a long- 
range p l ane ta ry  program. 
and presrrtms are confirmed, designing a spacec ra f t  t h a t  can survive e n t r y  and 
landing wL1I be a d i f f i c u l t  task.  The s t r e n g t h  of t h e  magnetic f i e l d  of 
Venus is ,n1:30 important t o  t h e  understanding of t h e  sc ience  of the s o l a r  
system axid t o  t h e  engineer ing of spacecraf t .  
c e p t i o n a l l y  s t rong ,  trapped r a d i a t i o n  similar t o  t h e  e a r t h ' s  r a d i a t i o n  b e l t s  
may present  communication problems. 
weak,, i< t  is poss ib l e  tha t  t h e  p l a n e t  could s u s t a i n  a very dense i an ized  l a y e r  
wiiich would account f o r  the high temperature of 6000F detec ted  from e a r t h  wi th  
microwave telescopes.  

The structure of t h e  atmosphere of 
Knowledge of i t s  pressure ,  tempera.- 

I f  c u r r e n t  estimates of t h e  sur face  temperature 

I f  t h e  magnetic f i e l d  is ex- 

I f ,  on t h e  o t h e r  hand, t h e  f i e l d  is very 

Some of these  ques t ions  may be answered as t h e  va luable  data, which 
were obtained by Mariner If during i t s  h i s t o r i c  pass  by Venus, are reduced. 
The microwave and i n f r a r e d  radiometers on Mariner If were flown t o  measure 
t h e  temperature of t h e  su r face  and atmosphere, and t o  examine the  na tu re  of 
t h e  cloud cover. Data from t h e  p l ane t  and i n t e r p l a n e t a r y  space were ob ta in -  
ed from the  magnetometer, t h e  plasma probe, t h e  ene rge t i c  p a r t i c l e s  package, 
and t h e  cosmic d u s t  de t ec to r .  Findings based on a n a l y s i s  of t hese  d a t a  w i l l  
determine experiments t o  be flown on f u t u r e  Venus missions. . 

For Mars, t h e  b a s i c  ques t ion  is t h e  existence of l i f e .  E a r t h  expe r i -  
ments wil.1, t he re fo re ,  be o r i en ted  toward t h i s  d e t e c t i o n  problem. 
red spectrograph w i l l  be c a r r i e d  t o  determine t h e  ex i s t ence  and foca t€on  of 
organic nml.ecules. 
determine! whether o r  no t  t he  su r face  of t h e  p l ane t  is pro tec t ed  from u l t r a -  
v i o l e t  r i idiat ion which i n  l a r g e  doses is damaging to l&ff! as i t  is known on 
ea r th .  

An i n f r a -  

The upper atmosphere should be examined f o r  oaone ' t o  

A F f i m 3  mission may inc lude  such experiments as an u l t r a v i o l e t  spec t ro-  
scope, i i  magnetometer, and an i n f r a r e d  spectrometer  which would search f o r  
organic 1no:lecules on the  Martian sur face .  
atmosphtrre i s  clear, t h e  spacec ra f t  would c a r r y  an o p t i c a l  system capable  o f  
t ak ing  iald t r ansmi t t i ng  photographs of t h e  t e r r a i n .  

I n  add i t ion ,  s ince  the1 Martian 

For t h e  later Centaur launched missions, t h e  capsule  which leaves t h e  
spacec ra f t  t o  e n t e r  t h e  p l ane ta ry  atmosphere would c a r r y  pressurct-accelei:o-~ 
meter iinstrumentation, experiments t o  determine t h e  na ture  of t h e  atmosphere, 
and instruments t o  d e t e c t  t h e  ex i s t ence  of  l i f e .  

Respons ib i l i t y  f o r  Mariner management has  been assigned t o  t h e  Jet ITro- 
pu l s ion  Laboratory. Vehicle systems management f o r  Atlas-Centaur and fox: 
Atlas-Agena i s  a t  Lewis  Research Center. Spacecraf t  subsystems are being 
developed both i n  and out-of-house wi th  an inc reas ing  out-of-house trend., 



F i s c x l  year  1963 funding provided f o r  t h e  f i n a l  check ou t  and test at. 
t h e  At1ant:ic Missile Range, Launch and space f l i g h t  ope ra t ions ,  and d a t a  
reduct ion  and a n a l y s i s  f o r  Mariners I and II. 
provides €or t h e  i n i t i a t i o n  of activities leading  toward t h e  two ca lendar  
year 1964 f l i g h t s  t o  Venus. These a c t i v i t i e s  included design review of t h e  
1962 equ:ipmr,nt: and i n i t i a t i o n  of procurements f o r  long lead  t i m e  j t e m s  
f o r  test inodels of t he  1964 spacecraf t .  
t he  e f f o r t  was r e d i r e c t e d  t o  t h e  Mariner Mars fly-by missions scheduled 
f o r  f l i g h t  in ca lendar  year 1964. 

F i s c a l  year  1963 funding al.so 

Upon c a n c e l l a t i o n  of t h e  program 

For the Mariner fly-by mission t o  Mars, f i s c a l  year 1963 funds w i l l  
provide :hr engineer ing design, development on t h e  r equ i r ed  new and modified. 
subsystems, purchase of spacec ra f t  and GSE equipment f o r  proof test, type 
approval test ,  and l i f e  tests. Although a l l  subsystems have b a s i c a l l y  the  
same design approach as those  of t h e  Venus spacec ra f t ,  modi f ica t ions  and, in 
c e r t a i n  cas1es, new items are required. I n  add i t ion ,  a number of s impl i f i ca -  
t i o n s  and improvements w i l l  be phased t o  ob ta in  t h e  necessary inc rease  i n  
r e l i a b i l i t y .  For example, t h e  a t t i t u d e  c o n t r o l  system must change over from 
an e a r t h  seleker t o  a star (Canopus) seeker,  transmitter power must i nc rease  
and frequency must change, t h e  midcourse system r e q u i r e s  a "two btirn" capa- 
b i l i t y ,  and t h e  power system must be modified f o r  t he  increased  s o l a r  d i s -  
tance. 

F i s c a l  year 1964 funding w i l l  provide f o r  systems assembly and t e s t s ;  
purchase of hardware f o r  t h e  f l i g h t  spacec ra f t  and spares ;  i n i t i a t i o n  of 
checkout of f l i g h t  hardware; and purchase, assembly and checkout of GSE. 

A t  t h e  start of f i s c a l  year 1962 p lans  f o r  t h e  l a r g e r  capsule-carrying 

As a r e s u l t  of a program r e o r i e n t a t i o n ,  t h e  calendar year  'It964 Venus 
vers ion  of Mariner provided f o r  f l i g h t s  t o  Venus and Mars i n  ca lendar  year 
1964. 
f l i g h t s  <were rep laced  by t h e  l i g h t e r  Agena-sized Mariner, and the Mars 
f l i g h t s  i n  1964 were a l s o  replaced. 
had s t a r t e d  i n  f i s c a l  year 1962, had t o  be r eo r i en ted  apprec iab ly ;  although 
bas i c  design phiosophy f o r  t h e  Centaur launched Marines remains t h e  same, 
namely t o  provide c a p a b i l i t y  f o r  missions t o  both Mars and Venus d e l i v e r i n g  
e n t r y  capsule 6 .  

Design and subsystem development, wh:ich 

W i t h  1963 funds, subsystem development activities started and 
procurement of long lead-time items f o r  proof tes t  and type approval w i l l  be 
continued. 

F i s c a l  year 1964 funding w i l l  provide f o r  t h e  purchase of spacec ra f t  and 
ground support equipment f o r  proof test, type approval test ,  and l i f e  test; 
t h e  assembly of t he  proof test model and type approval equipment; t h e  conduct 
of tests and a n a l y s i s  of r e s u l t s ;  and t h e  start of procurement of f l i g h t  
hardware. 
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Pioneer 1962 1963 1964 - 
................. --- - "  5,000,000 Launch vehicles.  . I  -- 

Sub to ta l ,  d i r e c t  R&D costs. .  ... --- $3,500,000 $15,000,000 

Spacec:i:aft.. ..................... --- $3,500,000 $10,000,000 

Persoruiel costs. .  ................ --- 319,000 437,000 
0perat::ion of i n s t a l l a t i o n s .  ...... --- 251,000 354 *Oag 

.............. 46 .-- 35 --- Tota l  personnel.. 

The Pioneer missions form an e s s e n t i a l  p a r t  of a broad program t o  measure 
t h e  c h a r a c t e r i s t i c s  of  s o l a r  f i e l d s  and r a d i a t i o n  i n  both space and t i m e  which 
began with e a r l y  Explorer  satell i tes and t h e  Pioneer V. Broad program objec-  
t i v e s  are to  provide knowledge of t h e  o r i g i n  of t h e  sun; i t s  dynamics, 
composiitfoin, and e f f e c t  on t h e  e a r t h ' s  environment; and t h e  r e l a t i o n  between. 
s o l a r  f l a r e s  and r a d i a t i o n  hazards  t o  manned space f l i g h t ,  wi th  i.he hope of 
p r e d i c t i n g  these  hazards  i n  advance. 

Pioneer w i l l  be a series of 100-1209 pound space probes t o  monitor t h e  
i n t e r p l a n e t a r y  environment near t h e  o r b i t  of t h e  ea r th .  The Thor Del ta  
launches w i l l  be scheduled at s i x  month i n t e r v a l s  with t h e  f i r s t  launch 
scheduled f o r  t h e  l as t  h a l f  of 1964. The spacec ra f t  w i l l  be i n j e c t e d  with 
energy , j u s t  above t h a t  requi red  f o r  escape from t h e  e a r t h  i n  a t r a j e c t o r y  t h a t  
would provide a sepa ra t ion  d i s t ance  between e a r t h  and spacec ra f t  of 30 m:lll.ion 
miles a f t e r  6 months. S c i e n t i f i c  information from Pioneer i n  coiijunctioia with 
t h a t  from p resen t ly  scheduled Mariners, w i l l  provide simultaneou, measure- 
ments at widely separa ted  p o i n t s  i n  i n t e r p l a n e t a r y  space. 
Pioneer f l i g h t s  w i l l  provide backup f o r  t he  i n t e r p l a n e t a r y  po r t ion  of' tho  
Mariner missions. 

I n  add i t ion ,  t he  

The r e l a t i v e l y  simple subsystems intended for use on Pioneelr should 
r e s u l t  i n  g r e a t  r e l i a b i l i t y .  This  aspec t  i s  extremely important s ince  a 
f a i l u r e  of t h e  Mariners would otherwise completely e l imina te  t h e  p o s s i b i l i t y  
of any i n t e r p l a n e t a r y  observa t ions  during t h e  I n t e r n a t i o n a l  Quiet Sun Year, 
which i s  a. period c r u c i a l  t o  t h e  s c i e n t i f i c  program and t o  t h e  Apollo program, 

P r o j e c t  and spacec ra f t  systems management i s  a t  t h e  Ames Research Center. 
Data a c q u i s i t i o n  management is at  t h e  Jet  Propuls ion Laboratory, and Delta 
systems management i s  a t  t h e  Goddard Space F l i g h t  Center. 
developmerit and hardware p repa ra t ion  w i l l  be by c o n t r a c t  with indus t ry .  
is planned t o  award t h e  c o n t r a c t  e a r l y  i n  ca lendar  year  1963. 

Spacecraf t  
It 

Related work i n  the  p a s t  wi th  similar systems inc ludes tha t  done on the 
Pioneer V,  Explorer ' s  V I ,  X and X I 1  and t h e  In t e rp l ane ta ry  Monitor Probe (IMP) 
series, 
Pioneer V i n  p a r t i c u l a r ,  

Pioneer r ep resen t s  an ex tens ion  of t hese  earlier developments and of 
The f l i g h t  of Pioneer V w a s  an extremely successfu l  
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one. 
the  sun and in t e rp l ane ta ry  space. Improvements planned f o r  the  new Pioneer,  
p lus  the v a s t l y  improved NASA d a t a  acqu i s i t i on  f a c i l i t i e s  represented by the  
deep space network, should combine t o  provide an even more valuable  con t r l -  
bution t o  the in t e rp l ane ta ry  sciences. 

It produced several d iscover ies  of major s ign i f icance  i n  our study of 

Funding i n  f i s c a l  year 1963 will provide f o r  spacecraf t  design, subsys- 
t e m  development, and procurement of long lead t i m e  i t e m s  f o r  test models. 

In f i s c a l  year 1964 the  requested funding is f o r  assembly and t e s t  oE 
prototype equipment, and f o r  procurement and assembly of f l i g h t  equipment. 
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NP;I.’IONAL AERONAUTICS AND SPACE ADMINISTRATION 

*Supporting research  and 
techno logy,, .............. 

F 1 igh t  p’co gr am .............. 

FISCAL YEAR 1964 ESTIMATES 

BIOSCIENCE 

OBJECTIVES: 

The bioscienccz program of t h e  NASA i s  being developed fo provide t h i s  
country with b io log ica l  knowledge t h a t  can be gained only i n  t h e  environment 
6’f space, and with the  bas i c  b i o l o g i c a l  knowledge pe r t inen t  t o  space explor-a- 
? ion  and operation?. 
&ch as the  de t ec t ion  and b tudy  of e x t r a t e r r e s t r i a l  l i f e  and i t s  ---- impaclt on 
evolut ionary t h e o r i e s ,  and tts .. e f f e c t s  of t h e  space environments on thl? ---- --I__. 
t . , e T m f u r i c t  ioning of l i v i n g  organisms. 

--I-- 

Research is being conducted and planned on mattelrs 

To ta l  costis ............... 
P e r  s 3 nne 1 

NASA Headcuarters ............ 
h i e s  Research Center ........ 
Wallops S t  a t i o n . .  ........... 
North E:ast.ern Off ice  ........ 

1962 

$2,915,000 
133,000 

$3,048,000 

5 19,000 
515,000 

$4,082,000 

1963 

$ 10 , 0 50,000 
10,950,000 

$2 1,000,000 

2,486,000 
1,626,000 

.j25,112,000 

1964 
-I- 

$10, BOO ,000 
24, UI 0,000 

$3 5,200,000 *,-----.-- 

,3,6;!8,000 

$41,3 39,000 
-I- -- 

32 
32 

40 
2 39 
4 - 

47 
329 

15 
2 

Total. personnel  ........... 65 28 3 39 3 
.-I- 

Primary r e s p o n s i b i l i t y  f o r  the  Bioscience program is i n  &I e 0ff j .ce  of 
Space Sciences at: NASA Headquarters. 
t echn ica l  p i~ograni  r e s t s  with the  Ames Research Center.  
program a r e  made by o ther  NASA i n s t a l l a t i o n s ,  and by t h e  s c i e n t i f i c  community. 

Conduct of t he  major po r t ion  oj’ t he  
Contribution:; t o  t he  
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, P:ROGRAM JUSTII?'ICATTION: - 
Biologic.sl  s t u d i e s  a r e  an i n t e g r a l  p a r t  of t h e  n a t i o n a l  space pro1:ram 

from seve ra l  s tandpoints .  Experiments t o  f u r t h e r  b i o l o g i c a l  knowledge a r e  
conducted i n  the unique environment of space t o  determine the  e f f e c t s  on 
l i v i n g  organrsrns of  weight lessness ,  r a d i a t i o n ,  and stresses produced b.11 as 
ye t  un iden t i f i ed  a l t e r e d  ambient condi t ions  and by t h e  modif icat ion o r  
aibsence of the  d i u r n a l  cyc le .  S tud ie s  are undertaken t o  search f o r  and 
examine e x t r a t e r r e s t r i a l  l i f e  and determine the  impact of the  knowledgie 
gained on the  o r i g i n  and evolu t ion  of l i f e  as we know i t .  

A l l  of t h e s e s t u d i e s  are rtinent t n  o r  t f ii  t- &r a- 
t i o n  o?-by --- developing a Etter k n o w l e z i f e '  s b i o l o g i c a l  ---I_. and 
I>hysiologicai processes  as a f f ec t ed  by space € l i g h t  and ope ra t iona l  environ- 
den t s .  
3 e r v e s  as the  vehi.cle by which the  cooperat ion and p a r t i c i p a t i o n  o f  t h e  
Department oj: Defense and the  s c i e n t i f i c  community i n  t h e  NASA Bioscience 
Program i s  el. ic- i t td .  

The Biosciences Subconnittee of  t h e  Space Sciences StecXn-mittPe 

The planned f l i g h t  schedule of t h e  Bioscience program i s  as follows: 

Calendar Year 
Mission - Launch Vehicle of  F i r s t  Launch Launch Location ,- 

B i o s a t e l l i t e  A t  las-Agena 1964 P a c i f i c  Missile Range 

EXPLANATION I~F-FUNDS REQUESTED: 

19 44 -.- Supporting research  and technology 1962 1963 

Direc t  R&Dl c o s t s  ............... $2,915,000 $10 . 050 . 000 $10 . 8ll)O . 000 
504,000 1,529,000 2 , 6eG7,OOO 

1,008,000 1 , 858,000 , 
Personnel costs.. . . . . . . . . . . . . . .  
Operation of i n s t a l l a t i o n s . . . . .  495,000 

To ta l  C C I S ~ S . .  ................ $3,914,000 $12,587,000 $15,305,000 
-I 

287 
.PI 

Tot a 1 per  son.ne 1. ............. 63 174 

The broad spectrum of  b i o l o g i c a l  and medical phenomena t o  be imles t i -  
gated i n  t h e  space environment and the  search f o r  e x t r a t e r r e s t r i a l  l i  f e  
n e c e s s i t a t e  a f i rm and s u b s t a n t i a l  background of t h e o r e t i c a l  and latloratory 
research .  The successfu l  i n t e r p r e t a t i o n  of  space f l i g h t  d a t a  depend:, upon a 
thorough knowledge and understanding of  t he  phenomena s tudied ,  gleaned many 
months p r i o r  t o  t he  a c t u a l  space f l i g h t  mission. Research i s  a l s o  n w e s s a r y  
t o  def ine  aii'l d e l i n e a t e  t h e  experiments t o  be c a r r i e d  out  i n  space, ;md t o  
devise  technique:; and instruments  f o r  success fu l  s t u d i e s .  
research  and technology program makes use  o f  t h e  f a c i l i t i e s  of NASA (:enters, 

The suppoi-t ing 
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u n i v e r s i t i e s ,  indus t ry ,  and o the r  government agencies.  Of researc 'h p r o j e c t s  
c u r r e n t l y  sponsorled f o r  execut ion ou t s ide  t h e  NASA organiza t ion ,  aboul: 50 
per  cent are conducted by u n i v e r s i t i e s ,  30 per  cent  by indus t ry ,  and :20 per  
cent  by other  government agencies.  

I n  the  search f o r  e x t r a t e r r e s t r i a l  l i f e ,  an understanding of  p rkn i t ive  
and ear ly  t e r r e s t r i a l  l i f e  must be gained f o r  "control" comparisons with t h e  
organisms o r  organic  p a r t i c l e s  of matter which may-be found i n  space 3r on 
o ther  a s t r a l  bodies.  Among the  organiza t ions  engaged i n  research  of t h i s  
na ture  i s  the Universi ty  of  Wisconsin, s tudying the  cyto-chemical charac te r -  
i s t i c s  of  p l ane ta ry  micro-organisms through t h e  use of simulated p lane tary  
environments. The S h e l l  Development Company of C a l i f o r n i a  i s  undertacing 
s tud ie s  of  hqdrocarbon ana lys i s  of  meteor i tes  as a means of d e t e c t i n g  l i f e  
i n  space, idii l e  t he  J e t  Propulsion Laboratory i s  developing drvities i 3 r  

i u t u r c  vn. ian.ed space ~ r o b c s  which w i l l  be ab le  t o  d c t e c t  l i f e  on oth2.i- 
p l a i i r t s  thrmgl- t h c  g s e  o f  b i o l o g i c a l  r eac t ions ,  a s  well a s  p h y s i c a l  and 
chemical proceEses. 

Studies  of the  inf luence of  p l ane ta ry  environments on l i f e  processes  
w i l l  continue a t  Ames through t h e  use  of simulated p l ane ta ry  atmospheric and 
environmental. models. The Ames Research Center i s  a l s o  respons ib le  f o r  an 
e f f o r t  desigrteci t o  ob ta in  high r e s o l u t i o n  inf ra - red  observa t ions  of Mars, 
Venus, and the  moon by means of  a balloon-borne te lescope  1ift.ed t o  80,000 
f e e t ,  above t h a t  po r t ion  of t he  atmosphere which blocks out  t h e  wave lengths  
t o  be obserked. The instrument t o  be used i s  the  Stratoscope I1 t e lescope ,  
j o i n t l y  funded and developed by NASA, the  Nat ional  Science Foundat i o n  and 
the Off ice  clli Naval Research. It i s  a 36 inch r e f l e c t i n g  te lescope ,  designed 
t o  be suspericlecl from a l a rge  polyethylene bal loon with attachments t o  make 
poss ib le  precise poin t ing  by remote con t ro l .  

I n  the  f i e l d  o f  'ronmental b io  v u  - rp s e a x z L a . L  Bme s 
inclu-dies --_--e of t E e h a v i o r a 1  e f  f e % s a o E n d  acce le ra t ion  -- on 
c e m r  =;terns; the  e f f e c t s  or??' ene r p y  r a d i a t i o n  on b i o l o g i c a l  systems; 
neuro-muscuI.~~r r eac t ions  to-radiation damage; and t h e  e f f e c t s  of g r a v i t y  on 
v e s t i b u l a r  mechanisms, 

c- --- - ----__ 
c 

The f i sca ' t  year 1964 fund estimates support  t h e  cont inua t ion  of projects ,  
i n i t i a t e d  with f i s c a l  year  1962 and 1963 funds, with the  expansion of t he  
program i n  ;treiis where e a r l i e r  s t u d i e s  have pointed out  a need f o r  f u r t h e r  
knowledge. 

FLIGHT PROGRAM 

B i o s a t  e 11 it c; 

-- 
1964 

.--, 1962 1963 

Spacecrali.:. ..................... $133,000 $ 8,750,000 $ l l , i O O , O O O  
Launch veh i c  l e  s ................. --- 2,200,000 '12,i'00,000 

Subto ta l ,  d i r e c t  R&D cos t s . .  .. $133,000 $10,950,000 $24,4.00,000 



1961'1 
I- 

1962 1963 

Personnel zests................. 15,000 957,000 98 I, 000 
Operation 3f i n s t a l l a t i o n s . .  .... 20,000 618,000 65 3,000 

To ta l  costs . . . . . , . . . . . . . . . . . . .  $168,000 $12,525,000 $26,031k,OOO 

To ta l  personnel ............... 2 109 106 
,- 

The--B_iosatellite p r o j e c t ' m o  ob jec t ives  are t o  inveqti@&.g the  biologi- 

y p a r t i c l e  cosmic ~radiat io ,n-Ed-Tfixts  
c:al e f f e c t s  of d s r e a s e d  g r a v i t y  and weight lessness ,  with a d d i t i o n a l  s t u d i e s  
;m the  e f f e c t s  a r h i g h  energ 

---a - c k  5 _-,-e b i o l o g T c - ~ ~  ---- --+heav m s  of  removal from t h e  e a r t h ' s  r o t a t i o n .  
c 

Some of  the unique space environmental  f a c t o r s  of obvious biol.ogica1 
importance which d i f f e r  q u a n t i t a t i v e l y  and even q u a l i t a t i v e l y  from those 
which ob ta in  c m  e a r t h  are:  decreased g r a v i t y  and weight lessness  o r  zero g, 
an environment. disconnected from the  e a r t h ' s  r o t a t i o n ,  high energy heavy 
p a r t i c l e  cosm-.c r a d i a t i o n ,  ancl high vacuum. Other environmental f a c t c r s  of 
space such a s  decreased magnet.ism, lower energy proton radi.ation, and changes 
i n  temperature andl e lectromagnet ic  f i e l d s  can be simulated i n  the  Xaborator-y, 
,and such s tud ies  a r e  underway. 

Laborato-cy st:udies have shown t h a t  many spec ies  of l i v i n g  organiEms have 
remarkably s m s  it ive g r a v i t a t  iona l  r ecep to r s  i nd ica t ing  the  e f f e c t  of g r a v i t y  
a t  the c e l l u l s r  and perhaps lower l e v e l .  Experiments have been desigrted t o  
inves t iga t e  the  v a l i d i t y  of s e v e r a l  a l t e r n a t i v e  hypotheses These range from 
the  study of Deliavior of  molecules i n  phys i ca l  non-l iving systems t o  !:he 
behavior of tne complex nervous systems of  primates.  

The Riosa te lZi te  i s  being developed t o  provide a self-contained Labora- 
t o r y  f o r  perEorniiig a v a r i e t y  of experiments i n  f l i g h t .  
w i l l  be se l ec t ed  Erom a l a rge  number o f  proposals  t o  form an integratizd, 
mutually compatib Le and complementary group of experimental  observat ions.  

These experiraents 

The spacecraf t  w i l l  be of  a s i z e  and weight c l a s s  t o  be launched by a n  
Atlas-Agena c l a s s  veh ic l e .  It w i l l  include a recovery system ancl i s  
designed t o  permit i n s e r t i o n  of a l i f e - c e l l  and l i fe -suppor t  system. The 
spacecraf t  w i l l  be s t a b i l i z e d  during f l i g h t  and subsequently pos i t ioned  
f o r  r e t r o f i r e  and reent ry .  

The l i f e  support system w i l l  be a f u r t h e r  development and refinement o f  
a l i f e  support  system previous ly  funded. It w i l l  include a l i f e - c e l l ,  an 
environmental. con t ro l  system, biomedical instrumentat ion,  te lemetry equip- 
ment, and met aho l i c  support  including two-gas sea level atmosphere. The 
l i f e  support system w i l l  be designed with s u f f i c i e n t  f l e x i b i l i t y  t o  accom- 
modate a v a r i e t y  of  experimental  sub jec t s .  It w i l l  be of s u f f i c i e n t  s i z e  
and capac i ty  t o  support s eve ra l  monkeys i n  o r b i t  f o r  per iods  of  about two 
weeks. 
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The t racking  network w i l l  provide a c o l l e c t i o n  system capable of Elllowing 
frequent evaluatLori of t h e  response of t h e  payload t o  t h e  environment, and 
w i l l  permit coinmancis as requi red  t o  maintain c o n t r o l  of t h e  experiment:; and 
t o  i n i t i a t e  re'zovery. 

The Ames Xe,search Center has  been designated p ro jec t  manager f o r  t he  
b i o  sat e 11 i t e  p r o g  am. 

F i s c a l  year  1963 funding provided f o r  i n i t i a t i o n  of  t h e  p r o j e c t ,  
including d e s i p  arid i n i t i a t i o n  of  t es t  and f l i g h t  hardware f ab r i ca t ion .  
Funding f o r  f l s c a l  year  1964 w i l l  support  continued f a b r i c a t i o n  and 
environmental t e s t i n g  of f l i g h t  a r t i c l e s ,  and incremental  f inanc ing  of 
launch veh ic l e s ,  f o r  a f i r s t  launch i n  l a t e  calendar  year 1964. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

7 LAUNCH VEHICLE DEVELOPMENT 

OBJECTIVES : 

The ob-iectives of t h i s  program are t o  provide r e l i a b l e  and econcimical 
launch veh ic l e s  fior: (1) t h e  unmanned e a r t h  o r b i t a l ,  lunar ,  p l a n e t a n ,  and 
in t e rp l ane ta ry  missions f o r  s c i e n t i f i c  experimentation; (2) meteorolcigical, 
c o m u n i c a t i o i ~ s  , and support ing research  and technology f l i g h t  missions;  and 
(3) t he  a c q u i s i t i o n  of engineer ing d a t a  from unmanned f l i g h t s  t o  supFort  
manned space exp 1.orat ion.  

SUMMARY OF EiSIURCES REQUIREMENTS : 

Funds 1964 1962 1963 - -- 
Suppor1::Lng research  and 

techno logy .................. --- $2,000,000 $5,000,000 
4,2 00,000 I.. - - Scout development.. ........... $4,700,000 

Delta ckvt?lopment.. 5,255,000 --.. - -.. ........... 
Centaur development. .......... 73,791,000 92,900,000 110,700,000 
Operat ional  support .  .......... 1,915,000 8.900.000 15,000.0~ 

Subto ta l ,  d i r e c t  R&D 
cotits;. ................. $85,661,000 $108,000,000 $130,700,000 

Personnel c o s t s .  .............. 8,617,000 7,694,000 10,615,000 
Operation of i n s t a l l a t i o n s . .  . 6,580,000 5,801,000 8,217,000 

To ta l  cos t s . .  ....... $100,858,000 S121,495,000 - .  $l49,532,OOO - .e---- 
Personne 1; 

NASA Hcsidquarters ............. 69 8 3 96 
Langley Research Center. .  .... 140 98 :1.19 
Goddarcl Spac:e F l i g h t  Center. . 61 75 73 
Wallops; S t a t ion . .  ............ 65 74 59 

Western Operations Off ice . .  .. 6 28 34 

651 .. Marshal.:L Space F l i g h t  Center. - 
Launch Operat ions Center.  .... 32 93 118 

618 Lewis  Ekst!ar'ch Center. .  ....... - 47 l 
.e- 

Tota l  personnel .  ... 1,024 1,117 922 .- .---- 

Primary r e s p o n s i b i l i t y  f o r  t he  Launch Vehicle Development pr0gra.m i s  i n  
t h e  Off ice  of Space Sciences a t  NASA Headquarters.  
support  of t he  program is accomplished a t  t h e  loca t ions  c i t e d  above. 

Technical d i r e c t i o n  and 



The present  group of launch vehic les  being u t i l i z e d  €or  unmanned sci- 
e n t i f i c  space explora t ion  includes the  Scout, Delta, Thor-Agena, and Atlas- 
Agena. Development of the  Scout w a s  completed i n  f i s c a l  year  1963 and Delta 
i n  f i s c a l  year  1962. Thor-Agena and. Atlas-Agena were developed by thlz A i r  
Force. 

Although development of these  veh ic l e s  i s  completed, t h e i r  continued u s e  
during t h i s  decade makes it e s s e n t i a l  t h a t  e f f o r t  be provided t o  incrl, =ase 
t h e i r  r e l i a b i l i t y  and c a p a b i l i t y  t o  support  unmanned s c i e n t i f i c  missions.  
The increas ing  investment i n  both spacecraf t  and launch veh ic l e s  s t re twes  
the  need f o r  g r e a t e r  p r o b a b i l i t y  of success than has  been achieved so f a r .  
Therefore,  under the  opera t iona l  support  category, funds are requested f o r  
product imprcvement f o r  the  Scout, Delta,  Thor-Agena, Atlas-Agena, Ceiitaur 
and f o r  c e r t a i n  support  s e rv i ces  and f a c i l i t i e s  no t  d i r e c t l y  chargeable t o  
opera t iona l  missions.  

Closely assoc ia ted  wi th  product improvement is  the  need t o  c o r r e c t  
system de f i c i enc ie s  i n  e x i s t i n g  vehic les  and t o  improve t h e  design c r i t e r i a  
f o r  f u t u r e  veh ic l e  systems. Funds are requested under support ing resi2arch 
and technology t o  meet these  requirements. 

Development of the  Centaur w i l l  continue i n  f i s c a l  year  1964, wil:h the  
f i r s t  opera t iona l  mission planned f o r  l a t e  calendar  year  1964. 

EXPLANATION OFFUNDS REQUESTED: 
1'364 -__. 1962 1963 

Supporting research  and 
technology ................ $ --- $2,000,000 $5,000,000 

Personnel costs.. . . . . . . . . . . .  --- - I/ 11 
Operation of i n s t a l l a t i o n s . .  --- 1/ -, ii 

Tota l  costs. . . . . . .  $ --- $2.000.000 $5.0:00,000 --. 

The supporti,ng research and technology e f f o r t  f o r  l i g h t  and medium-class 
veh ic l e s  is necessary t o  minimize and reduce system d e f i c i e n c i e s  i n  e x i s t i n g  
veh ic l e  systems and t o  improve t h e i r  design c r i t e r i a .  

During f i s c a l  year  1963 s t u d i e s  are being i n i t i a t e d  on adapt ing ehe 
T i t an - I1  veh ic l e  t o  the  Centaur upper stage: Also, o the r  veh ic l e  combina- 
t i o n s  a r e  being inves t iga ted  f o r  poss ib le  app l i ca t ion  t o  f u l f i l l  s c i e n t i f i c  
mission requirements beyond e x i s t i n g  c a p a b i l i t i e s .  

- 1/ Personnel and opera t ions  included i n  o the r  p r o j e c t s  wi th in  program. 
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I n  f i s c a l  year  1964, appl ied  research w i l l  be i n i t i a t e d  i n  t h e  a r e a  of 
component deve1.opment. The scope of work w i l l  c o n s i s t  of e f f o r t  i n  s o l i d  
s ta te  technc11.0gy as r e l a t e d  t o  space environments, propuls ion fuel. s y s t e m s ,  
t h r u s t  chamter dynamics, high energy propel lan t  systems, opera t iona l  ana lys i s  
of veh ic l e  syst:ems, guidance system and con t ro l  requirements,  veh ic l e  
s t r u c t u r a l  cljmamics, s tandardized s t ages ,  launch procedure crl.teri.a, and o the r  
r e l a t e d  launch veh ic l e  research support .  

Centaur d eve 1.opme n t  1964 
-I 

1962 1963 

Vehicle development.. .......... $48,010,000 $82,317,000 $93,618,000 
Engine deve1.opment.. ........... 19,011,000 2,729,000 5,070,000 
Support: se rv ices . .  ............. 6.770.000 7.854.000 . 12 .,012.000 

Sci€)tota,l, d i r e c t  R&D c o s t s  $73,791,000 $92,900,000 $1.10,700,000 

Personnel 
Operation 

costs................ 3,251,000 2,779,000 3 , 737,000 
of i n s t a l l a t i o n s . . .  .. 2,080,000 1,300,000 1,765,000 

Total cos ts . . , . . . . . . .  $79,122,000 $96,979,000 $l16,,202,000 
P 

- 
Total personnel ...... 369 338 3 88 .-- 

The purpose of the  Centaur development program is t o  provide a high per- 
formance latirich veh ic l e  f o r  NASA unmanned lunar  and p lane tary  explora t ion  
p r o j e c t s  whi.c:h are beyond the  c a p a b i l i t i e s  of the  present ly  ava i l ab le  Atlas- 
Agena launch veh ic l e .  Later missions f o r  Centaur w i l l  include p lac ing  
communications,, meteorological ,  and s c i e n t i f i c  sa te l l i tes  i n t o  high e a r t h  
o r b i t s ,  as w e l l .  as launching of add i t iona l  i n t e rp l ane ta ry  probes.  

Centaur i t s e l f  i s  a high energy upper s t age  using l i q u i d  hydrogen and 
l i q u i d  oxygen. 
f o r  launch veh ic l e s  i n  the  United S ta t e s .  The f i r s t  s t a g e  is  a 
modified At1.as wi th  c y l i n d r i c a l  tankage required t o  mate with the  ten- foot  
diameter Cent:aur upper s tage .  
duce a very :!ight weight high performance upper s t age  t o  e x p l o i t  t he  f u l l  
p o t e n t i a l  of l i q u i d  hydrogen performance c a p a b i l i t i e s .  Because of the  re- 
quirement f o r  high performance from t h e  s t age ,  t h e  program a l s o  includes the  
development of a l i g h t  weight i n e r t i a l  guidance system and o t h e r  l i g h t  
weight subsyritema required by Centaur t o  perform i ts  extended dura t ion ,  
d i f f i c u l t  spzicc! f l i g h t  missions.  

This represents  t he  f i r s t  p r a c t i c a l  usage of l i q u i d  hydrogen 

The Centaur development program wl.11 pro- 
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The ma:jcx i n d u s t r i a l  con t r ac to r s  involved in t he  Centaur program 
include Gent: ra 1 E)ynamics/Astronautics, San Diego, California,  as the  overall 
system contnmtoi:; P r a t t  6 Whitney A i r c r a f t  Corporation of E a s t  Hartford,  
Connecticut,  and West Pa lm Beach, F lor ida ,as  an associate con t r ac to r  f o r  
the  developrnent and f a b r i c a t  ion of  the  15,000 lb.  t h r u s t  l i q u i d  hydrogen 
engine (RL- 10-A-.3), which are a l s o  used i n  t h e  Sa turn  S-IV s t a g e ;  and 
Minneapolis- Koiiejrwell of S t .  Petersburg, F lo r ida ,  as t h e  p r i n c i p a l  sub- 
cont rac tor  t I D  General Dynamics f o r  development of the  Centaur guidance 
system. 

The C e i i t a i i r  development p ro jec t  is under t h e  d i r e c t i o n  of t he  L e w i s  
Research Center a t  Cleveland, Ohio, which has complete p r o j e c t  management 
responsibi1:ity f o r  NASA. The RL-IO-A-3 engine development is  under the  
d i r e c t i o n  o:E t he  Marshall  Space F l i g h t  Center s ince  these  engines a r e  a l s o  
used f o r  Saturn,  but  t h e  i n t e g r a t i o n  of t hese  engines i n t o  Centaur i:; under 
the  d i r e c t i o n  the  L e w i s  Research Center. The Atlas veh ic l e s  which are 
modified f o r  t ine  f i r s t  s t age  of Atlas-Centaur are purchased through the  
U. S. A i r  Force. 

The Centaur p r o j e c t  w a s  e s t ab l i shed  under t h e  Advanced Research 
P ro jec t s  Agency of t h e  Department of Defense i n  1958 as a r e l a t i v e l y  small 
s c a l e  developmlent p ro jec t  d i r ec t ed  toward l i q u i d  hydrogen launch veh:i.cle 
technology. The p r o j e c t  was t r a n s f e r r e d  t o  NASA i n  mid-1959, and ha:; been 
gradual ly  modified and increased i n  scope u n t i l  i t  i s  now a major veh ic l e  
development program. 

The f i r s t  development launching of Centaur occurred on 8 May 1902, 
and r e su l t ed  i n  a vehic le  f a i l u r e  a f t e r  approximately 54 seconds of : f l ight .  
A f t e r  the  f i r s t  f l i g h t ,  the  program underwent an in t ens ive  inves t iga t ion  
by the  Marshall !;pace F l igh t  Center,  which then had p r o j e c t  managemelit 
r e spons ib i l i t y .  The r e s u l t s  of t h i s  i nves t iga t ion  ind ica ted  t h a t  
add i t iona l  , technical  e f f o r t  on the  p a r t  of both the  con t r ac to r s  and NASA 
w a s  required.  In order  t o  provide t h i s  e f f o r t  without i n t e r f e r i n g  w:iLth 
the  v i t a l l y  important Saturn development program a t  Marshall, projecf:  
management r e spons ib i l i t y  was s h i f t e d  t o  the  Lewis Research Center i n  
October 196:2. 

Addit ional  iunds were provided during f i s c a l  yea r  1963 by reprogramming 
wi th in  NASA i n  order  t o  increase  the  ground test program and t h e  r e l i a b i l i t y  
and q u a l i t y  assurance e f f o r t s ,  which review of t h e  program had indicii ted 
were required.  During calendar  year  1962, the  prime c o n t r a c t o r ' s  efifort  was 
changed i n t 3  a pro jec t  team type of organiza t ion ,  and both NASA and /:he prime) 
cont rac tor  a r e  now organized on a p ro jec t  b a s i s  f o r  an i n t e n s i f i e d  el t for t  
on Centaur (development . 

A t  the  present  t i m e ,  Centaur is a t  the  peak of i ts  development e f f o r t .  
The redesigns ind ica ted  by the  f i r s t  f l i g h t  f a i l u r e  and the  subsequent 
i nves t iga t ions  are under way; and an i n t e n s i f i e d  ground test  program has 

RI)o 13-4 



been approved and i s  being implemented. 
cover t h e  cant inua t ion  of engineer ing and design e f f o r t ,  add i t iona l  ;ground 
test programs, f l i g h t  t es t s ,  and the  procurement of development vehil-le 
hardware necessary f o r  t he  complete development e f f o r t .  

The f i s c a l  yea r  1964 funds w i l l  

Based upon the  r e s u l t s  of the  f i r s t  launch and subsequent studilzs, the  
major t echn ica l  dec is ions  concerning t h e  v e h i c l e  conf igura t ion  have 'been 
made. 
tests scheduled Ion a r egu la r  b a s i s  t h e r e a f t e r .  
t h e  opera t iona l  conf igura t ion  w i l l  be f l i g h t  t e s t e d ,  and by la te  callmdar 
yea r  1964 or e a r l y  1965 the  veh ic l e  w i l l  be capable of opera t iona l  f l i g h t s .  

The  next  f l i g h t  d a t e  is scheduled f o r  mid-1963, with  addition(31 f l ight :  
By e a r l y  calendar  y e . x  1964, 

During f i s c a l  year  1964, t h e  major emphasis i n  the  veh ic l e  development 
area w i l l  be on ,a g r e a t l y  i n t e n s i f i e d  r e l i a b i l i t y  and q u a l i t y  assurance 
program, a d d i t i o n a l  ground t e s t i n g  e f f o r t  inc luding  dynamic and s t r u z t u r a l  
veh ic l e  tests, and tests of f l i g h t  veh ic l e s  and major subsystems undt%r 
simulated space condi t ions.  Also, e f f o r t  w i l l  be d i r e c t e d  a t  optimizing the 
tank ma te r i a l s  and tank f a b r i c a t i o n  techniques t o  increase  t h e  s t ruc; :ural  
margin of s a f e t y  of Centaur under f l i g h t  condi t ions .  A number o f  f l i g h t  
tests will a l s o  lbe conducted during t h i s  per iod.  

Engine development e f f o r t  c a r r i e d  out  with f i s c a l  year  1964 funding w i l l .  
be pr imar i ly  d i r e c t e d  t o  the  cont inua t ion  of t he  engine t h r o t t l i n g  program at. 
the  Lewis Research Center.  Successful  completion of t h i s  development w i l l  
g r e a t l y  increase  the  f l e x i b i l i t y  and c a p a b i l i t y  of the Centaur veh ic l e  f o r  
lunar  missions.  

Support s e rv i ces  during f i s c a l  yea r  1964 w i l l  include t h e  contii iuation 
of Atlas procurement i n  support  of t he  f l i g h t  t es t  program, and proprilsion 
t e s t i n g  of Elight-configured veh ic l e s  a t  the  Sycamore Canyon, Ca l i fo rn ia  si te 
of General 'Dynamics, as w e l l  as t h e  Edwards A i r  Force Base, Californi-a test  
s i te .  Addi t iona l  t es t  se rv i ces  w i l l  be provided by the  L e w i s  Research Center 
f o r  t he  dynamic tes t  of t he  complete Atlas-Centaur v e h i c l e  and t e s t s  under 
simulated s.?ace condi t ions.  
funded i n  c e r t a i n  areas of special  r e l i a b i l i t y  con t ro l  and i n  scme t4:chnical 
support  areas. 

Some spec ia l i zed  i n d u s t r i a l  support w i l  L be 

:i. 9 64 -- Operat ional  Support 1962 1963 

Product improvements and 

Maintenance of ground 

System engineering.. . . . . . . . . . . 
prodriction t e s t i n g . .  . . . . . . . . --- $7,700,000 $10,900,000 

support  equipment.. . . . . . . . . . $1,915,000 1,200,000 2:, 100,000 
2 .( 000.000 --- --- -- 

Sub to ta l ,  d i r e c t  M D  c o s t s  $1,915,000 $8,900,000 $15, 000,000 
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1964 
-I 

1962 1963 

Personnel cos t s . .  . . . . . . . . . . . . . $6,7;!5,000 
Operaticm of i n s t a l l a t i o n s . .  . . 3,433,000 3,639,000 I 6,233.000 

$4,267,000 $4,225,000 

Taltal cos ts . . . . . . . . .  $9,615,000 $16,764,000 $27.9!j8.000 

To ta l  personnel ..... 508 499 7 1 1  .- 
The object:ive of t h i s  e f f o r t  i s  t o  provide adequate support of launch 

veh ic l e s  which have progressed beyond development t o  performance of opera-  
t i o n a l  f l ight :  missions. Continuing support of an ope ra t iona l  veh ic l e  i s  
c r i t i c a l  when s e r v i c e  uncovers d e f i c i e n c i e s  and problem areas which r equ i r e  
a d d i t i o n a l  e f f o r t .  I n  add i t ion ,  t h e r e  is a cont inuing need f o r  improving 
t h e  present  v e h i c l e s ,  r equ i r ing  incorpora t ion  of b e t t e r  methods of production., 
f a b r i c a t  ion  a n d  engineer ing improvements. 

Product: inmrovements and production tes t ing  

Improvments t o  e x i s t i n g  v e h i c l e s  based on ope ra t ing  experience have 
been indicat:ed,, Many of t hese  are h ighly  d e s i r a b l e  and i n  the  b e s t  i n t e r e s t  
of gaining optimum performance from ope ra t iona l  veh ic l e s .  However, t o  assure  
t h a t  only propar  changes are made, i t  is  necessary t h a t  proposed system 
improvements: be reviewed and q u a l i f i e d .  These system improvements calnsist of 
such items i t : ;  providing more f l e x i b l e  systems f o r  arming s o l i d  p rope l l an t  
motors, more accu ra t e  gyros f o r  i n e r t i a l  re fe rence  packages, changes t o  
p rope l l an t  ui:i;lization systems, improved horizon sensors ,  and improved 
acconnnodat ion  of va r ious  payloads on ope ra t iona l  veh ic l e s .  

Funds itre a l s o  requi red  t o  complete a Centaur combined-system s t a t i c  
test  s tand  ai: t h e  prime con t r ac to r ' s  p l a n t  a t  San Diego, Ca l i fo rn ia ,  which 
w i l l  be init::iated i n  f i s c a l  year  1963. This test  s t and ,  compatible wi th  
t h a t  a t  t h e  :launc:h complex a t  the  A t l a n t i c  Missile Range, w i l l  provicle f o r  a 
more thorough check-out a t  t h e  con t r ac to r ' s  p l a n t  and thus e f f e c t i v e l y  
reduce t h e  t::ime on the  launch s tand.  

Maintenimce of ground support equipment 

These jiimds w i l l  provide f o r  t h e  pe r iod ic  rou t ine  maintenance, niodif L- 
ca t ion  and i:c:p:lacement of damaged o r  worn out equipment a t  NASA launch com- 
plexes necessary t o  maintain t h e  launch c a p a b i l i t y  f o r  ope ra t iona l  veh ic l e s .  
Also provided :is t h e  a c q u i s i t i o n  of ca tas t rophic  spa res ,  and ground handl ing 
and check-out c:qtiipment t o  in su re  a g a i n s t  lengthy launch complex non- a v a i l -  
a b i l i t y  i n  CiXSt: of a c a t a s t r o p h i c  veh ic l e  f a i l u r e .  This "insurance" i s  
necessary t o  avoid delays due t o  long lead t i m e  procurements for  ground 
support equlipmcmt: . 
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System Laxineer ing  

This a c t i v i t y  provides f o r  an engineering c a p a b i l i t y  i n  cont rac tors '  and 
sub-contraci:ims' organizations.  This capab i l i t y  is necessary throughout the 
opera t iona l  life-time of a vehic le  system and is  obtained by cont rac t ing  f o r  
a quant i ty  (>E engineering man-hours on an annual bas i s .  
system coordination and r e l i a b i l i t y  e f f o r t s  would not rece ive  s a t i s f a c t o r y  
a t t en t ion .  This item a l s o  includes the  e f f o r t  necessary t o  review arid 
analyze all sy,stem f a i l u r e s  in whatever depth necessary. 
f l i g h t  t e s t  f a i l u r e s  are of a unique o r  unusually obscure nature and requi re  
de t a i l ed  inves t iga t ion  and ana lys i s .  

Otherwise, t h e  

Many ground and 

P ro jec t s  foEwhich no d i r e c t  R&D cos ts -  an t i c ipa t ed  f o r  f i s c a l  year ,- 1964 

scout d eve 1 o'3rne n t: ---- 1064 -- 1962 1963 

Direct R&D costs.............. $4,700,000 $4,200,,000 $ -0 -  

Personnel clasts............... 1,050,000 690,000 15 3,000 
Operation of i n s t a l l a t ions . . . .  1,037,000 862,000 21'?,000 

Total costs.............. $6,787,000 $5,752,000 $372,000 -- 
18 

--I- 

T o t a l  personnel.......... 140 85 

Delta deve I Dpment 
-L-- 

--- $ --- Direct R&:D costs.............. $5,255,000 $ 
Personnel costs............... 49,000 
Operation. of ins ta l la t ions . . . .  30,000 --- --- --- --- 

-.- 

--- --- 
1_,- 

T c i t a d  personnel.. ........ 7 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

FACILITY, T R A I N I N G ,  AND RESEARCH GRANTS 

OBJECTIVE S : 

The Fzi<:il.ity, Training,  and Research Grants  program i s  a planned, 
coordinated effolrt  of i n s t i t u t i o n a l  l i a i s o n  t o  e s t a b l i s h  and maintain 
d i r e c t  s c i e n t i s t - t o - s c i e n t i s t  c o m n i c a t i o n  between NASA and the  u n i v e r s i t y  
research  conmnmity. The purpose and scope of t h i s  program a r e  to  augment 
and complenwnt. sponsored research  and in-house a c t i v i t i e s  i n  support  of 
NASA's missi.on through the  use of f a c i l i t i e s  g r a n t s  t o  he lp  u n i v e r s i t i e s  
provide f a c i l i t i e s  urgent ly  needed f o r  space research;  t r a i n i n g  g ran t s  f o r  
the  purpose of increas ing  the  fu tu re  supply of  s c i e n t i s t s  and engineers  
required i n  space-related science and technology; and research  g ran t s  t o  
enable  u n i v e r s i t i e s  t o  increase  t h e i r  r o l e  i n  support  of NASA's program 
through encouragement of c r e a t i v e  mul t id i sc ip l ina ry  inves t iga t ions ,  develop- 
ment of new c a p a b i l i t i e s ,  and consol ida t ion  of a c t i v i t i e s .  

SUMMARY OF RESOURCES -- -9JIGUIREMENTS: 

Funds 19 62 - 
F a c i l i t i e s  gran ts .  ............ 5 2  , ~ O t ' , O O O  

Research ,grants.. ............. 4,389,000 Training ,grimts.. ............. 1,972,000 

Subto ta l ,  d i r e c t  R&D cos ts .  .$12,961,000 

Personnel costs . .  ............. 256,000 
0perati:on of i n s t a l l a t i o n s . .  .. 330,000 

Total. costs .  . . . It . . . .$13.547.000 
P e r  sonne 1- 

.......... NASA Headquarters... 32 

Tota l  personnel,............ 32 

Respons ib i l i ty  f o r  t h i s  program r e s i d e s  i n  

19 63 

sic,000,000 
15,000,000 
5,600,000 

$30,600,000 

44 7 000 
619,000 

$31.666.000 

42 

b3 

19 64 -- 
$18,00O,OOO 

.25,000,000 
-A 12 000,000 

$.55,000,000 

553 p 000 
88 5,000 - 

$T6.43&QQQ .- 

.-,A 

the  Office of Grants and 
Research- Coni:ract:s- i n  the  Office-of Space Sciences a t  NASA Headquarters. 
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PROGRAM JUSTIF 1C:ATION : ---- - 
The success o r  f a i l u r e  of t h e  na t iona l  space program rests d i r e c t l y  

on t h e  s k i l l  and t r a i n i n g  of t h e  people who undertake t h e  e f f o r t .  
w i l l  be contingent not only upon NASA, but a lso on the  e f f o r t  of o the r  
government agencies,  indus t ry ,  u n i v e r s i t i e s ,  and the  s c i e n t i f i c  community 
i n  general .  I t  i s  imperative t h a t  NASA u t i l i z e  a l l  c a p a b i l i t i e s  i n  i t ;  
in t ens ive  s c i e n t i f i c  e f f o r t  designed t o  probe t h e  boundaries of presen: 
knowledge. I n  t h e  development of t h i s  c a p a b i l i t y ,  t h e  u n i v e r s i t i e s  ha-re 
a s p e c i a l  ro l e .  

Success 

NASA hss supported and continues t o  support  s u b s t a n t i a l  amount:s of 
research  i n  u n i v e r s i t i e s ,  which con t r ibu te s  s i g n i f i c a n t l y  t o  the  nat ioi ia l  
space e f f o r t .  With t h e  dec is ion  t o  expand and accelerate t h i s  e f f o r t ,  i t  
became apparent t h a t  t he  e x i s t i n g  sponsored research  program a lone  coutd 
not u t i l i z e  f u l l y  ithe a b i l i t y  of  our u n i v e r s i t i e s  t o  preserve and advance 
the  r o l e  oE the  Unlted S t a t e s  as  a world leader  i n  aeronaut ics ,  space 
sciences and technology. Accordingly, a program was i n i t i a t e d  i n  FY 1062 
t o  en large  un ive r s i ty  p a r t i c i p a t i o n  i n  aeronaut ics ,  space sciences and 
technology and t o  complement t h e  sponsored research  a c t i v i t y  of NASA. 
Only through an acce lera ted  NASA-oriented un ive r s i ty  program can the  
supply of s c i e n t i f i c  t a l e n t  and the  development of s i g n i f i c a n t  rese(arc1i 
a c t i v i t y  meet the demands of t h e  r ap id ly  expanding space program. 

The greaites t source of s c i e n t i f i c  research  t a l e n t  i n  t h e  country 
r e s ides  i n  t h e  un ive r s i ty  community, Many of t he  ideas  on which var ious  
aspec ts  of the  space program are based have o r ig ina t ed  the re .  NASA's 
methods of operat ion are designed t o  secure  maximum d i r e c t  a s s i s t ance  1 o 
the  space prograin and a t  the  same time t o  he lp  s t rengthen  t h e  establ is l ied 
academic framc?.nn,rlc,, NASA's  ob jec t ives  t o  work wi th in  t h e  e x i s t i n g  i iniirersity 
s t r u c t u r e  r a t h e r  than f o s t e r  a c t i v i t i e s  tending t o  weaken the  un ive r s i ty ,  
or t o  p u l l  t he  u n i v e r s i t y  researcher  away from teaching.  On t h e  o the r  
hand, u n i v e r s i t i e s  must bear t h e i r  share  of  r e s p o n s i b i l i t y  f o r  our Nat ion 's  
s'uccess i n  space arid a l l o c a t e  an appropr ia te  po r t ion  of t h e i r  ma te r i a l  and 
human resource:; to t h a t  end. I n  such a par tnersh ip ,  NASA expects t o  hc'lp 
support  reseal-ch,  he lp  i n  the  production of t r a ined  t a l e n t  and assist i n  
t'he provis ion of bui ld ings  and o t h e r  research  f a c i l i t i e s .  

The th ree  main a spec t s  of t h i s  program are supplementary t o  the  
sponsored research  supported by NASA. Training produces the  s k i l l e d  
manpower: reseai:ch s c i e n t i s t s  ~ t echnic ians ,  and i n s t r u c t o r s .  The 
q u a l i t y  and qtimt:it.y of t h e  research  accomplished by t h i s  highly t r a ined  
manpower and t:he ideas  generated i n  the  course of t h e i r  work, a r e  the  chief  
determinants of the! success of t h e  Nation's space e f f o r t .  Adequate f a c i l i -  
ties are obvious1.y e s s e n t i a l  t o  a v i a b l e  program of t h i s  kind. 

Research t r a i n i n g  w i l l  increase  the  supply of highly t r a ined  
s c i e n t i s t s  and. engineers i n  space- re la ted  sc ience  and technology. NASA 
has es tab l i shed  t:he goal  of t r a i n i n g  about 4,000 graduate s tuden t s ,  i n  150 
qua l i f i ed  u n i v e r s i t i e s ,  y i e ld ing  an output  of about 1,000 Ph.D's i n  sc ience  



and engineer l  ng per  year .  

New research  f a c i l i t i e s ,  supported by NASA, a r e  required t o  prov:i.de 
adequate wor'king space f o r  t h e  growing s c i e n t i f i c  research  and t r a i n i n g  i n  
space- re la ted  work a t  those u n i v e r s i t i e s  heavi ly  engaged i n  such e f f o r t s .  
It is estimated tlnat i n  t he  next  5 t o  7 years  a t o t a l  of some 60-75 uiii- 
v e r s i t i e s  will have such needs. Only through a program of t h i s  nlagni!:ude 
w i l l  t he  u n i v e r s i t i e s  be i n  a p o s i t i o n  t o  undertake t h e  work of which they 
a r e  capable ,and which i s  requi red  i f  t h e  na t iona l  goals  i n  space are to be 
r ea l i zed .  

Research support  which enables  u n i v e r s i t i e s  t o  develop and inereiise 
t h e i r  c a p a b i l i t i e s  of s a t i s f y i n g  the  growing demands of t he  n a t i o n a l  :;pace 
e f f o r t  i s  already required.  
endeavors of relevance t o  NASA, promotion of t h e  consol ida t ion  of p r o j e c t s  
i n t o  coherent i n t e r d i s c i p l i n a r y  groups, and encouragement of new mFic t o  
f i l l  e x i s t i n g  research  gaps. The establ ishment  of research  programs 
wi th in  cu r ren t ly  competent but non-par t ic ipa t ing  groups w i  11 a l s o  be  
s t imulated.  Simultaneously, 'NASA w i l l  cont inue and s u b s t a n t i a l l y  expcmd 
i t s  sponsored research  i n  u n i v e r s i t i e s  i n  d i r e c t  response t o  p r o g r m i t i c  
needs . 

Emphasis w i l l  be placed on broad research  

The r e 1 , a t i v e  magnitude of NASA's support  t o  these aspec t s  of t he  
program has been balanced i n  an attempt t o  ensure t h e  most e f f i c i e n t  use  
of t he  na t ion ' s  research  and academic c a p a b i l i t i e s .  
i n  any of thlese a reas  would damage the  program as a whole and would 1:id.t 
t he  rate of ,growth of t he  space e f f o r t .  
been placed ton the  t r a i n i n g  of s c i e n t i s t s  and engineers ,  f o r  i t  is i n  t h i s  
c r i t i c a l  a rea  that  the  demands of t h e  space program w i l l  be most severe 
during the  nlext decade. 
necessary f a c i l i t i e s  are phased i n t o  t h i s  program i n  order  t o  u t i l i z e  t h i s  
manpower most e f f i c i e n t l y .  
i nex t r i cab ly  r e l a t e d  and r e q u i r e  balanced e f f o r t  and support  i n  order  t o  
accomplish t h e  ob jec t ives  of t h e  na t iona l  space e f f o r t .  

Diminution of support  

I n i t i a l l y ,  maximum emphasis has 

Support of research  and t h e  cons t ruc t ion  (of 

Thus, a l l  t h r e e  a spec t s  of t h e  program arc? 

EXPLANATION (OF FUNDS REQUESTED 

F a c i l i t y  g r a n t s  

An important d e t e r r e n t  t o  support ing r e sea rch  and t r a i n i n g  i n  swce 
r e l a t e d  science and technology at  non-profi t  s c i e n t i f i c  and educat ional  
i n s t i t u t i o n s  is a l ack  of adequate labora tory  space,  which makes i t  d i f f i c u l t  
o r  impossible f o r  s c i e n t i s t s  t o  produce the i r  bes t  work. 

I n  1961, l a b o r a t o r i e s  used f o r  r e sea rch  i n  co l leges  and u n i v e r s i t i e s  
were occupied by ithe equivalent  of about 80,000 f u l l - t i m e  personnel.  
t o t a l  included f a c u l t y  and s t a f f  holding doc to r ' s  degrees i n  sc ience  m d  
engineer ing;  profess iona l  s c i e n t i s t s  and engineers ;  post-doctoral . ,  and 
graduate  s tudents  compensated f o r  research;  research  fel lows and graduate  
s tudents  not d i r e c t l y  compensated f o r  research;  and support ing technic ians ,  

This 
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]machinists, tiid o t h e r  non-professional  a s s i s t a n t s .  This f i g u r e  i s  expected 
t o  become 150,000 i n  1970 i n  accordance wi th  p ro jec t ions  of t h e  increased  
granting of doc to ra l  degrees. 

Some i:esearch s c i e n t i s t s  confine t h e i r  a t t e n t i o n  t o  t h e o r e t i c a l  
s tud ie s  and may l i t e r a l l y  need only a blackboard, well-stocked book she lves ,  
,and a desk i n  a q u i e t  room s u i t a b l e  f o r  concentration. More and more 
f requent ly ,  however, s c i e n t i s t s  are requ i r ing  t h e  use  of e l a b o r a t e  reE,earch 
#equipment, such as computers, r e a c t o r s ,  and f l i g h t  s imula tors .  S u f f i c i e n t  
space must be provided not only f o r  t h e  equipment requi red ,  bur a l s o  f o r  
the faculty;  iuid r e sea rch  work of graduate s tudents .  

Accortl:ingly, where a d d i t i o n a l  l abora to ry  f a c i l i t i e s  are u rgen t ly  
needed t o  coriduuct such research ,  and t h e  i n s t i t u t i o n  involved has demon- 
; s t ra ted  i t s  iiitent: t o  seek ways i n  which t h e  b e n e f i t s  of t h e  r e sea rch  can 
'be appl ied  t o  t h e  s o c i a l ,  business,  and economic s t r u c t u r e  of t h e  United 
S t a t e s ,  NASA i J i : L 1  provide funds f o r  t h e  a c q u i s i t i o n  of f a c i l i t i e s .  N k S A ' s  
(enabling 1egF:;lati.on and subsequent appropr i a t ion  acts r e f l e c t  a clear 
iunderstanding of t.he need f o r  such activit ies.  
'before f a c i l i t i e s  g ran t s  are made, however, t h a t  t h e  agency's a s s i s t a n c e  
is requi red  i i i  ordler t o  develop and expand t h e  n a t i o n a l  resource  of r e sea rch  
1aboratori.es :Locat:ed i n  the  u n i v e r s i t i e s  . Other sources of funds, such as 
iuniversi ty  endowments, ph i l an th rop ic  organiza t ions ,  i nd iv idua l  bequest s 
,and s ta te  appicopriations have not kept pace wi th  t h e  r a p i d l y  inc reas ing  
demands f o r  edecpate labora tory  space i n  which t o  conduct s c i e n t i f i c  I esearch. 
The contri.but::ions of o the r  Government agencies t o  f a c i l i t i e s  engaged i n  
s c i e n t i f i c  rc::;earc:h have been notab le .  Such con t r ibu t ions ,  however, liave 
f requent ly  not been of d i r e c t  va lue  t o  NASA-oriented research .  

NASA must be assured ,  

These f a c i l i t i e s  w i l l  he lp  r e l i e v e  t h e  cr i t ical  shor tage  of WI king 
space f o r  grcmps now heavi ly  involved i n  research  p e r t i n e n t  t o  t h e  NASA 
mission. They wi1.1 a l s o  make p o s s i b l e  t h e  establishment and develapment of 
new mltidis<::ipltiriary r e sea rch  groups r e l evan t  t o  t h e  ob jec t ives  of NASA. 
Funds are prcnricled! i n  amounts determined by NASA t o  be appropr i a t e  i n  each 
in s t ance ,  up i:o t.he f u l l  cos t  of t h e  proposed bui ld ing  inc luding  a reasonable 
amount f o r  f j.itet1 equip ment . 

A major c r i t e r i o n  f o r  s e l e c t i n g  t h e  r e c i p i e n t s  of f a c i l i t i e s  g ran t s  
i s  t h e  r e l a t i v e  importance t o  t h e  n a t i o n a l  space program of t h e  p a r t i c u l a r  
:Eield o r  combi.nation of f i e l d s  of r e sea rch  f o r  which t h e  l a b o r a t o r i e s  w i l l  
be used. The urgency of t h e  u n i v e r s i t y ' s  needs f o r  t h e  bui ld ing ,  based on 
ithe ex ten t  of i t s  present  research  and t r a i n i n g  program of i n t e r e s t  t o  NASA, 
:is also taken intot cons idera t ion ,  as are t h e  demonstrable competence, 
achievements, arid p o t e n t i a l  f o r  f u r t h e r  con t r ibu t ion  t o  t h e  space program 
of i t s  scient.;.fj.c s t a f f .  
ment t o  work 3.n t h e  space sc iences  i s  another r e l evan t  f a c t o r .  

The n a t u r e  and extent of t h e  u n i v e r s i t y ' s  ccirmnit-. 

I n  Septeniber 1962, NASA awarded i ts  f i r s t  f a c i l i t i e s  g ran t s  t o  f i v e  
u n i v e r s i t i e s  t o  provide r e sea rch  l a b o r a t o r i e s  housing m u l t i d i s c i p l i n a r y  
; a c t i v i t i e s  i n  space r e l a t e d  sc iences  and technology. The f i v e  g r a n t s  t o t a l e d  
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$6.4 m i l l i o n  o:E f i s c a l  year  1962 funds. 
t o  become operint:Lonal i n  1965 . These f i r s t  f a c i l i t i e s  w i l l  begin 

A r ap td ly  growing space program w i l l  p l ace  inc reas ing ly  seve re  denlands 
on t h e  a l ready  l imi t ed  supply of highly t r a i n e d  s c i e n t i s t s  and engineers.  
The demand w i l l  be of two genera l  kinds,  those  t echn ica l  personnel requi red  
tco p a r t i c i p a t e  d:iractly i n  c u r r e n t  space activit ies t o  so lve  immediate 
problems; and those requi red  t o  conduct b a s i c  r e sea rch  of a long-range 
na tu re ,  t o  teiwh new s tuden t s  :in order  t o  r ep len i sh  t h e  manpower pool, and 
t o  eva lua te  arid organize  t h e  v a s t  amounts of s c i e n t i f i c  d a t a  acquired through 
increas ing  sprxe experimentation i n t o  coherent i n t e l l e c t u a l  frameworks, 

The main element of t h e  t r a i n i n g  program provides three-year pre- 
doc to ra l  t r a i n i n g  oppor tun i t i e s  t o  s e l e c t e d  graduate s tuden t s  a t  u n i v e r s i t i e s  
o f f e r i n g  Ph.D. degrees i n  space- re la ted  areas. As r e c i p i e n t s  of these  
t r a i n e e s h i p s ,  .young, h igh-ca l ibre  s c i e n t i s t s  and engineers w i l l  conduct. 
research  i n  spacle-related f i e l d s ,  while acqui r ing  a high l e v e l  of competence. 
A t  t h e  end of t h i s  t r a i n i n g ,  t h e  s tuden t  may remain a t  a u n i v e r s i t y ,  ccirrying 
o u t  long-range bas ic  research and teaching t h e  "next generation", or hc may 
p a r t i c i p a t e  d:irect:ly i n  cu r ren t  r e sea rch  activit ies of immediate importance 
t o  t h e  space progrim e i t h e r  a t  t h e  u n i v e r s i t y ,  i n  i ndus t ry ,  o r  wi th in  NASA. 
Those u n i v e r s i t i e s  which p a r t i c i p a t e  i n  t h e  program are s e l e c t e d  by NA!;A on 
t h e  b a s i s  of proposals which they submit. Ind iv idua l  candida tes  are 
s e l e c t e d  by sc!1lic)r members of t he  f a c u l t y  who know t h e i r  c a p a b i l i t i e s  rmd 
who may superv ise  t h e  r e sea rch  t r a i n i n g  of t h e  s tuden t .  
are competit ive with those  o f f e red  by o t h e r  sources,  inc luding  o t h e r  Federal  
agencies.  
ments of t h e  I n s t i t u t i o n s ,  i f  they would normally have chosen advanced 
educat ion i n  o the r  areas. 

The s t ipends  Iiranted 

Thus, t he  g r a n t s  w i l l  no t  draw s tuden t s  away from o t h e r  depiirt- 

Spec ia l ized  t r a i n i n g  f o r  s e l e c t e d  s tuden t s  o f f e r s  s e v e r a l  advantajies 
over and abovle the  usua l  fe l lowships  granted i n  genera l  areas. F i r s t ,  i t  
o f f e r s  t h e  s tuden t s  d i r e c t  i d e n t i f i c a t i o n  with NASA's goals  and probleins and 
involves them d i r e c t l y  i n  t h e  new programs of t he  space age. I n  numy cases, 
t h e  s t u d e n t s '  p rofessors  are d i r e c t l y  engaged i n  r e sea rch  a c t i v i t y  supported 
by NASA. The s tuden t s  thus have a d i r e c t  r e l a t i o n s h i p  t o  NASA through contac t  
with s c i e n t i s t s  and s c i e n t i f i c  experiments generated by s e n i o r  i n v e s t i g a t o r s .  
Such c l o s e  t i e s  with NASA w i l l  provide t h e  t r a i n e e  wi th  additional.  motivation 
f o r  t h e  cont inua t ion  of s t u d i e s  i n  t h i s  area and f o r  d i r e c t  p a r t i c i p a t i o n  i n  
t h e  space program. A second advantage of t hese  t r a i n e e s h i p s  i s  t h e  incen t ive  
they provide f o r  undergraduates, s i n c e  success fu l  contenders are prepared f o r  
a c t i v e  p a r t i c i p a t i o n  i n  many areas of t he  space program. When t h e  t r a i n e e s  
have completed t h e i r  academic work, they may choose employment wit:h NASA or 
another Government r e sea rch  a c t i v i t y ,  t h e  u n i v e r s i t y ,  o r  industry, ,  

During t h e  summer of 1962, t h e  National Academy of Sciences assem'bled 
a group of s e n i o r  s c i e n t i s t s  and engineers from u n i v e r s i t i e s ,  governmeilit, 
a.nd indus t ry ,  f o r  4a six-week study of t h e  space sciences. This group gave 
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wholehearted endorsement t o  t h e  NASA research  t r a i n i n g  program anti ind lca ted  
t h a t  NASA should s e t  as a minimum goal  t h e  t r a i n i n g  of one thousand Ph.D's 
annually.  
time. This goal c o n s t i t u t e s  t h e  b a s i s  f o r  NASA's planning i n  t h i s  are,x, 
aind present  plans c a l l  f o r  i t s  at ta inment  during t h e  1966-67 school y e x .  

Such a rate r equ i r e s  about 4,000 s tudents  i n  t r a i n i n g  a t  a ,3iven 

That a program of t h i s  magnitude is  necessary and e n t i r e l y  rc!ason4ible 
hlas been s t rongly  reinforced by a r epor t  of t he  P res iden t ' s  Sc ien t . i f ic  
Advisory Committee. This Committee has j u s t  completed a s tudy which ind ica t e s  
t h a t  qua l i f i ed  s tudents  are a v a i l a b l e  who cannot e n t e r  graduate  research  
t r a i n i n g  unless  new oppor tun i t i e s  are ava i l ab le  and t h a t  an inc rease  oE 
3,500 t o  5,000 annual "new starts" should be made i n  t h e  number of f ede ra l ly  
a s s i s t e d  graduate s tuden t s ,  Thus, i n  t h i s  contex t ,  i t  i s  reasonable t o  
expect that NASA, whose R&D appropr ia t ion  i s  about one-fourth of t h e  Federal  
R h D  appropr ia t ions ,  wou3.d support  approximately one-fourth of these  neiv 
starts. Fur ther ,  t h i s  r epor t  has been s tudied  by and given t h e  unquali-fied 
endorsement oE, the  Federal  Council of Science and Technology. 

NASA i n i t i a t e d  i t s  graduate  t r a i n i n g  program i n  t h e  spr ing  of 196:! 
with gran ts  t o  t en  u n i v e r s i t i e s  f o r  t he  support  of t e n  graduate  studen1:s a t  
each un ive r s i ty  f o r  a period of t h r e e  years .  The t o t a l  cos t  of t h i s  pi:ogram 
was approximately two  mi l l i on  d o l l a r s .  I n  t h e  f a l l  of 1963, NASA increased 
t h i s  program s i g n i f i c a n t l y  t o  include approximately 800 t r a i n e e s  at about 90 
u n i v e r s i t i e s ,  a t  a t o t a l  cos t  of 15 mi l l i on  d o l l a r s .  Thus, by the fal:. of 
1963, 900 s tudents  w i l l  be i n  t r a in ing .  

With the  addi t ion of about 1,250 s tudents  i n  t h e  f a l l  of 1964, ant1 
1,333 i n  1965, about 3,383 s tudents  w i l l  be i n  t r a in ing .  Current plan:; in-  
d i c a t e  t h a t  t 1 i 2  'program w i l l  be s t a b i l i z e d  a t  a f i g u r e  of about 4,0130 s tudents  
i n  t r a in ing .  

It should be noted t h a t  t h e  f i r s t  group of t r a i n e e s  w i l l  not comp1.ete 
t h e i r  t enure  u n t i l  t h e  sp r ing  of 1965. Because of t h i s  three-year leacll 
t i m e ,  t he  program is being given heavy emphasis i n  FY 1963 and FY 1964 i n  
order  t o  e s t a b l i s h  the des i red  level  as soon as possible .  Even with t h i s  
emphasis i n  F?I 1963 and 1964, t he  l e v e l  of 4,000 s tudents  w i l l  not be reached 
u n t i l  1966, ami the goal of 1,000 s tudents  graduat ing pe r  year  w i l l  not be 
reached u n t i l  ]:he spr ing  of 1967. 

The se1ecr:ion of r e c i p i e n t s  of t r a ineesh ips  i s  t h e  r e s p o n s i b i l i t y  of t h e  
uinivers i t ies  i:i~cc?iving NASA predoctora l  t r a i n i n g  grants .  No amount of t h e  
s t ipend  i s  contingent upon o r  represents  payment f o r  teaching,  research ,  o r  
o the r  servi.cer; i n  t:he na tu re  of par t - t ime employment on t h e  p a r t  of tha 
r e c i p i e n t  gracluate s tudent ,  un less  such a c t i v i t i e s  are requi red  by the  uni- 
v e r s i t y  of all. degree candidates  whether o r  no t  r e c i p i e n t s  of s t i pends  or 
similar awards,  Recipients  of t r a ineesh ips  under these  g ran t s  s h a l l  not be 
permitted t o  accept concurrent ly  o the r  educat ional  a s s i s t a n c e  i n  t h e  fcrm o f  
grants ,  f e l l o w h i p s ,  o r  a s s i s t a n t s h i p s .  
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The awards are made t o  predoctora l  g raduate  s tuden t s  of unusual promise 
who have an i n t e r e s t  i n  t h e  space sc iences .  
graduate s tuden t s  a l ready  engaged i n  a course  of study leading  t o  t h e  (doctorate 
o r  t o  s tudents  about t o  undertake such a course of study. I n  making awards, 
every e f f o r t  is made t o  choose ind iv idua l s  who show promise of being able to 
complete t h e  doc to ra t e  wi th in  a three-year  period. 

The awards may be made e i t h e r  t o  

I n  s e l e c t i n g  t r a i n e e s ,  t h e  u n i v e r s i t y  is expected t o  cons ider  t h e  candi- 
d a t e ' s  academic records ,  personal q u a l i f i c a t i o n s ,  and r e sea rch  and study 
p lan  f o r  t h e  t r a i n i n g  period. Rec ip ien ts  i n  most cases w i l l  be c:i t izens of 
t he  United S t a t e s .  However, i n  except iona l  cases when t h e  i n t e r e s t  of NASA 
w i l l  be served and a f t e r  p r i o r  approval from NASA, non-c i t izens  may rece ive  
awards. 
a formal ob l iga t ion  t o  t h e  Government of t h e  United S t a t e s .  However, s ince  
t h e  objectives;  of t h i s  program w i l l  be best  served i f  such ind iv idua l s  engage 
i n  research  arid teaching i n  sc i ence  o r  engineering following completion of 
t h e i r  training:, they w i l l  be encouraged t o  do so. 

1ndivid.uals rece iv ing  support  under these  g r a n t s  do not  .incur thereby 

An essent:isil aspec t  of t h i s  program i s  t h e  con t inu i ty  of support accorded 
t h e  t r a i n e e s ,  Although the  t r a i n e e s h i p s  w i l l  be reviewed each year  by t h e  in -  
s t i t u t i o n  and awarded on an annual b a s i s ,  it i s  a n t i c i p a t e d  t h a t  a s tuden t  
who q u a l i f i e s  as a NASA t r a i n e e  may look forward t o  renewal of h i s  t r a i n e e s h i p  
jEor a second andl t h i r d  year  i f  h i s  q u a l i f i c a t i o n s  are maintained a t  a level 
acceptab le  t o  t h e  u n i v e r s i t y .  Only i n  except iona l  cases and a f t e r  approval by 
NASA may awards be made t o  t h e  same ind iv idua l  f o r  more than t h r e e  years .  
:In case a traj.nee f a i l s  t o  q u a l i f y  f o r  a second o r  t h i r d  year  ex tens ion  and 
m o t h e r  ind iv idua l  i s  awarded a t r a i n e e s h i p  i n  h i s  s t e a d ,  t h e  new s tudent  is 
apprized a t  the  o u t s e t  that t h e  d u r a t i o n  of h i s  t r a i n e e s h i p  may be less than 
t h e  customary t h r e e  yea r s  . 

The grant: inc ludes  an annual s t i pend  t o  t h e  s tuden t  of $2,400 fox a f u l l  
year  of gradcuitc! study. 
rnllowance of up to1 $1,000 per  year ,  mainly f o r  dependency and e s c a l a t i o n ,  to 
be administered by t h e  u n i v e r s i t y  i n  accordance with i t s  e s t ab l i shed  pol icy .  
The u n i v e r s i t y  a l s o  r ece ives  an allowance t o  cover t u i t i o n  and reasonable 
expenses dirsct1.y r e l a t e d  t o  t r a i n i n g ,  such as l abora to ry  f e e s ,  small i t e m s  
of equipment, spec ia l i zed  course conten t  improvement, and an appropr i a t e  
:share of facult t y  augment a t  i o n  e 

I n  add i t ion ,  t h e  trainee may receive an add i t iona l  

Researckrgrant s 

A more f:lexible program of r e sea rch  support  than  t h a t  of t h e  p ro jec t -  
type research  i s  required t o  respond t o  t h e  demands of broad NASA reseiarch 
requirements whi-ch over lap  o r  f a l l  o u t s i d e  t h e  scope of s p e c i f i c  program 
i n t e r e s t s .  1:n o rder  t o  enable u n i v e r s i t i e s  t o  be more responsive to such 
lbroad requirements,, a s p e c i f i c  program was e s t ab l i shed  t o  assist thosa uni- 
v e r s i t i e s  desiring; t o  make the  most e f f i c i e n t  u s e  of t h e i r  r e sea rch  csipa- 
Ibilities. Th:Ls program i s  intended to support t h e  consol ida t ion  of r e l a t e d  
research  pro:jcict:s i n t o  u n i f i e d  m u l t i d i s c i p l i n a r y  activit ies,  encourage new 
investigation:;  to f i l l  e x i s t i n g  gaps, and stimulate t h e  p a r t i c i p a t i o n  of new 
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embryonic grcmpa; af high potential. 
innd as an adjunct to the sponsored research support provided by other pro- 
gram of f ices of NASA. 

This program will operate along with 

For thosse institutions not currently participating in space research, 
this program aim to encourage the development of promising work which, be- 
cause of the institution's youth or lack of publicized ability in specific 
isreas of interest, has not received previous support. Such support: can 
increase the riumber of universities interested in investigating some of the 
fundamental pi'oblems facing NASA's scientific programs and can broaden the 
base of the nation's university space research capability. 

The suppcwt: of programs at currently non-participating institutions 
will provide the incentive for scientists to remain there and will reduce the 
movement of skil.led manpower to those few universities with heavily supported 
programs. Su1c:h support will also obviate the necessity for a young scientist 
to leave his university in order to participate in a space program. 

The university already engaged in space-related research is afforded 
the 0pportunit.y of making the most efficient use of its research and training 
potential. 
technology requires a combination of many traditional disciplines, Over the 
past twenty years many new problems in fields such as aeronautics, materials, 
rind the life sciences have been successfully investigated through the multi- 
disciplinary approach. However, in no area has the need for a muttidis- 
ciplinary view heen clearer than in space research. 
require the ft.11 efforts of biologists, geologists, physicists, chemists, 
electronic specialists, metallurgists, engineers, and many others. 

It is becoming more apparent that research in space science and 

The problems facing NASA 

At preser.t, most of the nation's universities are traditionally organi.zed 
dong specific educational lines into departments which teach the 
usual scientific disciplines. Many universities are at present undergoing 
changes in structure in order to attack properly the fundamental problems of 
nature as they are now recognized. Important areas of fundamental research 
with a direct bearing upon critical problems, but of long range diiratim or 
lack of specificity, often suffer from lack of recognition and support. As 
it result, many fertile areas of promising research lie fallow and gaps appear 
which do not receive proper attention in the university. Specific project 
support tends to overlook these opportunities because of more constraining 
mission requirements. This program is able to fill the gaps creased bitween 
discrete projects and gives the nation's space program the benefit of 
research which fits the total problem and is not artificially distortel by 
administrative constraints. 

If fundatrental research is to be conducted in the most efficient and 
Firoductive manner, the institution and the scientific investigator muse be 
assured of long-term financial support. 
to plan programs i n  depth and devote their full attention to their worlc. It 
is  NASA's policy to provide continuity of research support where possi'3le and 
practical. 

Such support permits the participants 
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The research  g ran t s  program o f f e r s  a mechanism through which NASA can 
s p e c i f i c a l l y  devote a t t e n t i o n  t o  proposals  from u n i v e r s i t i e s  f o r  reseal-ch 
which t ake  f u l l  advantage of their imagination and t h e i r  e n t i r e  capabi11i.ties. 
NASA encourages i m l t i d i s c i p l i n a r y  approaches u t i l i z i n g  a l l  t h e  f l e x i b i l i t y  and 
invent iveness  t h a t  an e n t i r e  u n i v e r s i t y  can exercise. 

I n  f i s c a l  ylear 1962, $4.4 m i l l i o n  w a s  a l l o c a t e d  t o  t h i s  program f o r  a 
number of i nves t iga t ions  of t h e  type descr ibed above. I n  f i s c a l  year  11.963, 
$1.8 mi l l i on  has been a l loca ted  to cont inue t h e  work funded i n  fiscal year  
1962, and $3.8 mLlllion wi l l  be used to support  a d d i t i o n a l  mult idiscipl i .nary 
a c t i v i t i e s  and t o  i n i t i a t e  programs involving new re sea rch  groups. For f i s c a l  
year  1964, $12 mi1:lion w i l l  be requi red  t o  provide con t inu i ty  t o  progriuns 
i n i t i a t e d  i n  t h e  preceding years and t o  a s su re  an o rde r ly  growth of thf! 
e n t i r e  program i n  keeping with NASA's growing r e sea rch  requirements.  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

SPACE VEHICLE SYSTEMS 

OBJECTIVE S : 

The objec t ive  of t he  Space Vehicle Systems program i s  t o  iden t i fy  and 
solve criticeil. t:echnical problems bear ing on present  generat ion space 
veh ic l e s  as arell. as t o  advance the  s t a t e -o f - the -a r t  t o  enable the  develop- 
ment of more advanced space veh ic l e s  f o r  f u t u r e  space miseions. 

!SUMMARY OF REZGIRCES REQUIREMENTS : 

1964 -- Funds 1962 1963 

Support 1 rig r e  search and 
techno1.ogy. ................. $12,620,000 $25,277,000 $.37,762,000 

F l i g h t  ~ ~ i . o j , e c t s . . . . . . . . . . . . . . .  8,142,000 20,654,000 24,200,000 

Subtoti i l ,  d i r e c t  R&D costs..  $20,762,000 $45,931,000 $61,962,000 

Personnel. costs............... 22,821,000 28,699,000 32,644,000 
Operation of i n s t a l l a t i o n s .  ... 15,286,000 15,128,000 16,801,000 

Personnel 

NASA Hea.clquarters.. .............. 
Ames Research Center.. ........... 
L e w i s  Research Center............ 
Langley FLesearch Center. ......... 
F l i g h t  Research Center.. ......... 
Wallops Wation..  ................ 
Marshall Space F l i g h t  Center..... 
Western Clperations Office........ 
Goddard Space F l i g h t  Center.. .... 
Manned Spacecraf t  Center ......... 
North Ea5,tern Operations Office.. 

70 
647 
345 

1,660 
22 
61 

139 
1 

81 
641 
3 74 

1,802 
22 
54 

222 
6 
82 
1 
2 

104 
67 1 
40 8 

1,950 
36 
60 

228 
6 

93 
10 
3 -.- 

Tota l  personnel................ 2,945 3,287 -I 3,569 
-I- 

Primary r e s p o n s i b i l i t y  f o r  t he  d i r e c t i o n  of  t he  Space Vehicle Systems 
program i s  i n  t h e  Off ice  of Advanced Research and Technology i n  NASA Hlead- 
quar te rs .  Prclgram accomplishment i s  c a r r i e d  out  in-house a t  the  l o c a t  ions 
l i s t e d  above End through con t r ac to r s ,  inc luding  the  J e t  Propulsion Laboratory. 
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PROGRAM JUSTIFICATION : 

The incre,ased complexi t ies  of t he  advanced space v e h i c l e  systems t h a t  
w i l l  be requi red  t o  accomplish Nat ional  space o b j e c t i v e s  f o r  t h e  next two 
decades a t t e a t  t o  t h e  need f o r  a broad, thorough r e sea rch  program t o  e s t ab -  
l i s h  an adequate technology. Space veh ic l e  r e sea rch  and technology must 
not on ly  extenti knowledge t o  enable development of t he  more advanced v e h i c l e s  
requi red  f o r  f u t u r e  missions,  but also i d e n t i f y  and so lve  many c r i t i c a l  
t echn ica l  probl.ems of c u r r e n t  space vehic les .  
f ace t s .  
veh ic l e s  andl spacec ra f t  i n  o rde r  t o  eva lua te  t h e i r  f e a s i b i l i t y ,  t o  i d e n t i f y  
major problems, and t o ' p rov ide  guidance and perspec t ive  f o r  ongoing research  
and technology programs. Manned missions t o  the  p l a n e t s ,  manned o r b i t a l  
space s t a t i o r s ,  and nuc lear  earth-moon f e r r i e s  are bu t  a few examples of 
such mission s tud ie s .  

Such a program has many 
It begins  wi th  conceptual s t u d i e s  of missions and r e l a t e d  launch 

Next, knovledge i s  requi red  of t h e  environments of t h e  atmosphere and 
space and t h e i r  e f f e c t s  on t h e  vehicle.  Winds and atmospheric turbulence 
c r e a t e  many con t ro l  and o t ruc tu res  problems. The harsh  space environment 
with i t s  many hazards t o  t h e  spacecraf t  must a l s o  be thoroughly understood 
High-energy r ad ia t ion ,  meteoroid impacts, thermal r a d i a t i o n  from the  sun, 
weightlessness,  and hard-vacuum must a l l  be defined and t h e i r  e f f e c t s  
studied. Other important environmental e f f e c t s  on spacec ra f t  which must 
be defined i i x l u d e  condi t ions  of spacecraf t  r e e n t r y  i n t o  the  atmosphere, 
recovery, and 1 ,anding . 

Better systems f o r  e n t r y  i n t o  t h e  atmosphere and recovery of spacec ra f t  
must be devised ,  as w e l l  as economical and r e l i a b l e  methods f o r  recovering 
and reus ing  1.izrge and expensive launch veh ic l e s .  
of new and unusual space veh ic l e  conf igu ra t ions  must be s tud ied  t o  e s t a b l i s h  
s t a b i l i t y ,  conti:ol, and performance c h a r a c t e r i s t i c s .  Extreme hea t ing  con- 
d i t i o n s  a t  t h e  base of l a rge  multi-engined launch v e h i c l e s ,  as w e l l  as 
e f f e c t s  of aerodynamic hea t ing  on spacec ra f t  dur ing  e n t r y  i n t o  va r ious  
atmospheres, such as those of t h e  e a r t h  o r  t h e  p l a n e t s ,  must a l s o  be i n v e s t i -  
gated. 

Aerodynamic c h a r a c t e r i s t i c s  

Space v e h i c l e  s t r u c t u r e s  w i l l  become l a r g e r  and heavier ,  and they  w i l l  
be requi red  t o  ope ra t e  f o r  longer per iods  of time t o  perform the  advanced 
missions t h a t  w i l l  fol low p resen t ly  approved programs. Aggressive research  
activit ies a r e  r equ i r ed  t o  maintain t h e  weights of these  s t r u c t u r e s  a t  
reasonable l e v e l s  and a t  t h e  same t i m e  t o  ensure r e l i a b i l i t y  under the  
severe enviroiiments and complex loading condi t ions  which they  w i l l  e x p w i -  
ence. This r e sea rch  begins wi th  b a s i c  s t u d i e s  of materials, such as poly- 
mers, ceramics, r e f r a c t o r y  metals and a l l o y s  , supera l loys ,  coa t ings ,  a b l a t o r s ,  
materials f o r  containment of cryogenic f u e l s ,  l u b r i c a n t s  f o r  u se  i n  space, 
and many o thers .  

Closely r e l a t e d  t o  t h e  bas i c  materials research  i s  research  designed 
t o  determine how t o  apply t h e  more promising new materials i n  s t r u c t u r e s .  
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Studies  w i l l  be conducted on the  unique s t r u c t u r a l  conf igura t ions  reqluired 
f o r  f u t u r e  space veh ic l e s ,  including arrangements which can be e rec t ed  i n  
space,  and o t h e r s  designed t o  perform s p e c i f i c  func t ions ,  such as p ro tec t ion  
aga ins t  meteoroids,  high-energy r ad ia t ion ,  and heat.  W e  must def ine  imre 
accura te ly  t h e  many loads o r  forces  t h a t  act on space veh ic l e  s t ruc tu res .  
Among such fo rces  are those due t o  ground handling, t r anspor t a t ion ,  e r e c t i o n ,  
winds on the  launch pad and i n  f l i g h t ,  bu f fe t ing ,  acous t i c  v i b r a t i o n  caused 
by rocket  engines ,  landing impact, and many o thers .  The s t r u c t u r a l  proper- 
t ies  of these  new and advanced space veh ic l e  systems must be thoroughly in -  
ves t iga t ed  t o  determine t h e i r  s t r eng th  f o r  a l l  important modes of s t ructural  
f a i l u r e ,  A most important and very complicated program area concerns space 
vehic le  dynamics. The dynamic response c h a r a c t e r i s t i c s  of t he  e n t i r e  space 
vehic le  system t o  the  var ious  loads imposed upon i t  must be e s t ab l i shed  along 
with the  changes .in these  loadings which r e s u l t  from t h e  s t r u c t u r a l  dcforma- 
t i o n  of the  vehicle .  

This  many-Eaceted research  program embraces both fundamental and appl ied  
research ,  and, Ln s p e c i a l  cases, engineer ing developmental a c t i v i t i e s  t o  
provide data Eo:r veh ic l e  refinements and improvement or  f o r  co r rec t ion  of 
design de f i c i enc ie s .  While much of t h i s  e f f o r t  i s  devoted t o  improvement i n  
t h e o r e t i c a l  and a n a l y t i c a l  techniques,  p r a c t i c a l  l i m i t a t i o n s  of t h e o r e ~ t i c a l  
methods make it  e s s e n t i a l  t h a t  a l a r g e  number of d e t a i l e d  experimental in-  
ves t iga t ions  be conducted i n  the  many ground-based test  f a c i l i t i e s  a t  var ious  
NASA Centers,. Ilowever, t h e  demands f o r  r ap id  technological  progress  are such 
tha t  a t  t i m e r ;  n e i t h e r  t h e o r e t i c a l  analyses  nor experimental  i nves t iga t ions  
conducted i n  ground-based f a c i l i t i e s  can be r e l i e d  upon t o  provide t imely 
answers t o  all. of  the  important problems. Consequently, as a complement t o  
these  ground-based programs, a series of c a r e f u l l y  se l ec t ed  f l i g h t  experi- 
ments has been planned to provide urgent ly  needed data .  In  some cases  t h e  
answers t o  important problems can be obtained only by f l i g h t  experiments. 
The determination of the  na tu re  and ex ten t  of  t he  meteoroid hazard i s  a 
s p e c i f i c  exauiple of such a research problem. 

An import.artt r e s p o n s i b i l i t y  of those concerned with obta in ing  the  new 
technological  information i s  t o  insure  e a r l y  app l i ca t ion  of the  more pro- 
mising r e s u l t s  of research  ac t iv i t ies  i n  space veh ic l e  design. This  responsi-  
b i l i t y  i s  discharged i n  p a r t  by repor t ing  the  r e s u l t s  of research  promptly t o  
t i l l  concerned, The information r e s u l t i n g  from research  must a l s o ,  howlever, 
be formulated i n t o  design c r i t e r i a  t o  in su re  app l i ca t ion  t o  veh ic l e  design 
of the  latest  s t a t e -o f - the -a r t  i n  an acceptable  and uniform manner. Alxord- 
ing ly ,  as a p a r t  of the  space vehic le  systems research  program, uniform 
guide l ines  and c r i t e r i a  f o r  space veh ic l e  design w i l l  be prepared and ltept 
u p  t o  date .  

While most of t he  activit ies i n  the  space veh ic l e  research  and technology 
program a r e  general  i n  na tu re ,  the  r e s u l t s  of these  a c t i v i t i e s  a re  apprlicable 
t o  a l l  NASA sipace veh ic l e s  and missions,  and i n  many cases, t o  m i l i t a r y  space 
veh ic l e s  as well. 



EXPLANATION $F- FUNDS REQUESTED : 

Supporting n-st!arch and technology 

1964 
-I 

1962 1963 

Advanced c:oncepts............. $1,480,000 
Spacecraft: aerothermo- 

dynamics.. .................. 3,570,000 
Spacecr cif t loads and 

structures.................. 1,670,000 
Space vehic le  environmental 

factors..................... 2,473,000 
Launch vehic le  aerothenno- 

d ~ a m i c s . . . . . . . . . . . . . . . . . . . .  1,550,000 
Launch v e h i c l e  loads and 

structures.................. 1,877,000 
Space vehic le  design 

criteria...........L........ 

Subto ta l ,  d i r e c t  R&D costs..$12,620,000 

Personnel costs............... 19,724,000 
Operation of i n s t a l l a t i o n s .  ... 13,061,000 

Tota l  costs.................$45,405,000 

$2,425,000 

4,830,000 

4,383,000 

5,055,000 

3,590,000 

4,494,000 

500,000 

$25,277,000 

24,154,000 
12,523,000 

$61,954,000 

$4,120,000 

5,850,000 

6,144,000 

9,560,000 

4 ,448 ,000 

6,14 l3,OOO 

1 ,500,000 

$37,762,000 

27,11!i,000 
13,875!.000 

$78,756,000 

Tota l  :pe:rsonnel. ............ 2,536 

Advanced concepts 

2,759 

I n  order t o  use supporting research  and technology funds wisely,  NASA's 
research progirarns must be based on a rea l i s t ic  appra isa l  of fu tu re  space 
Elight missions,, The opera t iona l  aspec ts  of these  missions along w i t h  
spacecraf t  arid 1.aunch vehic le  concepts must be s tud ied  i n  breadth and depth. 
The r e s u l t s  01: such advanced conceptual s t u d i e s  w i l l  have an important e f f e c t  
on the  future: plans of a l l  supporting research and technology programs. I n  
f i s c a l  year 3963, the  major e f f o r t  by both NASA labora to r i e s  and i n d u s t r i a l  
con t r ac to r s  i s  being spent on broad preliminary s t u d i e s  i n  four  major areas: 
manned o r b i t i n g  space l abora to r i e s ,  advanced e a r t h  o r  o r b i t  t r anspor t a t ion  
systems u t i l i z i n g  vehic les  capable of recovery, advanced earth-moon t rans-  
po r t a t ion  syst.enis u t i l i z i n g  nuclear propulsion, and manned and unmanned 
planetary missions. The f i s c a l  year 1963 s t u d i e s  w i l l  he lp  prepare the  way 
f o r  preliminary program dec is ions  on manned o r b i t i n g  space labora tor ies .  
The f i s c a l  year 1964 study e f f o r t  w i l l  be concentrated on more d e t a i l e d  
ana lys i s  of the vehic le  designs and the  bas ic  technological advances 
required f o r  extending NASA's c a p a b i l i t y  of opera t ing  more e f f e c t i v e l y  i n  
space through t h e  use of space l abora to r i e s ,  opera t ing  more r e l i a b l y  and 
economically i n  ea r th -o rb i t  and earth-moon missions through the  use of 
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recoverable veh ic l e  systems, and man's eventua l  exp lo ra t ion  of t he  Iblanets. 
The add i t iona l  funds required are i n d i c a t i v e  of t he  g r e a t e r  e f f o r t  needed as 
the  problems under s tudy are examined i n  g r e a t e r  d e t a i l .  

S p ac e (: r a E t  aero the  rmo dynamic s 

P a s t  i~esea rch  i n  t h e  f i e l d  of spacecraf t  aerothermodynamics hart produced 
a major p a r t  of t he  technology on which p r o j e c t s  Mercury, Gemini, and Apollo 
spacecraf t  anti the  A i r  Force's  X-20 (Dynasoar) are based. The major ob jec t ives  
of  t he  research  program are t o  develop the  technology f o r  successful and e f f i -  
cient e n t r y  i n t o  the  e a r t h ' s  atmosphere f o r  manned f l i g h t  a t  i n t e rp l ane ta ry  
speeds and iinroanned and manned spacecraf t  e n t r y  i n t o  the  atmospheres of the  
o the r  planc!i:s,, A f u r t h e r  ob jec t ive  i s  the  provis ion  of  g r e a t e r  f l e a i b i l i t y  
of opera t ions  both i n  e a r t h  o r b i t i n g  f l i g h t  and i n  deep space missions 
through adwnced conf igura t ions  having l i f t i n g  a b i l i t y ,  improved c o n t r o l ,  
improved ha!iIt r e j e c t i o n  a b i l i t y ,  good volumetric e f f i c i e n c y ,  and grawth 
po ten t i a l .  Inherent  i n  these  ob jec t ives  i s  a g r e a t l y  improved capac i ty  f o r  
s a fe  and re!l.icible landing both on the  e a r t h  and on o t h e r  p lane ts .  

The aerot:hermodynamics e f f o r t  encompasses a broad a c t i v i t y  ranging from 
the  most fundmenta l  s tudy of high-temperature plasmas to  appl ied research  
on the  hea t ing  and performance of promising spacecraf t  configurat ions.  
supported b y  theory,  experiments i n  advanced labora tory  f a c i l i t i e s ,  and by 
c a r e f u l l y  se l ec t ed  f l i g h t  experiments such as p r o j e c t  F i r e .  It i s  c a r r i e d  
ou t  pr imar i ly  a t  the  Langley and Ames Research Centers,  with add i t iona l  sup- 
po r t  from se l ec t ed  un ive r s i ty  and i n d u s t r i a l  con t r ac t s .  

During f i s c a l  year 1964, emphasis w i l l  be placed on research  a t  the  ex- 
treme v e l o c i t i e s  (45,000 f e e t  per  second and g r e a t e r )  assoc ia ted  w i t h  i n t e r -  
p lane tary  f l i g h t .  S tudies  w i l l  be continued on conf igura t ions  tlesigined t o  
minimize r a d i a t i v e  hea t ing  to spacecraf t  from t h e  in t ense ly  hot  gas  !cap a t  
these  speeds. Research w i l l  a l s o  be expanded i n  the  area of e n t r y  i a t o  t h e  
atmospheres of o the r  p l ane t s ,  with p a r t i c u l a r  emphasis on those of Mars  and 
Venus. Based on present  estimates of the  compositions of these  atmospheres, 
prel iminary experiments made during the  pas t  year  i n d i c a t e  a more h o s t i l e  
heat ing environment than e x i s t s  f o r  t he  ear th .  Theore t ica l  and experimental 
research  w i l l  be pursued t o  provide improved fundamental and q u a n t i t a t i v e  
understanding of the  physical  processes involved i n  high-temperature atmos- 
pher ic  gases. To t h i s  end s t u d i e s  are being c a r r i e d  out  t o  determine the  
r a d i a t i o n  p rope r t i e s  and atomic molecular c o l l i s i o n  i n t e r a c t i o n s  i n  ,;hock- 
heated gases ,  and from these  t o  determine t h e  bas i c  gas  p rope r t i e s ,  such as 
thermal and e l e c t r i c a l  conduct iv i ty  and v i s c o s i t y ,  e s s e n t i a l  to  the  accurate  
p red ic t ion  of u l t r a  high-speed flows and hea t  t r ans fe r .  

It ids 

Emphasis * w i l l  continue i n  appl ied research  toward f u r t h e r  inves1:igation 
of  r ecen t ly  developed concepts f o r  " l i f t i n g  body'' e n t r y  veh ic l e s  which appeal: 
t o  o f f e r  i m p r t a n t  f u t u r e  advantages i n  f l e x i b i l i t y  of opera t ions  and growth 
p o t e n t i a l  f o r  ,a v a r i e t y  of missions. 

Landinl: and recovery research w i l l  be continued on a l l  promising; 
devices  such as s t e e r a b l e  parachutes ,  pa rag l ide r s ,  r o t o r s ,  r e t ro rocke t s ,  and 
var ious  combinintions of  t hese  and o t h e r  techniques.  E f f o r t  will be extended 
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on the  use of v a r i a b l e  geometry i n  the  form of i n f l a t a b l e  a f t e rbod ies  and 
extendable wings to  provide the  low-speed c h a r a c t e r i s i t c s  required fo r  ho r i -  
zonta l  landinl: of compact l i f t ing-body spacecraf t .  These e f f o r t s  w i l l  be 
;augmented by f l i g h t  research  on s impl i f ied  manned veh ic l e s  t o  devise  lrieans 
of providing acc:eptable f l y i n g  q u a l i t i e s  of such c r a f t .  

S p a c e c r d i t l o a d s  and s t r u c t u r e s  

The Mercury p ro jec t  conclusively demonstrated our  a b i l i t y  t o  design 
spacecraf t  struc:tures which can p lace  a man i n  e a r t h  o r b i t  and p ro tec t  him 
JErom h o s t i l e  anvironmental condi t ions  f o r  a b r i e f  per iod and assure  h i s  
s a fe  re turn.  While the  technology gained from t h i s  program has been of 
iinnneasurable val.ue i n  working toward the  more ambitious mission ob jec t ives  
of Gemini a n d  Ap0110, it has a l s o  revealed se r ious  technological  inadequacies 
i n  areas considered v i t a l  t o  t he  design of subsequent manned and unmanned 
spacecraf t  . 

Most of these  inadequacies a re  a d i r e c t  r e s u l t  of more s t r i n g e n t  
mission requirements,  which include increased payloads, higher  performance, 
and longer ops ' ra t ing times i n  the  space environment. P a r t i c u l a r  emphasis i s  
now placed on obta in ing  new research  and technological  information reqluired 
to provide s i g n i f i c a n t  advances i n  a b l a t i v e  and o t h e r  forms of thermal pro- 
1:ection which cain assure  su rv iva l  of fu tu re  genera t ions  of  spacecraf t  under 
t:he extreme thermal condi t ions  of l i f t i n g  and higher  speed e n t r y  i n t o  learth 
imd planetary atmospheres. I n  addi t ion ,  information i s  required on thle 
e f f e c t s  of prolonged exposure t o  environmental hazards.  

Since r e l i a b l e  and e f f i c i e n t  performance of spacecraf t  i s  mandatory, 
t:he r a t i o n a l  design of f u t u r e  more complex veh ic l e s  r equ i r e s  t h a t  both t h e  
s t r u c t u r a l  arrangement and materials used be t a i l o r e d  t o  meet more s p e c i f i c  
and exact ing requirements. I n  order  f o r  t he  materials s c i e n t i s t  t o  be 
prepared t o  t a i l o r  materials t o  a p resen t ly  unforeseen requirement,  vi;gorous 
research i n  t h e  s t r u c t u r e  of mat ter  a t  t he  atomic level i s  e s s e n t i a l .  Research 
is being expanded i n  s o l i d  mechanics t o  assure  the  a v a i l a b i l i t y  of appropr ia te  
methods of ana lys i s  i n  t i m e  t o  exp lo i t  f u l l y  the  s t r u c t u r a l  r ami f i ca t ions  
of fe red  by new and improved mater ia l s .  Implementation of new research  t o  
accomplish these  ob jec t ives  w i l l  r equ i r e  a s i g n i f i c a n t  increase  i n  the  
research and technology e f f o r t  on spacecraf t  s t ruc tu res .  

Space veh ic l e  environmental f a c t o r s  

Vehicles f o r  fu tu re  space missions must be designed t o  cope with Ithe 
hLostile environment of f r e e  space. Such design becomes inc reas ing ly  d i f f i -  
c u l t  f o r  fu tu re  missions pr imar i ly  because of  t he  longer dura t ion  of exposure 
t o  environments which are only p a r t i a l l y  def ined and whose e f f e c t s  on Ithe 
space veh ic l e s  a r e  only  known t o  a l imi t ed  degree. Such environmental 
f a c t o r s  include high-energy p a r t i c l e  r a d i a t i o n ,  meteoroid impact, zero 
g r a v i t y  e f f e c t s ,  hard vacuum, and the  e f f e c t s  of thermal r ad ia t ion .  
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All space veh ic l e s  w i l l ,  t o  some degree,  be exposed t o  high-energy 
r ad ia t ion  f i e l d s  i n  space (e.g. Van Allen b e l t s ,  solar protons,  and g a l a c t i c  
cosmic r a y s ) ,  with the  hazard of t he  r a d i a t i o n  environment depending on the  
mission. While the  problem of protecting man and equipment from the  e f f e c t s  
of t h i s  haz<ard i s  important f o r  any long dura t ion  mission, it i s  most: severe  
f o r  veh ic l e s  wlhich spend a s i g n i f i c a n t  per iod of t i m e  i n  the  trapped rad ia-  
t i o n  b e l t s .  I f  such manned missions are t o  be conducted, l a r g e  sh i e ld ing  
thicknesses  w i l l  be involved. Consequently, s t u d i e s  i n  such a reas  at! 
secondary riadiation, e f f i c i e n t  use  of on-board mass as sh ie ld ing ,  s h i e l d  
optimizatiori ,  rnethods f o r  dose c a l c u l a t i o n  and f o r  explora t ion  of act ive 
e1ectromagnei:ia sh i e ld ing  concepts w i l l  be continued. Also, s t u d i e s  of  
r a d i a t i o n  e fEec ts  on p a r t i c u l a r l y  suscept ib le  components and ma te r i a l s  
must be accomplished on a cont inuing b a s i s  i n  support  of both unmanned and 
manned missions. 

The hamrrd of c o l l i s i o n  with space d e b r i s  w i l l  increase  with mission 
durat ion.  T h i s  debr i s ,  i n  the  form of meteors, has  been s tudied  by astronomers 
f o r  many years  but  t he re  remains a fundamental unce r t a in ty  as t o  the  magnitude 
of t he  assocj.at.ed hazard t o  spacecraf t .  Direct measurements by s p e c i a l  
s a t e l l i t e s  i n  space are required t o  determine the  f l u x  and phys ica l  charac- 
t e r i s t i c s  of the  meteoroids and t h e i r  pene t ra t ing  a b i l i t y ;  f u r t h e r  d i scuss ion  
of these  experiments i s  included under the  f l i g h t  p ro jec t s .  Laboratory 
experiments i n  high-speed p a r t i c l e  impact have produced a l imi t ed  understanding 
of impact phenomena. However, t r u e  meteoroid v e l o c i t i e s  and masses have not 
y e t  been obtained i n  the  labora tory ,  and a continued e f f o r t  w i l l  be made 
t o  simulate nacural  meteoroid c h a r a c t e r i s t i c s  t o  ob ta in  a f u l l e r  under- 
s tanding of impact  phenomena i n  order  t o  devise  optimum pro tec t ion .  

Knowledge of  t h e  e f f e c t s  of near  pe r fec t  space vacuum on ma te r i a l  
p rope r t i e s  i s  not  r e a d i l y  obtained i n  present  vacuum test chambers. 
o rder  t o  improve vacuum technology, techniques f o r  reaching,  maintaining and 
measuring thle extremely low d e n s i t i e s  r e l a t e d  t o  t h e  space environment w i l l  
be supported. 

Cn 

The e f f e c t s  of weight lessness  during unpowered space f l i g h t  pose 
problems f o r  l i q u i d  fue ld  handling and storage.  The major problem i s  t h a t  
of pos i t ion ing  the f l u i d  i n  the  tanks so as t o  accomplish proper venti.ng, 
as w e l l  as proper pumping on engine restart. Gra t i fy ing  progress  has been 
imade dur ingt l ie  p a s t  year ,  using small-scale  drop tower experiments,  i n  
understanding the  e f f e c t s  of  f l u i d  p rope r t i e s  and tank geometry on tha 
coni igurat ior i  o:E the  l iquid-vapor in t e r f ace .  It appears t h a t  techniques 
with consider,ab:te promise f o r  the  con t ro l  of f l u i d  p o s i t i o n  have been 
discovered. (:onti.nuing research  is  required on the  behavior of f lu ids '  
when subjected t o  such d is turbances  as acce le ra t ions ,  pumping, and vent ing ,  
and on hea t  t.i:arisfer from tank walls t o  cryogenic f l u i d s  such as l i q u i d  
hydrogen. A riuniber of  these  experiments, e s p e c i a l l y  those involving heat 
t r a n s f e r ,  r equ i r e  longer weight less  times t o  insure  equi l ibr ium than can be 
obtained i n  g,round f a c i l i t i e s  and thus  can be p r a c t i c a l l y  accomplished only 
i n  f ree-f l igh  t .  . 
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Spacecrcift. , both unmanned and manned, must ope ra t e  wi th in  r e l a t i v e l y  
narrow temperat:ure l i m i t s .  
are absorbing r a d i a t i o n  from t h e  sun, and r a d i a t i n g  hea t  t o  t h e  extreme cold  
of  surrounding space a t  t h e  same time. 
encompass inmerise e l l i p s e s  which pass  w e l l  i n s i d e  t h e  e a r t h ' s  o r b i t  i n  t h e  
d i r e c t i o n  of the  sun a t  one t i m e ,  and then f a r  o u t s i d e  t h e  e a r t h ' s  o r b i t  a t  
another t i m e ,  r e s u l t i n g  i n  a wide v a r i a t i o n  i n  t h e  r a d i a t i o n  receivecl from 
the  sun and, hence, a complex problem i n  temperature cont ro l .  The ckiarac- 
t e r i s t i c s  o:E sipace veh ic l ecoa t ings ,  both i n  space and i n  space simulsttors, 
w i l l  be s tud ied  as w i l l  mechanical o r  e l e c t r o n i c  techniques f o r  a l t e r i n g  the  
hea t  balance of space vehic les .  
solar spectrum and f o r  us ing  models t o  reduce t h e  need f o r  f u l l - s c a l e  ground 
t e s t i n g  w i l l  be inves t iga ted .  

This i s  complicated by t h e  f a c t  t h a t  t he  veh ic l e s  

I n t e r p l a n e t a r y  t r a j e c t o r i e s  wli11 

Methods f o r  more accu ra t e ly  simulati.ng t h e  

The primary ob jec t ive  of t h i s  e f f o r t  i s  t o  supply t h e  t echn ica l  know- 
ledge required f o r  t h e  development of t h e  more highly advanced, l a r g e r ,  and 
mre e f f i c i e n t  launch veh ic l e s  requi red  i n  t h e  f u t u r e  space program. 
conf igu ra t ion  aspects of t h e  research  w i l l  emphasize analyLica1 and experi-  
mental i n v e s t i g a t i o n s  of t r a j e c t o r i e s  and s t ag ing ,  loads and fo rces  ion space- 
c r a f t  f a i r i n g  and t r a n s i t i o n  areas between rocket  s t a g e s  of d i f f e r i n g  d ia -  
meters, latuiccti veh ic l e  dynamic and s ta t ic  s t a b i l i t y ,  o v e r a l l  v e h i c l e  aero- 
dynamic loads and fo rces ,  hinge moments of gimballed rocke t  nozzles,  and 
flow phenonwui i n  reg ions  of t h e  rocke t  base. S tud ie s  w i l l  be continued t o  
determine arrangements of c l u s t e r e d  engine nozz les  t o  minimize base heating. 
The charact.erj.si.tcs of rocke t  motor j e t  plumes w i l l  be s tud ied  in  simulated 
space pressures ,  with p a r t i c u l a r  re ference  t o  veh ic l e  s t a b i l i t y  and f l i g h t  
behavior during staging. 

The 

Venting flow s t u d i e s  w i l l  be continued t o  determine methods of assuring; 
t h a t  t he  giase(,us f u e l  products w i l l  not c o l l e c t  i n  areas where dangerous 
explosions could occur during opera t ion  of launch veh ic l e  upper s tages .  

S tud ie r  !of launch veh ic l e  landing and recovery technology are continuing. 
With t h e  advent of very l a r g e  launch v e h i c l e s ,  i t  may be advantageous t o  
employ win,gs and poss ib ly  some type of propuls ion f o r  r e tu rn ing  t h e  boos te r  
t o  i t s  launch area. S tud ie s  w i l l  be i n i t i a t e d  t o  examine the  aerotllermo- 
dynamic problems of such concepts. 

The noise  generated by l a rge  rocke t  engines i s  a severe problem, both 
from t h e  e f f e c t  on t h e  space veh ic l e  and t h e  launch area. 
noise  f i e l d  around t h e  K i w i  nuc lear  rocke t  were i n i t i a t e d  t h i s  year.  
Analy t ica l  and experimental s t u d i e s  on the  genera t ion  and propagation of 
noise  from both chemical and nuc lear  rocke t s  w i l l  be continued, 

S tud ie s  of t h e  

With t:he l a r g e  s i z e  boos te rs  a n t i c i p a t e d  i n  t h e  coming yea r s ,  launch 
veh ic l e  aerot.hermodynamics technology must be expanded as a b a s i s  f o r  design 
of Nova cl.ass vehic les .  
ou t  a t  t h e  Marshall Space F l i g h t  Center wi th  support from t h e  'Langley, Ames, 
and L e w i s  Research Centers. 

A major po r t ion  of t h i s  program w i l l  be c a r r i e d  
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Launch EeJicle loads and s t r u c t u r e s  

The primary goal i s  t o  provide the  information necessary f o r  t he  success- 
f u l ,  r e l i a b l e ,  and e f f i c i e n t  performance of s t r u c t u r e s  f o r  f u t u r e  lauiich 
vehicles .  Future  launch veh ic l e s  of primary concern w i l l  d i f f e r  subsean t i a l ly  
from those c u r r e n t l y  i n  use o r  under development. 
w i l l  be much l a r g e r ,  and more expensive, which w i l l  make imprac t ica l  [:he 
scheduling of a l a rge  number of experimental  test f l i g h t s .  Accordingly, 
g r e a t e r  accuracy w i l l  be required i n  p red ic t ing  s t r u c t u r a l  behavi.or i n  the  
design s tage.  Research on the  app l i ca t ion  of small-scale  dynamic rnodttl d a t a  
t o  l a rge  f l i g h t  veh ic l e s  i s  one of the  s t u d i e s  d i r ec t ed  toward achievmg t h i s  
ob jec t ive .  Increases  i n  s i z e  and performance of  launch veh ic l e s  requ;.re a 
substantial1:y g rea t e r  research  e f f o r t  t o  ob ta in  information appl icable  t o  
s t r u c t u r a l  design i n  such areas as advanced conf igura t ions ,  use of new 
mater ia l s  prc~tecI:ion aga ins t  space hazards ,  high-temperature conditicms , 
determination of  the  c r i t i c a l  loads ac t ing  on the  veh ic l e ,  and the  dynamic 
response of the  st:ructure. S t r u c t u r a l  components of f u t u r e  launch vekiicles 
w i l l  be subjected a l s o  t o  environmental e f f e c t s  on which more detailecl 
information is required.  I n  add i t ion  t o  more information on the  e f f e c t s  of 
ithe space environment, more d e t a i l e d  and accura te  information i s  required 
on the  effect.!; of atmospheric winds and turbulence on the  launch veh ic l e  
s t ruc tu re .  The f i s c a l  year 1964 budget r ep resen t s  an increase  i n  l e v e l  of 
e f f o r t  comrnensurate with the  s h i f t  of emphasis t o  problems assoc ia ted  with 
the  l a r g e r ,  niore complex launch veh ic l e s  which w i l l  be requi red  t o  meet f u t u r e  
space f l i g h t  mission requirements. 

I n  p a r t i c u l a r ,  they 

Space vek&le design c r i t e r i a  

This  a c t i v i t y  i s  an engineer ing e f f o r t  t o  enhance the  f l i g h t  wortliiness 
and r e l i a b i l i t y  of fu tu re  NASA space vehic les .  The general  design c r i re r ia  
and bas i c  guide l ines  t o  be evolved a r e  to provide the  designers  of NASA space 
veh ic l e s  with a bas i c  and uniform set of condi t ions  f o r  use i n  designing 
launch vehic les ,  spacec ra f t ,  and r een t ry  veh ic l e s ,  as w e l l  a s  i n t eg ra t ed  
space vehicles .  Included within t h i s  a c t i v i t y  i s  the  compl i la t ion ,  co r re l a -  
t i o n ,  and assessment of s ta te -of - the-ar t  research  and technology and the  
prepara t ion ,  ldocumentation and updating of general  design cr i ter ia ,  stiindards, 
and bas i c  guide l ines .  The e f f o r t  encompasses the  establ ishment  of s tandard 
models of t he  environment wi th in  which space veh ic l e s  opera te  and oE cr i te r ia  
f o r  the  design of the  s t r u c t u r e ,  propuls ion system, and guidance and con t ro l  
system. The w ~ l c  is being pr imar i ly  accomplished in-house by the  f ie ld  
Clenters through a s t e e r i n g  committee with working subordinate subcomit  t e e s  
and ad hoc groups. A s  t he  c r i t e r i a  a c t i v i t y  w a s  proposed and approved l a t e  
i n  fiscal year  1962!, t he  a c t i v i t y  w a s  j u s t  g e t t i n g  underway a t  the  clos)e of 
tlhe calendar  year. 
nology o r i en ted  imd space f l i g h t  o r i en ted  p ro fes s iona l s  from t h e  var ious  
Centers on the  st:eering Committee, subcommittees, and groups in su res  t h a t  
t he  knowledge j;ained from research  and technology a c t i v i t i e s  appl icable  t o  
space vehicles:  arid from f l i g h t  experience i s  ava i l ab le  t o  evolve,  expand, and 
update the  c r i t : e r ia .  The funds requested i n  f i s c a l  year 1964 w i l l  provide 

The method of  intermixing both advanced research  arid tech- 
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f o r  t he  c o s t  of u t i l i z i n g  ou t s ide  organiza t ions ,  through con t r ac t s ,  t 2  ass is t  
i n  the  prepara t ion  of t he  c r i t e r i a .  The f i r s t  rough o r  ske le ton  NASA c r i -  
ter ia ,  which i s  planned f o r  completion i n  f i s c a l  year 1964, and the  f l l l ow-  
on expansion and updating as the  technology changes w i l l  be coorclinated wi th  
o ther  i n t e r e s t e d  f e d e r a l  departments and wi th  the  aerospace indus t ry .  

1964 -- 1963 - 1962 - FLIGHT PROJECTS: 

Scout r een t ry  hea t ing  

Spacecraf t  and support  s e r v i c e s  $(815,000)~ $ 400,000 $ !jOO,OOO 
Launch veh ic l e .  ................ 3.000.000 1.000.000 1 ,000 .000  

Subto ta l ,  d i r e c t  R&D c o s t s  $3,000,000 $1,400,000 $ l , ! i O O , O O O  

Personnel costs................ $ 736,000 $ 830,000 $ !106,000 
Operation of i n s t a l l a t i o n s . . . . .  518,000 494,000 __ lr95.000 

T o t a l  c3sts...,.........,.... $4,254.000 $2,724,000 &r01,000 

Total personne1.. ............ 97 98 :I. 0 3 - 
- 1/ $815,0~00 w a s  funded i n  f i s c a l  year 1962 "Operation of instal: , .at ion".  

1 

F l i g h t  Schedule 

Miss ion 

Materials te:; t 
Radiative hea t ing 
To ta l  hea t ing  

Launch Calendar year Launch 
veh ic l e  of launch loca t ion  -- 
scou t  1963 Wa 11 ops S t a t  ion 
scou t  1963 Wa 1 lops  S t a t i o n  
scout  1964 Wallops t a  t ion 

These f l i g h t  experiments are an e s s e n t i a l  p a r t  of t he  advanced 
research  and technology program on spacec ra f t  r e e n t r y  hea t ing .  Grouncl 
f a c i l i t i e s  a r e  a b l e  a t  p re sen t  t o  provide only p a r t i a l  simulation of t he  
environment E3r bodies r een te r ing  the  atmosphere a t  v e l o c i t i e s  h igher  than 
ICBM r e e n t r y  speeds, F l i g h t  tests are  requi red  t o  v e r i f y  and extend the  
t h e o r e t i c a l  a i a l y s e s  and t o  provide c o r r e l a t i o n s  f o r  ground f a c i l i t i e s .  The 
ob jec t ives  o:E t h i s  series of experiments are t o  measure, a t  speeds of about 
28,000 f e e t  per second, t o t a l  h e a t  t r a n s f e r  t o  the  instrumented spacec ra f t ,  
r a d i a t i v e  hea t  t r ans fe r  from the  ho t  gas cap, and determine thermal ef fec-  
t i veness  and ~; t ruc: tural  i n t e g r i t y  of cha r r ing  a b l a t o r s  and o the r  high- 
temperature mnatarj.als. The f i r s t  experiment t o  measure t o t a l  hea t ing  was 
launched frori Wall-ops S t a t i o n  on March 1, 1962, and achieved 23,000 f e e t  p e r  
second. The :;ecortd, launched August 31, 1962, designed t o  measure r a c  i a t i v e  
!heating, w a s  ,I Eailure due t o  malfunction of t he  launch veh ic l e .  Prepara- 
t i o n s  f o r  the  t h i r d  experiment are about completed, w i th  the  launch schedule 
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delayed t o  allow c o r r e c t i v e  modi f ica t ions  t o  be made on the  Scout laulich 
veh ic l e .  Prepara t ions  f o r  t h e  f o u r t h  experiment are  under way. The Eunds 
requested i n  f i s c a l  year 1964 are  t o  provide an  a d d i t i o n a l  experiment t o  
measure t o t a l  hea t ing  a t  v e l o c i t i e s  approaching 30,000 f e e t  per  second. 

FIRE - 
Reentry w h i c h  and support  

Terminal v e l o c i t y  v e h i c l e , .  
Launch vehicle,.. . . . . , . . . . .  

s e r v i c e s  

Subto ta l ,  ' d i rec t  R&D c o s t s  

Personnel cost:;. ........... 
Operation of i n s t a l l a t i o n s .  

Tota 1 pi: rs lmne 1. ......... 

Miss :ion --- 
IXeasure hea t ing  at: lunar  r e t u r n  
v e l o c i t i e s  (37,000 f e e t  per  
is ec  ond ) 

1963 - 1962 
7 

$1,346,000 $5,500,000 

223,000 2,500,000 
2,400,000 4.000.000 

$3,969,000 $12,000,000 

$ 809,000 $ 1,362,000 
5 19,000 693.000 

$5.297.000 $14,055,000 

106 159 

F l i g h t  Schedule 

Launch Calendar year 
veh ic l e  of launches 

At las  p lus  1963-1964 
An tares 

$3,400,000 

600,000 - ... - 
$4,000,000 

$1,3:1.9,000 
5!,7,000 

$5.91.6.000 

149 -- 

Launch 
loca t , i on 

m. 

-- 

The reentry hea t ing  of spacec ra f t  becomes r a p i d l y  more severe  ana less 
p red ic t ab le  it:; r e e n t r y  speeds approach and exceed the  speeds involved i n  
r e t u r n  from ;I lunar  space f l i g h t ,  For b l u n t  spacec ra f t ,  such as Apollo, a t  
these speeds t h e  a i r  becomes s o  h o t  t h a t  i t  r a d i a t e s  s u b s t a n t i a l  hea t  t o  the  
spacec ra f t .  '.:here ex is t ,  a t  present ,  l a r g e  u n c e r t a i n t i e s  as t o  t h e  magni- 
tude of t h i s  r a d i a t i v e  hea t ing  and i t s  e f f e c t  on spacec ra f t .  Although t h e  
most modern ground-based f a c i l i t i e s  are brought t o  bear  on i n v e s t i g a t i n g  
the  hea t ing  problem, no s i n g l e  f a c i l i t y  e i t h e r  e x i s t i n g  o r  under cons t ruc t ion  
wi th in  the count:ry can simulate a l l  t he  important f a c t o r s  a f f e c t i n g  aerody- 
namic heating, ( f o r  i n s t ance  c o r r e c t  v e l o c i t i e s ,  proper hea t ing  rates and 
t o t a l  hea t  input. va lues ,  c o r r e c t  time-heating h i s t o r i e s ,  t r u e  atmospheric 
dens i ty  var ia t . ions during r e e n t r y  f l i g h t ,  and s u f f i c i e n t  model s i z e )  f o r  a 
s i z e a b l e  spacec ra f t  r een te r ing  t h e  e a r t h ' s  atmosphere a t  speeds corresponding 
to r e t u r n  frcm .s lunar  f l i g h t .  Data from s e v e r a l  d i f f e r e n t  f a c i l i t i e s  must 
be pieced toge ther  and g ross ly  ex t r apo la t ed  wi th  judgement based on a v a i l a b l e  
t h e o r i e s  t o  a r r i v e  a t  aerodynamic hea t ing  e s t ima tes  f o r  spacec ra f t  l i k e  
Apo 11 0. 
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The prinuiry t echn ica l  ob jec t ive  of p r o j e c t  FIRE i s  t o  inves t iga t e  the  
heat ing environnlent and hea t ing  e f f e c t s  around a b lun t  veh ic l e  having a shape 
s i m i l a r  t o  Apol1.0, during an a c t u a l  r e e n t r y  f l i g h t  a t  37,000 f e e t  per second 
to provide c r i t i ca l  anchor po in t s  f o r  improving confidence i n  the  l imi ted  
:Laboratory t e s t  f a c i l i t i e s  as wel l  as t o  provide guidance f o r  the  app l i ca t ion  
of the  experimental and t h e o r e t i c a l  r een t ry  d a t a  generated by labora tory  
research. The r e s u l t s  w i l l  a l s o  have s ign i f i cance  i n  consider ing the  hea t ing  
problem which would be encountered i n  the  event of  an emergency r een t ry  of 
Apollo a t  a s t eepe r  e n t r y  angle than planned. 

P ro jec t  FIEE, a t  37,000 f e e t  per  second, i s  an extension of the Scout 
r een t ry  research p ro jec t  descr ibed above. P ro jec t  FIRE uses  an A t l a s  D t o  
boost the  spac:ec:raft along an ICBM t r a j e c t o r y  over t he  A t l a n t i c  Missile 
Range. The s;pac:ecraft c o n s i s t s  of a terminal  v e l o c i t y  veh ic l e  t o  impart t he  
necessary r een t ry  ve loc i ty ,  and a r een t ry  vehicle .  

General I)ynamics/Astronautics i s  respons ib le  f o r  providing the  A t l a s  
I) booster  a n d !  f o r  performing o v e r a l l  system i n t e g r a t i o n  funct ions.  Republic 
Aviation Corp. is the  p r i n c i p a l  con t r ac to r  on the  r e e n t r y  veh ic l e ,  and 
Change Voughtl As t ronaut ics  on the  terminal  v e l o c i t y  vehicle .  
Research Center i s  responsible  f o r  o v e r a l l  P ro jec t  FIRE management; the  
14arshall Space F l i g h t  Center f o r  t he  Atlas procurement; and the  Marshall 
!Space F l i g h t  Center toge ther  with the  Launch Operations Center f o r  launch 
of t he  space vehic les .  P ro jec t  FIRE c o n s i s t s  of two f l i g h t  a r t i c l e s  p lus  
one additional]. prototype spacecraf t  f o r  development t e s t i n g .  

The Langley 

The project; was approved i n  December 1961. The launch veh ic l e ,  r een t ry  
vehic le  and terniinal v e l o c i t y  veh ic l e  c o n t r a c t s  were awarded during March, 
May and June of 1962, respec t ive ly .  The r e e n t r y  and terminal  v e l o c i t y  
veh ic l e s  reached the  approximate 95 percent  design poin t  by November 1, 1962 
and i n i t i a l  fabxica t ion  was w e l l  under way. The f i s c a l  year  1964 eff .or t  w i l l  
be l a r g e l y  f o r  f i n a l  f a b r i c a t i o n  and assembly, check ou t ,  launch and d a t a  
reduct ion for  the  two f l i g h t s .  

19 64 
-PI- 

ILdvanced FIRE. 1962 19 63 

Spacecr a.f j t and support  
se rv ices .  ................... $ --- $ --- $5,600,000 

Velocity package.............. --- --- :1 ,200,000 
Launch vehicle................ --- --- I ,  700,,000 

Subto ta l ,  d i r e c t  R&D costs . .  $ --- $ --- $8,500,000 

292,000 Personnel costs............... --- 
Operation! of i n s t a l l a t ions . . . .  --- --- 134*= 

$ --- $8,926,000 To ta l  costs................. $ --- 
I- 

33 --- --- --- Tota l  personnel............. 

RDO 15-12 



F l i g h t  Schedule 

Launch Calendar year  Liliunch 
veh ic l e  of 1 aunche s l o c a t  i on  -- 

Radiative heat ing 
a t  p lane tary  re tu rn  
v e l o c i t i e s  Atlas Agena 1965- 1967 l ' r n  

This p ro jec t  w i l l  extend the  d a t a  from p r o j e c t  FIRE at 37,000 feet per  
second ( lunar  neturn ve loc i ty )  t o  45,000 f e e t  p e r  second ( i n t e r p l a n e t m y  
r e t u r n  ve loc i ty ) .  
bear ing on unnanned f l i g h t s  a t  about t he  same speed i n  the  atmosphere of 
Venus, which arle now planned fo r  t he  1965-1970 t i m e  period. 

Data from t h i s  p ro jec t  also w i l l  have an imporant 

It is expected t h a t  the  hea t  radiated by the hot gas cap surrounding the  
spacecraf t  during in t e rp l ane ta ry  r e t u r n  w i l l  be many t i m e s  g r e a t e r  than i n  
the  case of t'?e lunar  r e t u r n ,  and w i l l  be accompanied by a c r i t i c a l  cliange i n  
the  material:,  response t o  hea t  input.  
Atlas-Agena w h  ic1.e are required t o  v a l i d a t e  t h e o r e t i c a l  analyses  and t o  
provide da t a  Eo:c c o r r e l a t i o n  with very l imi t ed  d a t a  from ground f a c i l i t i e s .  

Measurements i n  f l i g h t  using the  

The Lang Ley Research Center w i l l  be assigned management r e s p o n s i b i l i t y  
as a follow-on to pro jec t  FIRE. 

1964 -- #Scout-launchwQneteoroid satel l i tes  1962 1963 

Spacecrt1:Et and support  
services . ,  ................... 8 78,000 $1,620,000 $45CIl,000 

Launch vehicle .  ............... 800,000 1,500,000 50CIl 000 

Subtotialp d i r e c t  R&D costs. .  $878,000 $3,120,000 $95CI $000 

-,L 

............. Personnc!:l costs . .  250,000 338,000 1661,000 
Operation of i n s t a l l a t i o n s .  ... 183,000 217,000 130 , 000 

Total c:osts. ............ ....$ 1,311,000 $3,675,000 $1,246:,000 
--I- 

............ Tota l  personnel. 33 40 --I- 19 

Missi.on --- 
F l i g h t  Schedule 

Launch Calendar year  Launch 
loca t ion  veh ic l e  of launches -I- 

Me teoroicl pene t ra t ion  
experi.nient s scout  1962-1964 Wallops S ta t ion  
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This p ro jec t  i s  an extension of t h e  advanced research  and technology 
program f o r  study of space environmental f ac to r s .  The cu r ren t  s t a t u s  of 
knowledge concerning the  meteoroid hazard i s  such t h a t  the  unce r t a in tg  i n  
weight of ma te r i a l  required f o r  p ro tec t ion  of  spacecraf t  i s  represented by 
a f a c t o r  of twenty. F l i g h t  experiments w i l l  provide d i r e c t l y  appl icable  
engineering infonuat ion on meteoroid pene t r a t ion  even i n  the  absence of 
knowledge of meteoroid v e l o c i t y  and dens i ty ,  o r  of an understanding oE t he  
phenomena of penetrat ion.  

The primary ob jec t ive  of t h i s  series of sa te l l i tes  i s  t o  determine the  
frequency of meteoroid pene t ra t ions  through m e t a l  shee t s  from one to  f ive -  
thousandths of  an inch i n  thicknesses  of aluminum and steel. 

These satell i tes are the  f i r s t  approach to  ob ta in  d a t a  t o  reduce the  
l a r g e  uncer ta in ty  which exists a t  present  concerning the  p r o b a b i l i t y  of 
pene t ra t ion  of a spacecraf t  by meteoroids. Since the  satel l i tes  a r e  1.imited 
i n  weight,  oisly a l imi ted  area of material can be exposed t o  meteoroids,  
and thus they a r e  l i k e l y  t o  encounter i n  significant numbers only meteoroids 
capable of pene t ra t ing  r e l a t i v e l y  t h i n  mater ia l s .  
thicknesses  approaching those used i n  ac tua l  spacec ra f t ,  and t o  ob ta in  more 
accurate  da t a  e s s e n t i a l  t o  p red ic t  the  p r o b a b i l i t y  of  pene t ra t ion  f o r  
f l i g h t s  of long dura t ion ,  add i t iona l  experiments w i l l  be necessary.  

To ob ta in  d a t a  on material 

These spaccxraf t ,  launched by the  Scout rocke t ,  are about two f e e t  i n  
diameter by SIX f e e t  long with a total  sensor a r e a  of  about 25 square f e e t .  
Orb i t a l  l i f e  I s  one year. P ro jec t  management r e s p o n s i b i l i t y  i s  a t  the 
Langley Resea:rch Center. One sa te l l i t e  w a s  launched i n  August 1961, h t  
remained i n  o:rb:It only 24 days due to  an i n j e c t i o n  error. The l i f e - t ime  
'was too b r i e f  f o r  any penet ra t ions  t o  be recorded. 

:Saturn- l a u n c h g  meteoroid 
experiments 1962 19 63 19614 -- 

Spacecralit and support.. ....... $ --- $2,430,000 $4,25CI,OOO 
Personnel (:osts............... --- 427,000 442,000 

231,000 252,000 Operation of i n s t a l l a t i o n s . .  --- .. 
Tota l  costs. ................ 9 --- $3,088,000 $4,944:,000 --- 

............ 44 --I- 44 Tota l  personnel. --- 
F l i g h t  Schedule 

M i  s si.cm --- 
Launch Calendar year Launch 
ve h i c  1 e of 1 aunche s loca,t  ion  -- 

Meteoroi cl E:xperiment Saturn 1964 AMR 
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By 1964, the  Scout-launched meteoroid sa te l l i t es  w i l l  have provided 
da ta  on the  frecluency of pene t r a t ion  of very t h i n  metal sk ins ,  and w i l l  
have provided s t a t i s t i c s  on the  meteoroid haoard t o  spacecraf t .  There w i l l  
remain, however,, a s i g n i f i c a n t  unce r t a in ty  concerning the  frequency of 
pene t ra t ion  of nietal sk ins  thi.cker than 0.005 inches i n  the  near-ear th  
environment . 

This proJec:t, which w i l l  be launched on development Saturns ,  w i l l  
expose t o  met.c!oroid pene t ra t ion  almost 100 times more area than the  
Scout-launched s e r i e s .  I n  addi t ion ,  t h i s  experiment w i l l  provide da ta  on 
penet ra t ions  i n t o  ma te r i a l  thicknesses  approaching nominal veh ic l e  w a l l  
th ickness ,  such as  would be found i n  the  Apollo tanks,  SNAP-8 r a d i a t o r s ,  
and o the r  propel.lant tanks . 

The experinient w i l l  c o n s i s t  of e i t h e r  a umbrella-type o r  wing-like 
s t r u c t u r e  which w i l l  be e rec t ed  i n  o r b i t .  About 200 square meters of sur-  
face w i l l  be exposed t o  penetrat ion.  The spacecraf t  w i l l  conta in  the  
normal gui.danc:e ,, c o n t r o l ,  power and te lemetry systems. I t s  expected 
weight i s  about 4,000 pounds, and i t s  l i f e  t i m e  i n  o r b i t  w i l l  be about one 
year . 

The experinlent w i l l  be launched by two development Saturn veh ic l e s ,  
i l s  a secondaxy experiment to  Apollo tests,  and w i l l  r ep lace  the  b a l l a s t  
normally c a r r i e d  on these  t e s t s .  

!;pace vehic le  recovery 1964 
--I- 

1962 19 63 

Fl igh t  vehic les  and support  ................... --- $950,000 --- 280,009 Personnel. costs. .  ............. 
Operation of i n s t a l l a t i o n s .  ... - -0  --- 1 3 6 , E  

$ serv ices .  $ - -0  --- 

Tota l  cotits.. ............... $ --- --- $ I ,  3 66,000 s 
-8- 

Laboratory experimental and a n a l y t i c a l  s t u d i e s  ind ica t e  g r e a t  promise 
lEor lifting-blcidy type spacecraf t  f o r  manned space f l i g h t  appl ica t ions .  Such 
vehic les  a re  conceived a s  having a moderate amount of l i f t  c a p a b i l i t y  a t  
hypersonic speeds t o  ease the  r een t ry  problem ( l i f t / d r a g  r a t i o s  between 
11.0 and 1.5) and s u f f i c i e n t  l i f t  c a p a b i l i t y  at subsonic speeds t o  permi t  
a hor izonta l  a i rpor t - type  landing. Although wind tunnel  and f l i g h t  
s imulator  s tud ie s  provide some ind ica t ion  of the  p i l o t i n g  c h a r a c t e r i s t i c s  
of the  wingless conf igura t ions ,  manned f l i g h t  tests of a few se l ec t ed  con- 
f i g u r a t i o n  types; a r e  required t o  permit a s a t i s f a c t o r y  eva lua t ion  of t h e i r  
subsonic f ly ing  q u a l i t i e s .  The o v e r a l l  aerodynamic, s t r u c t u r a l  mass d i s -  
t r i b u t i o n  and f l i g h t  con t ro l  systems c h a r a c t e r i s i t c s  are considerably d i f f e r e n t  
from those o f  a i . r c r a f t  conf igura t ions  i n  which f l i g h t  t e s t  d a t a  ate ava i lab le .  
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The l i f t i n g  body conf igura t ions  t o  be cons t ruc ted  and flown are heing 
se l ec t ed  on t h e  b a s i s  of ex tens ive  labora tory  wind tunnel  and a n a l y t i c a l  
s tud ies .  The r e l a t i v e l y  inexpensive l a r g e  s c a l e  veh ic l e s  are unpowered; 
they w i l l  be towed a t  low speeds by ground veh ic l e s  and a i r c r a f t .  Upon 
release a t  se l ec t ed  a l t i t u d e s ,  research  f l i g h t  test  p i l o t s  w i l l  f l y  the  
instrumented vehicles back to ea r th .  I n  add i t ion  t o  the  towed t e s t s ,  con- 
s i d e r a t i o n  w i l l  be given t o  a i r  drop tests from l a r g e  a i r c r a f t .  
w i l l  be obtained on general  p i l o t i n g  q u a l i t i e s  of t he  veh ic l e s ,  on f l a g h t  
con t ro l  system c h a r a c t e r i s t i c s ,  and on landing c h a r a c t e r i s t i c s  of such 
type spacecraf t .  Su f f i c i en t  El ights  w i l l  be made to  assess the  opera1:ional 
procedures and po ten t i a l  of  the  l i f t i n g  body c l a s s  of manned spacecrajk.  
The F l i g h t  Research Center w i l l  conduct the  f l i g h t  t e s t s .  

Information 

Secondary env@onmental 
experiments 1962 1963 1964 --- 

Experiments and support .................... --- $550 ,,OOO $ serv ices .  $ --- 
Personnel costs................ --- 
Operation of instal la t ions. . . . .  -I- 

$ --- $1,172,000 

--- 440 ,, 000 --- --- 182 ,, 00 

Tota l  costs............... --- 
I- 

2 Tota l  personnel........... -I 

--- --- 
These w i l l  be secondary experiments flown on launch veh ic l e s  o r  :space- 

c r a f t  funded elsewhere. The s i z e ,  weight,  and data- t ransmission requi-rement 
c h a r a c t e r i s t i c s  of experiments f o r  t e s t i n g  of ma te r i a l s  i n  the  space cmviron- 
ment are such t h a t  these  experiments can o f t e n  be c a r r i e d  on spacecraf t  
having o the r  primary ob jec t ives ,  permit t ing the  ma te r i a l s  experiment to be 
accomplished without the  f u l l  c o s t  of a separa te  launch. For example, a 
secondary experiment c a r r i e d  aboard the  Orbi t ing  Solar  Observatory ha:; 
provided usefu l  data on the  emis s iv i ty  c h a r a c t e r i s t i c s  of several  spacecraf t  
materials as a f f ec t ed  by continued exposure t o  the  space environment. These 
d a t a  d i f f e r e d  i n  c e r t a i n  important r e spec t s  from d a t a  previously obtamed 
i n  ground f a c i l i t i e s ,  revea l ing  t h a t  a l l  of the  f a c t o r s  i n  the  space cinviron- 
ment which a f f e c t  the  emiss iv i ty  of materials have not  ye t  been adequirtely 
simulated i n  the  ground f a c i l i t i e s  used f o r  such tests. 

The funds requested f o r  f i s c a l  year  1964 w i l l  permit secondary experi-  
ments t o  e s t a b l i s h  the  e f f e c t s  of t he  seve ra l  f a c t o r s  i n  the  space environ- 
ment on the  physical c h a r a c t e r i s i t c s  of a wide v a r i e t y  of important space- 
c r a f t  mater ia l s .  

Launch schedules are not  d e t a i l e d  s ince  they are secondary experiments 
t o  be flown on launch vehic les  o r  spacecraf t  funded i n  o the r  programs, 
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Small space vehic le  
f l i g h t  experiments 1962 

Behavior and handling of 
cryogenic propel lan ts  
a t  zero g.b................. $ ... 

Wind shear measurements....... --- 
Meteor simulation............. --- 
T r a i l b l a z e r  r een t ry  project. . .  --- 
Meteoroid pene t r a t ion  probe... 295,000 

l/ Sub to ta l ,  d i r e c t  R&D costs . .  $295,000- 

Personnel: costs.. . .  ...........$ 1,302,000 
Operation of i n s t a l l a t ions . . . .  1,005,000 

Tota l  c o s t s  ..............$ 2,602,000 

Tota l  personnel.......... 173 

1964 -- 1963 

$ 800,000 
114,000 
600,000 
100,000 
90,000 

$1,704,000 

1,588,000 
970,000 

$4,262,000 

$1,65O,OOO 
600,000 
6013 ,000 
2013 ,000 
458,000 

--, 

$3,501:) ,000 

1,684,000 
991!5,000 

--, 

188 187 --- 
&/In addi t ion ,  $925,000 w a s  provided from f i s c a l  year 1962 

Operation of i n s t a l l a t i o n s  funds. 

This  p ro jec t  provides a number of c a r e f u l l y  se l ec t ed  b a l l i s t i c  t r a j e c t o r y  
f l i g h t  experiments using s m a l l  launch rocke t s  t o  v e r i f y  r e s u l t s  obtaiiied i n  
ground f a c i l i t i e s ,  and t o  inves t iga t e  problems which can only be studxed 
under ac tua l  space environmental condi t ions.  Current experimental  ob.lectives 
include: s t u d i e s  of the  behavior and handling of cryogenic p rope l l an t s  
( l i q u i d  hydrogen) i n  the  zero-g condi t ion  t o  provide information f o r  the  
design of space propulsion systems u t i l i z i n g  cryogenic p rope l l an t s ;  mc!asure- 
ments of wind shear p r o f i l e s  i n  the  v i c l n i t y  of  major rocket  launchin); 
bases t o  2id i n  the  s t r u c t u r a l  design of launch veh ic l e s  and e s t a b l i s h  launch 
wind c r i t e r i a ;  s imulat ion of meteors by f i r i n g  pel le ts  of known s i z e  :i.nto 
the  atmosphere from reen t ry  rocke ts  t o  provide a b a s i s  f o r  deducing the  s i z e  
of photograpliically observed n a t u r a l  meteors,  and thus  t o  e s t a b l i s h  the  
p robab i l i t y  of encountering meteoroids larger than those l i k e l y  t o  be encoun- 
t e r ed  by a meteoraid satell i te;  measurement of radar  c ross -sec t ion  of 
reenter ing  o b j e c t s  as a f f ec t ed  by the  ionized air  surrounding the o b j t x t ;  
and exp1orat:ilm of meteoroid showers by means of recoverable  probes i n  the  
form of pa rag l ide r s ,  permit t ing s tudy of  composition of meteoroids ant1 
impact phenomma. 

L e w i s  Re search Center has  management r e s p o n s i b i l i t y  f o r  the  zero-g 
experiment; Ihngley Research Center has management r e s p o n s i b i l i t y  f o r  t he  
lo t h e r  s . 

Launch :;chedules are not d e t a i l e d  s ince  t h i s  p ro jec t  incorpora tes  a 
number of small  experiments scheduled on a non-interference b a s i s  with respect: 
to  major rocket  and s a t e l l i t e  launchings. 
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NAT IiONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

ELECTRONIC SYSTEMS 

OBJECTIVES : 

The ob jec t ives  of t he  Elec t ronic  Systems Program are t o  provide 
r e l i a b l e  and e f f i c i e n t  components, and f l e x i b l e  and proven techniques 
far developing guidance, s t a b i l i z a t i o n ,  communications, t rack ing ,  i.nstrii- 
me.ntation and data processing systems which w i l l  meet t h e  projected needs 
of the  NASA's fu tu re  manned and unmanned space missions. 

SUMMARY OF RES_(,UF.CES REQUIREMENTS : 

196 L 
-_I__.. 

1962 1963 Funds - 
Supporting research and 

technoI.ogy. ..................... $4,933,000 $18,846,000 $26,612,000 
Small f l i g h t  pro jec ts .  ............ --- 1,850,000 - 3,7580,000 

Subl:ot;nl, d i r e c t  R&D costs..  . $4,933,000 $20,696,000 $30,3682,000 

Personnel COS~S................... 11,721,000 15,576,000 19,054,000 ....... 7,837,000 8,603,000 9,85flO,OOO Operation of i n s t a l l a t i o n s .  --- 
Tota l  cos t s .  ....... .s 24,49 1,000 $44,875,000 $59,2tl6,000 --- 

P e r  sonne 1 

NASA Headquarters. ................ 
Lewis Research Center. ............ 
Langley Research Center. .......... 
F l i g h t  Fksearch Center. ........... 
Marshall. Space F l i g h t  Center. ..... 
Manned :ipacec:raf t Center. ......... 
Goddard !Space F l i g h t  Center. ...... 
North Eas te rn  Office.. ............ 
Elec t ronic  Research Center. ....... 

Arnes Research Center.............. 
55 

456 
13 5 
739 

22 
92 

61 
479 
13 2 
7 28 
59 

152 
6 

1 1 2  
I 

47 

Tota l  personnel..... 1,499 1 , 7 7 7  

62 
497 
140 
7 25 

65 
155 
11 

113 
1 

240 

2,009 
II 

7 
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The Off ice  of Advanced Research and Technology a t  NASA Headquarters 
has t h e  management r e s p o n s i b i l i t y  f o r  t h e  E lec t ron ic  Systems Program. 
NASA Centers and the Je t  Propulsion Laboratory provide support f o r  t h e  
implementation of t h e  program through in-house e f f o r t s ,  and through 
i n s t i t u t i o n a l  and i n d u s t r i a l  con t r ac t s ,  

PROGRAM JUSTZECAT I O N  : 

The e l e c t r o n i c  systems i n  spacec ra f t  and launch v e h i c l e s  p lay  roLes 
analogous t o  t h e  senses and nervous systems i n  human beings. The navlga- 
t i o n  and c o n t r o l  systems are adjuncts  t o  man's s i g h t  and sense of b a h n c e ,  
t he  communications systems permit man t o  extend h i s  senses  of s i g h t  and 
sound over g r e a t  d i s t a n c e s  and much beyond t h e i r  n a t u r a l  ranges,  and 
ins t rumenta t ion ,  computation and d a t a  processing techniques i n  many c,ases 
perform as t h e  spacec ra f t ' s  "bra in  and nervous system." 

A s  man ventures i n t o  space f o r  longer per iods  and g r e a t e r  d i s t a n c e s ,  
t he  launch veh ic l e  and spacec ra f t  must con ta in  more r e f ined  sensors ,  
ins t rumenta t ion ,  computation and d a t a  processing f a c i l i t i e s  along wi th  
o t h e r  elements such as l i f e  support equipment, environmental contxol m d  
power generation. 

Guidance and naviga t ion  research  and technology are aimed at: developing 
the  techniques,  systems and components requi red  f o r  f u t u r e  spacec ra f t  and 
high performance veh ic l e s ;  and a r e  supporting f l i g h t  research  programs 
t o  determine the f e a s i b i l i t y  of t h e i r  opera t ion  i n  f l i g h t  environment:!. 

The c o n t r o l  system research  and technology e f f o r t s  de r ive  and 
implement t h e  developments necessary t o  optimize both manned and unmanned 
c o n t r o l  of aerospace veh ic l e s ,  Although cons iderable  success has  been 
a t t a i n e d  i n  f l i g h t  programs, t h e  l imi t ed  c a p a b i l i t i e s  of equipment and 
techniques used f o r  t h e  s t a b i l i z a t i o n  and c o n t r o l  of manned and unmanned 
v e h i c l e s  are being s t r a i n e d  by today's demands, and w i l l  be inadequate f o r  
t h e  future .  Since NASA o b j e c t i v e s  i n  space exp lo ra t ion  e n t a i l  performance 
requirements t h a t  cannot be f u l f i l l e d  by e x i s t i n g  techniques and equigmwnts, 
i t  i s  considered v i t a l  t h a t  research  and advanced technologica l  development 
be undertaken t o  meet these  objec t ives .  

The communications system research  and technology a c t i v i t y  is designed 
t o  meet t h e  u l t i m a t e  communication needs of spacec ra f t  on p l ane ta ry  missions,  
while t h e  imnediate r e s u l t s  can a l s o  b e n e f i t  lunar  programs. Meteororlogical, 
communications, and s c i e n t i f i c  sa te l l i te  programs are a l s o  bene f i t ed  through 
the  development of advanced, r e l i a b l e ,  and s m a l l  dev ices  f o r  comnunic,itions 
system. 

The t r ack ing  a c t i v i t y  i s  d i r e c t e d  towards achieving more e f f e c t i v e  
and accura te  t r ack ing  systems i n  range, v e l o c i t y  and angular measuremcmt; 
and t o  develop extremely s e n s i t i v e  d a t a  a c q u i s i t i o n  systems f o r  d e t e c t i o n  
of very  weak s i g n a l s  from space vehic les .  
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Work on advanced ins t rumenta t ion  i s  r equ i r ed  t o  in su re  t h e  t imely 
a v a i l a b i l i t y  of advanced measurement techniques,  devices and systems. 
Advanced ina1:rutments are p r e r e q u i s i t e s  f o r  explor ing ,  cha r t ing  and ca ta log-  
ing  t h e  nattire of near and deep space. The ins t rumenta t ion  of tomorrow 
must have mcu:kt!dly improved r e l i a b i l i t y ,  accuracy, s e n s i t i v i t y ,  range, and 
speed of response while ob ta in ing  unique d a t a  under h ighly  adverse candi- 
t ions . 

Data htuidXing and processing research  and technology i s  aimed at 
insur ing  the ex i s t ence ,  when needed, of space computing systems which b e s t  
meet t he  varying requirements of manned and unmanned missions of long, and 
shor t  duratj.on,, The computer is becoming more v i t a l  t o  space exp lo ra t ion ;  
consequently,  :Lts opera t ion  must be made more r e l i a b l e  f o r  longer per iods  
of time whi1.e executing many v i t a l  t a s k s  of i nc reas ing  complexity. 

EXPLANATION OF FUNDS REQUESTED: -- 
Supporting ~ : ( ~ ? a r c h  and technology: 

19 64 -- 1962 1963 

Guidance ~;ystems.. . . . . . . . . . . . . . . . .  $ 900,000 $4,590,000 $5,82'0,000 
Contro:L systems................... 1,025,000 3,527,000 4,92'8,000 

Tracking and data.  a c q u i s i t i o n  
s y s t m s  ......................... 540,000 1,930,000 3,4t;8,000 

Instrurlllsntat-.ion................... 658,000 2,669,000 4,2112,000 
Data hiradlirlg and processing...... 590,000 2,178,000 3,5:19,000 

Sub to ta l ,  d i r e c t  R&D costs... $4,933,000 $18,846,000 $26,61.2,000 

Communication systems.. ........... 1,220,000 3,952,000 4,5t;5,000 

Personnel cos t s .  .................. 9,858,000 13,833,000 18,3(j2,000 
Operat:ton of i n s t a l l a t i o n s .  ....... 6,631,000 7,698,000 -- 9 , 5 M , O O O  

To ta l  costs.............$21,422,000 $40,377,000 $54,560,000 - -:- 
Tota l  personnel ......... 1,255 1,574 1,933 -- 

Guidancx! systems 

Guidance systems research  has  t h e  genera l  o b j e c t i v e  of e s t a b l i s h i n g  
and p red ic t ing  the  s p a t i a l  p o s i t i o n  of ae ronau t i ca l  v e h i c l e s  o r  spacc5craft 
with ins t rumenta t ion  and components as simple and r e l i a b l e  as the  accuracy 
requirements w i l l  permit. 
continue cu r ren t  research  and technology on cryogenic (superconductfire 
magnetic) and e l e c t r o s t a t i c  gyros and accelerometers. Marshall Space F l i g h t  
Center and the Jet  Propuls ion Laboratory are t h e  foca l  po in t s  of t h i s  research,,  
The f i s c a l  year 1963 success i n  advancing t h e  s t a t e - o f - t h e - a r t  of t h ( ?  

F i s c a l  year 1964 funding w i l l  be u t i l i z e d  t o  
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electrostatically-supported sensor and i t s  p o t e n t i a l  f o r  long term space 
f l i g h t  app l i ca t ion  j u s t i f i e s  s u b s t a n t i a l  funding i n  f i s c a l  year  1964 f o r  
these  devices. In  addi t ion ,  a number of  Center and indus t ry  proposa;l.s f o r  
gyros and accelerometers using atomic p a r t i c l e s  and micron s i z e  (dusi: 
p a r t i c l e  s i z e )  p a r t i c l e s  are i n  t h e  formative s tages .  These new devxces 
o f f e r  s u f f i c i e n t  promise of increased r e l i a b i l i t y  i n  an environment of 
shock, vibr$at i<on,  and varying temperature t o  warrant f i s c a l  year 1964 funding . 

Current ly  planned manned lunar  and poss ib l e  p lane tary  missions p lace  
emphasis upon Ion-board o p t i c a l  space navigat ion instruments akin t o  present  
day a i r c r a f t  and marine sextants. This  concept o f f e r s  considerable  itdvant- 
age from t h e  s tandpoint  of s impl i c i ty ,  l i g h t n e s s  and optimum use of i:he man 
i f  ways can b e  found t o  s t a b i l i z e  adequately and read d a t a  ou t  of t h c  
instruments.  ICurrent concepts r equ i r e  maneuvering of t he  spacecraf t  t o  
allow such instruments t o  s i g h t  from e x i s t i n g p o r t s ,  an unnecessary ckxpendi- 
t u r e  of f u e l  and a compromise t o  o the r  mission objec t ives .  To allev:i.ate therie 
problems, technology e f f o r t s  were begun i n  f i s c a l  year 1963 t o  provide s e l f -  
s t a b i l i z e d  o p t i c a l  space naviga t ion  instruments  having adequate performance. 
This  e f f o r t  w i l l  continue a t  Ames Research Center i n  f i s c a l  year 1964 at a 
funding level above t h a t  of f i s c a l  year  1963. 

The pmscmt: s ta te -of - the-ar t  i n  spacecraf t  r ada r  d e t e c t o r s  and t r a c k e r s  
i s  based upon Department of Defense experience i n  a i rborne i n t e r c e p t  r ada r s  
f o r  use  with short-range guided missiles. The space environment, t a r g e t  
s i z e s  and t a r g e t  pos i t i on  u n c e r t a i n t i e s  m a k e  t h i s  r ada r  technology miirginal 
f o r  space use. Current emphasis i n  the  f i e l d s  of r ada r  and l a s e r  type 
guidance sensors  i s  on s t u d i e s  t o  e s t a b l i s h  requirements f o r  advanced space- 
borne de t ec t ion ,  t racking  and naviga t ion  systems. P a r a l l e l  t o  these  s t u d i e s ,  
l i m i t e d  teclnnology programs i n  those elements f o r  which a requiremeni: i s  
c l e a r  ( a s  an example, advanced spacecraf t  r ada r  antennas) have received 
f i s c a l  year 1963 a t t en t ion .  The r e s u l t s  of t he  requirements s t u d i e s  w i l l  
provide a sound b a s i s  f o r  increased f i s c a l  year  1964 emphasis on spacecraf t  
r adar- type sensors . 

Guidance sensors  must be t i e d  i n  t o  t h e  o v e r a l l  mission ob jec t ives  and 
furn ish  useEul information to  the  as t ronaut  crew. Addit ional ly ,  mosi: sensors  
now planned requi re  simple computation t o  b r ing  guidance s igna l s  ou t  i n  the  
proper form. To s a t i s f y  these  requirements,  research  has  been d i r ec t ed  i n  
f iscal  year 1963 t o  the  app l i ca t ion  of advanced computer and d i sp lay  technol- 
ogy (developed elsewhere wi th in  NASA) t o  s p e c i f i c  guidance problems f o r  
both manned and unmanned missions. This  research  w i l l  continue i n  f:i.scal 
year 1964. Of p a r t i c u l a r  i n t e r e s t  are computational systems u t i l i z i n g  power 
suppl ies  common t o  o the r  guidance and mission subsystems. As an example, a 
cryogenic g:yro and a cryogenic computer both r equ i r e  a source of supt!r- 
cooled l i qu id .  This  source could be a super-cooled l i q u i d  f u e l  such as 
1 i qu i d hydro ge n . 

Much of t he  guidance systems requirement i s  determined by the  path o r  
t r a j e c t o r y  Eollowed by the  spacecraf t  i n  navigat ing from e a r t h  t o  tht! moon 
and p lane ts .  ,Analysis of the  var ious  t r a j e c t o r i e s  poss ib le  i s  i n  i t l c  
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infancy. During f i s c a l  year 1963, emphasis began t o  s h i f t  from e a r t h  o r b i t -  
ing and lunar missions towards advanced p l ane ta ry  mission s tudies .  Continu- 
ous t h r u s t ,  which appears t o  be f e a s i b l e  f o r  deep space propulsion, w i l l  
over long-time per iods  propagate minor e r r o r s  made by t h e  guidance system 
i n t o  major ex-raxs i n  t h e  v i c i n i t y  of the  p lane ts .  Understanding of these  
problems i s  v i t a l  t o  f u t u r e  guidance system designers.  The f i s c a l  year  
1964 program encompasses work a t  Langley, Ames and Lewis  Research Centers 
and a t  Marsha11 Space F l i g h t  Center. 

Guidance! s imula t ion  f a c i l i t i e s  f o r  advanced manned space systems have 
been b u i l t  at. Langley and Ames Resgarch Centers  over t h e  p a s t  s eve ra l  years. 
During f i sca l .  year  1964, f u r t h e r  improvement i n  t h e  s o p h i s t i c a t i o n  of t hese  
devices as w s ! l l .  a s  use on cu r ren t  programs i s  planned. 

Control systems 

Vehicle s t : ab i l i za t ion  along t h e  des i r ed  f l i g h t  pa th  i s  a major o b j e c t i v e  
The funds requested f o r  f i s c a l  year  1964 w i l l  be of c o n t r o l  systems. 

appl ied  t o  t h e o r e t i c a l  and experimental i n v e s t i g a t i o n s  of manual and auto- 
matic f l i g h t  ccjntrol systems, f l i g h t  d i sp l ays ,  advanced c o n t r o l  theory, 
advanced f1iE;ht: component technology, and s imula t ion  technology a s  appl ied  
t o  f l i g h t  cclrttrol. 

The primary goal o f  t he  c o n t r o l  systems research  i s  t o  develop tech- 
nology such t h a t  h ighly  r e l i a b l e  c o n t r o l  systems may be designed t o  ope ra t e  
i n  a very hozrtile environment, de r iv ing  impetus from t h e  environment where 
poss ib l e ,  arttl nccomplishing the  requi red  performance wi th  minimum c o s t  i n  
terms of weight:, s i z e ,  and d o l l a r s ,  and wi th  minimum r i s k  t o  t h e  humans 
involved. The research  t o o l s  used t o  accomplish these  goa l s  inc lude  theo re t -  
ical ,  mathematical and s imula t ion  techniques,  followed by p r a c t i c a l  feasi- 
b i l i t y  demonsitration. 

Included i n  t h e  e f f o r t s  of the NASA Centers i n  f i s c a l  year 1963 are, 
f o r  example: at: Langley, p i l o t  c o n t r o l  (simulator) s t u d i e s  of a l l  phases of 
a lunar  mise;i.or!; at Ames, passive a t t i t u d e  c o n t r o l  s t u d i e s  drawing on t h e  
X-15 experience at  F l i g h t  Research Center t o  improve spacec ra f t  d i sp l ays ;  
r e a c t i o n  sphere s a t e l l i t e  a t t i t u d e  c o n t r o l s  at Goddard; a low a l t i t u d e  
sensor f o r  use wi.th rocke t  landing systems a t  Manned Spacecraft  Center; and 
t h r u s t  vec to r  c o n t r o l  of l a r g e  rocke t  motors at  Marshall. 

Future  work a t  Ames w i l l  be d i r e c t e d  toward t h e  s o l u t i o n  of plarietary 
r e e n t r y  f l i g h t  c o n t r o l  and d i sp lay  problems; Goddard w i l l  improve o r b i t a l  
veh ic l e  attil:ude c o n t r o l s ,  both passive and active; Langley w i l l  i n t e n s i f y  
lunar  envi rormmt  f l i g h t  c o n t r o l  research  r e l a t e d  t o  landing, rendezvous, 
and docking;; F l i g h t  Research Center w i l l  i n v e s t i g a t e  p i l o t i n g  problems of 
s a i l - t ype  val i ic les  and l e n t i c u l a r  shapes; L e w i s  w i l l  i n v e s t i g a t e  appl i c a t i o n  
of advanced c o n t r o l  concepts t o  propuls ion systems of t h e  f u t u r e ;  Maxshall 
w i l l  implement e f f o r t s  t o  optimize f l i g h t  c o n t r o l  systems f o r  mul t i - s tage  
launch vehic::tee; and Manned Spacecraft  Center w i l l  u t i l i z e  informaticln 
gained from t h e  manned space f l i g h t  program t o  improve t h e  u t i l i z a t i c l n  of 
instrumentat: Lon f o r  a t t i t u d e  cont ro l .  
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Optimal ope ra t ion  of c o n t r o l  and nav iga t iona l  equipment is t o  a l a rge  
degree dependent on t h e  fundamental p r o p e r t i e s  and behavior of m a t e r i a l s  
used i n  t h e i r  cons t ruc t ion .  Minute e r r o r s  i n  t h i s  equipment can cause 
e r r o r s  which produce d e s t i n a t i o n s  thousands of m i l e s  o f f  course, 
of such probIeuu t o  which e f f o r t  w i l l  be devoted ia fiscal  year 1964 are: 

Exaiaples 

a, The machining of bear ing  sur faces  t o  h igher  and h igher  accurac ies  
and su r face  f i n i s h e s  encounters t h e  l i m i t a t i o n s  i n  accuracy of 
our machine t o o l s  and the  unfor tuna te  s i t u a t i o n  t h a t  ad jacent  
smoclth clear bear ing su r faces  w i l l  cold-weld t o  each o the r  in t h e  
vacuum of space, 
bear ing  su r faces  and coa t ings  w i l l  continue,  l ead ing  t o  an e a r l y  
deve'lclpment and eva lua t ion  of pre l iminary  coa t ings .  

The use of gas  bear ings  f o r  gyroscopes and o t h e r  c o n t r o l  components 
is tiei.ng aggress ive ly  studied. 
su r f aces  f o r  missions involving s t a r t - u p  i n  space and f o r  a d d i t i o n a l  
s a f e t y  i n  the  event of gas  flow in t e r rup t ion .  

Research under way on minimum f r i c t i o n  and welding 

b. 
Even these  need t h e  non-st ick 

Communi2:at:ion systems 

Maintaining voice  andlor  da ta - l ink  con tac t  between spacec ra f t  and 
e a r t h ,  earth1 arid satel l i tes ,  p l a n e t s  and e a r t h ,  o r  va r ious  combinations of 
t hese  elemenks is t h e  genera l  goa l  of comunica t ion  systems research. 
Impl i c i t  i n  t:hi.s goal is r e l i a b i l i t y ,  reduced power requirements and increased  
e f f i c i ency ,  In f i s c a l  year  1964, t h e  communications e f f o r t  w i l l  be d i r e c t e d  
p r imar i ly  tovard t h e  support of t h e  luna r  and p l ane ta ry  missions f o r  achiev- 
i ng  adequate. bandwidth f o r  TV, voice communications, s c i e n t i f i c  and t r a j e c t o r y  
data.  

A specific:  o b j e c t i v e  i s  t o  assure  communications during r e e n t r y  i n t o  
t h e  e a r t h ' s  citniosphere from luna r  and p l ane ta ry  missions,  as w e l l  as during 
e n t r y  i n t o  unknown p lane ta ry  atmospheres. Another t echn ica l  o b j e c t i v e  f o r  
t he  longer missions i s  t o  achieve high r e l i a b i l i t y  and to l e rance  t o  the  space 
r a d i a t i o n  emrironment i n  t h e  e l e c t r o n i c  instruments used f o r  t he  v i t a l  
comcrmnicatiorts l i nks .  
niques t h a t  wi1.1 permit t h e  use of o p t i c a l  masers (LASERS) i n  cormmica t ions  
systems, whi.c:h should inc rease  both t h e  channel c a p a c i t y  and range of these  
sys t e m s  , 

A f u r t h e r  o b j e c t i v e  is  t o  develop devices and tech- 

Advancec; i n  o p t i c a l  communications devices have been r a p i d  i n  t h e  p a s t  
year, A partuuetric system study was i n i t i a t e d  wi th  General Electric i n  an 
e f f o r t  t o  idc!nt:ify t h e  l i m i t a t i o n s  of t h e  component p a r t s  of a coherent 
o p t i c a l  space c : o m n i c a t i o n s  system, as w e l l  as t o  i n d i c a t e  t h e  c o n s t r a i n t s  
imposed on sttch a system by t h e  environment. It is hoped t h a t  t h i s  e f f o r t  
w i l l  b r ing  t o  l i g h t  t h e  many t echn ica l  d i s c i p l i n e s  t h a t  must be pursued i n  
o rde r  t o  real.ize a p r a c t i c a l  o p t i c a l  communications system. The Goddard 
Space F l i g h t  Center w i l l  conduct a f l i g h t  experiment i n  1963 us ing  t h e  S-66 
satell i te,  t.o o b t a i n  s c i e n t i f i c  d a t a  on communications systems us ing  o p t i c a l  
frequencies. 
emphasis placed on supporting e f f o r t  i n  search  of new laser devices wlhich 

This  work w i l l  be continued i n  f i s c a l  year  1964 wi th  added 
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w i l l  prove most u s e f u l  i n  NASA communications systems. 
an i l l u s t r a t i o n  of a poss ib l e  breakthrough, t h e  e f f i c i e n t  d i r e c t  conversion 
of e lectr ical  energy i n t o  coherent o p t i c a l  r a d i a t i o n  has  r e c e n t l y  be1.n 
demonstrated by the  Massachusetts I n s t i t u t e  of Technology, General Electric,  
IBM, and oth.ers. 
year 1964. 
space f l i g h t  appl ica t ions .  
Space F l i g h t  Center w i l l  s tudy t h e  p r i n c i p l e s  more broadly f o r  sa te l l i t e  
appl ica t ions .  

For in s t ance ,  as 

These devices and techniques w i l l  be exp lo i t ed  i n  Eiscal 

Also , Marshall Space F l i g h t  Center and Goddard 
Th.e Manned Spacecraft  Center i s  a l r eady  cons ider ing  manned 

Possible app l i ca t ions  f o r  o p t i c a l  communications inc lude  earth-to-moon 
l i n k s ;  comnmicat ions between manned spacec ra f t  ; communications r e l a y s  i n  
which o p t i c a l  techniques w i l l  provide t h e  l i n k  between systems in space, 
while t h e  r e l a y  l i n k  to  e a r t h  w i l l  u t i l i z e  convent ional  f requencies ;  f l a sh -  
ing l i g h t s  for  geodetic sa te l l i t es  and f o r  rendezvous missions. 

Work i n  microe lec t ronics  i n  f i s c a l  year  1963 has  been acce le ra t ed  with 
e f f o r t s  a t  Phj.1~0, General Electric,  and the  Harry Diamond Labora tor ies  
(formerly Di.aniond Ordnance Fuze Laboratories).  
toward obta:inj:ng e l e c t r o n i c  devices which are small , light-in-weight , use 
l e s s  power,, have extremely long l i f e  and r e l i a b i l i t y ,  and which w i l l  be 
r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  space r a d i a t i o n  environments. Also, t h e  
Manned Spac:aci:aft Center i s  i n i t i a t i n g  a program t o  develop a b e l t  pack to 
be worn by imtranauts ,  which will provide two-way simultaneous voice communi- 
ca t ions  and process several channels of environmental and b io logica l  data.  

These e f f o r t s  are d i r e c t e d  

I n  fic;c:a:L year 1964, g r e a t e r  emphasis through t h e  Langley Resemch 
Center and o t h e r  Centers,  w i l l  be placed on advanced technology t o  f u r t h e r  
e x p l o i t  and fiabricate devices which can be used i n  space systems. These 
devices should provide f o r  l ong- l i f e ,  r e l i a b l e  ope ra t ion  i n  h o s t i l e  environ-. 
ments. I n  add i t ion ,  a study w i l l  be i n i t i a t e d  t o  i n v e s t i g a t e  t h e  p e r t i n e n t  
app l i ca t ions  €or s p e c i f i c  NASA space systems o r  subsystems. For in s t ance ,  
t he  app l i ca t ions  missions have a requirement f o r  b e t t e r  te lemet ry  s j ’ s t e m s  
which shouL3 be l i g h t ,  more e f f i c i e n t  and r e l i a b l e  than  systems preciently 
used. One proposal i s  t o  launch numerous ba l loons  f o r  meterologicitl s t u d i e s  
of t h e  atmosphere, r equ i r ing  a complete e l e c t r o n i c  communications package 
weighing only  one pound. 
approach f o r  t h i s  problem. 

Microelectronic  techniques o f f e r  t h e  only  reasanahle 

Basic research i s  being undertaken t o  i n v e s t i g a t e  t h e  mechanisrii of 
energy triunsf e r  i n  atoms and molecules by s t imula ted  emission processes. The 
informatioin i s  necessary t o  develop materia:-s which e m i t  r a d i a t i o n  :I.n wave 
lengths  from 1 mi l l imeter  down t o  t h e  gamma r a y  region. This  w i l l  be the  
basis f o r  u t i l i z i n g  the  extremely high frequency reg ions  f o r  space communi- 
ca t ions .  

Also, research  i s  being conducted i n  f e r r o e l e c t r i c  materials and super#.# 
conducting gyroscopic materials. 
involved w i l l  l ead  t o  t h e  u l t ima te  development of such devices as improved 
memory devices €n computers and guidance equipment. 

The understanding of t h e  b a s i c  p r i n c i p l e s  
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Research is being d i r e c t e d  toward providing b e t t e r  understanding of 
t h e  phys ica l  c h a r a c t e r i s t i c s  of t h e  plasma sheath surrounding r e e n t r y  
veh ic l e s ,  as well as o f  t he  physics of propagating waves through plasrnas. 
The r e s u l t s  of such research  are expected to t r o v e  of value i n  s t u d i e s  o f  t he  
r e e n t r y  comm1nic:ations blackout  problem. Up t o  t h e  present  time, c e r t a i n  
d i scove r i e s  involving use of material a d d i t i v e s  have been made i n  techniques 
:€or overcomihg r a d i o  blackout caused by ion ized  plasma. 
t h e o r e t i c a l  tuid experimental w i l l  be done i n  f i s c a l  year 1964. 

Fur ther  work, both 

A novel :3cheme has  been suggested f o r  us ing  t h e  charged p a r t i c l e s  of 
t h e  upper atniosphere as t h e  p rope l l an t  i n  electric propulsors f o r  a t t i  tude  
c o n t r o l  and <Ira$: compensation f o r  satell i tes.  Research s t u d i e s  w i l l  be 
undertaken t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of such schemes. 

Trackingal id  d a t a  a c q u i s i t i o n  systems 

As spact!c:rilft probe more deeply i n t o  space, accura te  p o s i t i o n  andl  
v e l o c i t y  read:ings on t h e  veh ic l e  are more d i f f i c u l t  t o  ob ta in ;  t r ack ing  
system research  devises  and i n v e s t i g a t e s  new components, techniques arid 
systems which o f f e r  promise of meeting t h e  known o r  a n t i c i p a t e d  requirements. 
The f i s c a l  year 1964 e f f o r t s  i n  t h i s  area w i l l  support missions involving 
i n j e c t i o n  from o r b i t ,  rendezvous i n  space, and r e e n t r y  i n t o  t h e  e a r t h ' s  
atmosphere f o r  both manned and unmanned spacec ra f t  and p l ane ta ry  missions. 

Spec i f i c  t echn ica l  o b j e c t i v e s  inc lude  t h e  development of r e a l  t i n e  
(op t ica l  traclcing f o r  heightened p rec i s ion ,  accura te  means f o r  t r ack ing  
during the  c r i t  1cal r e e n t r y  per iod of manned spacec ra f t  d e s p i t e  t h e  
presence of t he  ionized plasma sheath,  ground d a t a  a c q u i s i t i o n  and t r ack ing  
techniques o:E g r e a t e r  e f f i c i e n c y  f o r  spacec ra f t  at  p l ane ta ry  d is tances .  

F i s c a l  year 3-963 funds have been used p r imar i ly  f o r  s t u d i e s  i n  t r ack ing  

1doJo:rk has  been i n i t i a t e d  on advanced devices f o r  use  of coherent 
systems, along with some l imi t ed  l abora to ry  experiments i n  o p t i c a l  trtrcking 
techniques. 
l i g h t  i n  trac'cing. Goddard Space F l i g h t  Center has  designed corner r e f l e c -  
t o r s  f o r  i n s t a l i a t i o n  on the  S-66 sa te l l i t e  f o r  o p t i c a l  t r ack ing  work,, 
'These satel l i te  experiments w i l l  test  t h e  v a l i d i t y  of a number of r e l i t t i v i s t i < :  
concepts that: m3ay s i g n i f i c a n t l y  a f f e c t  t h e  employment of o p t i c a l  f requencies  
f o r  t r ack ing ,  I t  i s  expected t h a t  these  techniques w i l l  provide an o rde r  of 
magnitude improvment over present  e l e c t r o n i c  techniques f o r  tracking. I n  
f i s c a l  year 1'964, work w i l l  be concentrated on f u r t h e r  improving laser device:; 
f o r  t r ack ing  and on extending t h e  experience gained i n  t ransmission and 
propagation eicperiments on satel l i tes  t o  suppor t i rgresearch  and technology 
i n  deep space t r ack ing  missions. 

A mul t ip l e  a r r a y  antenna system has  been designed. This system imuld 
use an a r r a y  of small antennas ope ra t ing  coopera t ive ly  t o  produce t h e  
equiva len t  g,ain of very  l a r g e  ape r tu re  antennas. 
conducted a t  Langley Research Center t o  confirm t h e  f e a s i b i l i t y  of th:i.s 
technique fo:r a r r ay ing  a number of independent ly-s teerable  antennas. 

Experimental work h w  been 
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I n  f i s c a l  year  1964, increased experimental  work and add i t iona l  funding 
f o r  prototype hiardware involving mul t ip l e  a r r a y  antennas w i l l  be required.  

It i s  ~11.arlned t o  i n v e s t i g a t e  t h e  use  of pyrotechnic devices  to provide 
p o s i t i v e  ind ica t ion  of important events occurr ing a t  c r i t i c a l  t imes during 
the  t r a j ec to ry , ,  such as i n  reentry.  I n  t h i s  manner p o s i t i v e  v i s i b l e  t racking  
evidence wil.1. be ava i lab le .  

Thin f i l m  magnetic devices  o f f e r  considerable  promise f o r  reduced weight, 
low-power-consrimi.ng c i r c u i t s  and improved r e l i a b i l i t y .  The bas ic  nati ire 
of t he  magnetic: process i n  t h i n  f i lms ,  t he  s p e c i f i c a t i o n  of  optimum th ickness ,  
composition ,mind process cr i ter ia  f o r  var ious  t h i n  f i lms  remain as the subject  
of needed rc::3earch i n  order  t o  o b t a i n  the  maximum po ten t i a l  from th i s  new 
s o l i d - s t a t e  ph:ysics t o o l  f o r  con t ro l  devices  and computers f o r  track1 ng 
systems. 

Instrurnenit a t  i on  

The rap id  increase  i n  distance, dura t ion ,  and complexity of space 
f l i g h t s  c r e a t e s  correspondingly increased demands on instrumentat ion,  
Future miss.ifms w i l l  impose such s t r i n g e n t  requirements on instrument. design 
t h a t  currenit e f f o r t s  must be acce lera ted  i f  t hese  requirements are to  be met 
when needed. 

Major e f f o r t s  t o  advance t h e  s ta te -of - the-ar t  of instrument des:i.gn a r e  
c u r r e n t l y  being pursued; however, f u t u r e  requirements d i c t a t e  development 
of more re l iable  instruments  having increased accuracy, speed of' response 
and s t a b i l i t y  coupled with the  a b i l i t y  t o  perform r e l i a b l y  i n  harsh m d  

unknown environments. These instruments  must a l s o  be designed t o  minimize 
power demands and y i e l d  information, p re fe rab ly  i n  d i g i t a l  form, sui t .able  
f o r  immediate processing o r  transmission. 

Such instruments w i l l  be needed f o r  measuring the  atmosphere, and 
electromagnetic,  g r a v i t a t i o n a l  and p a r t i c l e  f i e l d s  surroundiug rnajor bodies 
of t h e  solar system. Devices w i l l  be developed t o  determine accu ra t s ly  
the  numbers and important c h a r a c t e r i s t i c s  o f  h ighly  ene rge t i c  cha rge j  and 
neutral p a r t i c l e s .  

Engineering instruments s u i t a b l e  f o r  use with the  very l a rge  lalunch 
veh ic l e s  and nulti-manned spacecraf t  w i l l  be developed. These instruments 
w i l l  measure: end provide information both t o  t h e  opera t ions  personnel on 
the  ground andl t o  crews i n  spacecraf t  concerning the  funct ioning of the  
var ious  boo1t;tc:r and spacecraf t  systems during launch and i n  f l i g h t .  

Instrornients w i l l  be developed t o  enable maintenance of c lose  su rve i l l ance  
of the  physical  well-being of personnel i n  the  spacecraf t  and of the  opera- 
t ion  of esoent:ial 1 i f  e support  systems. 



Current'ly, a prototype device being developed under c o n t r a c t  by t h e  
United Aircraft  Corporation t o  record  cardiograms, r e s p i r a t i o n  r a t e  and 
volume has been t e s t ed .  This  device is completely se l f -conta ined  ancl 
inc ludes  a sensor,  b a t t e r y ,  and r ad io  t r a n s m i t t e r  with a range of about 
30 f ee t .  When completed, t h i s  device,  u t i l i z i n g  molecular e l ec t ron ic  
techniques, wi:Ll be about 1/2" x 1/2" x 1/8" i n  s i ze .  Its f i r s t  use  w i l l  
be a t  t h e  Arnes Research Center where it w i l l  be appl ied  t o  t h e  ches t  of a 
man r i d i n g  on ip cen t r i fuge .  With t h e  c e n t r i f u g e  i n  motion, it w i l l  IIe 
poss ib l e  t o  rece ive  by r a d i o  and record  a t  a s t a t i o n a r y  monitoring cclnsole, 
a cardiogram o.E t he  man as w e l l  as h i s  r e s p i r a t i o n  rate and volume. Used 
u l t i m a t e l y  on t he  crew members of a spacec ra f t ,  t h i s  device would enable 
each man's s t a t u s  t o  be t r ansmi t t ed  t o  a more powerful t r a n s m i t t e r  i n  t h e  
spacecraf t  wliich would then r e l a y  t h e  information t o  ea r th .  

Several  NASA Centers are a c t i v e l y  engaged i n  research  and development 
of advanced instrumentation requi red  f o r  f u t u r e  l abora to ry  and m i s s i c m  use . 
Typica l ly ,  1:lii:s inc ludes  work on instruments f o r  high and low temperature, 
very  high vacuum, very  high and very  low t h r u s t  va lues ,  very  low dens i ty  
measuremento, and p a r t i c l e  de t ec to r s .  An example of p a r t i c l e  d e t e c t o r s  i s  
t h e  development by t h e  Ames Research Center of a micrometeoroid impact sensor 
which will be used on f u t u r e  space probes t o  c o l l e c t  information needed f o r  
extended space missions,  inc luding  p a r t i c l e  mass and ve loc i ty .  A majior 
e f f o r t  will be d i r e c t e d  towards developing sensors  which g ive  a d i r e c t  d i g i t a l  
output. Such :sensors w i l l  reduce t h e  amount of s i g n a l  handl ing necessary 
f o r  transmission as they  would provide d a t a  i n  a form d i r e c t l y  compatible 
wi th  d i g i t a l  t e lemet ry  systems. D i g i t a l l y  coded s i g n a l s  are inhe ren t ly  
less s e n s i t i v e  t o  noise;  they  can be s to red  f o r  any l eng th  of t i m e  arid read 
out  many t i m e s  without l o s s  of accuracy. 

Data hi&ling and process ing  

Elabora te  d a t a  processing systems have been confined, up t o  t h e  present , ,  
t o  t h e  ground environment. They have been used t o  rework s c i e n t i f i c  d a t a  
t r ansmi t t ed  lby satell i tes,  t o  c o n t r o l  launchings and c a l c u l a t e  subsequent 
t r a j e c t o r i e s ,  t o  determine o r i e n t a t i o n s  of bodies  i n  space, and for o t h e r  
purposes. 
share  of the  t o t a l  burden. 
computation networks c o n s i s t i n g  of l inked  spacec ra f t  and ground 
computers. 'fiese w i l l  include t h e  automatic d i agnos i s  of i n c i p i e n t  o r  actual1 
malfunctioning of launch systems o r  spacec ra f t  components; t h e  automatic 
recogni t ion  of t e r r a i n  f e a t u r e s  o r  cloud formations; and t h e  a id ing  of 
man i n  t h e  s o l u t i o n  of i n t r i c a t e  scheduling problems. 

Gradually equipment on board spacec ra f t  w i l l  assume a much l a r g e r  
I n  add i t ion ,  many new t a s k s  w i l l  be assumed by 

The au t lmat ic  and rap id  performance of such t a s k s  by t h e  computcr system 
w i l l  s u b s t a n t i a l l y  minimize t h e  workload on spacec ra f t  crews. I t  will.1 enable 
r e l i a b l e  and r(apid checkout and launch countdown of spacec ra f t  when o r b i t i n g  
about, landing on o r  tak ing  o f f  from p lane ta ry  bodies. I n  add i t ion ,  i t  w i l l  
provide t h e  ( c r e w  with t imely information on f l i g h t  condi t ions  and t h c  
s e l e c t i o n  o:E optimum landing sites, tnus  enhancing t h e  p r o b a b i l i t y  of 
mission s a f e t y  and success. 
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I n  order  t o  r e a l i z e  these  goa l s ,  i t  i s  necessary t o  continue and (expand 
research  leading t o  t h e  development of advanced computing devices,  systems 
and new appl ica t ions .  
consume l i t t l e  power; and must be f a s t  i n  ope ra t ion ,  l i g h t  i n  weight, and 
extremely reliable.  R e l i a b i l i t y  is of p a r t i c u l a r  importance and d i f f i c u l t  
because t h e  h c l s t i l i t y  of n a t u r a l  space environment w i l l  be markedly inlzreased 
by t h e  presence of high a r t i f i c i a l  r a d i o - a c t i v i t y  assoc ia ted  with nuc lear  
engines and power supplies.  

The computer must occupy a minimum of spacc:; must 

One example of a s p e c i f i c  area of improvement i n  t h e  a p p l i c a t i o n  of 
advanced computer technology i s  a cont inuing  e f f o r t  i n  progress  a t  t h e  
Goddard Space F l i g h t  Center t o  reduce t h e  amount of information requi red  
t o  be transmit:te!d from a spacec ra f t  without d e t r a c t i n g  from the  s c i e n t i f i c  
value of t h e  information received on ea r th .  This could be c a l l e d  an i n t e l l i -  
gent e d i t i n g  :,oh whereby t h e  computer would pass  t o  t h e  t r a n s m i t t e r  on ly  
such d a t a  which depa r t s  from c e r t a i n  norms. 
e f f o r t  would he t h e  reduct ion  i n  demand for t ransmiss ion  power and a reduc- 
t i o n  i n  the cuiount of d a t a  which must be analyzed on ear th .  A complementary 
e f f o r t  i n  t h i s  d i r e c t i o n  is being pursued through a c o n t r a c t  with Astropower, 
: hc .  , t o  study t h e  f e a s i b i l i t y  of us ing  an " i n t e l l i g e n t "  computer t:o screen  
cloud p a t t e r n  d a t a  and t o  t r a n s m i t  t o  e a r t h  d e t a i l s  concerning only those 
clouds which rnay in f luence  weather on ear th .  

Bene f i t s  from success i n  t h i s  

Research in computer technology is being done a t  t h e  o t h e r  NASA Centers  
and is concerned with t h e  following s p e c i f i c  areas: improvement i n  t h e  
a b i l i t y  of men and computing machines t o  work toge ther  e f f e c t i v e l y ;  expansion 
lof t he  capac i ty  of computer memories, toge ther  wi th  a reduct ion  i n  phJ?sical  
s i z e ;  many foLd inc reases  i n  r e l i a b i l i t y ;  and decreases  i n  o v e r a l l  si2,e, 
*weight and requi red  power. I n  add i t ion ,  i n d u s t r i a l  c o n t r a c t o r s  a r e  arid 
* w i l l  be i n v e s t i g a t i n g  new computer l o g i c a l  techniques,  memory systems based 
on unusual p r o p e r t i e s  of m a t e r i a l s ,  and t h e  use  of f l u i d  r a t h e r  than  e lec-  
t r o n i c  circu:Ltr:y. 
because, althmq3h it w i l l  be slower and l a r g e r  than e l e c t r o n i c  computers, it 
does have the  p o t e n t i a l  of being u l t r a - r e l i a b l e  and invulnerable  t o  rxgorous 
environmental condi t ions ,  inc luding  high-level r a d i a t i o n ,  both from n a t u r a l  
sources and Eroin nuclear  propuls ion engines which w i l l  be used i n  fu tu re  
missions . 

This last-named technique i s  of p a r t i c u l a r  i n t e r e s t  

Small f 1 igh t prco j ec t s 

1!)64 - 1962 1963 

Radio Attenuat ion Measure- 11 
ments (RAM). .................... ($1,635,0m) $1,750,000 $2,0~)0,000 

Scanner..................- ........ ..-- ..-- 1,7 '50,000 
Spacecraft  Or i en ta t ion  Control - -- -- System..................... ..... --- 100,000 

Sub to ta l ,  d i r e c t  R&D costs...($1,635,000)1/ - $1,850,000 $3,750,000 

11 n e s e  ftindt; were included i n  f i s c a l  year  1962 Operation of I n s t a l l a t i o n  - funds. 
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Personnel costs................... $1,863,000 $1,743,Ouo $672,000 
Operation of installation......... 1,206,000 905,000 3 134,000 

Total costs............. $3,069,000 $4,498,000 - $4,726,000 

- 
- 

Total personnel........, 244 203 76 

Radio Aitenuation Measurements 

Funds for this project were included in Support of Plant infiscctl year 1.9t12. 
This project is designed to provide the research and experimental data 
needed to overcome radio blackout for earth reentry speeds up to approxi- 
mately 50,000 feet per second. 
basis for the solution of the problems associated with blackouts in manned- 
lunar type missions and give some insight into the communications problems 
for planetary missions involving entry into unknown atmospheres. A total of 
seven RAM flights are planned. Three have been flown (August, 1961, and 
February and September, 1962) .  Three of the remaining flights are sclieduled 
for 1963 and the seventh flight for early 1964. There is now strong Iexperi- 
mental evidence that certain materials when added to the ionized flow field 
result in a significant reduction in the attenuation of the radio siginals. 
In fiscal year 1964, more materials will be investigated, such as freon and 
electro-philic gases, and the theory and mechanism of the phenomena oE 
radio transmission under these conditions will be studied. It it; now believed 
that the technical understanding of this mechanism will have an important 
bearing on the ultimate solution of the blackout problem. Also heing 
contemplated in fiscal year 1964 is a five- or six-stage Scout flight experi- 
ment which will permit attainment of reentry velocities in the order ]of 
30,000 feet per second, as opposed to present experiments which are limited 
to 20,000 feet per second. 

This data will provide the techno1ogil:al 

Scanner 

The Scanner project has the objective of making detailed measurements, 
from high altitudes, of the natural radiation gradients which define the 
horizon. A second objective is to develop flight-proven hardware for 
gathering extensive statistical data, possibly in earth satellite spaizecraft. 
The project is an extension of the current Langley Research Center research 
on horizon characteristics. Two flight experiments are planned with an addi- 
tional set of backup equipment provided. The crux of the project lies in the 
precise independent determination of the attitude and position of the 
flight vehicle to allow the relative position of the vehicle to be foimd 
during the radiation-measuring scans. This information will be invaluable in 
the evaluation of the ultimate accuracy attainable with horizon :;cannier 
techniques and will provide definitive information on the portions of the 
spectrum most promising for sensor development and application. 
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Spacecrigft Or i en ta t ion  Control  System (SOCSY 

The main olsjectives of t h i s  p r o j e c t  are t o  determine t h e  c a p a b i l x t i e s  
of t h e  NASA-developed s o l a r  o r i e n t a t i o n  c o n t r o l  system when used f o r  
po in t ing  t h e  axis of a r i g i d  body toward t h e  sun, t o  determine the  ca lmbi l i -  
t i es  of the l!iAS,A-developed p l ane ta ry  o r i e n t a t i o n  c o n t r o l  system when used 
f o r  po in t ing  the  axis of a r i g i d  body toward t h e  e a r t h ,  and t h e  a t t i t i l d e  
sensing c a p a b i l i t i e s  of the horizonscanner  used i n  t h i s  o r i e n t a t i o n  wrstern 
when used for poin t ing  an e las t ic  body ( f o r  example, an e r e c t a b l e  f l e x i b l e  
s o l a r  energy c o l l e c t o r )  toward the  sun. The f i s c a l  year 1963 program con- 
sists of one f l i g h t  t o  test  s p e c i f i c  systems, and t h e  f i s c a l  year 1964 
program provides for  system t e s t s  t o  be flown on o t h e r  NASA missions on a 
non-interference bas is .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

HUMAN FACTOR SYSTEMS 

OBJECTIVES : 

The ob jec t ives  of t h e  program are (1) t o  ob ta in  a b e t t e r  understand- 
ing of man's c a p a b i l i t i e s  and l i m i t a t i o n s  and t o  determine h i s  u t : i l i z$%t ion  
i n  advanced aerospace systems, (2) t o  ob ta in  design requirements f o r  equip- 
ment and subsystems which w i l l  guarantee an environment adequate f o r  
maintaining the high opera t ing  e f f i c i e n c y  of crews during programed (2nd 
emergency phases of advanced aerospace missions,  and (3) t o  determine 
o v e r a l l  human requirements and i n t e g r a t e  them i n t o  the  design of advanced 
ae ronau t i ca l ,  a s t r o n a u t i c a l  and ground support  systems. 

SUMMARY OF RESOURCES -- REQUIWENTS: 

19611 --- Funds 1962 1963 

Supporting research  and 

Projects..................... 420,000 115,000 
technology.. ............... $1,984,000 $9,945,000 $18,200,000 

Sub to ta l ,  d i r e c t  R&D cos t s .  $2,404,000 $ ~ 0 , ~ 6 ~ , ~ ~ ~  $ ~ ~ ~ , 2 0 ~ , 0 0 ~  

Personnel costs.............. 1,546,000 2,480,000 3,635,000 
Operation of i n s t a l l a t i o n s . . .  1,046,000 1,535,000 2,552,000 

--- 
--I- 

To ta l  costs.. . . . . . . . . .  $4,996,000 $14,075,000 $24,387,000 

Per s onne 1 

NASA Headquarters ............ 3 30 57 

F l i g h t  R.esearch Center.. ..... 1 6 9 
Manned Spacecraf t  Center..... - 12 12  
Marshall Space F l i g h t  Center. - 9 LO 
North Eastern Office... . . . . . .  - 1 1 

Ames Research Center......... 14 1 169 238 
Langley Research Center...... 51 55 61 

-I_- 

T'otal personnel ....... 196 28 2 388 
-7- --- 

Program r e s p o n s i b i l i t y  i s  assigned t o  the  Off ice  of Advanced Reslsarch 
and Technology, NASA Headquarters. The major program a c t i v i t y  i t ;  loc>ated 
a t  Ames Research Center. Other NASA Centers,  l i s t e d  above, w i l l  undertake 
designated pc r t ions  of t he  program. In  a d d i t i o n ,  both government f a c l l i -  
ties (Department of Defense, Federal  Aviat ion Agency, and Atomic Energy 
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Commission) and nongovernmental university and industrial groups will he 
utildzed t~ the maximum extent feasible in the conduct of this program. 

PROGRAM JUS TI F ICATION : - --- 
An overall systematic program is necessary to establish a sound and 

broad research and technology base to meet advanced aeronautical, astro- 
nautical and ground support systems objectives adequately. In order t3 
i.nsure the maximum utilization of current data and capabilities in the 
life sciences, a close coordination with existing manned space flight and 
basic biology projects is maintained. The studies of man, man-machine, 
aind man-s stems and their basic requirements involves the investigatiqq 

&valuation of performance. 
2:urrentiy = ? G d  portion of this program in fiscal year 1964. 
some flight experiments will undoubtedly be required in the future to 
at tack major problem areas. 

--- 

c) *n+------ t e environment. design reauirements , bioengineering , simulation and 
Ground based research will be utilixtr-f-the 

However, 

Future space missions such as permanent manned earth orbital space 
stations, lunar bases, and manned interplanetary exploratory systems will 
require the ahility to maintain human crews for long periods of time. 
ICt will also be important in the safety, reliability and payload weight 
aspects of the mission that the astronauts be called upon to perform 
those tasks that. can best be performed by man. Typically in this latter 
area, the human can be used as an important link in vehicle control 
systems, either as a primary component or as a backup. Determination 
of the assigrmierit of such tasks is dependent upon the physical condition 
of the crew, their performance, the ability to communicate from mac:hine 
to man via dit;pl-ays and the reverse communication via controls. 
out the durat:i.on of these missions the crew could be subjected to a 
variety of nst1:ui:al and mission dependent environments such as vacuum, 
temperature, t~ei.gh~tlessness, radiations and magnetic fields. The <:re% 
must be protc!c:ted from that environment and provided, through lightweight , 
long duration subsystems, with all the necessities of life support,, 'Ihis 
includes such areas as atmospheric supply or regeneration, water supply 
lor regeneration, waste storage or cycling , CO2 absorption , air purif i- 
cation, foodsruff supply and humidity control to mention a few. 

'Through- 

Relative to cmr current technological standing there is enormous 
progress to be made in the above areas before a few months in space cz'n 
be considered, Let: alone a one year long mission in weightless condition. 
'We do not know, for instance, what limitations man will have in a 
weightless envirorunent. Currently, the Apollo project is planning to 
have man in space for up to 14 days. 
Mercury but still only a start on the several-years problem for possible 
Mars missions. There is, therefore, a requirement to learn man's 
limitations in this area through flight programs in order to have the 
information t o  provide a basis for design of systems to accomplish an- 
ticipated missions. 

This is a major step beyond Pro:ect 
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Another environment t h a t  man w i l l  f a c e  i n  space i smagne t i c  
f i e l d s .  It h a s  been proposed, f o r  example, t h a t  l a r g e  space s t a t i o n s  
might be pro tec ted  from space r ad ia t ions  by sh ie ld ing  wi th  high magnetic 
f i e l d s .  
such f i e l d s  because man is an e l e c t r i c i t y  producing e n t i t y .  The r eac t ions  
t h a t  he might s u f f e r  are l a rge ly  unknown. 

Man could w e l l  be s e r i o u s l y  a f f e c t e d  by prolonged exposure t o  

Various f a c e t s  of man's l i f e  support  systems development have be1.n 
mentioned as requi red  i t e m s  f o r  long dura t ion  mission accomplishment. 
The cu r ren t ly  approved space p r o j e c t s  r equ i r e  and w i l l  support  man f o r  
14 days. 
demonstrate a 30 day system capable  of support ing f i v e  men. A contra: t  
f o r  a t h r e e  t o  s i x  month physical-chemical system is cu r ren t ly  being 
evaluated.  I t  i s  necessary t h a t  systems be developed o r  the  necessar.7 
research  information t o  allow t h e i r  design be obtained t o  supply the  
requirements of man i n  a closed system f o r  per iods i n  excess of one year .  
This i s  a mandatory p r e r e q u i s i t e  t o  the  i n i t i a t i o n  of long dura t ion  s9,ace 
missions.  

An advanced research  and technology program w i l l  s h o r t l y  

The incorporat ion of man i n t o  a major space exp lo ra t ion  program i s  
a complicated procedure,  ranging from the  handl ing techniques f o r  lar,:e 
boos te r  systems, t h e  hazards of expel led  p rope l l an t s ,  t he  acous t i c s  o E 
t he  launches,  the  r e p a i r  of ground e l e c t r o n i c  systems, t o  the  i n v e s t i -  
ga t ion  of a l l  t h e  environmental e f f e c t s  on man i n  the  f l i g h t  syst.em, h i s  
a b i l i t y  t o  perform t a s k s ,  t he  payload space and geometry f o r  him and h i s  
support ing equipment, and h i s  a b i l i t y  t o  perform maintenance and r e p a i r  
func t ions  during the  mission. F e a s i b i l i t y  planning of space missions 
and space ve'hicles must examine such i t e m s  a t  an e a r l y  da t e  t o  a s su re  the 
cons idera t ion  of all f a c t o r s  i n  the  process  of a t t a i n i n g  technologica l  
da t a  f o r  f u t u r e  implementation of programs. Various techniques f'or 
accomplishing missions must be inves t iga t ed  t o  determine the  requirements 
t h a t  mission phases p lace  upon the  con t ro l  and d isp lay  requirements and 
upon mission sa fe ty .  

The achievement of our long range p lans  of success fu l ly  designin!: 
manned aerospace systems f o r  the  next  10-20 years  r equ i r e s  more than 
j u s t  a n a l y t i c a l  and ground-based labora tory  experiments. The bio- 
technology a c t i v i t i e s  ca l l  f o r  ex tens ive  test  programs t o  eva lua te  tht! 
e f f ec t iveness  of t he  human, t he  equipment designed f o r  h i s  su rv iva l  and 
u s e ,  and t h e  in t eg ra t ed  manned system. An orde r ly  multi-phased a.ppro;ich 
u t i l i z i n g  f ixed  ground-based environmental and s imula t ion  f a c i l i t i e s  
i n  conjunct ion with ba l loons ,  a i r c r a f t ,  b a l l i s t i c  rocke t s ,  s a t e l l i t e s  
and manned spsce veh ic l e s  w i l l  provide research  information t o  p e r m i t  
t he  development of advanced l i f e  support  and p r o t e c t i v e  systems. b io-  
ins t rumenta t l  m ,  research  techniques and methodology. The Anies Rt!search 
Center w i l l  c m t a i n  a prime in-house group f o r  t h i s  program; however, 
i t  i s  planned t h a t  o the r  NASA Centers w i l l  undertake s p e c i f i c  portion:; 
of the  program where unique competence exis ts  . 
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: IUPLANATION 017 -- IWNDS REQUESTED : 

Supporting rr3;earch and technology 

Advanced concept s .............. 
f ormance ....................... 

Man-system in t eg ra t ion . .  ....... 
L i f e  support  and p ro tec t ive  

systems. ....................... 
Subtotal . ,  d i r e c t  R&D costs . .  . 

Human resacirch and per-  

Personnel coats . .  .............. 
Operation of i n s t a l l a t ions . . . . .  

1962 

$1,984,000 

$1,984,000 

1,546 , 000 
I ,  046,000 

Total. cost:s.. ............. 
Total. personnel.  .......... 

$4,576,000 

196 

- 

1963 19 641. 

$640,000 $900,000 

2,457,000 4,900,000 
2,345,000 5,600,000 

4,503 ,000 - 6,800 I - 000 

$9,945,000 $18,200,000 

2,480,000 3,635 ,, 000 
1,535,000 2,552,000 

$13,960,000 $24,387,000 

--- 
-- 

3aa 282 --- 
Advanced concepts -- 
Study of advanced concepts includes the  var ious  areas of human r e -  

search ,  biotechnology and man-system i n t e g r a t i o n  which could lead  t o  
improvement ckli e x i s t i n g  techniques o r  revea l  the  p o t e n t i a l s  of new 
approaches, s8uch as system ana lyses ,  human analogs and b ionics .  S tudies  
of var ious maumed support  systems which appear t o  be beyond our present  
day technology include the  a d a p t a b i l i t y  of man t o  such environments as 
high accelerai t ion,  manned-nuclear systems o r  fus ion  rocke t s ,  which might 
be involved i n  f u t u r e  manned operat ions.  The f i s c a l  year  1963 s tud ie s  
on systems aniilyses includes a s tudy of advanced aeronaut ical-systems 
I(e.g., V/STOL) a8 w e l l  as man-operated ground support  equipment. 
Langley Reseeri:ch Center e f f o r t  is being devoted i n  f i s c a l  year  1963 t o  
t he  s tudy of t he  u t i l i z a t i o n  of e x i s t i n g  space veh ic l e  hardware f o r  a 
biotechnology space labora tory .  This study considers  t he  f e a s i b i l i t y  of 
modifying e x i s t i n g  hardware f o r  poss ib le  use  as rendezvous t a r g e t s  andl 
necessary equi~pnient f o r  modif icat ions i n  o r b i t  t o  make i t  an early marlned 
space 1aborat:ory. Work i n  these areas w i l l  be coordinated with o t h e r  
e f f o r t s  i n  man-ciystem in t eg ra t ion .  I n  f i s c a l  year  1964 prel iminary 
s t u d i e s  on snutll. ex t ra -vehicu lar  systems w i l l  provide some of t h e  human 
lEactors answ0:i:s r e l a t e d  t o  eventual ly  t r anspor t ing  man on the  lunar  ox 
plane tary  suxliaces . 

A t  the  

Human rmearch  and performance 

Fundamental .-----r- -studies of the  human h e a r t  and c i r c u l a t i o n  are 
needed i n  order  t o  develop and use  i n d i r e c t  techniques f o r  monitoring 
r h ' s  survT5TTina Derformance i n  mace .  I n  f i s c a l  Year 1963 . s c G n t j f i c  

RDO 17-4 



- i n - f l i g h t  expxLments are planned t o  ob ta in  da t a  which w i l l  a ccu ra t e ly  
portray the ind:ividual or combined e f f e c t s  of prolonged o r b i t a l  f l ight :  on 
the  c i r c u l a t o r y  systems of man. The da ta  obtained,  by using i n d i r e c t  tech- 
,niques, must be c o r r e l a t e d  with exac t  da t a  r e l a t i v e  t o  mechanical fo rces ,  
resistances mid blood flow. S tudies  i n  biotelemetry are needed t o  i d c n t i f y  
physiologica'l parameters to  determine the  phys ica l ,  emotional and psychologi- 
c a l  s t a t e  of inan i n  f l i g h t  o r  i n  o r b i t .  These func t iona l  s t u d i e s  cannot be 
obtained through the use of conventional e lec t rocard iographic ,  blood pressures  
<and o ther  a v a i l a b l e  methods. The absence of normal cardio-vascular  s t i m u l i  
may not  be se r ious  during o r b i t a l  f l i g h t  bu t  during re-entry i t  could lessen  
the  c i r c u l a t o r y  system's a d a p t a b i l i t y  t o  sudden t r a n s i t i o n  from prolonged 
zero-g t o  r ap id ly - r i s ing  and h igh  pos i t i ve  g-force. Therefore,  long xero-g 
f l i g h t s  i n  emess of 30 days and preferab ly  i n  excess  of 100 days, w i  11 be 
needed i n  the  f u t u r e  using animals as subjec ts .  Under r a d i a t i o n ,  s t u d i e s  on 
e f f e c t s  of t he  lentire electromagnetic spectrum ( rad io  frequency, i n v i s i b l e  
l i g h t ,  i on iz ing  and p a r t i c u l a t e ,  and u l t r a v i o l e t )  w i l l  continue.  The 
extension of s t u d i e s  on low magnetic f i e l d s  on humans may i n d i c a t e  some 
poss ib le  phy:slological e f f e c t s  such as d is rupted  b i o l o g i c a l  rhythm, and space 
and t i m e  perceptions.  Pharmaceutics research ,  r e l a t i v e  t o  the rapeu t i c s  and 
prophylaxis ;and previously l imi ted  t o  r a d i a t i o n  p ro tec t ion ,  w i l l  be expanded 
t o  include remedies f o r  counteract ing motion s ickness  and o t h e r  mvironmental  
stress fac to r s .  

A t  the  lilniversity of Maryland, psychological and h a b i t a b i l i t v  s t u d i e s  a r e  
underway t o  ---- ldetermine whether conf inemect i n  r e s t r i c t e d  environment -- and 
reduced physical  a l d  space crews Q 
pe_rform c rXfGl -mis s ion  t a s k s  during a lunar  landing, rendezvous and re -  
entrv.  The :human r e s e a r c h a n d  Derfonnance Program through f i s c a l  v e a r l Y 6 4  

L -  - 
a s c a l l s  f o r  ex tens ive  s t u d i e s  of v a r i a b l e s  such as the  oxygen akd ni t rogen 
content  of s p e c i f i c  environments. It has  been determined thus f a r  th 'a t  
v a r i a t i o n s  i n  concent ra t ions  of e i t h e r  of these  gases  r e s u l t  i n  extremely 
important b i o l o g i c a l  e f f e c t s .  It i s  a l s o  conceivable t h a t  the  many processes  
of aging may be  understood by the  fundamental e f f e c t s  of 02 t o x i c i t i e s .  

i P ; a t i o n s A e  the  planned s t u d i e s  on n u t r i -  New a r e a s  of_intensive inyest 
L__ 

t i o n a i e q u a c i e s .  --. 
a'tion of e s s e n t i a l  components such as amino a c i d s ,  t r a c e  elements and vi tamin 

Future d i e t a r y  s t a t e -o f - the -a r t  must ~ include cons=- 

co- fac tors .  
determination of t he  above components. 

Such s t u d i e s  a r e  underway t o  ascertain i n  d e t a i l  the  exa'ct 

Advanced concepts f o r  monitoring c e l l u l a r  metabolism of ind iv idua l s  a r e  
being Tdev& i a z = e s e  t echniques are recommended f o r  muscle m e t a b l s m  and 
-nd o t h e r  i n t eg ra t ed  techniques w i l l  measure blood flow t o  the  b ra in  
and t o  o ther  p a r t s  of the  body. 

- 
Man- systefi~ i n t e g r a t i o n  

Through f i s c a l  year  1963, the  program i n  t h i s  area has included systems 
research  and an.alyses of t h e  t o t a l  man-machine complex. Medical monitoring 
equipment i s  being provided f o r  the  motion f l i g h t  s imula tors  a t  the  Ames 
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Research Center and f o r  use i n  a i r c r a f t  such as  the  FlOOC a t  the  F l i g h t  
Research Center and a backup system f o r  t he  X-15 a i r c r a f t .  
permit refinement of t he  e x i s t i n g  equipment with a view towards i t s  u l t ima te  
a v a i l a b i l i t y  f o r  o r b i t i n g  and o the r  space vehic les .  

This progicam w i l l  

Several  programs i n i t i a t e d  i n  f i s c a l  year  1963 are aimed a t  imprmed 
s a f e t y  i n  a i r c r a f t .  Continuation and expansion of e f f o r t  w i l l  be r e q i i r e d  i n  
f i s c a l  year  1964. One such program i s  t o  s e t  up design p r i n c i p l e s  a ined a t  
providing increased p i l o t  c a p a b i l i t y  i n  a f f e c t i n g  recovery from unusual 
a t t i t u d e s  brought about by p o s t - s t a l l  gy ra t ions ,  t r a n s i t i o n  from v i s u a l  con- 
t a c t  (VFR) t o  instrument (IFR) f l i g h t  and l a t e r a l - d i r e c t i o n a l  c ross -cmpl ing .  
Other such s t u d i e s  include the  e f f e c t s  on and requirements of passengers,  
crew, and a i r c r a f t  f o r  f l i g h t  through tu rbu len t  a i r ;  the  a b i l i t y  of a p i l o t  
t o  cope with or adapt t o  abrupt  changes i n  s t a b i l i t y  and damping such as 
s t a b i l i t y  augments f a i l u r e s ;  abrupt  changes i n  information i n p u t ,  specif ical l ly  
t r a n s i t i o n  from instrument t o  v i s u a l  re ferences  and from normal to emergency 
d i sp lay  modes, and abrupt  changes i n  c o n t r o l  behavior ;  and the  determination 
of ana ly t ica l .  expressions descr ib ing  p i l o t  opera t ion  i n  complex € l i g h t  con- 
t r o l  systems and t a s k s  such as landing approach and f l a r e ,  he ight  c o n t r o l  of 
lunar  and V/STOL veh ic l e s ,  and the  lateral d i r e c t i o n a l  o r  "dutch roll" mode. 

An addit.icma1 group of s t u d i e s  which began i n  f i s c a l  year  1963 a r e  aimed 
a t  understan.ding the  involvement of the  p i l o t  i n  p lane tary  o r  spacecraf t  
missions.  These t a s k s  w i l l  r equ i r e  cont inua t ion  i n  f i s c a l  year  1964. One 
t a sk  involver; p i l o t e d  s imulat ions and f l i g h t  tests t o  determine the  proper 
func t ion  of the  human opera tor  i n  a p lane tary  landing system, the  charac te r -  
i s t ics  t o  be b u i l t  i n t o  the  veh ic l e  and i t s  systems f o r  optimum performance 
and r e l i a b i l i t y ,  and the  requirements f o r  app l i cab le  research  and t r a i n i n g  
s imulators .  Another study i s  being made using s imulat ion techniques t o  
determine the  r o l e  of the  p i l o t  i n  t h e  rendezvous of spacecraf t .  O t h e r  
s t u d i e s  incl.udt? the  e f f e c t s  of i n d i v i d a a l  environmental stresses of space 
f l i g h t  on human p i l o t  performance; the  p i l o t  c o n t r o l  problems i n  a manual a- 
b o r t  of a plmwtary  mission;  dec is ion  making i n  space opera t ions  inc luding  
the  types of problems t o  be faced, the  environment a t  the  t i m e  of thc required 
so lu t ion  and the  a b i l i t y  of the  p i l o t  t o  respond; and a r a t h e r  ma.jor personnel 
problem of opera tor  s e l e c t i o n  and t r a in ing .  A study i s  a l s o  being i n i t i a t e d  
t o  obta in  design requirements r e l a t e d  t o  the  physical  needs of man f o r  e a r l y  
space s t a t i o n s  and i s  i n  support  of the  advanced concepts s tud ie s .  

A program, r ecen t ly  i n i t i a t e d  by NASA t o  provide information on the  
performance c a p a b i l i t i e s  of man i n  space w i l l  be continued i n  f i s c a l  year  
1964. This program involves  the  t e s t i n g  of man's c a p a b i l i t i e s  t o  perform 
t a s k s  when :in space s u i t s ,  and w i l l  in f luence  the  ma in ta inab i l i t y  of space 
systems. An aldditional study area t o  be i n i t i a t e d  i n  f i s c a l  year  19(i4 
involves  the  requirements f o r  man-rating nuc lear  space veh ic l e s  c u r r m t l y  
under development o r  envisioned i n  the  near  fu ture .  

Preliminary design s t u d i e s  w i l l  be conducted on payload concepts which 
w i l l  be app l i cab le  t o  f u t u r e  b io technologica l  f l i g h t s .  The experiments, 
equipment, and instrumentat ion der ived under human research and biotechnology, 
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~ i nves t iga t ion  w i l l  be in t eg ra t ed  toge ther  with necessary connnunications, 
power, s t r u c t u r e ,  and o the r  cons idera t ions  i n  order  t o  y i e l d  s p e c i f i c  concepts 
of f l i g h t  pa.c:keiges. 

Life s u j g p - t  and p ro tec t ive  systems 

Studies  i n  the  a rea  of advanced l i f e  support  systems w i l l  r ece ive  major 
emphasis through f i s c a l  year  1964. A c o n t r a c t  i s  underway with Boeing on a 
one-month mu~l.ti.-manned l i f e  support  system t o  be demonstrated about June 
1963. Manned Spacecraf t  Center,  Houston, has  been authorized and funded t o  
study and de\rel.op l i f e  support  systems j u s t  beyond the  Apollo system. A 
competit ive con t r ac t  on an advanced 3 t o  6 monfhs li& suD- em1 

Csnter ,  is i n  process. The f e a s i b i l i t y  of t h i s  extended concept should be 
demonstrated e a r l y  i n  calendar  year  1964. Study work, i n  progress  through 
f i s c a l  year  1.963, w i l l  determine the  requirements f o r  a 6 month t o  one year  
l i f e  support system. This advanced system w i l l  be cont rac ted  for i n  f i s c a l  
year  1964, depending on the  progress  of t he  o the r  work. 

(physical-chemical)  , under t h e a l  m o n i t o w  of Iapslry Resea rch 

The biol.ogica1 l i f e  support  concepts have been c r i t i c a l l y  reviealed and 
a systematic. approach wi th in  NASA and co l l abora t ion  with o the r  i n t e r e s t e d  
government agencies  w i l l  continue.  
responsible  fo r  advanced b io log ica l  l i f e  support  and i s  t echn ica l ly  monitor- 
ing  a contraict on a c losed  eco log ica l  cyc le  (b io log ica l )  with a photclsyn- 
t h e t i c  gas exchanger a t  t he  Universi ty  of Minnesota. Bio-power systems 
(generat ion of e l e c t r i c  power) are being inves t iga t ed  and t h i s  i n t e r e s t i n g  
a rea  o f f e r s  g r e a t  promise i n  t h a t  the  waste material produced on long dura- 
t i o n  manned i;pcice missions may be u t i l i z e d  p r o f i t a b l y  t o  produce a u x i l i a r y  
power. Advauiced anthropometric and non-anthropometric space s u i t s  and s e l f  
t r anspor t ing  devices  are being inves t iga t ed  in-house i n  f i s c a l  year  1963, 
p r i n c i p a l l y  z i t  the  Manned Spacecraf t  Center, and on cont rac t .  
p ro jec ted  gozilr; i n  t h i s  a r e a  are the  development of l i f e  support  systems 
from a cu r ren t  c a p a b i l i t y  of 30 days through a 6 months system compatible 
with a f u t u r e  nlanned space labora tory  and on t o  more advanced systems f o r  
i n t e rp l ane ta ry  f l i g h t .  

As an example, Ames Research Center i s  

Examples of 

Specific: i nves t iga t ions  w i l l  be conducted t o  provide information on the  
type of l i f e  support  equipment and instrumentat ion t h a t  would be u t i l i z e d  
f o r  very long dura t ion  b io technologica l  f l i g h t s  of the  types discussed under 
human research and performance. Each of the  experimental  v a r i a b l e s  w i l l  be 
inves t iga t ed  ai; t o  instrumentat ion requirements and requi red  in s t rummta t ion  
w i l l  be evo1.ved. Li fe  support  systems compatible with mission requirements 
w i l l  be obtained and tes ted .  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

NUCLEAR-ELECTRIC SYSTEMS 

OBJECTIVES: 

The ob jec t ive  of the Nuclear-Electr ic  Systems Program i s  t o  provide t h e  
s c i e n t i f i c  and engineer ing knowledge and t o  develop the  systems necessary fo r  
t he  e a r l y  and p r a c t i c a l  u t i l i z a t i o n  of nuc lear  e lec t r ic  propuls ion and power 
genera t ion  sys, terns i n  space. 

SUMMARY OF RE;;OIJRCES REQUIREMENTS: 

Funds 1964 -- 1963 - 1962 - 
Support inl: research  

Development and f l i g h t  
and technoZogy ............ $ 8,210,000 $l5,068,00O $20 ,(~18,000 

project:; .................. 12,248,000 28,463,000 48, ;'50 , 000 
Subto tal  d i r e c t  R&D c o s t s  $20,458,000 $43,531,000 $68, ?68,000 

Personnel c o s t s  ............ 10,492,000 12,204,000 14,373,000 
7,244,000 5,363,000 6 L~+ '64,000 Operation of i n s t a l l a t i o n s . .  

.......... $38,194,000 $61,098,000 $89,605,000 Tota l  c o s t s  - 
Pers  onne 1 

NASA Headqu.arters .......... 64 63 70 
L e w i s  Resea.rch Center ...... 1,284 1,300 1,364 
Marshall Space F l i g h t  Center 12 6 14 
Wallops Stat ion. .  ........... 32 40 47 
Western Operations Office.. . 2 2 5 
Goddard Spince F l i g h t  Center. - 1 3 
North Earstern Office. .  ...... 1 -  - 2 

Total personnel..  ..... 1,394 1,413 __ 1,505 

P r i m a r y  r e s p o n s i b i l i t y  f o r  the  Nuclear -Elec t r ic  Systems Prograri i s  i n  
the Off ice  of Advanced Research and Technology a t  NASA Headquarters and a t  
the  L e w i s  Research Center. Support f o r  the  program i s  accomplished i i t  t he  
o the r  l oca t ions  l i s t e d  above and a t  the  Ca l i fo rn ia  I n s t i t u t e  of Technology, 
Jet  Propuls  Lon Laboratory.  
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;PROGRAM JUSTQII(2ATION : 

Nuclear -e lec t r ic  power genera t ing  systems o f f e r  the  only p r a c t i c a l  
source of e l e c t r i c  power i n  the  k i lowa t t  and megawatt l e v e l s  which arc! needed 
f o r  f u t u r e  s a t e l l i t e  communications systems, spacec ra f t  on-board power, and 
e l e c t r i c  propuls ion systems. 

Nuclear - e l e c t r i c  propuls ion systems have the  h ighes t  performance poten- 
t i a l  of any : s y s t e m  capable of development wi th in  the  p red ic t ab le  fu tu re .  The 
need f o r  such h igh  performance i s  emphasized by the enormous s i z e  and weight 
of the r e l a t i v e l y  low performance chemically powered systems now being devel-  
oped f o r  NASd4's space missions.  

NASA's nuc lea r - e l ec t r i c  program i s  composed of a fundamental and appl ied 
research e f f o r t ,  component development, and s e l e c t e d  f l i g h t  tests and f e a s i -  
b i l i t y  demonstrations of components and complete systems. It is  desidned t o  
advance the technology i n  a series of s t e p s ,  each one of which can y i e l d  use- 
f u l  systems f o r  space f l i g h t  app l i ca t ion .  Previous yea r s '  programs have re- 
s u l t e d  i n  the i n i t i a t i o n  of such s t e p s  as the SNAP-8 (System f o r  N u c b a r  
Auxil iary PoFer) and the  ion  engine f o r  a spacec ra f t  s t a t i o n  keeping !and a t t i -  
tude con t ro l  system discussed la te r .  The primary emphasis i n  f i s c a l  year 1964 
is on the cont inua t ion  of these  and r e l a t e d  p r o j e c t s  with a vigorous support-  
ing research and technology e f f o r t  d i r ec t ed  toward de f in ing  the next  s teps  t o  
be taken. 

The major p o r t i o n  of the NASA nuc lea r -e l ec t r i c  program w i l l  be conducted 
by indus t ry .  Complementary in-house research and technology p r o j e c t s  as w e l l  
as l imi ted  u.riiversity inves t iga t ions  w i l l  be conducted. 

Both t h e  Atomic Energy Commission (AEC) and t h e  A i r  Force ace a l s o  con- 
duct ing pro@,i*ams i n  the n u c l e a r - e l e c t r i c  area. The AEC e f f o r t  is  a i r e d  a t  
providing react:ors f o r  the  SNAP-8 system and a t  developing the SNAP-2 and 
SNAP-10 systems f o r  the A i r  Force. I n  add i t ion ,  t h e  AEC i s  developing i so tope  
power genera t ion  systems and is  respons ib le  f o r  the SNAP-50 work. Coordina t im 
is  achieved through meetings of such groups as the  Supporting Space Research 
and Technology Panel of the  NASA-Department of Defense (DOD) Aeronautics and 
Astronaut ics  Coordinating Board and the  SNAP-8 Coordination C o m m i t  t e e  composed 
of NASA-AECqmP and assoc ia ted  i n d u s t r i a l  cont rac tors .  Fu r the r ,  i n  accordance 
with the j o i n t  AEC-DOD-NASA agreement on the  SNAP-SO work, NASA w i l l  a s s ign  an 
employee t o  :he SNAP-50 Off ice  of the AEC. I n  add i t ion  t o  the formal arrange-  
ments, t he re  is t:he usual  coord ina t ion  by means of informal meetings! v i s i t s  
t o  var ious l abora to r i e s  and exchange of r epor t s .  
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EWLANATIOIiSF FUNDS REQUESTED: 

Supporting -%search and technology 

Nuclear-ele c t r i c  power 

Bas i c p r o,pe r t i e  s ............. 
System components ............ 
Materia Is and environment a 1 

e f f e c t s  ..................... 
Advanced coiicep ts and 

Subsystem eva lua t ion  ......... sys  tein s t u d i e s  .............. 

E l e  c t r i c  prop u l s  i on  

ELectrostatLc propulsion ..... 
Electrothermal propulsion .... 
Electromagnetic propulsion ... 
Mission a n a l y s i s  ............. 
Component technology ......... 
Sub to ta l ,  d i r e c t  R&D c o s t s  ... 

Personnel c o s t s  ................ 
Operation of i n s t a l l a t i o n s  ..... 

Tota l  c o s t s  .............. 
Tota l  personnel .......... 

1962 - 

$ 527,000 
390,000 

981,000 

1,802,000 --- 

2,231,000 
913,000 

1,366,000 --- --- 
$8,210,000 

7 , 7 8  1,000 
5,33 1,000 

$21,322,000 

1,033 

1963 - 

$ 1,670,000 
4,790,000 

2,428,000 

1,203,000 - -- 

1,833,000 
603,000 

1 , 714,000 
388,000 
439,000 

$15,068,000 

9,055,000 
3,929,000 

$28,052,000 

1,052 

:..964 -- 

$ 1,870,000 
5 ,700,000 

3 ,962 , 000 

1,000,000 
600 , 000 

1 ,900 , 000 
500 , 000 

2 ,386 , 000 
400 , 000 - 1 700,000 

10,726,000 
4,807 , 000 - 

$35,551 , 000 

1 , 1 2 2  

- - 
- 

Nuclea , r -e lec t r ic  Power --- 
Advanced n u c l e a r - e l e c t r i c  space power systems producing e l e c t r i c a l  power 

i n  the ranee of hundredths t o  tens of: megawatts w i l l  be needed i n  tlze NASA 
space progxarrs f o r  both a u x i l i a r y  power and propuls ive  power i n  the 1970 
through l a t e  1980 t i m e  period. Multimegawatts ot electrical ,  power d i l l  be  
required t o r  propulsion a p p l i c a t i o n s  involving p lane tary  probe:; and manned 
p lane tary  Expeditions;  and k i lowa t t s  t o  mul t i -k i lowat t s  of e l e c t r i c a l  power 
w i l l  be requi red  f o r  a u x i l i a r y  o r  non-propulsive power a p p l i c a t i o n  involving 
cormnunicatl on sa t e l l i t e s ,  lunar  bases , deep space communications , and space 
l abora to r i e s .  

Both a u x i l i a r y  power and propuls ive  power make two import.int demands on 
power systemms, namely, l o n g - l i f e  ( i . e . ,  months t o  years )  and low s p e c i f i c  
weight. The opera t ing  conditions t o  m e e t  these  demands are technologica l ly  
beyond thoE8e of ground-based power genera t ing  devices .  This  i s  particular1.y 
t r u e  w i t h  r e spec t  t o  opera t ing  temperatures. The h igh  opera t ing  temperatures 
and extended opera t ing  times , t oge the r  wi th  the  a t t endan t  e f f e c t s  on 
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m a t e r i a l s ,  the  unknown hazards of micrometeoroids, and the lack of both b a s i c  
and engineer ing knowledge, present  s e r i o u s  obe tac les  t o  be overcome i n  the 
development of advanced s y s t e m s .  

The two concepts of converting nuclear  energy t o  e l ec t r i ca l  energ:r are 
the  Rankine-Cycle turbine-dr iven genera tor  system and the d i r e c t  c:onversion 
system which u t i l i z e s  a thermionic emission device.  

-- Basic p rope r t i e s  

The high temperature requirements make i t  necessary t o  use l i qu id  metals 
a s  working f l u i d s  and coolants  f o r  the tu rbo-e l ec t r i c  systems and as c3olants  
f o r  the d i r e c t  convsrsion systems. Since a component o r  system design i s  
h igh ly  dependent on the  p rope r t i e s  of these f l u i d s  , fundamental physic  31  and 
engineer ing p rope r t i e s  of the l i qu id  metals of i n t e r e s t  (potassium, sollium 
arnd cesium) m u s t  be known as accu ra t e ly  as poss ib le .  Accordingly,  B a t t e l l e  
Memorial Ins  ti t u t e  and the Naval Research Laborator ies  are obta in ing  high 
t.emperature da t a  on such p rope r t i e s  as s p e c i f i c  hea t s  , v i s c o s i t i e s ,  a n j  
t:hermal conduc t iv i t i e s .  

An experimental  and a n a l y t i c a l  program i s  being conducted by the (General 
E:lectric Company t o  ob ta in  b o i l i n g  and condensing a l k a l i  metal hea t  t r s n s f e r  
da t a .  A s  pa r t  c f  t h i s  c o n t r a c t ,  an  ex tens ive  test  program i s  proceeding 
dea l ing  with k o i l i n g  s t a b i l i t y  phenomena, which is  a major problem area a t  
t:he present  time. The Universi ty  oi Michigan and Hydronautics,  I i ic.  a r e  con- 
duct ing experimental  s t u d i e s  of l i q u i d  metal  c a v i t a t i o n ,  which i s  an inpor t an t  
l a c t o r  i n  PUIIIF design.  

Increasec r e l i a b i l i t y  and reduced system weights are expected by the 
a p p l i c a t i o n  clf' t.he d i r e c t  conversion of r e a c t o r  thermal energy t o  e l e c t r i c a l  
energy. I n  c rder  t o  obta in  the d a t a  necessary t o  assess the  f e a s i b i l i t y  of 
using the concept a vigorous b a s i c  research  e f f o r t  i s  underway. The United 
A i r c r a f t  Research Laborator ies  are performing measurements of the e l e c t r o n  
and plasma cclrtditions wi th in  the diode e l ec t rode  gap, f o r  example, the e l e c -  
t ron  energy di.st .r ibution and the c o l l i s i o n  c ross  s e c t i o n s  of e l e c t r o n s  with 
ions and neut ra l  atoms. Electro-Optical  Systems, Inc.  , is  determining the 
p rope r t i e s  of thermionic materials such as e f f e c t s  of c r y s t a l  o r i e n t a t i o n ,  
materials impur i t i e s ,  and the presence of cesium on e l e c t r o n  emis.si.on. 

A major in-house program i s  being conducted i n  these  program areas,  as 
well as the c:ont.ract and g r a n t  work a t  i n d u s t r i a l  con t r ac to r s  and u n i v e r s i t i e s .  
The acquis i t i .on of da ta  w i l l  be acce lera ted  i n  f i s c a l  year  1964 as a r e s u l t  
of the comp1et:ion of cons t ruc t ion  of major test  f a c i l i t i e s  both i n  and out  of 
house. From ;I systems component s tandpoin t  the experimental  d a t a  i n  the 
coming year  ~ 1 . 1 1 .  be more meaningful, f o r  example, mult i - tube hea t  t r a n s f e r  
d a t a  w i l l  be obt:ai.ned r a t h e r  than the  s i n g l e  tube d a t a  p re sen t ly  being 
measured. 'ITiese d a t a  w i l l  more nea r ly  approximate opera t ing  cond i t io r s  i n  an 
;actual sys  t e n 1  b o i l e r  o r  condenser. 
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System components 

The components of a Rankine turbogenerator  system include vapor turbines  ,, 
l i q u i d  m e t a l  pumps, b o i l e r s ,  waste hea t  r a d i a t o r s  , l i q u i d  metal  1-ubri-ated 
bear ings and e l e c t r i c a l  components such as the  a l t e r n a t o r  and power condi t ion-  
ing  equipment. Many of these  components are common t o  both Rankine and 
thermionic s y s t e m s ,  f o r  example, pumps, r a d i a t o r s  and e l e c t r i c a l  condlxting 
equipment. The p r inc ipa l  component i n  the thermionic s y s t e m  is  the  tliermionic 
vapor diode proper and i t s  assoc ia ted  con t ro l s .  This includes s p e c i a l  insu-  
l a t o r s  and l eads ,  as w e l l  as the  e l ec t rodes  which a r e  required t o  operate  i n  
a cesium environment and a t  e leva ted  temperatures and severe temperat Jre 
g rad ien t s .  

The comFon.ents of both systems , almost without  except ion,  a r e  p re sen t ly  
far  beyond t h e  s t a t e - o f - t h e - a r t .  The f i s c a l  year  1963 program includes 
experimental  and a n a l y t i c a l  work on a l l  of the components of both systems. 
The General E: lec t r ic  Company has constructed and i s  performance :@sting two 
s t a g e s  of an axial  flow potassium vapor tu rb ine  t o  v e r i f y  f l u i d  Elow design 
p r i n c i p l e s  arid t o  i n v e s t i g a t e  the  parameters a f f e c t i n g  turb ine  e ros ion .  
General E l e c t r i c  i s  a l s o  conducting a program i n v e s t i g a t i n g  s t a b i l i t y  phenom- 
ena i n  journ.al bear ings.  P r a t t  and Whitney A i r c r a f t  Corporation is exper i -  
mentally invc:st.igating hydrodynamic lo s ses  i n  waste h e a t  r a d i a t o r s  a n d  methods 
of i s o l a t i n g  r a d i a t o r  segments following pene t r a t ion  of coolant  tubes by a 
meteroid.  The Lewis  Research Center has  f ab r i ca t ed  m u l t i c e l l  thar-micnic 
diodes and is conducting e l e c t r i c a l l y - h e a t e d  performance tests t o  i nves t iga t e  
the s tab i1 i t :y  e f f e c t s  of s e r i e s  and p a r a l l e l  connections.  

Major t:esl: f a c i l i t i e s  were completed and put  i n t o  opera t ion  i n  f i sca l  
year  1963. Examples of these  are a l i q u i d  metal radiator-condenser  t e s t  r i g ,  
l i qu id  metal. pump and bear ings t es t  r i g s  a t  L e w i s ,  and vapor turb ine  and 
high temperai:ui:e hea t  t r a n s f e r  f a c i l i t i e s  a t  the General E l e c t r i c  Con,pany andl 
the  AiReseaixh Manufacturing Corporation. 

The f i s c a t  year  1964 program w i l l  continue the vapor turb ine  teEt pro- 
gram, the  bei%r:Lngs and e l e c t r i c a l  equipment program and w i l l  also provide t o r  
the cons t ruc t ion  and t e s t i n g  of c e r t a i n  f l i g h t  weight components suckl as 
pumps, condfmsars, and vapor l i q u i d  sepa ra to r s .  Evaluat ion of bear ing 
s t a b i l i t y  c h a r a c t e r i s t i c s  w i l l  be completed. It w i l l  be poss ib l e  i n  f i s c a l  
year  1964 t o  begin des ign  and t e s t i n g  of l i qu id  metal l ub r i ca t ed  beai.ing 
hardware ., 13 Leinental components ot thermionic conversion sys  t e m s  w i l l  con- 
t inue  t o  be  tes ted  both i n  and out  of a nuc lear  r e a c t o r .  

M a  --- tcxi ,a1 s and environmental e f f e c t s  

From p a s t  experience i t  has no t  been the  i n a b i l i t y  t o  design a system 
t h a t  has prevented o r  delayed development, bu t  the lack of knowledge of 
system materials o r  materials requirements.  The advanced power systc!ms are 
no exception; success w i l l  ae based l a rge ly  on t h e  development c l t  su:i.table 
materials. Both the t i s ca l  year  19b3 and 1964 programs are weighted heavi ly  
i n  t h i s  area. 
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The matlerials problems assoc ia ted  with the  Rankine systems a r e  a Efected 
by three  major cons idera t ions :  (1) the  e x t e r n a l  e f f e c t s  as a r e s u l t  c>f the 
space environment, p r i n c i p a l l y  u l t r a -h igh  vacuum, meteoroids and t o  a lesser 
e x t e n t ,  e lectromagnet ic  and pa r t i c l e  r ad ia t ion ;  (2) the phys ica l  s t re i igth re- 
quirements f o r  both r o t a t i n g  and non-rotat ing components; and (3) the i n t e r -  
n a l  problems such as cor ros ion  and e ros ion  caused by h igh ly  r e a c t i v e  zoolant 
and the flow proper t ies .  Under the condi t ions of power system opera t ion  only 
a l loys  of the r e f r a c t o r y  meta ls ,  such a s  columbium, tantalum and vanadium, 
have the r e q u i s i t e  s t r e n g t h  and ease of f ab r i ca t ion .  

A l l  of the ma te r i a l s  mentioned are r e a d i l y  oxidized r e s u l t i n g  i n  em- 
b r i t t l emen t  2 n d  d r a s t i c a l l y  acce le ra t ed  l i q u i d  metal corrosion.  I n  space,  
oxidat ion i s  not  a problem, but  i n  ground t e s t i n g ,  which account:; f o r  t he  
bulk of R&D e f f o r t ,  i t  is  a major source of t rouble .  Major advances i n  the 
understanding; of t e s t  environment requirements have been made wi th in  the pas t  
year .  A proE:rani i s  being followed a t  the  General E l e c t r i c  Company a n d  i n -  
house t o  determine the e f f e c t s  of q u a n t i t a t i v e  amounts of impur i t ies  i n  i n e r t  
cover gases ,  methods of  measuring minute q u a n t i t i e s  of impur i t i e s ,  a n d  proper 
prepara t ion  of t e s t  specimens and l i q u i d  metals p r i o r  t o  t e s t i n g .  Arother 
f a c t o r  cont r ibu t ing  t o  the d i f f i c u l t y  of materials eva lua t ion  is  the t e s t  time 
required t o  get: r e l i a b l e  d a t a  f o r  systems opera t ing  w e l l  over 10,000 hours. 
The corrosion problem i n  b o i l i n g  metal loops i s  j u s t  beginning. NASP corrosi.on 
work i n  progress includes r e f l u x  capsule screening  tests on colurribiurl and 
tantalum al1.oys both a t  the L e w i s  Research Center and the  General Electric:  
Company. A con t rac t  f o r  cons t ruc t ing  pumped b o i l i n g  cor ros ion  loops of prom-. 
i s i n g  alloy:; w i l l .  be i n i t i a t e d  i n  the  l a s t  qua r t e r  of f i s c a l  year  1963. 

During Eiscal year  1963 p r o j e c t s  have also been i n i t i a t e d  t o  determine 
the long tirne creep p rope r t i e s  and we ldab i l i t y  of r e f r a c t o r y  a l l o y s ,  develop- 
nent  of l i qu id  metal l ub r i ca t ed  bear ing  materials and development of a high 
s t r eng th  taiitalun; d i spe r s ion  hardened a l l o y .  A l l  of the above fisca: .  year  
1963 projecirs w i l l  be continued through f i s c a l  year  1964.  I n  add i t ion  t o  
these  programs , new p r o j e c t s  w i l l  be s t a r t e d  t o  determine s p e c i a l  mei:hods of 
f a b r i c a t i n g  these new materials. 

The General Atomic Divis ion of General Dynamics Corporation i s  c:onductii-ig 
under con t r ac t  an ex tens ive  program i n  the thern:ionic mater ia l s  a r e a ,  which 
includes me ta l lu rg ica l  s tud ies  of e l ec t rode  mater ia ls ,  i n s u l a t o r  devc:lop:nent, 
and cor ros ion  s tud ie s .  During f i s c a l  year  1964 two add i t iona l  major therm- 
i o n i c  ma te r i a l s  programs w i l l  be cont rac ted  with indus t ry .  The i n d w t r i a l  aicid 
un ive r s i ty  con t r ac t  work is  supplemented by a s u b s t a n t i a l  in-house picogram, 
p r i n c i p a l l y  a t  L e w i s  Research Center.  

From a systems s tandpoin t ,  the present  of meteoroids i n  space f a r  out-  
weighs t h e  f ac to r s  mentioned previous ly ,  i . e . ,  hard vacuum and space radiaticn.  
The armor p ro tec t ion  required t o  minimize the  p o s s i b i l i t y  of meteoroid pene- 
t r a t i o n  can range from 5 t o  60 percent  of the  t o t a l  system weight,  dlepending 
upon the  meteoroid des ign  c r i t e r i a  chosen. There are three  a reas  of uncer- 
t a i n t y  with r e spec t  t o  the meteoroid hazard.  The f i r s t  i s  the ~ae teoro id  pop- 
u l a t i o n  i n  space.  There a r e  orders  of magnitude v a r i a t i o n  i n  our knowledge of  
the d i s t r i b u t i o n  and d e n s i t i e s  of meteoroids i n  space.  A s  more da ta  become 
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a v a i l a b l e  they are being compiled and analyzed by the Lewis Research Cc n t e r  
f o r  the effect: on space power systems. The second uncer ta in ty  i s  the  Ilenetra- 
t i o n  mechanisri oE the  very high v e l o c i t y  meteoroids.  The Cornel1 heroriautical  
L,aboratory ~ Tc:chnical Operations Limited,  and General Motors Research 1,abora- 
tlory a r e  conducting; a n a l y t i c a l  and experimental  programs i n  t h i s  a rea .  Recent 
advances i n  the  performance of hyperveloci ty  guns f o r  ground s imula t ion  of 
meteoroids has has been a notable  accomplishment. The t h i r d  unce r t a in ty  i s  
the e f f ec t iveness  of methods of reducing the v u l n e r a b i l i t y  t o  meteoroic damge. 
Various method:; have been proposed such as bumpers, segments which can be 
i s o l a t e d ,  and the use of non-f luid r a d i a t o r s .  The f i s c a l  year  1964 program 
includes c o n t f i ~ ~ u i ~ t i o n  of the a n a l y t i c a l  s t u d i e s  and expands the ground i m p a c t  
program t o  include a c t u a l  r a d i a t o r  modules and tes ts  of p ro tec t ion  methods. 
Weightlessness i n  space p r i n c i p a l l y  a f f e c t s  the Rankine - ;ycl-e tu rb ine-  
genera tor  systems with r e spec t  t o  the condensing and b o i l i n g  process arid 
s y s t e m  s t a r t u p .  With regard t o  the  thermionic systems i t  would be mucli less 
of a f a c t o r .  Zero g r a v i t y  t e s t i n g  as i t  s p e c i f i c a l l y  app l i e s  t o  the  advanced 
nuc lear  systerns w i l . 1  begin i n  l a te  f i s c a l  year  1964. 

Advanced concepts and sys tern , s tud ies  

The success ful! development of advanced space power systems requircis a 
continuous eva lua t ion  of advanced concepts and missions t o  properly ideintify 
perf  ormancc! r tquirements  and problem areas r equ i r ing  research  and deve:.opment 
e f f o r t .  S p e c i f i c a l l y  i t  is  necessary t o  (1) de f ine  power, weight and oper- 
a t i n g  l i f e  reg.ti.rernents and environmental s p e c i f i c a t i o n s  f o r  missioins of major 
i n t e r e s t  t o  NASA, (2) i n v e s t i g a t e  the promising power p l a n t  concepts ,  and (:3) 
s e l e c t  the coii=ept o r  concepts of i n t e r e s t  f o r  more concentrated e f  fori:. 

The p r e s e n t  program includes a n a l y t i c a l  s t u d i e s  of nuc lear  Rankinci and 
Brayton cycle  systems, r e a c t o r  i n -p i l e  and r e a c t o r  ou t -of -p i le  thermionic 
systenis , and vBrioiis approaches t o  magnetohydrodynamic power genera t ion .  The 
s tud ie s  are being performed p r i n c i p a l l y  out of  house,  the  con t r ac to r s  :including, 
P r a t t  & Whitney A i r c r a f t ,  Mart in-Mariet ta ,  Westinghouse E lec t r i c  a.nd Ai:omics 
I n t e r n a t i o n a l  ‘Division of North American Aviation. 

The program a l s o  includes experimental  work dea l ing  with c r i t i c a l  problem 
a reas  of systeins which are i n  the concept f e a s i b i l i t y  phase. An examp1.e of 
t h i s  i s  the  cons t ruc t ion  and t e s t i n g  of  vapor- l iquid sepa ra to r s  as a p a r t  oE 
a f e a s i b i l i t y  d e  terminat ion of a two f l u i d  magnetohydrodynamic concept The 
concept o r ig ina t ed  and is  being inves t iga t ed  a t  the  Jet  Propuls ion Laboratory 
(JPL). A JPL experimental program t o  determine the f e a s i b i l i t y  of convert ing 
the energy of nuclear f i s s i o n  fragments o r  o the r  charged p a r t i c l e s  d i r c c t l y  
t o  high vol tags  e l e c t r i c i t y  i s  another  example of t h i s  type of e f f o r t .  

The f i s c a l  :year program w i l l  have s l i g h t l y  less funding than f i s c i i l  year  
1963. Many oE the  programs i n i t i a t e d  i n  f i s c a l  year  1963 w i l l  continut! 
through the coning f i s c a l  year .  More emphasis w i l l  be p laced ,  however, upon 
experimental  13 tufdies . 
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-- Subs.ystem eva lua t ion  

Under t ' n i s  heading endurance t e s t s  of major subsystems w i l l  be pczrformed. 
These w i l l  include such i t e m s  as complete tu rbo -a l t e rna to r  pump c:onibiiiations 
opera t ing  on l i q u i d  metal  bear ings.  Endurance t e s t i n g  of a complete mul t i -  
c e l l  vapor diode under probable system condi t ions w i l l  be conduct.ed. These 
demonstrations a r e  cont ingent  upon progress  i n  the advanced techrio1og:r areas 
of bas i c  p rope r t i e s  , Inaterials, system components , and environmental e f f e c t s .  
It  i s  intlended t h a t  the subsystem demonstration w i l l  provide d e t a i l e d  evidence 
of  performance of key areas involved i n  megawatt nuclear  e l e c t r i c a l  s:rstems, 

E le  c tr i s q r  opuls i on  

--- E l e c t r o s t a t i c  propuls ion 

The objec t ives  of e l e c t r o s t a t i c  propuls ion research are t o  provide bas i c  
process  and appl ied component information necessary f o r  the l o g i c a l  d 2velop- 
merit of e l e c t r o s t a t i c  ( ion and co l lo id )  t h rus to r s  i n  the t h r u s t  range of 0 .1  
t o  10 pounds or  g r e a t e r  a t  s p e c i f i c  impulses of 3,500' t o  10,000 seconjs  or  
g r e a t e r .  Basic da t a  t o  be supplemented include the  r e l a t i o n s h i p  of i m  
genera t ion ,  e l e c t r i c a l  theory concerning the  s t r u c t u r e  of i on  beams and 
charge excharge e f f e c t s .  Applied technology a reas  include the f a c t o r s  
a f f e c t i n g  c o r s t r u c t i o n  of porous emit ters ,  var ious materials f o r  the con- 
s t r u c t i o n  of t h e  d i f f e r e n t  components, e l ec t r i ca l  des ign  cons idera t ions ,  f u e l  
corrosion e f f ec t s  , engine performance and instrumentat ion.  

Studies  of contac t  i on iza t ion  i n  the  NASA program and i n  the  con t r ac t  
program w i t h  El.ectro-Optical  Systems , Hughes Research Labora tor ies  and Space 
Technology L,abcIratories w i l l  se rve  t o  eva lua te  the  b e s t  ava i l ab le  porous 
tungs ten  ion. emitters. 

The at ta inment  of leak- f ree  seals between the  porous ion  emit ter  and i t s  
support  s t r u c t u r e  i s  a d i f f i c u l t  problem, e s p e c i a l l y  i n  l a r g e r  ion  engine 
s i z e s .  S a t i s f a c t o r y  techniques f o r  brazing and f o r  e l e c t r o n  been welding of 
porous ion en l i t t e rs  have been evolved f o r  small ion  engines and e f f o r t s  are 
c u r r e n t l y  underway t o  extend these  techniques t o  l a r g e r  e m i t t e r  s i z e s .  

The General E lec t r ic  Company i s  working on a new type of contact  ion  
source which w i l l  opera te  a t  high cu r ren t  d e n s i t i e s  with simultaneous e m i s s i c m  
of ions and e l ec t rons .  I f  success fu l ,  t h i s  type of ion source would p e r m i t  
much h igher  power e f f i c i e n c i e s  than are a t t a i n a b l e  with conventional contac t  
ion sources a t  intermediate  l e v e l s  of s p e c i f i c  impulse. 

Inves tj.l:ations of  bombardment ion  sources have been underway a t  Ion 
Physics Corporati.on, Electro-Optical  Systems, and Thompson Ramo 'doold r idge  
Corporation., 

Most of t he  ion  o p t i c  s t u d i e s  necessary t o  ion engine development'are 
being carried out  as i n t e g r a l  p a r t s  of the  engine development p r o j e c t s .  How-. 
eve r ,  two spec:ifi-c i on  o p t i c s  technology con t r ac t s  are i n  ex is tence .  One of 
these is on the a n a l y t i c a l  s tudy of curved beam o p t i c s  a t  Stanford Urlivezsity. 
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'fie second ion op t i c s  con t r ac t  w i l l  be a n  e l e c t r o l y t i c  tank analog s tudy of 
acce le ra to r  e l ec t rode  geometries f o r  use with bombardment type ion  engines  a t  
Hughes Research Labora tor ies .  

The neu ixa l i za t ion  of ion beams remains as one of t he  major quest ions 
regarding fea:; ibil- i ty of i on  engine opera t ion  i n  space.  It is  hoped t h a t  
f i n a l  proof o E  t h i s  f e a s i b i l i t y  w i l l  be determined i n  the  SERT I f l i g h t  
p r o j e c t ,  descr ibed below. I n  the meantime, i n  order  t o  ob ta in  b e t t e r  under- 
s tanding of itlie phenomena involved and t o  permit op t imiza t ion  of engiiie 
n e u t r a l i z e r  : ;ys terns, t h e o r e t i c a l  s t u d i e s  are underway on th ree  con t r ac t s  with 
General Atomics, L i t t o n  I n d u s t r i e s  and the  Nat ional  Bureau of Standards.  

The development of improved ins t rumenta t ion  is  an  e s s e n t i a l  p a r t  of any 
meaningful ion (engine development program. Accordingly, Space Technology 
Laborator ies  arle a t  work on the  development of an  electron-emission t:rpe 
e l e c t r i c  Eie I d  ne t e r ;  beam p o t e n t i a l  probes; a cesium D-line resonance? 

apparatus  f o r  n e u t r a l  atom de tec t ion ; .and  a similar apparatus  f o r  det i?ct ion 
of n e u t r a l  mercury atoms. F l i g h t  models of the e l c t r i c  f i e l d  meter and beam 
probe w i l l  be used i n  the  SERT I1 f l i g h t s .  

Sput te r ing  e ros ion  of the a c c e l e r a t o r  e l ec t rode  i s  the major obs t ac l e  
t o  long ion  engine opera t ing  l i f e .  A fundamental s tudy of s p u t t e r i n g  
mechanisms i s  being conducted a t  Convair using p rope l l an t  mater ia ls  , e?lectrodc! 
ma te r i a l s ,  a n d  vol tage d i f f e rences  typ ica l  of i on  engines.  Another c r i t i c a l  
problem i n  ion engines is  e l e c t r i c a l  breakdown between the  high voltai3e e l ec t -  
rodes.  A s t u d y  of such e l e c t r i c a l  breakdown i n  cesium vapor atmospheres has  
been underway a t  the General Electr ic  Laboratory.  

Electrothermal  propuls ion --- 
Funding i n  e lec t ro thermal  propuls ion research  w i l l  cover two prime 

objec t ives ;  (1) t o  advance the technology of e lec t ro thermal  engines (arc 
je ts)  and r e s i s t a n c e  heated rocke t s ,  i n  order  t o  provide e f f i c i e n t  and 
r e l i a b l e  e l e c t r i c  engine systems f o r  the impulse range 700 t o  1500 seconds; 
and (2) t o  i nves t iga t e  e lec t ro thermal  devices  f o r  a t h r u s t  range of 0 .1  t o  1.0 
pounds, s p e c i f i c  impulses of 1,000 seconds o r  l a r g e r ,  and power Levels of 1.0 
t o  100 k i lowat t s .  P e r t i n e n t  a n a l y t i c a l  and experimental  s t u d i e s  on components 
and bas i c  precesses include e l ec t rode  geometry, cool ing  techniques,  non- 
equi l ibr ium f l C J W  e f f e c t s ,  p rope l l an t s ,  and materials. 

The development of l o n g - l i f e  a r c  j e t  t h r u s t e r s  depends upon e f f i c i e n t .  
regenerat ive cool ing.  This ,  i n  t u r n ,  depends upon a knowledge of the heat: 
f l u x  pa t t e rns  from the arc region. Two con t rac t s  t o  s tudy  arc h e a t  t r a n s f e r  
have been i n  ex is tence  u n t i l  r ecen t ly .  Addit ional  work of t h i s  type is 
recormended fos f i s c a l  year  1964 i n  order  t o  ob ta in  more d a t a  on the p a t t e r n  
of hea t  f l u x  from the p o s i t i v e  column of a c a p i l l a r y  arc. The second of the  
two contract::;, wi.th the Univers i ty  of Minnesota, i s  d i r ec t ed  pr imar i ly  towards 
obta in ing  d a t a  on d i s t r i b u t i o n  of hea t  f l u x  i n t o  the  e l ec t rodes  themselves. 
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Only one technology con t r ac t  remains f o r  s tudy of e l ec t rode  geome'Iries 
f o r  DC a r c  j e t s .  This con t r ac t  i s  f o r  an inves t iga t ion  of a two-phase a r c  
j e t  by Space Dynamics Corporation. 

The s tudy of a r c  engines e f f e c t s  i n  vacuum a t  McDonnell A i r c r a f t  
Corporation i s  aimed a t  ob ta in ing  experimental  d a t a  on recombination r#i te  co- 
e f f e c i e n t s  a t  pressures  below 1 m i l l i m e t e r  mercury. A r e l a t e d  s tudy i:; the 
inves t iga t ion  of hydrogen recombination c a t a l y s i s  a t  Convair. The wor c t o  
da te  has  been a t  low temperatures and has r e su l t ed  i n  the  discovery of e f f e c -  
t i v e  c a t a l y s t s  f o r  t h i s  temperature regime. A l ipha t i c  hydrocarboris wi:h a 
s t r u c t u r e  conducive t o  bond resonance appear t o  be e f f e c t i v e  i n  absorbing 
energy from hydrogen atoms. The recombination of these  de-energized h.ydrogen 
artoms then proceeds as a bimolecular r eac t ion .  These c a t a l y s t s  must n2w be 
i .nvestigated i n  a n  a c t u a l  a r c  j e t  engine. This work i s  a l s o  of i n p o r t m c e  t o  
the nuclear  rccke t .  

--- Electronagne t i c  propuls ion 

The objec t ive  of e lectromagnet ic  propuls ion research  i s  t o  conduct f e a s i -  
b i l i t y  s t u d i e s  of var ious types of magnetohydrodynamic ( M H D )  engine system 
concepts f o r  propuls ion app l i ca t ion .  These inves t iga t ions  place p a r t i c u l a r  
emphasis on s tud ie s  t o  determine the physics of the plasma production 2nd 
acce le ra t ion  Frccesses .  The inves t iga t ions  a l s o  include a n a l y t i c a l  an13 exper- 
imental  s tud ie s  t o  determine the mechanism of plasma a c c e l e r a t i o n  t o  s 2 l e c t  
p rope l l an t s ,  a.nd t o  devise  e f f i c i e n t  methods of p l a sma  product ion.  

Pre1iniina.ry inves t iga t ions  of f e a s i b i l i t y  are cu r ren t ly  underway on s i x  
d i f f e r e n t  magnetohydrodynamic plasma acce le ra to r s  as follows: a microwave 
acce le ra to r  (C;erieral E l e c t r i c )  ; a t r a v e l i n g  wave a c c e l e r a t o r  (Clauser rech- 
nology); two c i f f e r e n t  coaxial  pu lse  type acce le ra to r s  (General E l e c t r i c  and 
General Dynarrj.cs/As t ronau t i c s )  ; a s t eady- s t a t e  H a l l  cu r r en t  acce le ra to r  
(Electro-0ptic.al  Systems) ; and a s t eady- s t a t e  EXB a c c e l e r a t o r  (MHD Inc.  - 
Marquard t )  . 

Princetcrt  Universi ty  has a con t r ac t  t o  s tudy tk fundamentals of t h e  
pinch discharge i n  p l a smas .  The mechanisms of sheath formation a n d  sheath 
i n s t a b i l i t y  a.re of primary concern i n  t h i s  s tudy.  This work has general  
a p p l i c a t i o n  t o  plasma hea t ing  and power genera t ion  as w e l l  as t o  propulsion. 

A cont rac t  with Tobe Deut schmann Laborator ies  f o r  the developuient o f  
l igh tweight ,  Low-inductance capac i tors  i s  intended t o  provide the research  
hardware necessary f o r  s tud ie s  of pulse- type plasma acce le ra to r s  i n  bcth the 
in-house and con t r ac t  research  programs. 

Preliminary labora tory  r e s u l t s  of i nves t iga t ion  on the General. E l e c t r i c  
r e p e t i t i v e l y  pul.sed coaxia l  a c c e l e r a t o r  i nd ica t e  power e f f i c i e n c i e s  of 20 t:o 
:30 percent: at: 7000 seconds s p e c i f i c  impulse. This MHD device shows t h e  most 
promise f o r  ein-1.y e l e c t r i c  propuls ion app l i ca t ion .  It i s  too  e a r l y ,  bowever, 
,to make f i rm predi.ctions on any EIHD propuls ion concept. 
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F e a s i b i l i t y  s t u d i e s  w i l l  continue during f i s c a l  year  1963 arid inixeased 
work scopes a.re being planned f o r  the f i s c a l  year  1964 t i m e  per iod.  

Miss ion .  a n a l y s i s  

Studies  w i l l  be conducted on mission app l i ca t ions  f o r  e l e c t r i c  propuls ion 
t o  provide and support  t he  u l t imate  goals  of the engine research  and Idevelop- 
ment program. The ob jec t ives  of  the  mission ana lys i s  and e l e c t r i c  pr3puls ion 
system a p p l i c a t i o n  s t u d i e s  are: (1) t o  s tudy propuls ion and vehic le  require-  
ments f o r  prcbe and manned round t r i p s  t o  o the r  p l ane t s  f o r  systems enploying 
e l e c t r i c  propuls ion devices;  and, (2) t o  determine mission c a p a b i l i t i z s  and 
requirements of e a r l y  and advanced e l e c t r i c  propuls ion systems. 

Mission ana lys i s  f o r  e lec t r ic  propuls ion i s  c u r r e n t l y  being ca r r i ed  on 
a t  the Lewis  Research Center,  Marshall  Space F l i g h t  Center and Goddard Space 
F l i g h t  Center.  Also, s eve ra l  con t r ac to r s ,  Hughes (Culver C i t y ) ,  Unit1.d A i r -  
c r a f t  Corpora.tion, General Electric Company (Cinc inna t i ) ,  and Rand Corporation, 
e i t h e r  have h a d  o r  have con t r ac t s  t o  perform s t u d i e s  t h a t  w i l l  provide the i n -  
formation necessary f o r  an e l e c t r i c  propuls ion research  and development pro- 
gram. These s t u d i e s  must be updated and continued i n  p a r a l l e l  with the R&D 
programs s i n c e  experimental  des ign  and performance d a t a  cont inua l ly  change, 
thereby a f f e c t i n g  the  na ture  and r e s u l t s  of the ana lys i s .  

This work at tempts  t o  focus and d i r e c t  research  and development e f f o r t s  
on e l e c t r i c  Flropulsion systems by ana lys i s  of the  payload c a p a b i l i t i e s  of 
nuclear  e l e c t r i c  spacec ra f t  i n  the fou r  major areas of space a c t i v i t y ,  which 
a r e  : (1) Unmanned in t e rp l ane ta ry  exp lo ra t ion  (instrumented probes and orbitens) 
(2)  llanned i l ' i terplanetary exp lo ra t ion ,  (3) Ferry  f r e i g h t  f o r  l o g i s t i c  support  
(unmanned), and (4) S a t e l l i t e  r a i s i n g  and o r b i t a l  s ta t ion-keeping  (communica- 
t i o n  and s c i e n t i f i c  sa te l l i t es ) .  

Comp one n t  technology 

The studies i n  t h i s  area cover technology a s soc ia t ed  wi th  the  des ign  and 
development of components f o r  the  e l ec t r i c  propuls ion subsystems such as the  
p rope l l an t  fesedl con t ro l  and s to rage  and the  power condi t ioning subsystem, and 
a l s o  f o r  the t h r u s t e r  subsystem. 

Development fm& f l i g h t  p r o j e c t s  1962 - 1963 - 1964 
-I- 

SNAP-8 Development 

Direct R&U c c ~  ts ................. $6,103,000 $15,100,000 $1 5 , ~ 0 0 , 0 0 ~  

Personnel c:osts .................. 1,719,000 1,731,000 1,998,000 

888,000 

$9.008.000 $17.604.000 $17.886.000 

209 

....... .- Operation of I n s t a l l a t i o n s  1,186,000 773,000 

.................. .- T o t a l  cos t s  

Tot a 1 pe r s onne 1 .-- 198 .............. 230 
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The objec t ive  of the SNAP-8 Development P r o j e c t  i s  t o  develop a nuc lear -  
powered e l e c t r i c a l  genera t ing  system which w i l l  generate  a minimum of 35 KW 
of e l e c t r i c a l  power a t  the vehic le  load switch and be capable of Paunch, 
o r b i t a l  s t a r t u p ,  and continuous r e l i a b l e  opera t ion  i n  space f l i g h t  f c r  per iods 
of 10,000 hour:; o r  more. A t  the  present  time, no space power system except 
SNAP-8 i s  being developed i n  the  United S t a t e s  t o  provide e l e c t r i c a l  powers i n  
the range beisween 3 Kw and 300 KW. Such power l eve l s  w i l l  be required f o r  
f u t u r e  space mission app l i ca t ions  t h a t  f a l l  i n t o  two ca tegor ies :  (1) auxi.1- 
i a r y  o r  non-.propulsive power such as t h a t  required f o r  manned lunar  base 
opera t ions ,  cmmnmication s a t e l l i t e s ,  o r b i t i n g  space l a b o r a t o r i e s ;  and (2)  
e a r l y  propuls ion power wherein SNAP-8 w i l l  provide the e l e c t r i c a l  power r e -  
quired t o  operate  e l e c t r i c  rocke t  engines f o r  such app l i ca t ions  as plane tary  
probes,  s t a t  ion  keeping and o r b i t a l  t r a n s f e r  missions,  as w e l l  a:; providing 
a source of power f o r  long du ra t ion  engine development f l i g h t  te : i t s .  

The SNAP-€1 i s  a Rankine -cycle turb ine  powered e lec t r ica l  genera t ing  
system consis timg of a nuc lear  subsystem and a power conversion subsystem. 
The nuclear  subsystem includes a nuc lear  r e a c t o r ,  r e a c t o r  contro Ls, and 
r e a c t o r  sh i e ld ing ;  and, the power conversion system includes a turbinl?, 
a l t e r n a t o r  (g,en.erator) , a condenser, b o i l e r ,  r a d i a t o r s ,  pumps, arid as sociated 
con t ro l s .  

The SNAP-8 Development P r o j e c t  i s  a j o i n t  NASA-AEC program. The Aeroje t -  
General Corpclration under con t r ac t  t o  NASA is  responsible  f o r  development of 
the power conversion subsystem and i t s  i n t e g r a t i o n  with the nuclear  s ibsystem 
i n t o  a r e l i a b l e  e l e c t r i c a l  generat ing system. The nuclear  subsystem Is being 
developed by Atomics I n t e r n a t i o n a l  under con t r ac t  t o  the  AEC. "lie Levis 
Research (Center has been assigned p r o j e c t  t echnica l  d i r e c t i o n  and c o n x a c t  
adminis t ra t ion .  I n  add i t ion ,  the Center i s  providing in-house technica l  
support  i n  the areas of the e f f e c t  of ze ro  g rav i ty  environment on f l u i d  dy- 
namic c h a r a c t e r i s  t ics ,  component performance system dynamics, rac ' i a t ion  damage 
of SNAP-8 e l e c t r i c a l  components, and r e l i a b i l i t y  and q u a l i t y  assuranct!. 

The SNPiP-8 p r o j e c t  was s t a r t e d  on May 9 ,  1960. Aerojet-General and 
Atomics In t e rna t iona l  have designed, f ab r i ca t ed ,  and t e s t ed  var icus  components 
of t h e i r  respec t ive  subsystems as w e l l  as providing o r  i n i t i a t i n g  cons t ruc t ion  
of the necessar:y f a c i l i t i e s  required f o r  t he  ove ra l l  development p r o j e c t ,  A s  
a r e s u l t  of ixn extens ive  technica l  review during the  f a l l  of 1962, the: des ign  
of the power conversion subsystem has been changed t o  a l leviate  some of the  
development 1) roblems encountered during the  previous year  and t o  provide 
g r e a t e r  assur,snce of ob ta in ing  a r e l i a b l e ,  10,000-hour l i f e  system. 

The Aero,je.t-&neral Corporation is  c u r r e n t l y  designing the power con- 
vers ion  system, preparing model s p e c i f i c a t i o n s ,  and lay ing  out  the necessary 
development p:rogram. I n  add i t ion ,  component t e s t i n g  is  continuing F.esults 
of the b o i l e r  test:  pr0gra.m ind ica t e  t h a t  a s a t i s f a c t o r y  design has been 
achieved. Rc!rnaini.ng t o  be e s t ab l i shed  is  the endurance of the  design.  The 
: i n i t i a l  expei::imc!nt:al r e a c t o r  went c r i t i c a l  i n  September 1962 and is cc , r ren t ly  
undergoing physj:cs' experiments a t  Atomics I n t e r n a t i o n a l  f o r  the AEC. The in -  
house e f f o r t  a t  L e w i s  Research Center cont inues t o  provide technica l  support  
:€or t he  SNAP-I) p r o j e c t .  
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F i s c a l  year  1963 funds w i l l  be used t o  accomplish necessary des ign  
changes, modify test f a c i l i t i e s  , i n i t i a t e  f a b r i c a t i o n  of component hardware , 
and i n i t i a t e  add i t iona l  component t e s t i n g .  A l l  work s t a r t e d  i n  fiscal1 year  
1963 will.  be continued i n  f i s c a l  year  1964 i n  a d d i t i o n  t o  s t a r t i n g  new t a sks  
as required by the development program. During f i s c a l  year  1964, all power 
conversion system components w i l l  be under performance, r e l i a b i l i t y ,  and 
l imi ted  l i f e  t a s t i n g  i n  prepara t ion  f o r  long-term power conversion s y s t e m  and 
e l e c t r i c a l  genera t ing  system endurance t e s t i n g  ( i . e . ,  f o r  per iods of t he  o rde r  
of 10,000 hours) .  I n  add i t ion ,  the f i r s t  zero  g r a v i t y  mercury condensing 
f l i g h t  experiment w i l l  be conducted during f i s c a l  year  1964 i n  support  of t h i s  
p r o j e c t  (see Srnal.l n u c l e a r - e l e c t r i c  propuls ion and power f l i g h t  p r o j e c t s ) .  

The f i r s t  i n t eg ra t ed  system tes t  with nuclear  power is scheduled f o r  
CY 1965 foll.owt:d by ex tens ive  endurance and proof t e s t i n g  i n  a simulated s p a c e  
environment. These tests lead t o  a f i r s t  f l i g h t  i n  CY 1967 as descr ibed i n  
the s e c t i o n  on the SNAP-8 f l i g h t  eva lua t ion  p r o j e c t .  

1964 - 1963 - 1962 SNAP-8 flighi: -- eva lua t ion  I_ 

Spacecraft: des ign  development ........ --- $518,000 $5,500,000 
Supporting research  and development.. . --- 200,000 1,000,000 
Ground and launch support  ............ --- 125,000 2,000,000 

................. --- 500,000 Thor launch veh ic l e s  --- 
Subtotal.,  d i r e c t  R&D c o s t s  ......... --- $843,000 $9,000,000 

- 

Personne 1 c o s t s  ...................... $66,000 194,000 305,000 
Operation of i n s t a l l a t i o n  ............ 49,000 79,000 120,000 - 

Tota l  cos t s  ...... $115,000 &116,000 $9,~25s000d - 
Tota l  personnel. .  . 9 22 32 - 

F l i g h t  Schedule 

Miss i o n  --- 
Zero g r a v i t y  e f f e c t s  on 

Ba l l i s t i c  (:! f l i g h t s )  
SYS t e m  dyIlim:ics 

SNAP-8 system eva lua t ion  
O r b i t a l  test::; (2 f l i g h t s )  

Launch 
vehic le  

Calendar Year La,unch 
1 cl ca t ion  - of launch 

Thor 1964, 1965 

Saturn B 1967, 1968 

AMR 

AMR 
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The SNAP-.8 f l i g h t  eva lua t ion  p r o j e c t  is required t o  demonstrate the  
f e a s i b i l i t y  of s t a r t i n g  and operat ing SNAP-8 nuclear  e l e c t r i c  power generat ion 
and propuls ion systems i n  the  a c t u a l  space environment. Addit ional  ob jec t ives  
are t o  evalua,t:e the system's a b i l i t y  t o  perform s a t i s f a c t o r i l y  i n  space f o r  a 
minimum of lOi,OOO hours (approximately one year) and t o  eva lua te  these systems 
f o r  mission a.ppl.ications. The l e v e l  of e f f o r t  f o r  t h i s  p r o j e c t  is determined 
by the  s t a t u s  of the SNAP-8 development p ro jec t .  Hence, no major hardware 
development c.cnnndtments f o r  th f l i g h t  p r o j e c t  w i l l  be made u n t i l  sa t i s fac t .o fy  
GNAP-8 develqnnent progress  i s  demonstrated. 

The e s s e n t i a l  elements of the f l i g h t  eva lua t ion  p r o j e c t  are: (1) des ign ,  
development , i n t e g r a t i o n ,  and f l i g h t  t e s t i n g  of spacec ra f t ;  (2) support ing 
research and development; (3) ground and launch support ;  (4) launch vehic le /  
cpacecraf t  ccoipat ibi l i ty;  and, (5) t e s t  eva lua t ion .  

The Lewix: Research Center serves  as technica l  d i r e c t o r  f o r  t h i s  p ro jec t .  
Ground and lalunch support  w i l l  be provided by the  Launch Operations Center and 
launch vehic le  technica l  support  w i l l  be provided by the  Marshall Space  F l igh t  
Center. Goddrircl Space F l i g h t  Center w i l l  assist  i n  c o l l e c t i o n  anld c o l l a t i o n  
of f l i g h t  test: da t a .  A p r i n c i p a l  cont rac tor  w i l l  be se l ec t ed  t o  (design and 
bui ld  the  spacec ra f t .  

The present: o v e r a l l  f l i g h t  program p lan  cons i s t s  of o r b i t a l  and b a l l i s t i c  
f l i g h t s  of SEIAP-8 e l e c t r i c  generat ing systems, subsystems, and components. 
13a l l i s t i c  fli.g;ht tests,  u t i l i z i n g  the Thor launch veh ic l e ,  w i l l  be conducted 
t o  v e r i f y  zero g r a v i t y  e f f e c t s  on the  s t a r t - u p  of t he  SNAP-8 power conversion 
subsystem, and the operat ing s u i t a b i l i t y  of the power conversion system. The 
o r b i t a l  f l i g h t  t e s t s ,  u t i l i z i n g  the  Saturn B launch veh ic l e ,  w i l l  be conducted1 
t o  determine the long-term operat ing c h a r a c t e r i s t i c s  of complete SNAP- 8 
e l e c t r i c  genei-ating and propuls ion systems i n  space.  The o r b i t a l  f l i g h t  
spacecraft .  w i - - l  c o n s i s t  of the  SNAP-8 e l e c t r i c  genera t ing  system, power condi- 
t ioning,  guiclance and con t ro l ,  and instrumentat ion systems. Provisioris f o r  
incorporating; e l e c t r i c  engine propuls ion systems w i l l  be included i n  the  
spacecraft .  des igns ,  although such engines may not  be included u n t i l  l a t e r  i n  
the program. The spacec ra f t  w i l l  be ground t e s t e d ,  p r i o r  t o  f l i g h t  t e s t i n g ,  
i n  the Space Propuls ion F a c i l i t y  a t  the Lewis  Plum Brook S ta t ion .  

I n  f i sca ' l  year  1963 procurement ac t ions  were i n i t i a t e d  f o r  s t u d i e s  and 
preliminary dtzsign of spacec ra f t ,  support ing research  and development i n  the  
areas of spat:t:crafit ma te r i a l s ,  inst rumentat ion,  and components, and s t u d i e s  of 
ground and liiiinch support .  I n  add i t ion ,  preliminary SNAP-8 i n t e g r a t i o n  
f a c i l i t y  requirements were formulated , and t h e i r  l oca t ions  a t  Plum Brook 
(Station and ai: Cape Canaveral were e s t ab l i shed .  Procurement of equipment f o r  
the b a l l i s t i c :  test: w i l l  be i n i t i a t e d  i n  calendar  year  1963. 

F i s c a l  yzaic 1964 funds w i l l  be u t i l i z e d  t o  complete the SNAP-8 o r b i t a l  
f l i g h t  t e s t  s t u d i e s  and t o  i n i t i a t e  spacec ra f t  d e t a i l e d  design and deirelopment:. 
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Small n u c l e a r e l e c t r i c  propuls ion and power f l i g h t - p r o j e c t  MECCA 

Direc t  R&D cos t s  ................ --- $1,850,000 $1,400,000 

--- 130,000 14 2,000 Personnel cos t s  ................. 
51;),000 Operation of i n s t a l l a t i o n  ....... --- 46,000 --- 

--- ............... - Tota l  cos t s  $2,026,000 

15 --- 15 ........... --- Tota l  personnel 

There i s  a c r i t i c a l  need f o r  des ign  cri teria on the  h e a t  transfe.:,  
p ressure  drop, and dynamic behavior c h a r a c t e r i s t i c s  of va r i ab le  quali1:y two- 
phase flows c f  working f l u i d s  i n  a h e a t  exchanger under zero  g rav i ty  m d  o the r  
space environmental condi t ions .  It i s  the purpose of t h i s  p r o j e c t  t o  ob ta in  
experimental  information t h a t  w i l l  p e r m i t  the  establ ishment  of such dl2sign 
c r i t e r i a ,  with p a r t i c u l a r  emphasis on SNAP-8 system requirements,  

Under t h e  t echn ica l  d i r e c t i o n  of the  L e w i s  Research Center ,  whic'i has the  
o v e r a l l  r e s p c n s i b i l i t y  f o r  a l l  NASA zero  g r a v i t y  f l u i d  physics  experiments,  
e s p e c i a l l y  designed experimental  equipment and instrumentat ion w i , l l  bl? combined 
i n t o  payloads s u i t a b l e  f o r  adapta t ion  t o  s m a l l  s o l i d  rocke t  boos t e r s ,  l i k e  the  
WASP vehic le .  These payloads w i l l  include s i n g l e  and mult i - tube conf igura t ions ,  
operated under t r a n s i e n t  ( s t a r t -up )  and s t eady- s t a t e  condi t ions.  The payload 
w i l l  be launched from Wallops S t a t i o n  on a b a l l i s t i c  t r a j e c t o r y .  Sel2cted 
por t ions  of the recording equipment used i n  the  experiment w i l l  be recovered 
a t  the end of the f l i g h t .  Checkout and support ing experiments w i l l  b ?  con- 
ducted with the AJ-3 a i rp l ane  s t a t ioned  a t  the  L e w i s  Research Center.  

L e w i s  Research Center has  been engaged i n  research  on the e f f e c t s  of 
zero  g rav i ty  on. f l u i d  behavior s ince  1959. Ground t e s t i n g  techniques have 
been developed and appropr ia te  f a c i l i t i e s  b u i l t .  Such f a c i l i t i e s  y i e  Id 
approximately 2 seconds of ze ro  g r a v i t y  exposure. Airplanes ( k l - 3 s )  have 
been used t o  provide occasional  longer du ra t ion  zero  g rav i ty  tests (113 t o  30 
seconds).  Tl-e bulk of the required t e s t i n g  can and i s  being conducted i n  the  
above manner. However, the  r e s u l t s  obtained t o  d a t e  ind ica t e  the  need f o r  
tes t  dura t ions  of 4 - 5 minutes i n  order  t h a t  c e r t a i n  long-time t r a n s i e n t  
e f f e c t s  (e .g . ,  b o i l i n g  h e a t  t r a n s f e r )  can be s t a b i l i z e d  and equi l ibr ium condi- 
t i ons  obtained.  

During f ' i sca l  year  1963, the  engineer ing des ign  and f a b r i c a t i o n  of  two 
WASP vehicles  aril1 be canipleted. Instrumentat ion des ign  and engineer ing for 
both payloads atnd vehic les  i s  almost complete. Experimental apparatus des ign  
i s  near ly  ccniplete with a po r t ion  of t h i s  equipment purchased. Some ground 
t e s t i n g  and var ious component tests are a l ready  underway. Work is proceeding 
toward the f i r s t  f l i g h t  i n  the f i r s t  q u a r t e r  of f i s c a l  year  1964 with two more 
i n  the same year .  
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E l e c t r i c  en&ne development pro iec ts :  

1963 - L964 -- 
Large ion engines .............. $1,975,000 $3,800,000 $6,000,000 
Large a r c  j e t  engines ........... 600,000 500 , 000 !i00,000 
S m a l l  a r c  and ion  engines ....... --- 1,200,000 . x i 0 0  , 000 

Sub to ta l ,  d i r e c t  , .  ............ $2,575,000 $5,500,000 $8,~)00,000 
R6rD cos t s  .................... 

Personnel c o s t s  ................ 152,000 254,000 .!77,000 
Operation of i n s t a l l a t i o n s  ..... 97,000 101,000 -- Lll, 000 

.............. $2,824,000 $5,855,000 $8,:188,000 .- -- Total  c o s t s  

Tota l  personnel .......... 19 29 29 -- 
The primsry objec t ive  of the E l e c t r i c  engine development p ro jec t s  i s  t o  

develop the engines necessary t o  demonstrate the f e a s i b i l i t y  of :  ( 1 )  Low 
power engines (3 Kw and l e s s )  f o r  spacec ra f t  p o s i t i o n  con t ro l ;  t h a t  i s ,  
a t t i t u d e  and o r b i t a l  c o n t r o l ,  and (2) High power engines (30 Kw t o  15 MW o r  
g r e a t e r )  f o r  prime propuls ion of spacec ra f t .  

I l l u s t r a t i v e  NASA missions f o r  which these systems could be apg'l icable 
during the period 1967-1975 are propuls ion for :  

(1) Veniis Mars, J u p i t e r  p lane tary  exp lo ra t ion  probes,  

(2) Itiaising s a t e l l i t e s  i n  c i s l u n a r  o r b i t ,  

(3) Solar  and ou t -o f - the -ec l ip t i c  s c i e n t i f i c  probes,  

( 4 )  0iriant:ation and s t a t i o n  keeping of long l i f e  
~ i i t ~ : l I . i t e ~  , and 

lfiirr; and Venus mannei i n t e rp l ane ta ry  f l i g h t .  (5) 

The. engine development program is comprised of th ree  separa te  pro jec ts :  

(1) 1,arge ion engines (30 I(w t o  15 MW) 

(2) 1,:irge a r c  j e t  engines (30 KW and g r e a t e r )  

(3) Sna3.1 a r c  and ion engines (3 KW and l e s s )  

Each of t:hese three  engine ca tegor ies  o f f e r s  supe r io r  performance i n  a 
d i f f e r e n t  range of s p e c i f i c  impulse or t h r u s t  c a p a b i l i t i e s  f o r  Idif f e r e n t  
p o t e n t i a l  niission app l i ca t ions .  
compatible trit:h the development of e l e c t r i c  power genera t ion  systems. 

They w i l l  be developed on a time schedule 
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Large ion-engines (30 Kw t o  15 MW) 

This p ro jec t  i s  comprised of two sepa ra t e  engine development p rogrms  : 
(1) a contac t  engine,  and (2) an e l e c t r o n  bbmbardment engine. The contac t  
i o n  engine shcbws promise of y i e ld ing  h ighes t  o v e r a l l  engine e f f i c i e n c y  f o r  
values of spec . i f ic  impulse above about 7000 seconds. This engine type i s  
therefore  the most l i k e l y  choice f o r  the u l t imate  engine t o  be used with 
l ightweight  e l e c t r i c  power generat ing systems on in t e rp l ane ta ry  missions.  

The bombs.rdment ion  engine o f f e r s  the h ighes t  e f f i c i e n c y  i n  the i n t e r -  
mediate range of s p e c i f i c  impulse from about 4000 seconds up t o  7000 seconds. 
?his  engine type is  the most l i k e l y  choice f o r  use on e a r l y  in t e rp l ane ta ry  
missions with f a i r l y  heavy e l e c t r i c  power generat ing systems. The objec t ive  
of t h i s  p r o j e c t  i s  t o  develop la rge  ion engine systems (mult i -ki lowatt  t o  15 
megawatts) capable of performing missions i n  c i s l u n a r  and p lane tary  space ,  
imd t o  explore  and provide experimental confirmation of the  problems involved 
in  developing l a r g e  ion  engines.  

The technica l  plans include the  design, development, f a b r i c a t i o n  and 
environmental. t e s t i n g  of a s e r i e s  of ion  engine systems and the  assessment of 
problems i-nvo lved i n  develcping, s ca l ing  and producing such systems f c r  
various space missions.  To achieve r e l i a b l e  l a rge  (high power l e v e l )  ion 
engines,  it 12; necessary t o  u t i l i z e  t h e  bu i ld ing  block technique; that  is, 
developing low power engine modules and sys temat ica l ly  s c a l e  o r  c lus tc  r these  
imodules i n t o  tho high power l e v e l  regime. This w i l l  involve: (1) the f a b r i -  
ca t ion  of small  engine modules (approximately 1 KW) f o r  labora tory  and f l i g h t  
(evaluation (!$;%I' I) of such b a s i c  problems as beam n e u t r a l i z a t i o n ;  (2) devel-  
opment of 3 IUJ Elight prototype systems (SERT 11) which w i l l  be rnodulcss f o r  
s ca l ing  o r  c ' l s t e r i n g  t o  the 30 KW s i z e ;  (3) development and q u a l i f i c a t i o n  of 
30 KW systems f 'or determining sca l ing  and system performance problems f o r  
reaching the  next higher  power l e v e l  p la teau  (100 KW t o  1 MW); (4) pro jec t ing  
the design c r i t e r i a  of the 30 Kw engine i n t o  a compact u n i t  which can be 
scaled t o  the  500 KW (SNAP-50) power l e v e l  and f i n a l l y  sca led  o r  c lus t e red  
i n t o  the znegawatt power engine regime. 

A t  the preslent t i m e ,  t h i s  ion engine development p r o j e c t  is i n  phirse I, 
wherein the  ma in  goal  is t o  evolve the design concepts necessary t o  o1)tain 
high e f f i c i e n c y  f o r  these t h r u s t e r  systems. I n  t h i s  phase of the work, the 
advanced teclnniques and new concepts being evolved under the  advanced research 
and technolo,gy p ro jec t  a r e  being used t o  improve the  performance of the 
t h r u s t e r  sys  terns. 

Phase I1 of t h i s  p r o j e c t ,  which w i l l  begin during the la t ter  p a r t  of 
f i s c a l  year  1963, w i l l  c o n s i s t  of the development of  r e l i a b l e ,  long lCfe 
t h r u s t e r  systems. 
s u i t a b l e  f o r  s c a l i n g  t o  l a r g e r  s i z e  by arranging a l a r g e  number of these  
u n i t s  i n t o  a c l u s t e r .  During phase I1 of t h i s  p r o j e c t ,  i t  w i l l  be necessary 
t o  continue t o  make use of new concepts a r i s i n g  from the  e l e c t r i c  propuls ion 
advanced technology program. This p ro jec t  must be c lose ly  coordinateld with 

Phase I1 w i l l  be conducted with s m a l l  (3 KW) modular u n i t s  
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t:he SERT p ro jec t  i n  order  t o  insure  proper de l ive ry  schedule of f l i g h t  system 
SERT 11. The SE;RT I1 f l i g h t  p r o j e c t  w i l l  have the  s p e c i f i c  goa l  of e s t a b l i s h -  
ing  the  r e l i a b l e  space opera t ion  of t he  ion  engine modular u n i t s  110 be devel-  
oped i n  t h e  e a r l y  p a r t s  of phase I1 af t h i s  p r o j e c t .  

F i s c a l  y e a r  1964 funds w i l l  cover work on phase I11 of t h i s  p r o j e c t .  
Phase I11 wi l l  c.onsist  of  the  c l u s t e r i n g  of t he  ion  engine module:; developed 
under phase 11. i.n order  t o  ob ta in  30 KW and l a rge  ion  engine s i z e .  Mult iple  
beam i n t e r a c t i o n s  and con t ro l  problems w i l l  be inves t iga t ed  and 90-day tests 
w i l l  be conducted i n  the  L e w i s  Research Center 25-foot vacuum tank before  
supplying 30 E 9  engine systems f o r  i n t e g r a t i o n  wi th  SNAP-8. These ion engine 
systems w i l l  he operated during o r b i t a l  f l i g h t s  of the  SNAP-8 system. These 
:Long durat ior .  f l i g h t s ,  with reasonable e l e c t r i c  engine s i z e s  and geometr ies ,  
w i l l  provide val.uable d a t a  not  t o  be obtained i n  the ea r l i e r  SERT f l i g h t s .  
Of p a r t i c u l a r  i n t e r e s t  w i l l  be the long-term e f f e c t s  of micro-meteoroids , 
corpuscular r a d i a t i o n ,  and hard vacuum on the performance of the e l c t r i c  
1:hruster syst.e!ms. Also of i n t e r e s t  w i l l  be i n t e r a c t i o n s  between the e l e c t r i c  
t h r u s t e r s  andl the  power genera t ing  sys  tem.. 

Large ar2:Jjet: engine (30 KW and nea te r ) :  

The ob jec t ive  of t h i s  p r o j e c t  i s  t o  develop arc j e t  engine sys t ens  i n  the 
:30 t o  500 Kw power range i n  order  t o  provide the  technology f o r  s c a l i n g  from 
s m a l l  engines t o  t.he s i z e s  t h a t  w i l l  be use fu l  i n  f u t u r e  mission requirements. 
These missions are those t h a t  r equ i r e  maintaining o r  changing the  o r b i t  of 
r e l a t i v e l y  l a rge  s y s  tems such as space l abora to r i e s  o r  communications 
s a t e l l i t e s .  The a r c  j e t  engine system i s  s u i t e d  t o  these requirements be- 
(cause of i t s  high s p e c i f i c  impulse re la t ive t o  chemical systems and high 
t h r u s t  r e l a t i v e  t o  ion  engines.  

I n  order  t o  assess and so lve  the problems involved i n  developing mul t i -  
:kilowatt arc j e t  engines up to 500 r(w, the bui ld ing  block technique w i l l  be 
u t i l i z e d  by :;ca:rting wi th  tk development of a 30 KW engine capable of' 
'operating continuously f o r  per iods of 90 days t o  seve ra l  months. 

Two type:; of a r c  je ts  are being inves t iga t ed ;  a 30 KW d i r e c t  cu r ren t  
'engine and a 30 KW a l t e r n a t i n g  cu r ren t  three-phase engine both using k.ydrogen 
or  ammonia f o r  a propel lan t .  

Power e:EEiciencies of 38 - 40 percent  have been obtained over a range of 
s p e c i f i c  impulse from 1000 t o  1500 seconds f o r  t he  two engines using tioth 
hydrogen and vranonia propel lan ts .  Fur ther  improvement i n  the power e f f i -  
ciency a t  1000 seconds s p e c i f i c  impulse i s  des i r ed  before  consider ing phase I 
of t h i s  p r o j e c t  t o  be completed. To determine whether e x i s t i n g  thrus1:er con- 
f igu ra t ions  hsve an opera t ing  l i f e  adequate t o  permit t h e  s ta r t  o f  phase I1 
of the progriun, 50-hour continuous tests a t  1000 seconds with amrronia w i l l  be 
conducted i n  l a te  f i s c a l  year  1963. The s e l e c t i o n  of an AC o r  DC arc j e t  
system f o r  p o t e n t i a l  mission app l i ca t ions  w i l l  depend upon the simp1ic:ity of 
design and cons t r r ic t ion r e l i a b i l i t y  and performance a t  the var ious high power 
l eve l s .  



Major nililestones i n  f i s c a l  years  1963 a.nd 1964 w i l l  be thrust:er l i f e  
tests and pr:opellant and power condi t ioning subsystems tank tes t s  for f u t u r e  
sys  tern integ;ration. 

Small i l l s a n d  ion  engines 

This project: cons i s t s  of two engine development programs: small a r c  j e t s  
(1 - 2 KW),' and s m a l l  ion engines (500 watts - 1 KW). 

The obJ1.c t ive  of t h i s  p r o j e c t  is  t o  develop e l ec t r i c  engine systems with 
long l i f e  and high r e l i a b i l i t y  with a la rge  number of restarts over il period 
of s eve ra l  months o r  years .  I n  add i t ion  t o  providing the technology and 
experimental  v e r i f i c a t i o n  of long l i f e  and high r e l i a b i l i t y ,  the engj ne 
systems w i l l  be capable of being in t eg ra t ed  i n  a th ree-axis  a t t i t u d e  cont ro l  
and s ta t ion-keeping  system for  var ious o r b i t  missions.  The engine s)rstems 
w i l l  a l s o  be capable of l i f t i n g  s m a l l  sa te l l i tes  from one o r b i t  tis ariother. 
The a r c  J e t  w i l l  be designed t o  be capable of opera t ing  cont inucusly f o r  at 
least  90 dqys. The ion  engine w i l l  be capable i n i t i a l l y  of c y c l i c  opera t ion  
f o r  one year  and u l t ima te ly  f o r  t h ree  years .  The number of required cycles  
w i l l  be var ied  wi th in  the number est imated t o  be necessary f o r  varioiis per -  
t u rba t ion  forces  and o r b i t  accurac ies  of p o t e n t i a l  missions.  

1962 Space elect_r& rocket  test  (SERT) - 
Spacecraf t  design,  develop- 

ment and sup,port ............. $2,070,000 
Launch vehic les  ................ 1,500,000 

Sub to ta l ,  d i r e c t  R&D cos t s  ... $3,570,000 

Personnel ccrsts ................ 774,000 
Operation of i n s t a l l a t i o n s  ..... 58 1,000 

SERT I 
SERT I1 

SERT 113: 

Tota l  c o s t s  .............. $ 4,925,000 

103 Totxi1 personnel .......... 
F1 igh  t Schedule 

Launch 
veh i c 1 e 

I Scout ( b a l l i s t i c )  
Scout (ba l l i s t ic )  

1963 - 

$4,570,000 
600,000 

$5,170,000 

840,000 
435.000 

1'364 -- 

$ 8,lj50,000 
-A 6 700,000 

$15,350,000 

925,000 
488.000 

$6,445,000 

97 

Calendar year  
of launch 

1963 
1964 

Thor-Agena ( o r b i t a l )  1966 
Scout ( b a l l i s t i c )  1964 
Thor-Delta ( o r b i t a l )  1965 

$16,763,000 
-I - 

98 -- 

Launch 
--- 1 oca t ion 

Wallops 
Wallops 
PMR 
Wallops 
AME. 



A t  p resent  a l l  e l e c t r i c  propuls ion experimental i nves t iga t ions  have 
taken place : in ground vacuum chambers. Analysis of these d a t a  have r a i sed  
s i g n i f i c a n t  quest ions as t o  the u s a b i l i t y  of these  r e s u l t s  f o r  spacec ra f t  
design. The SERT p r o j e c t  w i l l  provide the  f l i g h t  information needed to check 
the ground fiPCility t e s t  r e s u l t s  and f o r  the development of s p e c i f i c  e l e c t r i c  
engines f o r  mission app l i ca t ion .  The e l e c t r i c  engines t o  be t e s t ed  are being 
developed und'er the e l e c t r i c  engine development p ro jec t .  The SERT F l ~ g h t  
P ro jec t  has been subdivided i n t o  three  phases. They are: SERT I - F1 i g h t s  
required to provide bas i c  information; SERT I1 - F l i g h t s  required in  1:he 
development of high power engines f o r  spacec ra f t  propuls ion systems; zmd 
SERT 111 .- F l i g h t s  required i n  the  development of small  engines (less than 
1 KW) f o r  s ta t ion-keeping and a t t i t u d e  con t ro l  systems. A l l  a r e  planned t o  
be under the technica l  d i r e c t  ion of the L e w i s  Research Center. 

The mos t s i g n i f i c a n t  unce r t a in t i e s  i n  the  app l i ca t ion  of e l e c t r o r i t a t i c  
ion  propulsion t o  space t r a v e l  r e l a t e  t o  beam n e u t r a l i z a t i o n .  A1thouf:h 
successfu l  n e u t r a l i z a t i o n  of the  exhaust stream from i o n  acce le ra t ing  devices 
has been demonstrated i n  ground vacuum chamber f a c i l i t i e s  , proof demonstration. 
t h a t  n e u t r a l i z a t i o n  w i l l  occur i n  space i s  s t i l l  required.  I n  vacuum chambers, 
e l ec t rons  emitted from the chamber wal ls  may be the major con t r ibu to r  t o  beam 
n e u t r a l i z a t i o n .  l?urthermore , such space environment f a c t o r s  as magne1:ic f i e l d s  , 
cosmic and s o l a r  r a d i a t i o n ,  and absence of gas molecules, may s ignif ic :ant ly  
a l t e r  the  ioi i izat ion and n e u t r a l i z a t i o n  mechanisms of the engine.  Thc! 
answers t o  thest? quest ions a r e  the  primary objec t ives  of SERT I. The 
secondary objec t ive  of SERT I is t o  provide meaningful measuremerts oji r a d  i o  
frequency r a d i a t i o n  t h a t  a r e  generated by the  ion  engine.  It i s  poss..ble 
t h a t  r a d i o  in t e r f e rence  from RF r a d i a t i o n  can present  a se r ious  Frtobh!m i n  
the use oE i o n  propulsion on space missions.  

The SERT I capsule w i l l  be launched by the Scout vehic le ,  which r i i l l  
provide a b a l l i s t i c  f l i g h t  time of approximately 50 minutes a t  a l t i t u d e s  
above 250 miles .  The capsule is designed t o  be s p i n  s t a b i l i z e d .  Changes i n  
capsule s p i n  r a t e  caused by engine opera t ion  w i l l  be used t o  determint! engine 
performance. The t e s t  time w i l l  be divided equal ly  between a Hughes 
Corporation cesium con tac t - ion iza t ion  engine and a Lewis  Research Ceni:er 
mercury e lectron-bombardment engine of d i f f e r e n t  b a s i c  designs arid ut ,Llizing 
d i f f e r e n t  methods of beam n e u t r a l i z a t i o n .  The p r i n c i p a l  payload i n t e g r a t i o n  
cont rac tor  i s  the Radio Corporation of America, Astro-Electronics .Div i s ion ,  
Pr ince ton ,  N e w  Jersey.  

The purpose of the  SERT I1 f l i g h t s  is t o  qua l i fy  the 3 KW module t o  be 
used as a bas i c  bui ld ing  block i n  the development of 30 KW and l a r g e r  engines 
f o r  spacec ra f t  propulsion systems. Data w i l l  be obtained on ion  beam o p t i c s ,  
p a r t i c u l a r l y  on mul t ip le  adjacent  beam i n t e r a c t i o n s  (SERT I has a s i n g l e  
beam). The SERT :[I f l i g h t s  wi.11 be both b a l l i s t i c  and o r b i t a l  a6 detczrmZned 
by the  ground development p r o j e c t  requirements.  

The objtective f o r  SERT I11 i s  t o  qua l i fy  a puls ing  ion  rocket  engine 
system (approximately 150 watts) capable of maintaining the  three-axis  



a t t i t u d e  cont ro l  and s ta t ion-keeping of a sa te l l i t e .  The immediate use 
proposed f o r  t h i s  type o f  engine system w i l l  be f o r  maintenance of a non- 
spinning s a t e l l i t e  payload i n  a 24-hour synchronous o r b i t  f o r  an opera t ing  
l i f e  time of approximately th ree  years .  The f l i g h t  spacec ra f t  f o r  the 
SERT 111 w i l l  c o n s i s t  of the ion rocke t  engine system and the  nacess,iry 
spacec ra f t  subsystems t o  conduct the experimental  i n v e s t i g a t i o n  ba l l I s t ica l1 :y  
and o r b i t a l l y .  

The p r inc ipa l  con t r ac to r  f o r  SERT I, Radio Corporation of h e r i - a ,  w a s  
s e l ec t ed  i n  August 1960 t o  proceed with the  des ign  and development oE the  
spacec ra f t .  The f i r s t  complete capsule v i b r a t i o n  survey was cortJpletl3d by RCA 
on Apr i l  1 2 ,  1962, which ind ica ted  the  v i b r a t i o n  l e v e l s  experienced )y the 
components a n d  subsystems. The development of f l i g h t  q u a l i f i e d  components i a ;  
approximately 90 percent  complete and f l i g h t  s imula t ion  tests of an in tegra ted  
capsule w i t h  ion  engines opera t ing  w i l l  be conducted in a vacuuri chamber i n  
calendar  yea.r 1963. Ba l l i s t i c  f l i g h t s  using the  Scout vehic le  are s Eheduled 
i n  calendar year  1963. 

The engine development con t r ac t  f o r  SERT I1 has been awarded t o  the 
Hughes A i r c r a f t  Corporation. The development of the companion power con- 
verter and the spacec ra f t  w i l l  be i n i t i a t e d  a t  an e a r l y  date .  l)urin;,g 
f i s c a l  year 1964, the SERT I1 b a l l i s t i c  spacec ra f t  w i l l  be under cons t ruc t ion  
while the c r b i t a l  spacec ra f t  w i l l  be i n  the  des ign  phase. The Eirst b a l l i s t i c  
launch (Scout) i s  scheduled f o r  calendar  year  1964, and the f i r s t  o r b i t a l  
launch (Thor-Agena) i s  scheduled f o r  calendar  1966. 

The SE8E.T 111 spacec ra f t  des ign  w a s  i n i t i a t e d  during f i s c a l  year  1963. 
I n  f i s c a l  year 1964, the b a l l i s t i c  spacec ra f t  w i l l  be i n  both prototype and 
f l i g h t  hardware phases while the  o r b i t a l  spacec ra f t  w i l l  be i n  the prototype 
hardware s t age .  The f i r s t  b a l l i s t i c  launch (Scout) is scheduled f o r  CY 1.964, 
and the f i r s t  o r b i t a l  launch (Thor-Delta) i s  scheduled f o r  CY 1'965.  

EiW 18-21. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

SPACE POWER 

pBJECTIVES : 

Conduct research and technology work leading  t o  a b e t t e r  b a s i c  under- 
s tanding of scllinr and chemical energy processes  and t o  devise  new and im- 
,proved methods of u t i l i z i n g  these  energy sources f o r  developing the  e l e c t r i -  
c a l  power required f o r  the  accomplishment of space explora t ion .  

SUMMARY OF RILjOlJRCES REQUIREMENTS: 

1.964 - Funds 1962 1963 

Supporting research  and 
technology.. ................. $ 6,302,000 $10,859,000 $16,5124,000 

Personnel c o s t s . . . . . . . . . . . . . . . .  3,512,000 5,111,000 5,034,000 
Operation 'of i n s t a l l a t i o n s . . . . .  2,442,000 2,346 000 2 ,  726,000 

Total . . . . . . . . . . . . . . . .  $12,256.000 $18.316.000 $25.184.000 - 
Personnel 

Ames Research Center.. . . . . . . . . .  5 
Goddard Space F l i g h t  Center.. . .  16 
Langley Research Center.. . . . . . .  48 
Lewis Research Center.......... 349 
Marshall Space F l i g h t  Center.. .  19 
NASA Headauarters.............. 25  
Elec t ronics  Research Center.... - 

9 9 
23 22 
50 57 

430 459 
36 33 
24 28 

3 10 

Total . . . . . . . .  ........ 462 575 6 18 
-..-- - 

The cognizant Headquarters o f f i c e  responsible  f o r  program mrtnageinent 
is the  Off ice  of Advanced Research and Technology. 

The f i e l d  i n s t a l l a t i o n s  where the  program is c a r r i e d  out  arc: the  Jet  
Propulsion Labomratory and the  Centers l i s t e d  above. 

PROGRAM JUST~PICATION : 

Space pciwer from chemical and s o l a r  energy sources  is used aboard space 

The major f a c t o r s  t o  clonsider 
veh ic l e s  f o r  ma.ny th ings ,  such as communications, guidance, con t ro l s ,  meas- 
urements, lif 'e support ,  and mechanical power. 



i n  power generat ion are t h e  power l e v e l  and dura t ion ,  although i n  providing 
these  the  f a c t o r s  of r e l i a b i l i t y ,  weight,  volume, t h e  environment: i n  which it 
must work, and cos t  are a l s o  important. 

Power generat ion systems using chemical energy genera l ly  f a l l  inito t h e  
s h o r t  t o  moderate dura t ion  app l i ca t ions  ranging from the  few minutes .ieeded 
f o r  e l e c t r i c  power on a s t age  of a launch veh ic l e  t o  the  seve ra l  week3 
planned f o r  the  Apollo spacecraf t .  
i n t e r m i t t e n t  use. Typical examples of chemical generat ion systems arle 
b a t t e r i e s ,  f u e l  c e l l s ,  and mechanical engines.  The power l e v e l  f o r  tiiis 
c l a s s  of power generat ion extends from a few w a t t s  t o  k i lowat t s .  Lauiich 
vehic les ,  and the  manned Mercury, Apollo, and Gemini spacecraf t  are eKamples 
of space vehic les  using chemical power generat ion.  

Durations of months a r e  poss ib l e  wi th  

Power generat ion systems u t i l i z i n g  s o l a r  energy include t h e  f a m i l i a r  
s o l a r  c e l l ,  thermionic diodes i n  connection wi th  s o l a r  c o l l e c t o r s ,  thermo- 
e l e c t r i c s ,  magnetohydrodynamics, and engine systems dr iven by s o l a r  plmer 
such as turb ines  and rec iproca t ing  engines. These systems a r e  charac te r ized  
by r e l a t i v e l y  long l i f e  extending from over a month i n t o  years  arid wi th  power 
l eve l s  from a few watts i n t o  tens  of k i lowat t s .  It is  i n t e r e s t i n g  to  note  
t h a t  p r a c t i c a l l y  a l l  of our  unmanned spacecraf t  and those planned f o r  the  
immediate f u t u r e  use s o l a r  c e l l s .  This includes Surveyor, Mariner, Ranger, 
Nimbus, the  Orbi t ing  Solar ,  Geophysical, and Astronomical Observiitoriizs, 
Relay, Ti ros ,  Syncom, and a v a r i e t y  of s c i e n t i f i c  s a t e l l i t e s .  

With such a broad spectrum of power level and dura t ion  requiremeits ,  and 
faced wi th  t h e  a v a i l a b i l i t y  of only s o l a r  c e l l s  and b a t t e r i e s  as provlsn 
systems, i t  is clear t h a t  research  and technology should be acceleratisd on 
the  many o the r  chemical and s o l a r  generat ion systems poss ib le .  The systems 
must be v e r s a t i l e  enough t o  meet the  new environmental and opera t ing  condi- 
t i o n s  of fu tu re  missions.  B e t t e r  power generat ion systems must lie devised 
t o  m e e t  d i f f e r e n t  as w e l l  as more complex environmental and opera t ing  condi- 
t i o n s  t h a t  a r e  planned i n  f u t u r e  missions.  The r a d i a t i o n  e f f e c t s  on s o l a r  
c e l l s  must  be b e t t e r  understood, and b e t t e r  p ro t ec t ion  methods must bc de- 
vised.  B e t t e r  methods of packaging and deploying l a rge  s o l a r  c o l l e c t x s  a r e  
needed, and the  e f f e c t s  of micrometeoroids o r  o the r  aspec ts  of t he  space 
environment an t h e i r  operat ion must be evaluated.  B a t t e r i e s  must be imide t o  
withstand g r e a t e r  temperature ranges and have longer l i f e .  The advantages of 
f u e l  c e l l s ,  which can produce u s e f u l  byproducts, such as water ,  tor opera te  on 

'human waste, must be pursued. 
s u b s t a n t i a l  power loads must be extended. Fur ther ,  p a r t i c u l a r  a t t e n t i o n  must 
be given t o  the  problems of e f f i c i e n t  and r e l i a b l e  management of the  Elow of 
e l e c t r i c a l  energy throughout t he  spacecraf t  and matching the  e l e c t r i c a l  
c h a r a c t e r i s t i c s  of t he  power source t o  t h e  input  requirements of t h e  J t i l i z i n g  
equipment. P ro tec t ive  f e a t u r e s  must be incorporated t o  minimize the  12ffects 
of component or system malfunctions upon the  c a p a b i l i t y  of the  power system 
t o  f u l f i l l  i ts  intended funct ions.  
capable of e f f i c i e n t  conversion of t he  low vol tage ,  d i r e c t  cur ren t  output of 
the  source t o  a usable  vol tage  l e v e l  i s  needed, as w e l l  as improved v3l tage  
and cur ren t  r egu la t ion  techniques,  l og ic  c i r c u i t r y  f o r  de t ec t ion  and correc- 

Operating l i f e  of dynamic systems needlsd f o r  

For example, power condi t ioning eiluipment 
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tion of system or component malfunctions, etc. 
being attacked by a broad research and technology program in NASA. The wide- 
spread need :Eor power accounts for the large Center participation in the pro- 
gram, but the major research and technology effort is concentrated at the 
Lewis Research Center, the Langley Research Center, Goddard Space Flight 
Center, and .:hi? Jet Propulsion Laboratory of the California Institute of 
Technology. In addition to work at these and the other Centers, a bioad 
contract pro,gr;m with industry and universities is underway. 

These and other problems are 

EWLANATION_rOJ FUNDS REQUESTED: 

Supporting :gEiarch and technology 

1964 ., 1962 1963 -- 
Solar tcells,,. ................. $1,510,000 $2,409,000 $3,,350,000 
Thermionic power technology.. . 1,7 10,000 2,5 19,000 3 :, 993 , 000 
Solar engine technology ....... 1,060,000 2,064,000 3 :, 138 , 000 
Batteries and fuel cells.. .... 1,120,000 2,147,000 2 :,,545,000 
Chemical engines. ............. 350,000 520,000 1 :,, 868,000 
Thermoelectric, magnetohydro- 
dynamics, and advanced 
concepts....,............... 552,000 1.200.000 .- 1.,,630.000 .. 

Subtotal, direct R&D 
costs.................. $6,302,000 $10,859,000 $16,524,000 

Personnel costs.. ............. 3,512,000 5,111,000 5,934,000 
Operation of installations.... 2,442,000 2,346,000 .- 2,726,000 .. 

....... .. .. Total costs., $12,256,000 $18,316,000 .- $25,184,000 .- 

.I 
Total personnel ..... 462 57 5 6 18 .- 

Solar Cells 

Solar cells continue to be the primary source of electrical. power for 
unmanned spacecraft. The major problems with solar cells are their isuscepti-. 
bility to damage from space nuclear radiation, their decrease of efflciency 
with increased temperature, and the relatively large weight and areas needed. 
Work underway now and planned for fiscal year 1964 is aimed at these problem 
areas, and already significant gains have been realized. Last year radiation 
from a nuclear explosion in the upper atmosphere caused a rapid drop-off in 
the power output of several satellites using conventional type solar cells 
(p-on-n type cells). Fortunately, research by the Signal Corps and others 
resulted in a way to make solar cells more resistant to radiation than con- 
ventional cells. 
for new solar cell installations. 
solar cells that can maintain their efficiency with increased temperatures, 
a characteristic that is important for applications such as soliar probes. 

These are called "n-on-p" type cells and are being ordered 
Research is  also underway on improved 
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The most pimmising area, however, concerns research on t h i n  f i l m  s o l a r  c e l l s .  
This work may lead t o  s o l a r  c e l l s  of less than one-seventh the  present  
weight, and s t r u c t u r a l l y  s u f f i c i e n t l y  f l e x i b l e  t o  be p a r t  of i n f l a t a b l e  o r  
f u r l e d  s t n i c t u r e s ,  and s i g n i f i c a n t l y  lower i n  cos t  than present  ones. 
l a r g e r  power output  pe r  pound of weight and t h e  p o s s i b i l i t y  of bui lding 
l a rge  solair c e l l  a r eas  f o r  higher  power l e v e l s  can be a t t a ined .  Such app l i -  
ca t ions  ho:Ld g r e a t  promise f o r  space s t a t i o n s  which have la rge  sur face  a reas ,  
lunar  base:; which a l s o  requi re  l a rge  sur face  areas f o r  o the r  purposes, arid 
perhaps f o r  generat ing power i n  c e r t a i n  remote e a r t h  regions.  Many research1 
problems a r e  yet: t o  be solved, including improvement of t he  ef f i c i e o  cy of: 
t h i n  f i l m  t l O l i Z r  c e l l s ;  work a t  the  L e w i s  Research Center and by industry 
through con t r ac t s  w i l l  be focused on these  problems. 

Thus 

--- Thermion:Lc power technolonv 

A thermionic power sys tem converts  t he  hea t  from s o l a r  energy t o  
e l e c t r i c a l  energy by d r iv ing  e l ec t rons  between a hot  sur face  (emi t te r )  and a. 
cooler  surliixct? ( co l l ec to r ) .  The main p a r t s  of t he  system cons i s t  of a solar.  
c o l l e c t o r  t o  concentrate  t he  solar energy and a group of thermionic diodes,  
the  cathodes of which are heated by s o l a r  energy, and the  anodes are main- 
ta ined  rel i ic ively cool by r a d i a t i o n  t o  space. It i s  o f t e n  advantageous to 
add a method of s t o r i n g  thermal energy when the  u n i t  i s  out  of the sunl ight .  
During the  Last year ,  research on ceramic oxides has i d e n t i f i e d  substances 
which are compatible wi th  r e f r ac to ry  metal conta iners  and have demonstrated 
t h e i r  l i f e  :€or seve ra l  thousand hours a t  approximately 3500OF. Such systems 
have g rea t  p o t e n t i a l  f o r  c e r t a i n  app l i ca t ions  such as s o l a r  probes, long 
interplanetixry f l i g h t s ,  o r  i n  the  r a d i a t i o n  b e l t s  of the  e a r t h  where the  
insensit:ivl.i:y of t h e  thermionic diodes would be important. E f f i c i enc ie s  a l -  
most twice t h a t  of s o l a r  cells  appear poss ib l e  and thermionic sys tens  do not 
have the  teinpcxature problem of s o l a r  c e l l s .  During t h e  pas t  year ,  themionLC 
diodes were operated success fu l ly  f o r  over 1000 hours, a major .milestone i n  
the  development of t h i s  type of power conversion equipment. 
year  methocl:; were developed f o r  f a b r i c a t i n g  l ight-weight  p rec i s ion  c o l l e c t o r s  
up t o  f i v e  :feet i n  diameter. 
extend the  : l i fe  of the  thermionic diode and t o  increase  i t s  ef f ic iency .  The 
Lewis  Resecurcti Center i s  conducting fundamental research on thermionic s y s t e m  
and the  Jet: Propulsion Laboratory of t h e  Ca l i fo rn ia  I n s t i t u t e  of Technology 
i s  working with cont rac tors  on t h e  experimental  thermionic sys tem 

Also during the 

In  the  coming year  work w i l l  be continued t.o 

The design goals  f o r  t he  f ive - foo t  c o l l e c t o r  previously mentioned and 
the  c l u s t e r  of f i v e  diodes are t o  provide a power output  of 135 watts f o r  
f l i g h t  missions t o  Mars wi th  a system e f f i c i e n c y  of 15%, opera t ing  l i f e  of 
one year ,  arid a t o t a l  weight of 30 pounds. Achievement of thesle goals  through 
f l i g h t  demcinstration would make t h i s  type of power generat ion ava i l ab le  f o r  
missions and would mean a s i g n i f i c a n t  s t e p  forward. 
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Sola r  eg&ne technolow 

So la r  engines convert  s o l a r  energy t o  e l e c t r i c a l  energy by f i r s t  heat-  
ing a working, f l u i d  which d r ives  an engine, which i n  t u r n  d r ives  a geinerator. 
The engine i s  u sua l ly  a tu rb ine  but  some rec ip roca t ing  engines ate a l s o  of 
i n t e r e s t .  T h e  l a r g e s t  p a r t  of t he  e f f o r t  i n  t h i s  area last year  was ldirected 
toward a system c a l l e d  Sunflower. I n  t h i s  system mercury i s  t h e  working 
f l u i d .  
The mercury tloi l e r  and components were successfu l ly  t e s t ed .  Fabr ica t ion  
techniques f o r  t he  fo ldable  32-foot diameter mir ror  were developed and the  
mir ror  is  undergoing var ious  o p t i c a l  and mechanical tests. 
cant  progress ,  however, w a s  made i n  the  tu rboa l t e rna to r ,  where an opera t ing  
l i f e  of over 2000 hours was achieved. 
of mercury cor ros ion  byproducts; t h i s  problem is  under s tudy a t  present .  
This progress  is t h e  most s i g n i f i c a n t  i n  the  l i q u i d  m e t a l  t u r b o a l t e r n a t o r  
f i e l d  i n  the pas t  two years  and the  r e s u l t s  w i l l  be of b e n e f i t  to  the  
n u c l e a r - e l e c t r i c  f i e l d  as w e l l  as t h e  s o l a r  electric area. It i s  an t i c ipa t ed  
t h a t  systems; of t he  Sunflower type w i l l  be needed f o r  mul t i -k i lowat t ,  long 
dura t ion  mis;aions such as those which could be launched by the  Saturn 
boos te r  (e.€;. z i  manned laboratory) .  A ground t e s t  of t h e  Sunflower system, 
exclusive of the  s o l a r  c o l l e c t o r ,  i s  expected during t h e  coming year .  The 
s o l a r  c o l l e c t o r  w i l l  be t e s t e d  separa te ly .  
of i n t e r e s t  :include the  S t i r l i n g  engine, and tu rb ines  opera t ing  on t t e  
Brayton cyc1.t.. 

Last year  s i g n i f i c a n t  progress  w a s  made i n  the  Sunflower program. 

The most s i g n i f i -  

The test w a s  terminated by a build-up 

Other s o l a r  engines which are 

Research :Ls underway on o the r  s o l a r - c o l l e c t o r  f a b r i c a t i o n  techniques 
such as the  Lnflatable  r ig id i zed  type. Work on t h i s  concept i s  condticted by 
the  Langley Research Center and, i f  successfu l ,  it w i l l  allow very leirge 
s o l a r  col leci tors  t o  be e rec ted  i n  space from a small package c a r r i e d  aboard 
the  spacecriiEt. Such l a rge  c o l l e c t o r s  w i l l  have app l i ca t ion  f o r  providing 
high power :levels both i n  space and on the  lunar  sur face .  
involves the  s tudy of materials, such as polymers processed t o  i n s t i l . 1  an 
inherent  mernory and energy t h a t  w i l l  be a c t i v a t e d  by t h e  space environment 
and automat?i~~aLly deploy a t i g h t l y  packaged c o l l e c t o r .  

P a r t  of t h i s  work 

BatterLi and f u e l  c e l l s  

Recent research l e d  t o  improvements i n  the  q u a l i t y  of b a t t e r i e s  f o r  space 
use. A s i g n i f i c a n t  accomplishment included t h e  development of an improved 
ceramic seal f o r  batteries which g r e a t l y  increases  t h e i r  r e l i a b i l i t y  and l i f e .  
This work Wi3S (conducted through technology con t r ac t s  managed by the  Goddard 
Space F l i g h t  Clenter. 
b a t t e r i e s  which have a h igher  energy l e v e l  per  pound than the  presen!: n i cke l -  
cadmium b a t t e r i e s ,  and a r e  non-magnetic, which is an asset i n  s c i e n t x f i c  
measurements. These b a t t e r i e s  operated success fu l ly  i n  the  Explorer X I 1  
s a t e l l i t e  launched i n  August 1961. Much progress  remains t o  be made i n  broad- 
ening opera t ing  temperature l i m i t s  and obta in ing  b e t t e r  r e l i a b i l i t y  :!or 
b a t t e r i e s  i n  the space environment. 

This e f f o r t  also produced improved s i l v e r  cadmium 
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Fuel cells ,  l i k e  b a t t e r i e s ,  a r e  e lectrochemical  devices  that: convert  
chemical energy d i r e c t l y  i n t o  e l e c t r i c a l  energy. I n  f u e l  cells, t he  IEue1 
and oxidant f o r  t he  r eac t ion  come from ex te rna l  tanks and the  product:(; of 
the  r eac t ion  a r e  removed from t h e  c e l l .  I f  hydrogen and oxygen are used, 
t he  product i s  water which can be used aboard t h e  spacecraf t .  Technology 
developed as p a r t  of t h i s  program served as the  t echn ica l  b a s i s  f o r  the  
development cont rac t  of the  f u e l  c e l l  planned f o r  Apollo. This  c e l l  will use 
hydrogen and oxygen. 
t i n g  i n  a d i f f e r e n t  manner, is  planned f o r  Gemini. 
fuel-oxidant  comb€nations of i n t e r e s t  i n  f u e l  c e l l s  and these  are being 
s t u d i e d .  
few moving p a r t s ,  and are capable of regenera t ive  operat ion.  
tages  make tlhem promising f o r  a number of app l i ca t ions  such as manned f l i g h t ,  
space s t a t i o n s ,  and lunar  s t a t i o n s .  For example, as the  r e s u l t  of promising 
NASA-sponsored research,  the  Jet  Propulsion Laboratory is  now eva lua t ing  one 
kind of regeineratfve hydrogen-oxygen f u e l  c e l l  f o r  use on deep-space probes. 
In  o the r  work, the  NASA i s  extending work s t a r t e d  by the  A i r  Force i n  
developing a thermally regenera t ive  f u e l  ce l l  f o r  poss ib l e  use wi th  a nuc lear  
o r  s o l a r  powc, =r  sources. 

A f u e l  c e l l  a l s o  us ing  hydrogen and oxygen, but  opera- 
There are many po!,sible 

Fuel c e l l s  have high e f f i c i ency ,  high energy dens i ty ,  long ‘llife, 
These acIvan- 

Fuel  c e l l s  w i l l  be s tud ied  during the  coming yea r  f o r  t h e i r  a b i l x t y  t o  
convert  human w,aste by b io log ica l  a c t i o n  i n t o  e l e c t r i c a l  energy. 
done by the  degradat ion of b io log ica l  ma te r i a l s ,  e i t h e r  i n d i r e c t l y  o r  d i r e c t l y  
i n  f u e l  c e l l s ,  4and t h e  production of e l e c t r i c i t y  from the  products .  
could be very u s e f u l  i n  spacecraf t  f o r  g e t t i n g  r i d  of human waste innd a t  the  
same time geiiterating power from it. 

This i s  

This 

Chemica :L eiwines 

Chemical engines convert  chemical energy t o  e l e c t r i c a l  energy by an 
engine cycle  such as a turb ine  o r  a rec iproca t ing  engine. 
i n t e r e s t  becmse  of the  low equipment weight and the  r e l a t i v e l y  high power 
ava i l ab le  f o r  s h o r t  per iods,  up t o  four  days o r  a week, o r  f o r  i n t e r m i t t e n t  
high-power use over a long per iod of t i m e .  
(engine cycles  t h a t  a r e  being s tudied ,  and t h i s  work w i l l  continue. Dtiring 
the year ,  a con t r ac t  w a s  s t a r t e d  on a simple engine t h a t  used hydrogerl and 
(oxygen ins t ecd  of the  conventional a i r  and gasol ine.  I n  the  coming year ,  the  
p o s s i b i l i t y  o.E using an engine t o  operate  from waste hea t  o r  gases  wi’ ! l  be 
inves t iga ted ,  Research w i l l  be conducted on spec ia l i zed  lub r i ca t ion  End f u e l  
lhandling pecu Liar t o  power systems. 

They a r e  oi 

There a r e  several i n t e r e s t i n g  

Thermoel2;:ric. mametohydrodynamics. and advanced concepts 

Several  o the r  methods f o r  producing power w i l l  a l s o  be inves t iga t ed  i n  
ithe coming year., 
which dissimi:Lar ma te r i a l s  kept a t  two temperature l eve l s ,  generate  e l e c t r i c -  
i t y .  
tonized gas i.n t he  presence of e l e c t r i c  and magnetic f i e l d s .  These t Q o  

One of these  is  by the  f a m i l i a r  thermoelec t r ic  process,  i n  

Another method is  conversion of thermal energy t o  e l e c t r i c a l  energy by 
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techniques a r e  a l s o  of i n t e r e s t  i n  nuc lea r - e l ec t r i c  systems, and an 
in t eg ra t ed  approach is  planned. 
w i l l  be con.cluc:ted t o  determine f u t u r e  space power requirements imd t h e  i n t e r -  
r e l a t ionsh ips  between space power systems and o the r  spacecraf t  systeim . 
These s tud ixs  serve t o  guide the  planning and i n t e g r a t i n g  of space power 
systems tha.t: w i l l  be of g r e a t e s t  u t i l i t y  i n  f u t u r e  space missioiis. 

As p a r t  of a continuing e f f o r t ,  s t u d i e s  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

NUCLEAR ROCKETS 

OBJECTIVES : 

The nuclear  rocket  program has the  primary ob jec t ive  of e s t a b l i s h i n g  the  
b a s i c  techno logy and developing and providing q u a l i f i e d  nuc lear  rocket  engines 
f o r  accomplishing opera t iona l  missions i n  advanced launch veh ic l e s .  Imple- 
mentation of t h i s  program w i l l  encompass b a s i c  research  on r eac to r s ,  engine 
systems, and veh ic l e s ,  development of p r a c t i c a l  heat-exchanger- type rocket  
r eac to r s  and engine subsystems, ground test of r eac to r s ,  engines,  and s tages , ,  
development of r e l i a b i l i t y ,  and opera t ion  of nuclear  powered s t ages  xn launch 
veh ic l e s  f o r  f l i g h t  tes t  purposes. 

SUMMARY OF R@OvRCES REQUIREMENTS: 

1964 - Funds 1962 1963 .- 
Supporting research and 

technology.. .................. $1,791,000 $13,339,000 $22 687,000 
Pro jec ts . .  .. . e . .  ................ 24.985 .OOO 58.487 .OOO ~ . , , O O O . O O O  

Subto ta l ,  d i r e c t  R&D cos t s .  $26,776,000 $71,826,000 $96,687,000 

Personnel costs.. . . . . . . . . . . . . . . .  6,766,000 12,194,000 15,,170,000 
-rat ion o f  i n s t l l a t i a s . . . . . . .  4,468,000 5,228,000 - 7,062,000 

Tota l  costs. . . . .+ .... $38,010,000 989,248,000 $t18,919.000 - 
PersonneJ. 

Space Nuclear Propuls ion Off ice. 40 10 6 160 
NASA Head.quarters.. ............. 27 26 26 
Lewis  Research center. . . . . . . . . . .  761 1,027 1,082 
Marshall  Space F l i g h t  Center. . . .  60 19 2 217 

47 Launch. Oplerations Center.. . . . . . .  10 36 
Westerrt Operations Office. . . . . . .  3 3 3 

- 
...... 1,535 - - 1,390 To ta l  personnel.  90 1 

This program is conducted j o i n t l y  by t h e  Atomic Energy Conmission and 
the  Nationarl. Aeronautics and Space Adminis t ra t ion wi th  the  AEC responsible  
f o r  the  rearctor por t ions  of t h e  e f f o r t  and the NASA respons ib le  for the  
non-nuclear components and f o r  i n t e g r a t i n g  t h e  r eac to r s  i n t o  engines and 
f l i g h t  veh ic l e s .  
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Within t:hicr framework, r e s p o n s i b i l i t y  f o r  the  o v e r a l l  Nuclear Rocket 
IIrogram i s  shcired by t h e  Space Nuclear Propuls ion Off i c e ,  a j o i n t  off  i c e  of 
the  Atomic Energy Commission and the  National Aeronautics and Space Adminis- 
t r a t i o n ,  and the  Off ice  of t h e  Direc tor  of Nuclear Systems, Off ice  of Ad- 
vanced Research and Technology i n  the  NASA Headquarters. 
primary respcirtsibil i ty f o r  the  KIWI,  NERVA and Nuclear Rocket Devleloprrent 
!;tat ion,  Ope rat ions P ro jec t s  and Supporting research and techno logy r e  l a t  i ng  
t o  propulsion.. The Off ice  of t he  Direc tor  of Nuclear Systems has prineary 
i:esponsibility f'or the  Reactor I n  F l i g h t  Tes t  (RIFT) P ro jec t  and Supporting 
research and t:ec:hnology r e l a t i n g  t o  vehic les .  S ingle  manager d i r e c t i o n  and 
i tntegration all' t he  e n t i r e  Nuclear Rocket Program is provided through one 
person who serves both as Manager, Space Nuclear Propuls ion Off ice  and 
I l i rec tor  of Nuclear Systems. 

The SNPO has 

PROGRAM JUSTIE'ICATION : 

Nuclear energy o f f e r s  t he  space program t h e  high energy required f o r  
d i f f i c u l t  long xange, high payload missions which cannot be dupl ica ted  by 
o the r  systems. The app l i ca t ion  of a nuc lear  upper s t age  t o  l a rge  launch 
veh ic l e s  can p o t e n t i a l l y  increase  t h e i r  payload c a p a b i l i t y  by a f a c t o r  of two 
o r  t h ree  f o r  nea.r-earth missions and by a f a c t o r  of t e n  or  more f o r  deep- 
space missions. 
round-tr ip  mission t o  Mars would requi re  an i n i t i a l  weight i n  an e a r t h  o r b i t  
of 10,000,000 polunds as compared t o  a nuc lear  spacec ra f t  weight of 1,000,000 
pounds. 
advantages. 

For example, an al l -chemical  rocket  t o  perform d manned 

Thus, nuclear  rocke ts  o f f e r  s i g n i f i c a n t  economic and t echn ica l  

I n  order  t o  r e a l i z e  these  improved c a p a b i l i t i e s  a broad, compreheasive, 
we11 in t eg ra t ed  research  and development program i s  required t o  so lve  the 
c:omplex problems and e s t a b l i s h  an adequate technology. Areas of e f f o r t  w i l l  
include r eac to r  development, engine development, s t age  development, f l i g h t  
s 'afety,  r a d i a t i o n  e f f e c t s  and design cons t ruc t ion  and operat ion of f a c i l i t i e s  
f o r  ground t e s t i n g ,  handling and launch. 

Budgetary es t imates  are based on maximum u t i l i z a t i o n  of simu1,ator~ and 
g,round tests, i n  order  t o  minimize t h e  number of c o s t l y  f l i g h t  tests, :o in-  
sure  e a r l y  successfu l  r e so lu t ion  of major engine/s tage i n t e g r a t i o n  pro'illems, 
and t o  fu rn i sh  the  opera t iona l  r a d i a t i o n  environment f o r  engine and veh ic l e  
systems and sub-systems development. 
d i r ec t ed  toward developing the  technology of t h e  major components of t ' ie  
nuc lear  rocket  system. 
demonstrated, major hardware procurement and f u l l - s c a l e  development of a l l  
components and f l i g h t  systems w i l l  no t  be undertaken. 

The program i s  a t  present  pr imar i ly  

U n t i l  the  a v a i l a b i l i t y  of a s u i t a b l e  react:or 1 3  

The program includes th ree  p r o j e c t s  designed t o  f u l f i l l  t he  cibjec1:ives 
ou t l ined  above. These t h r e e  p r o j e c t s  combine the  r eac to r  technology wi th  
propulsion-system and veh ic l e  research  and development c a p a b i l i t y  t o  ptovide 
e a r l y  f l i g h t  t e s t  experience.  The p r o j e c t s  can, wi th  f u r t h e r  development, 
lead t o  sa fe ,  r e l i a b l e ,  f u l l y  q u a l i f i e d  systems f o r  ope ra t iona l  us%e. 

RDC, 19-2 



The proj,r!ct:s wi th in  t h i s  program are: 

(1) KIKC: design, development, f a b r i c a t i o n  and t e s t i n g  
of Iiydrogen-cooled nuc lear  r e a c t o r s  ; 

(2) NEWA (Nuclear Engine f o r  Rocket Vehicle Applicat ions)  : 
deri:Lgn, development, f a b r i c a t i o n ,  ground t e s t i n g  and 
q u d i f i c a t i o n  of nuclear-rocket  engines employing 
r e a c t o r s  based on a s e l e c t e d  KIWI  r e a c t o r  design; and 
the  de l ive ry  of engines f o r  f l i g h t  tests i n  an upper 
stiige of Sa turn-c lass  launch veh ic l e s ;  and 

(3) R I l V  f(Reactor I n  F l i g h t  Test) : design, development, 
f a b r i c a t i o n ,  and f l i g h t  test of a NERVA-powered 
s t age  as an upper s t a g e  on a Saturn-c lass  launch 
vel1 Lcle ., 

;EXPLANATION (gP]?UNDS REQUESTED : 

:Supportinn rck9e;nrch and technology 
1.964 -- 1962 1963 

Rocket r e a c t o r  research.  .......... $1,054,000 $8,060,000 $10,1.87,000 
Nuclear rolckret engine systems. .... 737,000 4,826,000 :Lr1,~ .00 ,OOO ..................... 200,000 500 , 000 Safety... . . . .  .............. troo. 000 253.000 Vehicle te~chinology.. 

-0- 

-0- 

Subtoital, d i r e c t  R&D cos t s .  $1,791,000 $13,339,000 $22,(i87,000 

Personnel costs.................,. 4,900,000 7,270,000 8,720,000 
Operation (of i n s t a l l a t ions . . . . . . . .  3,248,000 2,749,000 3, :b89 .OOO 

' rota1 costs. , . . . . . . . , .  9 9,939.000 $23,358,000 $34,(596.000 

Tota l  personnel. .  ..... 653 860 9 13 

The purpose of t h e  support ing research and technology is (1) t o  iiupply 
genera l  support ing research  and technology f o r  cu r ren t  p r o j e c t s ,  (2) 1:o 
e s t a b l i s h  a basle of t echn ica l  information f o r  t he  design and opera t ion  of 
nuc lear  rocket  components and engines ,  (3) t o  provide the  necessary brisic 
technology for the development of f u t u r e  genera t ions  of nuclear  rocket  
engines and veh ic l e s ,  and (4) t o  eva lua te  the  f e a s i b i l i t y  of advanced 
concepts. 

The KIWI, INERVA, and RIFT p r o j e c t s  r ep resen t  t he  f i r s t  genera t ion  of 
nuclear  systems f o r  space missions.  
cu r ren t  p r o j e c t s  and t o  supply the  necessary broad technologica l  basif1 f o r  
design and development of f u t u r e  systems, a support ing research  and 
technology program has been e s t ab l i shed  t o  cover a l l  of t h e  major teclinical  
areas involved wi th  nuc lear  rocket  engines and veh ic l e s .  

T o  support  t h e  ob jec t ives  of thetie 



A s  i n  o the r  po r t ions  of t h e  nuc lear  rocket  program, funding and cipera- 
t i o n a l  r e s p o n s i b i l i t i e s  f o r  support ing research  and technology are spLi t  
between NASA and AEC. 
technology i s  centered i n  SNPO. 

Management of a l l  t h e  a c t i v i t i e s  except vehicli: 

Rocket g s c t o r  research  

The r eac to r  component of a nuclear  rocket  engine is the  key i t e m  i n  
It must be capable of e s t a b l i s h i n g  t h e  c a p a b i l i t i e s  of nuc lear  systems. 

hea t ing  hydrogen t o  thousands of degrees i n  temperature,  and opera te  s t ab ly  
during s t a r t - u p ,  s t eady- s t a t e ,  shut-dawn, and restart. It should be able 
t o  f i r e  up t c  a t o t a l  of several hours and some missions may r e q u i r e  t n t e r -  
m i t t e n t  use clf t he  engine f o r  as long aa a two year  per iod  i n  space.  

Reactor research is p r imar i ly  t h e  r e s p o n s i b i l i t y  of t h e  Atcnnic  Energy 
Conrmission. Thle NASA funded a c t i v i t i e s  are of two d i s t i n c t  types:  (1) the  
in-house program of research  r e l a t e d  t o  r e a c t o r s  and advanced concepts,  and 
(2) t he  contrac:tor e f f o r t  t o  supply hardware f o r  t he  reactor tests t h a t  are 
run by two AXC National Laborator ies .  The Los Alamos S c i e n t i f i c  Laboratory 
(LASL) i s  devot.ing most of i t s  e f f o r t s  t o  t h e  KIWI p r o j e c t ,  and as success 
i s  achieved orit:h K I W I ,  LASL w i l l  s h i f t  i t s  c a p a b i l i t i e s  t o  the  Phoebus 
program which has the  ob jec t ive  of broadening the  t echn ica l  base f o r  r e a c t o r  
design, through research i n t o  high power-density operat ion,  high powers, 
temperature l l i n i i t s ,  and t h e  l i f e t i m e  of f u e l  elements. Phoebus r eac to r  
experiments tire planned t o  be conducted i n  f i s c a l  year  1965. 

The Argonne National Laboratory (ANL) , is conducting during f i s c a l  year  
1963, s t u d i e s  and research  pe r t a in ing  t o  a l t e r n a t e  r e a c t o r  concepts t o  
determine whether o the r  r e a c t o r s  should be developed as a backup t o  KIWI o r  
f o r  more advimced performance c a p a b i l i t i e s .  To support  r e a c t o r  tes t s '  t o  be 
conducted by t h e  AEC Nat ional  Labora tor ies ,  NASA must fund f o r  t h e  dwelop-  
ment of nozi!: 1e:s and l i q u i d  hydrogen feed systems. 

The Phoebus r e a c t o r s ,  which are planned f o r  t e s t i n g  i n  f i s c a l  yea r  1965,, 
r equ i r e  the  development of a new l i q u i d  hydrogen feed system and new nozzles .  
The feed systein c o n s i s t s  of two turbopumps mounted and operated i n  p a r a l l e l  
t o  provide hLgln l i q u i d  hydrogen flaws. It is being developed by the  Rocket- 
dyne Divisiim of North American as was t h e  turbomachinery now being used i n  
the  KIWI rea 'ctor tests. According t o  cu r ren t  p lans ,  the  feed s y s t e m  and 
Phoebus nozzle program w i l l  be brought t o  completion i n  f i s c a l  year  l964 
with the  de l ive ry  of hardware f o r  i n s t a l l a t i o n  a t  the  Nuclear Rocket Develop-. 
ment S t a t i o n  (I!JRDS) . 

The NASA in-house research a c t i v i t i e s  inc lude  t h e  fol lowing aredis: 
materials development, conceptual s t u d i e s  and design,  neut ronics  design 
and development, and sh ie ld ing .  
r e l a t e d  t o  ,solid core  r e a c t o r s  having r e f r a c t o r y  metals and ceramics f o r  fuel. 
materials. This research i s  d i r e c t e d  a t  the  determinat ion of mechanical 
p rope r t i e s  ( tensi le  s t r eng th ,  modulus of e l a s t i c i t y ,  creep rates) and thermal. 
p rope r t i e s  (conduct iv i ty ,  expans iv i ty)  f o r  fue led  materials. Fnbriciation and 

The L e w i s  Research Center conducts t e sea rch  



j o in ing  techniques w i l l  a l s o  be explored along wi th  tests t o  determine opera- 
t i n g  l i m i t s  in hot  flowing hydrogen. 

S tudies  of water-moderated r eac to r s  a r e  being extended t o  high-power 
levels t o  detwniine t h e i r  a p p l i c a b i l i t y  f o r  a range of condi t ions .  Ver i f i -  
ca t ion  of ana.l.yt:ical techniques f o r  p red ic t ing  c r i t i c a l i t y  of heterogeneous 
oystems is under way i n  a zero-power f a c i l i t y .  

L e w i s  and t:he Jet  Propuls ion Laboratory (JPL) a r e  explor ing seve ra l  
cav i ty  reactcw c:oncepts. JPL d i r e c t s  i t s  b a s i c  research  toward the  gas 
vor tex  system,, whereas the  Lewis  Research Center has been examining the  
iEeatures of a1 co-axial  flow reac to r .  
is s t i l l  under study, t h e i r  performance p o t e n t i a l  makes research  .and develop- 
ment e f f o r t  cin var ious concepts a t t r a c t i v e .  A h igh- thrus t  engine,  having a 
s p e c i f i c  impu11.se p o t e n t i a l l y  achievable  wi th  cav i ty  r eac to r s  would make 
dramatic changes i n  our  concepts of space t r a v e l .  For example, round- t r i p s  
between the  ntoori and the  e a r t h  would be poss ib l e  us ing  only a one-stage 
rocket ,  round-- t r ips  t o  Mars and Venus would last seve ra l  months r a the r  than 
IP year  or more, and a high degree of s a f e t y  and r e l i a b i l i t y  could be provided 
:Eor manned SFILICE! f l i g h t s .  S tudies  of t he  gas dynamics of cav i ty  reac tors  
isre continuirq: i n  addi t ion  t o  research  on r ad ian t  hea t  t r a n s f e r  and f i s s i o n  
:Eragment physii.cs. The f e a s i b i l i t y  of ob ta in ing  a nuc lear  test  wi th  a cav i ty  
system i s  a l w  being s tudied .  Research is being i n i t i a t e d  on the  t:echnology 
of p red ic t ing  c r i t i c a l i t y  i n  cav i ty  systems. 

-Aile the  f e a s i b i l i t y  of cavi.ty r eac to r s  

Nuclear j z z k e t  engine systems 

The puqiost! of t h i s  research  i s  t o  provide the  necessary component and 
systems technology f o r  nuc lear  rocket  engines.  This  research  coupled with 
rocket r eac to r  iresearch w i l l  provide information f o r  spec i fy ing  charac te r -  
i s t i c s  of fut:ure generat ions of nuc lear  rocket  engines as w e l l  as e s t a b l i s h -  
ing  a general. base of information on the  design and opera t ion  of compcnents 
isnd engines. Engine systems technology i s  the  r e s p o n s i b i l i t y  of NASA and 
the  in-house e f f o r t  i s  conducted by the  Lewis Research Center. Contractor  
e f f o r t ,  which is  nominal a t  the  present  time, w i l l  be expanded during f i s c a l  
year  1964 wit:h t echn ica l  d i r e c t i o n  suppl ied l a r g e l y  by the  Lewis Research 
Cent e r . 

Research i s ;  being conducted i n  the  following areas :  flow components and 
systems, turbomichinery, con t ro l s  and instrumentat ion,  design and a n a l y s i s ,  
rad ia t ion  e f f e c t s ,  nozzles ,  bear ings and s e a l s ,  and f l u i d  property research.  
The a c t i v i t i e s  i n  these  a reas ,  while aimed a t  c e r t a i n  engine types,  axe 
essential1.y or i tmted toward improving technology p r i o r  t o  incorpora t icn  int:o 
an engine pro-ject .  Included a r e  design s tud ie s ,  research on components, 
Eabrication rxsearch and supply of component hardware t o  support  s y s t e m s  
research.  Rc!:;earc:h on flow components and systems is t o  provide data on 
the  performance of components and engine systems during the  t r a n s i e n t s  i n  a 
nuclear  rocker: engine. Some of  t h i s w o r k  is d i r e c t e d  toward the  NERVI!-class 
of engines,  ~11ii:Le o the r  work i s  aimed a t  high-power engines.  



Research i n  turbomachinery is aimed a t  advancing t h e  technology f o r  
Thle pumps and tu rb ines  used i n  var ious  types of nuc lea r  rocket engines .  

turbopump of an. advanced engine is l i k e  a very  l a r g e  t u r b o j e t  w i th  add i t ion -  
all t echnologica l  problems caused by l i q u i d  hydrogen and in t ense  r a d i a t i o n .  
P a r t i c u l a r  prall;ilems include c a v i t a t i o n ,  s t a l l  and s t a b i l i t y ,  and induced 
v i b r a t i o n s  coupled wi th  requirements f o r  h igh  e f f i c i e n c y ,  small simze, and 
of f - des i gn ope: rat: ion.  

Advances :in t h e  technology f o r  c o n t r o l  and ins t rumenta t ion  are required 
f o r  nuc lear  rockets.  The requirements f o r  s t a r t u p  of an e n t i r e  r eac to r -  
engine system in a very s h o r t  t i m e  pose many unsolved con t ro l  problems 
(complicated by :Lntense r ad ia t ion )  such as adequate temperature sensing,, 
c h i l l d m  c o n t r o l  t o  prevent b o i l i n g  during s t a r t u p ,  pump c o n t r o l  t o  prevent 
c a v i t a t i o n ,  t h r u s t  con t ro l ,  restart programs, and c o n t r o l  f o r  economicril 
and s a f e  operatiron dur ing  cool-down a f t e r  operation. Research is d i r e c t e d  
a t  means f o r  (engine con t ro l ,  and a t  new con t ro l  components such as seniiors, 
a c t u a t o r s ,  anld s i g n a l  condi t ion ing  devices.  

Engine design s t u d i e s  w i l l  be performed t o  e s t a b l i s h  power l e v e l s ,  
engine cyclea,  chamber pressures ,  and o t h e r  engine parameters. Studie:, of 
mission and veh ic l e  a spec t s  w i l l  be supported t o  assist i n  e s t a b l i s h i n 3  
important f e a t u r e s  t h a t  should be incorporated i n t o  engine designs.  

The r a d i a t i o n  e f f e c t s  e f f o r t  is pointed a t  de f in ing  t h e  fundamental 
behavior of materials i n  combined r a d i a t i o n ,  cryogenic, and vacuum environ- 
ments. 
and is t he  bsrrriei f o r  design work. 

Such information supports a l l  phases of t h e  nuc lea r  rocke t  program 

Research on nozzles f o r  nuc lea r  rocket engines is e s s e n t i a l ,  because 
cu r ren t  technology is extended t o  t h e  l i m i t  t o  provide a nozzle for: t k e  
I.ERVA engine.. ? h e  next s t e p  is t o  explore novel designs and ma te r i a l s  of 
f a b r i c a t i o n  for high performance nozz les .  
explore such designs wi th  emphasis on r e f r a c t o r y  metal ,  coated, and fi lm- 
cooled apyroiaches. 
i t y  w i l l  be ixvailable at  t he  Lewis  Research Center f o r  t e s t i n g  models of 
advanced noz~zles .  
t o  be t e s t e d  i n  t h i s  f a c i l i t y .  

The f i s c a l  year  1964 e f f o r t  w i l l  

Near the end of f i s c a l  yea r  1964, a hot-hydrogen faci l . .  

The f i s c a l  year  1964 funding would supply nozzle hardware 

The combined environments of r a d i a t i o n ,  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 probleois i n  regard 
t o  bear ings ,  seals and lub r i ca t ion .  In  f i s c a l  year  1963, work began :o 
explore wear phenomena i n  a b a s i c  research  program i n  t h e  Lewis I’lum ‘3rook 
Reactor. 
fo r  operation i n  t h e  r eac to r .  The f i s c a l  year  1964 funding w i l l  permit 
completion of t he  test r i g  and t e s t i n g  of va r ious  bear ing  configiirations.  

I n  add i t ion ,  a s ta r t  has been made on providing a bearrng t e s t  r i g  

F lu id  proper ty  research  is needed t o  provide b a s i c  d a t a  on p rope l l an t s  
and f l u i d s  urrecl i n  nuc lear  rocke t s  and t o  supply a b a s i c  technology and 
consul t ing  cxipctbility i n  cryogenic engineering. For several yea r s ,  NASA 



has supported the  National Bureau of Standards Cryogenic Engineering Labora- 
t o r y  i n  research and engineering 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 come from t h e  Nuclear Rocket Program, the  research 
has benef i ted  a l l  programs t h a t  use l i q u i d  hydrogen (e.g., Centaur, Saturn,  
and the  5-2 engine) by supplying b a s i c  property da t a  and cryogenic eiigineer- 
ing  support .  Addition- 
a l  small con t r ac t s  are planned t o  measure p rope r t i e s  a t  very high teinpera- 
t u re s .  

This program w i l l  be continued i n  f i s c a l  year  1964. 

The s a f e t y  work r e f l e c t e d  i n  the  level of e f f o r t  above i s  at s m a l l  p a r t  
of t h e  ove r -a l l  s a fe ty  program being conducted i n  connection wi th  thd! t o t a l  
program. The major s a f e t y  program is being conducted by cont rac t  as p a r t  
of the  o v e r - a l l  MERVA and RIFT con t rac t  e f f o r t s .  The s a f e t y  research 
r e f l e c t e d  here in  i s  f o r  c e r t a i n  s p e c i a l  s t u d i e s  p a r t i c u l a r l y  with reliard to 
t h e  e f f e c t s  of t he  use  of var ious  d e s t r u c t  systems under diverse  condi t ions 
and environments. 

Vehic Lktechnolony 

Analy t ica l  and experimental  work has been undertaken and is planned f o r  
f u t u r e  years  t o  provide a base of technology f o r  nuc lear  veh ic l e s .  The 
a n a l y t i c a l  Iefforts are d i r ec t ed  mainly t o  a determination of p e r f o m m c e  
c a p a b i l i t i e s  and opera t iona l  requirements. 
t he  guidance problems crea ted  by unique opera t ing  c h a r a c t e r i s t i c s  of nuc lear  
rockets .  

Inves t iga t ion  w i l l  be macle of 

S tudies  aind research are underway t o  determine the  behavior of 1.iquid 
hydrogen i n  B propel lan t  tank as inf luenced by neutron and gamma heat ing.  
An extension oE t h i s  e f f o r t  is planned i n  f i s c a l  year  1964 t o  r e f i n e  
techniques o E  ana lys i s  and test ,  t o  introduce more complicated geometries,  
and t o  a s ses s  ithe r e l a t ionsh ip  between p rope l l an t  flow r a t e s  and neut ron 
f l u x  as i t  ne la t e s  t o  a n e t  p rope l l an t  temperature rise and s t r a t i f i c a t i o n .  

I n i t i a l  s t e p s  are underway i n  f i s c a l  year  1963 t o  determine the  gross  
e f f e c t s  of nuclear  r ad ia t ion  on tankage s t r u c t u r e s  including in su la t jon  at: 
cryogenic teinperatures. Engineering da ta  w i l l  be obtained i n  f i s c a l  year  
1964 on the  ef:Eects of r ad ia t ion ,  combined wi th  a simulated space environ-. 
ment where p rac t i cab le ,  on t y p i c a l  veh ic l e  components such as e l e c t r i c a l  and 
thermal insu Lation, bear ings,  seals, and l u b r i c a t i n g  ma te r i a l s  



Pro i e c  t s : 

KIWI - I9 64 -- 1962 1963 

Reactor t e s t  support  components.... $4;529,000 $2,400,000 e-(. 

Propel lan ts  ........................ 140.000 1.670.000 ~ 1 . O O Q . O O Q  

Subto ta l ,  d i r e c t  R&D cos ts . .  $44669,000 $4,070,000 $1,000,000 

Personnel costs.. . . . . . . . . . . . . . . . . . .  23,000 73,000 it39 ,000 
'm,ooo -- Operatipn of in s t a l l a t ions , . . . . . . . .  16,000 29,000 

To ta l  costs. . . . . . . . . . . .  $4,708,000 $4,172,000 $1,129,000 

8 Total personnel 4 8 

- 
---- 

I n  954 t e AEC undertook prel iminary s t u d i e s  on t h e  development of 
nuclear  propuls ion f o r  rockets  as the r e s u l t  of an expression of i n t e r e s t  i n  
t h i s  a rea  frcm the  U. S. A i r  Force. Because these  s t u d i e s  ind ica t ed  tha t  
nuclear  rocket  propuls ion systems appeared t o  o f f e r  p o t e n t i a l  advantages 
over chemical. rocket  propuls ion systems, a j o i n t  AEC-USAF program was 
i n i t i a t e d  i n  15155 with  the  ob jec t ive  of demonstrating t h e  f e a s i b i l i t y  of 
nuclear  rock.et propulsion. The Los Alamos S c i e n t i f i c  Laboratory w a s  s e l ec t ed  
t o  carry on t.he AEC work. U, S. A i r  Force r e s p o n s i b i l i t y  w a s  t r a n s f e r r e d  t o  
NASA by Exec.utive Order on October 1, 1958. The f i r s t  s i g n i f i c a n t  milestone 
i n  the  p r o g r m  was achieved wi th  completion of the  test  of KIWI-t4,  t he  
i n i t i a l  test. device on J u l y  1, 1959. I n  1960 two more r eac to r s ,  KIWI-A 
Pr ime and KI:WI--A31 were t e s t e d .  The KIWI-A series of tests w a s  aimed a t  
demonstrating the materials technology and design methods needed f o r  t he  
development of opera t iona l ly  use fu l  nuclear  rocket  r eac to r s .  The tes t  s e r i e s  
a l s o  defined many of t he  problems t o  be solved before  development of the  
K I W I  reactor:; t o  rocket engines could proceed. 

The pro.ject i s  now d i r ec t ed  a t  t e s t i n g  the  KIWI-B s e r i e s  of r eac to r s  
from which eva:Luation and s e l e c t i o n  of a s p e c i f i c  design f o r  t he  NERVA 
engine will be made. 
NASA funding cons i s t s  of providing r eac to r  tes t  support  components such as 
nozzles  and tu:rbomachinery and also providing required p rope l l an t s .  With 
the  compXet:ton of development i n  f i s c a l  year  1963 of t h e  NFS-2 l i qu ic  
hydrogen feed system and de l ive ry  of a l l  required nozzles  t o  support  K I W I  
reac tor  t e s t s ,  NASA support  of K I W I  test  components w i l l  phase out.  How- 
ever, l i q u i d  hydrogen w i l l  continue t o  be required t o  support  the  r e a c t o r  
t e s t  schedu'le during f i s c a l  year  1964. 

This p ro jec t  i s  funded almost e n t i r e l y  by the  AEC. 

RIIO 19-8 



- NERVA 1962 1963 .- 1964 

Engine systems development......... $3,817,000 $4,983,000 $11,000,000 
Component and subsystem development 5,258,000 19,348,000 30,000,000 
Ground t e s t  and operat ions support .  10,229,000 12,690,000 13,000,000 
Propel lan ts  ........................ 12.000 6.196 .OOO .6,000.000 

Subto ta l ,  d i rect  R&D costs . .  $194316,000 $43,217,000 $60,000,000 

Personnel costs.. . . . . . . . . . . . . . . . . . .  780,000 1,413,000 2,064,000 
Operation of ins ta l la t ions . . . . . . . . .  463,ooo - .-- 

Tota l  cos t s .  ........... $20,559,000 $45,097,000 s, 755,000 .- 
Tota l  personne 1.. ...... 115 200 161 .- 

The j u s t i f i c a t i o n  of t h e  NERVA pro jec t  rests genera l ly  on t h a t  of the  
e n t i r e  nucllear rocket  program. The s p e c i f i c  ob jec t ive  of t he  NE:RVA p r o j e c t  
is t o  devellop a nuc lear  rocket engine. Such a development w i l l  permit work 
on the  so lu t ion  of operat ing problems so t h a t  nuc lear  rocke ts  m y  be appl ied 
i n  the  advanced space f l i g h t  missions f o r  which they o f f e r  major per:formance 
advantages over the  lower s p e c i f i c  impulse chemical rocket  systems. The 
NERVA engine i s  being so designed t h a t  i t  may be used f o r  advanced space 
missions such as those required t o  perform extensive lunar  operait ion:;, 
including lunar  explora t ion  bases,  and t o  the  performance of heawy priyload 
missions t o  the  p lane ts .  
manned planletary missions. 

Such an engine would eventua l ly  be required f o r  

The NERVA engine i s  a propulsion system i n  which hydrogen is heilted t o  
high temperature i n  a nuclear  reac tor .  The high temperature hydrogen i s  
acce lera ted  through a j e t  nozzle producing the  t h r u s t  t h a t  propels  the  
rocket  vehic le .  In  t h i s  engine, t he  hydrogen is pumped from the veh:.cle 
propel lan t  tank by a turbopump i n t o  the tubes t h a t  make up t h e  r egenmat ive -  
l y  cooled jet nozzle walls. 
r eac to r  is mixed wi th  cold hydrogen t o  provide the  gas t h a t  d r ives  the  
turb ine  of the turbopump system. 
a gimbal bear ing i n  t h e  propel lan t  l i n e  connecting the  propel lan t  tank t o  
the  pump t o  p e r m i t  con t ro l  of t h e  t h r u s t  d i r ec t ion .  The reac tor  to  be used 
i n  the  NERVA engine w i l l  be developed from t h e  b a s i c  r eac to r  design developed 
in  t h e  K I W I  Project  being conducted by the  AEC's Los Alamos S c i e n t i f x  
Laborat 0 7 .  

Hot hydrogen drawn of f  at  the  disch,arge of t h e  

The e n t i r e  engine w i l l  be swiveled about 

The NERIIA engine i s  being developed by the  Aerojet-General Corporation 
a s  t he  prime cfontractor, and wi th  t h e  Westinghouse Astronuclear Laboriltory 
as the  p r i n c i p a l  subcontractor .  Other major subcontractors  on t h i s  p r o j e c t  
are Bendix liesearch Laborator ies ,  American Machine and Foundry, and f:dger-- 
ton,  Germesliausen and Grier. 
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Through the  end of cont rac t  year  ( S e p t d b e r  30, 1962), cont rac tor  
accomp1ishment:s were b r i e f l y  as follows: Aerojet-General Corporaition had 
near ly  comple!!:etl necessary changes t o  f a c i l i t i e s  a t  i t s  Liquid Rocket Plant  
:Ln Sacramento,, 
and engine sJ.rrmliat.or tests. Westinghouse Astronuclear Laboratory had s t a r t e d  
opera t ions  i n  a new fuel-element-fabrication f a c i l i t y  and had i n i t i a t b d  work 
:In a core mec:hariic:al and thermal test  f a c i l i t y .  The U. S. A i r  Force Nuc1ea.r 
Aerospace Remai:ch F a c i l i t y ,  For t  Worth, w a s  s e l e c t e d  as a r ad ia t lon -e f f ec t s  
t e s t i n g  center ,  and tests a r e  now under way, wi th  design of l i q u i d  hydrogen. 
:flow equipmen!: cilso going ahead. Engine Tes t  Stand No. 1 (ETS-l), a t  the  
I!4uclear Rocket Development S t a t i o n  is under cons t ruc t ion  (AEC funded) and 
cons t ruc t ion  of the  Engine Maintenance-Assembly-Disassembly Building (E-MAD), 
:funded i n  NASA's 1.962 budget, s t a r t e d  during the  summer. Tes ts  have been 
(conducted by Aerojet  on turbopumps, hot  bleed-port  nozzles and ensine simu- 
l a t o r s .  The se:Lec:tion of a hot-bleed turb ine  d r ive  cycle  f o r  NERVA, was  made, 
,as w a s  tb! tentati .ve s e l e c t i o n  of t h e  KIWI-B4 r eac to r  design as t'he b a s i s  
f o r  the  NERVA reac to r  design. Westinghouse i s  designing the  f i r s t  NERVA 
reac tor  arid some components are being f ab r i ca t ed  o r  procured. An i n t e r n a l  
r eac to r  radic1i:ion s h i e l d  was b u i l t  and de l ivered  t o  LASL f o r  use in  a 
shielded KIWIC-B4 experiment (designated a t  KIWI-B5) . Preliminary design of 
the  t o t a l  hot-bleed engine is i n  progress .  

These f a c i l i t i e s  w i l l  be used t o  conduct turbopump, nozzle 

The cont rac tor  a c t i v i t i e s  f o r  f i s c a l  year  1963 include the  following: 
Engine design w.i.11 continue. Fabr ica t ion  of t he  f i r s t  NERVA r e a c t o r s  w i l l  
be accomplished. 
components w i l l  be a major a c t i v i t y .  Simulated engine tests w i l l  be con- 
t inued,  including a s imulator  incorpora t ing  prototype hardware. Design of 
an exhaust d i x t  f o r  ETS-1 w i l l  be completed and f a b r i c a t i o n  i n i t i a t e d .  
,Assembly-disassl.mbly equipment f o r  t h e  E-MAI) Building w i l l  be designec . 
The engine i n s t a l l a t i o n  veh ic l e  f o r  ETS-1 w i l l  be designed. Construct ion 
of Engine T e s t  ,Stand No. 2 (ETS-2), w i l l  be i n i t i a t e d .  

Fabr ica t ion  and research t e s t i n g  of engine non-nuclear 

The work t o  be performed i n  f i s c a l  year  1964 w i l l  involve f a b r i c s t i o n  
o r  procurement of engine components, supported by appropriate  design,  
ana lys i s  tes t ,  m d  s imulat ion a c t i v i t i e s .  NERVA reac to r  t e s t s  w i l l  be con-. 
ducted a t  Test  Ce l l  A ,  a t  t h e  Nuclear Rocket Development S ta t ion .  
t i o n  of ETS-L and the  E-MAD bui ld ing  w i l l  be under way. 
f o r  t he  purpose of design w i l l  be continued, wi th  the  Aerojet-General 
Corporation Liquid Rocket P l an t  f a c i l i t i e s  a l s o  continuing component t est i r ig  
t o  obta in  ve:rLf Lcation of design. 

Activa- 
Simulation runs 

Major mi1estone.s i n  the  program are as follows: 

Tenta t ive  iselection of K I W I  design f o r  NERVA 

I n i t i a l  NElRVA r e a c t o r  experiment 
I n i t i a l  engine s t a t i c  test 

Reactor 1962 
1963 
1965 
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Engine :zEtems development 

This area of e f f o r t  has as i ts  ob jec t ive  the  development of the  cweraX1 
NERVA engine system by i n t e g r a t i n g  engine components and sub-systems dnto a 
system, f a b r i c a t i o n  of test hardware, ana lys i s  of engine i n t e g r a t i o n  problems, 
and t e s t i n g  of engine systems us ing  both non-nuclear s imulat ion deviccs  and 
f u l l  s c a l e  nuc lear  engine ground t e s t s .  Because of t h e  c o s t s  assoc ia ted  wi th  
nuclear  t e s t i n g ,  non-nuclear engine s imulators  w i l l  be used extensive1.y p r i o r  
t o  and beyond calendar  year  1964. 
of successfu l  nuclear  engine t e s t i n g .  

This w i l l  g ive a high degree of as:,uranoe 

Some of the  major problems which will be inves t iga ted  using non-riuclear 
s imulators  a re :  engine s t a r t u p  c a p a b i l i t y  wi th  l i q u i d  hydrogen, flow sta- 
b i l i t y  problams, flow leakage rates, pressure  lo s ses  i n  the  system, arid 
con t ro l  responste t i m e s .  Many of t hese  problems w i l l  be inves t iga t ed  p r i o r  
t o  f i s c a l  year  1964; however, i n  f i s c a l  yea r  1964 it  w i l l  be poss ib l e  t o  
perform these  t e s t s  with the  latest ava i l ab le  prototype engine hardware and 
with a system which resembles the  f i r s t  nuc lear  engine i n  a l l  but the  nuc lear  
aspects .  

Analyses t o  support  these  tests and t o  analyze t e s t  r e s u l t s  w i l l  be 
conducted. ]Engine sys t em modif icat ion r e s u l t i n g  from these  tests innd 
analyses  w i l l  be incorporated i n t o  the  s imulators  as rap id ly  as poss ih l e  
t o  permit f i n a l i z i n g  the  nuclear  engine design on a t imely b a s i s .  
ing support  €or  drawings and s p e c i f i c a t i o n s  w i l l  a l s o  be provided. 

En1;ineeie- 

Componentand subsystem development 

Development t e s t i n g  of r ad ia t ion  r e s i s t a n t  bear ings w i l l  be conditcted 
i n  f i s c a l  year  1963 making use of bear ing t e s t e r s  i n  both a nuc lear  arid non- 
nuc lear  environment and by tests i n  the turbopump system, a l s o  wi th  arid 
without the  nuclear  environment. I n  f i s c a l  year  1964 f u r t h e r  developrient of 
the  propel lan t  feed system w i l l  be conducted t o  incorporate  design rej'ine- 
ments. For lexample, mechanical design t o  permit remote handling and tlis- 
assembly w i l l  be incorporated i n t o  the  turbopump t o  be used i n  the en1;ine 
tests. PropleIlant feed systems f o r  developmental t e s t i n g  i n  component 
test  f a c i l i t i e s ,  up-to-date ve r s ions  of the  non-nuclear s imula tors ,  arid 
e a r l y  nuclear  engine t e s t s  w i l l  be f ab r i ca t ed  i n  f i s c a l  year  1964. Tt!sts ito 
determine oplerational c h a r a c t e r i s t i c s  of t he  propel lan t  feed system w : . l l  be 
conducted. I f  found necessary on t h e  b a s i s  of these  tests and o the r  (:on- 
s i d e r a t i o n s ,  a boost pump w i l l  be added and tests i n i t i a t e d .  

The reac tor  subassembly work is funded by the  AEC and i s  d i r e c t e d  toward 

Aerojet  and West:.nghoiise 
supplying subassemblies and support ing engineer ing design and analysiri f o r  
r eac to r  development t e s t s  and nuc lear  engine tests. 
w i l l  i n i t l a t l e  t e s t i n g  of NERVA (NRX) r eac to r s  i n  e a r l y  f i s c a l  yeax 1904, and 
t e s t i n g  w i l l  continue throughout t he  year .  The f i r s t  NERVA reac to r  dt!sign 
i s  a d i r e c t  outgrowth of t he  KIWI-B4 r e a c t o r  now under t e s t i n g  inxest: .gation 
by the  Los Alamos S c i e n t i f i c  Laboratory. 
involve r eac to r  core  support ,  flow balancing and s e a l s ,  and incorpora t ion  of 

Modifications by Westinghouue 
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a rad ia t ion  (shfeld. The design, f a b r i c a t i o n  and tes t  e f f o r t s  w i l l  btm 
supported by component t e s t s ,  f u e l  and materials developments, neutrcinic, 
hea t - t r ans fe r ,  f l u i d  flow and mechanical design analyses ,  and r e a c t o r  
i n t eg ra t ion  s t i idies .  

The thirusr: chamber assembly c o n s i s t s  of t he  nozzle,  nozzle  e x t e m i o n ,  
pressure  ve::rse:l, upper and lower t h r u s t  s t r u c t u r e ,  and gimbal system. 
P r i o r  t o  fir;ca:L year  1964, nozzles  and nozzle extensions w i l l  have been fab- 
r i c a t e d  and success fu l ly  subjec ted  t o  chemical and nuc lear  f i r i n g s .  
t u r a l  t e s t s  wi:L1 have been conducted on the  pressure  vessel, t h r u s t  s t ructure!  
and gimbal assembly. 
tests t o  determine performance and r e l i a b i l i t y  f o r  long dura t ion  f i r i n g s  and 
the  s e n s i t i w t t y  of the  components and t h e i r  materials t o  t h e  r a d i a t i c n  en-- 
vironment. Design and f a b r i c a t i o n  of t h r u s t  chamber assemblies f o r  use in 
engine tests w i l l .  r e f l e c t  t h e  r e s u l t s  of these  tests. 

Struc-  

I n  f i s c a l  year 1964, development w i l l  r equ i r e  f u r t h e r  

The cont ro l  system f o r  the  NERVA engine must provide proper con t ro l  of 
f l a w  and nuc::leiir power so as not  t o  exceed temperature l i m i t a t i o n s  f c r  t h e  
ma te r i a l s  fribrjLcation and provide s a f e  nuclear  operat ion.  The contrc  1 system 
must operate! properly i n  th ree  d i f f e r e n t  regimes; s t a r t u p ,  power cyc le  and thie 
shutdown and a f t e r h e a t  removal phases. Fur ther  development of t he  components 
and system w:tll.  be conducted i n  f i s c a l  year  1964 t o  permit the  f i n a l  design 
of the con t ro l  system f o r  use  on the  f i r s t  nuc lear  engine tests in t h e  last 
qua r t e r  of f i s c a l  year  1964. Fabr ica t ion  and acceptance tests O E  these  
systems is t.o occur i n  f i s c a l  year  1964. 

The haziircls assoc ia ted  wi th  nuc lear  engines made it  mandatory t h a t  a 
des t ruc t  system be provided. P r i o r  t o  f i s c a l  year  1964 several a n t i c r i t i c a -  
l i t y  and post:-operation d e s t r u c t  concepts w i l l  have been analyzed and s u f f i -  
c i e n t  component. development t e s t s  w i l l  have been conducted t o  provide the  
b a s i s  fo r  se1.ec:tion of a d e s t r u c t  system t o  be in t eg ra t ed  i n t o  f l i g h t  engines.  
Research and. development i n  seve ra l  areas w i l l  continue through Eiscal year  
1964 t o  ob ta in  complete information on the  type and shape of explas ive  charges 
t o  be used, t:he: e f f e c t s  of nuc lear  r a d i a t i o n  on candidate explos ives ,  data  
on fragmentation of the r eac to r  and design and opera t iona l  c h a r a c t e r i s t i c s  
of the  a c t i v a t i o n  and pos i t i on ing  sys tem of t he  d e s t r u c t  system. Perform- 
ance tests using simulated f u l l  s c a l e  engines w i l l  be conducted i n  f i s c a l  
year  1964 on systems problems which a r e  not  uncovered by analyses  and compon- 
en t  t e s t s .  

The pnecima.tic supply system i s  t o  provide t h e  engine wi th  gas t o  power 
the  pneumatic. a .c t ivat ion devices  and t o  p re s su r i ze  the  p rope l l an t  tank t o  
t h e  p o s i t i v e  su.ction pressure  required by t h e  l i q u i d  hydrogen pump. Ilhere- 
fore ,  i n t e g r a t i o n  and coordinat ion wi th  the  veh ic l e  cont rac tor ,  who hss  the  
r e s p o n s i b i l i t y  f o r  t he  p rope l l an t  tank w i l l  be conducted. 
engine cont rac tor  has thus  f a r  been l imi ted  t o  system design ana:lyses. I n  
cont rac t  year  1964, it will be necessary t o  make f i rm s e l e c t i o n  of  th.  
pneumatic supply system components, procure and/or f a b r i c a t e  these  coinponents 
and ca r ry  out development t e s t i n g  t o  ensure a s u i t a b l e  ground and f l i g h t  test  
system. 

The e f f o r t  by t h e  
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To achieve t h e  ob jec t ive  of r e l i a b l e  component development, a r a d i a t i o n  
e f f e c t s  program has been ou t l ined  and f a c i l i t i e s  have been a c t i v a t e d  t o  
permit tes t ing,  wi th  l i q u i d  hydrogen and nuc lear  r ad ia t ion .  During f i s c a l  
year  1964 deta.i led t e s t i n g  of s e l ec t ed  materials, components and component 
assemblies wil l  be accomplished. Major r a d i a t i o n  environmental t e s t s  in-  
volving ac tua to r  and con t ro l  systems and the  p rope l l an t  feed system t o  be 
used i n  the  f i r s t  nuc lear  engine ground tes t  are planned. 

--- Ground test and opera t ions  support  

The pxi.mary engine support  systems are the  remote handl ing system, t h e  
checkout a n d  t .es t  system and the  t r anspor t ,  ground handling and maintenance 
system. The r e l i a b i l i t y  and s a f e t y  programs are also funded as p a r t  of t h i s  
t a s k  area.  

By f isxal .  year  1964, handling, test and t r anspor t  systems €or r eac to r  
development t e s t i n g  w i l l  have been completed and w i l l  be i n  use.  I n  f i s c a l  
year  1964 add i t ions  and changes t o  these  systems w i l l  be made t o  permit 
func t iona l  tisf! with  t h e  e n t i r e  engine system. Design of modif icat ions 
required f o r  handling of ground veh ic l e  t e s t s  w i l l  a l s o  be accomplished i.n 
f i s c a l  year  1964. 

The ra: l inbi , l i ty  program w i l l  be acce lera ted .  The s a f e t y  program wil.1 
generate  documents and procedures f o r  s a f e  engine handling, ope ra t i an  and 
personne 1 procedures. 

During f i s c a l  year  1964 many of t he  f a c i l i t i e s  begun i n  f i s c a l  year  
1962 and f isczi l  year  1963 w i l l  be near ing completion, and checkout and 
a c t i v a t i o n  of these  f a c i l i t i e s  w i l l  be conducted. Also planned f o r  f i s c a l  
year  1964 tiire s t u d i e s  t o  gain c r i t e r i a  required f o r  exhaust duct modifica- 
t i o n s  and add:iti.ons t o  the  test  s tands .  A spare  exhaust duct t o  support  the 
engine program w i l l  be procured. 

P rope lL :Lant s 

This 1:izsk a r e a  covers propel lan t  procurement which i s  based on t e s t  
schedules f o r  NERVA. Over 90% of the  p rope l l an t s  procured w i l l  be l i q u i d  
hydrogen. 

1964 . - RIFT 1962 , 1963 - 
System 1:eclinology.. ................ 500,000 $2,336,000 $1,75O,OOO 
Subsystein technology.. ............. 500,000 3,119,000 5~1,000,000 
System lintegration..  ............... --- 5.245.000 .250.00(! 

!ilibitot:al, d i r e c t  R&D cos ts . .  . $1,000,000 $10,700,000 $ 1 2  ,000,000 

Personnt? 1 cos ts . .  .................. 1,063,000 3,124,000 38,766,000 ....... 741,000 1,897,000 2,876,OOO Operation of i n s t a l l a t i o n s . .  . -  
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1964 - 1962 1963 

To ta l  costs . . . . . . . . . . . .  $2.804,000 $15.721.000 $18,6842,000 - - 
366 -- Tota l  personnel . . . . . . . 129 326 

The RIFT pro:ject is  designed t o  provide t h e  veh ic l e  f o r  f l i g h t  t e s t i n g  
t h e  NJIRVA enginle and t h e  sub-systems requi red  t o  eva lua te  the  0perat i r .g  
c h a r a c t e r i s t i c s  and problems a s soc ia t ed  wi th  nuc lear  propuls ion i n  the! space 
f l i g h t  environment. 

I n  order  t o  minimize the  t i m e  and c o s t  requi red  f o r  t r a n s i t i o n  t o  
ope ra t iona l  usage, the  RIFT veh ic l e ,  w i l l  be designed as a t h i r d  s t age  f o r  
t h e  Advanced Saturn veh ic l e  and w i l l  be as c lose  as poss ib le  t o  an operat ion-  
a l  veh ic l e  w i th in  the  s p e c i a l  requirements of t h e  f l i g h t  test program, The 
s t age  w i l l  be approximately 33 f e e t  i n  diameter and 88 f e e t  long and w i l l  
include a l l  necessary instrumentat ion,  con t ro l  and tankage required t o  ac- 
complish the primary ob jec t ives  of t e s t i n g  t h e  NERVA engine. 

I n  add i t ion  t o  the  primary NERVA performance and r a d i a t i o n  d a t a  
acqu i s i t i on ,  t he  veh ic l e  w i l l  provide the  s t r u c t u r a l ,  f l i g h t  dynamics, 
ope ra t iona l  experience,  instrumentat ion,  and con t ro l  data requi red  t o  desi,gn 
and b u i l d  nuc lear  powered ope ra t iona l  veh ic l e s  f o r  lunar ,  deep space ixnd 
u t i l i t y  missions ( tankers  and/or f e r r y  veh ic l e s ) .  

During f iscal  year  1960 and f i s c a l  yea r  1961 fou r  con t r ac to r s  w e r e  
given con t r ac t s  t o  s tudy t echn ica l  and management approaches t o  t:he vtzhicle 
design problem. Review of t h e  proposals  submitted under these  study :on- 
tracts resu l ted  i n  t h e  award of t h e  development con t r ac t  t o  the  1,ockh~~ed 
Missile and Space Company. 

The RIFT p r o j e c t  commenced i n  June of 1962 wi th  the  l e v e l  of e f f x t  
paced by the  progress  made i n  t h e  K I W I  r e a c t o r  program. 
i s  being procured dur ing  f i s c a l  year  1963, and t h e  e f f o r t  i s  pr imar i ly  i n  
conceptual design leading t o  d e f i n i t i o n  of major t echn ica l  problem areas 
and o v e r a l l  program requirements. 
on s o l u t i o n  of t h e  major t echn ica l  problems such as tank insulatfiun, tank 
s t r u c t u r e ,  rctdiation e f f e c t s  and f a b r i c a t i o n  techniques.  

No major har3ware 

In  f i s c a l  yea r  1964 the  emphasis w i l l  be 

System 1t:hnology 

Concept:ual. design i n i t i a t e d  i n  f i s c a l  year  1963 w i l l  lead t o  pre l imi-  
nary RIFT st:agc! design i n  f i sca l  year  1964. From t h i s  design e fEor t  are 
developed th: s p e c i f i c a t i o n s  f o r  tank  capac i ty ,  s t r u c t u r a l  requirements,  all 
subsystems (such as a t t i t u d e  con t ro l ,  e lec t r ica l ,  d e s t r u c t ,  and comnunica- 
t i ons )  fl.ighi: t es t  t r a j e c t o r i e s ,  hazards eva lua t ions  and hazards  counter- 
measures. 
optimized opera t iona l  nuc lear  t h i r d  s t age  as obtained from s t u d i e s  of manned 
lunar  and p!!ixnr?tary missions,  and the  s p e c i a l  requirements d i c t a t e d  ky t he  
nuc lear  rocket  engine tes t  program and by the  Advanced Saturn vehic le  that: 

The bas i c  design w i l l  be based on the  b e s t  compromise between an 
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w i l l  carry RIFT as a t h i r d  stage. Analysis of t he  present  concepcual design 
has a l ready slimm t h a t  the  c r i t i c a l  i tems i n  RIFT development w i l l  be prob- 
l e m s  of insuliiti.on, s t r u c t u r e ,  f a b r i c a t i o n  techniques,  r ad ia t ion  irf f e c t s  and 
propel lan t  heat ing.  

Subs y s t m t :  e c hno l o w  

Subsystan 1:echnology w i l l  r epresent  the  major area of e f f o r t  i n  f i s c a l  
year  1963 i n  order  t o  ensure t h a t  technology problems do not delay R I F T  
s t age  deve loprierit when major f ab r i ca t ion ,  assembly and engine-stage tes t ing ,  
a r e  s t a r t e d .  In f i s c a l  year  1963 e f f o r t s  are concentrated on the  problem 
of the  l i q u i d  hydrogen i n s u l a t i o n  t h a t  i s  t o  be i n s t a l l e d  i n t e r n a l  t o  the  
tank. This  work includes f a b r i c a t i o n  and u t i l i z a t i o n  of a 4-foot d i a r e t e r  
tank and a 9-foot diameter tank f o r  t e s t i n g  in su la t ion  ma te r i a l s ,  vapor 
b a r r f e r  materialis ,  i n su la t ion  f a b r i c a t i o n ,  i n s t a l l a t i o n ,  and bonding. I n  
f i s c a l  year  1.964 t h i s  work w i l l  be continued and extended t o  provide f o r  
r ad ia t ion  t e s t i n g .  I n  add i t ion ,  a f u l l  s c a l e  33-foot diameter heavy gauge 
tank w i l l  be purchased t o  provi.de a means f o r  f u l l  scale v e r i f i c a t i o n  of 
i n su la t ion  ef:tecti.veness and r e l i a b i l i t y .  
of the  RIFT Wage i n s u l a t i o n  w i l l  r epresent  one of t he  major mi1est:ones i n  
RIFT technology, 

V e r i f i c a t i o n  of t h e  e f f ec t iveness  

Components of the  s t r u c t u r a l  system, including tank sec t ions ,  t h r u s t  
s t r u c t u r e  and i n t e r s t a g e  s t r u c t u r e  w i l l  be f ab r i ca t ed  and t e s t e d .  
t h i s  work will1 USE! s c a l e  model and test panel specimens although i t :  i s  
an t i c ipa t ed  t h a t  EL 33-foot diameter f l i g h t  weight s e c t i o n  will be t e s t ed  f o r  
lburst s t r eng th  because extension of a v a i l a b l e  s t r e s s  theory t o  very l a rge  
(diameters i s  n o t  necessa r i ly  va l id .  

Much of 

The most: c!cit:ical f a c t o r  i n  development of RIFT s t age  f a b r i c a t i o r  
techniques is considered t o  be the  method of welding the massive sec t ions  t o -  
gether.  
development o €  i i  welding procedure i n  which the  welding machine w i l l  r o t a t e  
*around the  ttmk as it m i l l s ,  welds, and x-ray t h e  j o i n t .  It is an t i c ipa t ed  
t h a t  t h i s  we:lding technique w i l l  provide more r e l i a b l e  and f a s t e r  lfabt ica-  
t i o n  with a oiib:otantial cos t  saving over t h e  too l ing  required i n  cur ren t  
p rac t i ce ,  which requi res  r o t a t i o n  of the  tank sec t ions  p a s t  a s t a t i o n s r y  
welder. Other f a b r i c a t i o n  technique e f f o r t  evolves from work now i n  Flrogress 
on the  s c a l e  inode11 9-foot tank. It was found t h a t  the  t r a n s i t i o n  sec t ion  
between the  tank and the  unique conica l  bottom cannot be sp in  formed; there-  
f o r e  o the r  methods of forming must be inves t iga ted .  

I n  f i s c a l  year  1964 a f u l l  s c a l e  j i g  w i l l  be assembled t o  pexmit 

System :QL&sgration 

In i t l i a l  a c t i v i t i e s  have a l ready  provided much valuable  informaticin t o  
the  engine cont rac tor  i n  the  form of prel iminary requirements f o r  engine 
gimbal response, weight p e n a l t i e s  versus  n e t  p o s i t i v e  suc t ion  head prcivided 
t o  the  engine pimp, and prel iminary layouts  of engine i n s t a l l a t i o n s .  
of t he  road froin Por t  Hueneme t o  Nuclear Rocket Development S t a t i o n  has been 
,made and a l i s t  of about 5000 required modif icat ions has been conipiletl. 

I ,  survey 
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Preliminary c r i t e r i a  f o r  t he  test  f a c i l i t i e s  a t  t h e  Nuclear Rocket Dlwelop- 
ment Stat ion.  and launch f a c i l i t i e s  a t  the  Atlantic Missile Range are now 
being generated. I n  f i s c a l  yea r  1964, as throughout t h e  e n t i r e  program, 
coordinat ion support  w i l l  be e f f ec t ed  wi th  the  engine con t r ac to r s ,  the  t e s t  
f a c i l i t y  desigp and cons t ruc t ion  con t r ac to r s ,  t he  Advanced Saturn veiaicle 
managers, and the  launch opera t ions  and launch f a c i l i t i e s  groups. 

Propel1.anX heat ing inves t iga t ions  i n  a r ad ia t ion  environment w i l l  be 
i n i t i a t e d  i n  f i s c a l  year  1963 and continued through f i s c a l  year  1964 i n  
order  t o  determine the  e f f e c t s  and mechanism of propel lan t  hea t ing  rlzsult ing 
from the  neutron cur ren t  emanating from t h e  nuc lear  engine. The prol?ellant 
hea t ing  inve!st.igation w i l l  incorpora te  r e s u l t s  from more fundamental s t u d i e s  
and i s  required f o r  tank vent valve and tank p res su r i za t ion  design,  2ngine 
s h i e l d  design, i n l e t  pump pressure  s p e c i f i c a t i o n s  and engine-tank separa t ion  
d is tance ,  a s  well as f i n a l i z a t i o n  of the  tank bottom design. 

Basic r ad ia t ion  e f f e c t s  and cryogenics programs w i l l  be continued i n  
order  t o  prcivide v e r i f i c a t i o n  of materials and "of f - the-she l f"  i tems such 
as cables ,  seals, e l e c t r i c a l  connectors and o the r  components of RIFT sub- 
systems. 

All of t h i s  work is  requi red  t o  v e r i f y  o r  develop information required 
i n  RIFT des,i.gn. Development of major hardware components f o r  RIFT will not 
be undertaken u n t i l  the  r e a c t o r  tests demonstrate the  availabil .Lty of a 
bas i c  react.cn design t h a t  can be incorporated i n t o  the  NERVA engine and then 
i n t o  RIFT. 

Nuclear Rocket: Development S t a t  ion  Operat ions 

1962 1963 - 1964 

General s i t e  support..  ............ --- 300,000 $600,000 
F a c i l i t y  checkout and maintenance. --- 100,000 35 0,000 
Capi ta l  equipment. ................ --- 100.000 - 50,000 

Subto ta l ,  d i r e c t  R&D cos ts .  --- $500,000 $1,000,000 

Personne:L cos t s .  .................. --- 314,000 531,000 
Operation of i n s t a l l a t i o n s . .  ...... --- 86.00Q - 166. OOQ. 

Tota l  costs . . . . . . . . . . .  

....... 35 -.--A. Tota l  personnel -LI- 

The mf!;s:ion of t he  Nuclear Rocket Development S t a t i o n  is  t o  prcvide a 
na t iona l  s i t e  fo r  s t a t i c  t e s t i n g  the  r eac to r s ,  engines and veh ic l e s  asooci- 
a t ed  wi th  mic:lear rocket  development. 
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The NRDS i s  located i n  the  Jackass F l a t s  area of the  S t a t e  of Nevada 
Three major test fac i l : . ty  approximately 90 m i l e s  northwest of Las  Vegas. 

complexes a r e  planned at the  S ta t ion ,  one t o  provide test support  f o r  
r eac to r ,  engine and veh ic l e  t e s t i n g  respec t ive ly .  The development of ti 

nuclear  rocket is an extremely complex undertaking and an adequate t e s z  
program is essential .  
present  advances i n  the  s t a t e -o f - the -a r t  because of c r i t i ca l  cryogenic ,  
exhaust duct ing and remote handling requirements. Management of t he  NXDS 
and respons ib i . l i ty  f o r  i t s  cons t ruc t ion  and operat ion belong t o  SNPO. The 
rnajor users  clfi the  S t a t i o n  are Aerojet-General Corporation, Westiiighouse 
Astronuclear Laboratory, Los Alamos S c i e n t i f i c  Laboratory and Marshiall Space 
F l i g h t  Center I 

The r a c i l i t i e s  used i n  nuc lear  rocket  t e s t i n g  re- 

The MDI; w a s  e s t ab l i shed  by Interagency Agreement between the  A E C  and 
t h e  NASA on Febiruary 16, 1962. This  agreement provided t h a t  SNPO would set. 
'up an extension of i t s  o f f i c e  t o  manage ove r -a l l  activit ies a t  the  S t a t i o n ,  
but d id  not  extend t o  programmatic d i r e c t i o n  of si te  users, It a l s o  
provided t h a t  SNPO would assume r e s p o n s i b i l i t i e s  f o r  a l l  f a c i l i t i e s  a l ready  
i n  ex is tence  wi th in  S t a t i o n  boundaries. A l l  tests of t he  K I W I  series of 
r eac to r s  have been conducted a t  t h i s  l oca t ion  including those which took 
p lace  p r i o r  t o  the establ ishment  of  t h e  NRDS (the NRDS w a s  s i t e d  011 property 
formerly p a r t  of the  AEC's  Nevada Tes t  S i t e ) .  

General-s i te  support  

These c o s t s  represent  support  s e rv i ces  f o r  rout ine  maintenance and 
operat ion of the  f a c i l i t i e s ,  f o r  example, cus tod ia l  services, maintewmce 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 in3  opera- 
t i n g  suppl ies ,  f i r e  p ro tec t iov ,  and c a f e t e r i a  se rv ices .  It includes the 
cos t  f o r  a support  s e rv i ce  con t r ac to r  t o  maintain and operate  var ious  shops 
such as the  plumbing, e l e c t r i c a l ,  carpenter ,  welding and machine shops. 
Also included are the  c o s t s  of a c t i v a t i o n  of a l l  f a c i l i t i e s ,  maintenance and 
operation. of support  f a c i l i t i e s  and equipment, and the  opera t ion  of computer 
s e rv i ces  t o  be used f o r  da ta  reduct ion,  t h e o r e t i c a l  problems and management 
app l i ca t ions< ,  
s e rv i ces  and do not  include any c o s t s  f o r  t e s t  operat ion se rv ices  t o  be 
requested by ind iv idua l  test  con t r ac to r s  on a work order  b a s i s  . 
a r e  budgeted through t h e i r  r e spec t ive  NASA p r o j e c t  manager's o f f i c e .  
Examples of these la t ter  c o s t s  are se rv ices  f o r  f a c i l i t i e s  modif icat ions,  
stand-by of test runs, f i e l d  support ,  opera t iona l  support ,  and t e s t  ma te r i a l  
and supp X ie:; . 

It should be emphasized t h a t  t hese  are rout ine  o r  r ecu r r ing  

These costs  

F a c i l i t y c h e c k o u t  and maintenance 

A l l  major f a c i l i t i e s  making up the  r eac to r  t e s t  f a c i l i t y  cc~nplei: a r e  
b a s i c a l l y  complete although considerable  checkout remains i n  f i s c a l  year  
1963 t o  make them a l l  opera t iona l .  I n  add i t ion ,  modif icat ions t o  ce%ain of 
t h e  r eac to r  f a c i l i t i e s  must be accomplished by the  f i r s t  q u a r t e r  of f i s c a l  
year 1964. The cons t ruc t ion  of engine tes t  f a c i l i t i e s  i s  j u s t  g;ettirig under 
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wray with the first engine test stand due t o  be available in the second 
quarter of fiscal year 1965 and the Engine Maintenance, Assembly and D.k- 
assembly Building due to be available in the third quarter of fiscal year 
1964. 
wfhich will make up the vehicle complex are in the design stage only. 

Other engine facilities are in the design stage. The facilities 

Major milestones are as follows: 
Calendar Year --- 

Complete Reactor Test Cell "A" Modification 
Engine Maintenance, Assembly and Disassembly 

Engine Test Stand No. 1 (ETS-1) available 
Engine Test  Stand No. 2 (ETS-2) available 

(E-MAD) Building 

1963 

1964 
1964 
1965 

The funding for support and management of the NRDS is based on tht! 
current schedules of construction and operation of the test facilities as 
gathered from contractor and Governmental program manager schedules. 

Equipment 

This represents the cost of equipment purchased by the Government for 
the use of Government and contractor personnel in carrying out Sta.tion 
support activities. Examples are vacuum cleaners, cafeteria equipment, 
tools, waxers, etc. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

CHEMICAL PROPULSION 

OBJECTIVES, : 

Conduct research  and advanced technology s t u d i e s  t o  inc rease  knowledge 
of chemical propuls ion processes ,  t o  i n v e s t i g a t e  new concepts and techniques,  
and t o  advance chemical propuls ion t o  meet f u t u r e  requirements. 

!jUMMARY OF RE;;OIIRCES REQUIREMENTS: 

19 64 .I--- Funds 1962 1963 - 
Supporting research  and 

Small fl. Lght p r o j e c t .  ............. Technology.. .................... $7,003,000 $14,219,000 $2!2,497,000 --- 250,000 - -- 
Subtotal., d i r e c t  R&D cos ts . .  . $7,003,000 $14,469,000 $22,L.97,000 

ro t a1  cos t s .  ........... .$17,164,000 $25,119,Q00 $35,(175,000 ---- 
Per sonne 1 

NASA Headquarters................. 35 49 57 
118 12 6 :.35 Langley Research Center........... 
645 62 6 (i75 Lewis  Research Center............. 

Marshall Space F l i g h t  Center.. . . . .  8 12 17 
- 7 7 Goddard Space F l i g h t  Center.,..... - 6 8 Wallops Station................... 

1 - 1 North Eas te rn  Off ice  .............. 
I--- 

3 00 ..- ..- Tota l  personnel......... 806 82 7 

The cognizant Headquarters off i c e  respons ib le  for program management 
is the  O f f i c t ?  of Advanced Research and Technology. 

The fie ' td i n s t a l l a t i o n s  where program emphasis i s  underway 3r proposed 
are t h e  Jet  l?ropulsion Laboratory and the NASA Centers l i s t e d  above. 

PROGRAM JUSTXICAT I O N  : 

The supporting research  and technology descr ibed he re in  i s  the  :;earth 
f o r  a b e t t e r  understanding o f  chemical propuls ion and the  a p p l i c a t i o n  of 
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t:his knowledge t o  increase  n a t i o n a l  c a p a b i l i t y  t o  meet f u t u r e  chal.1eng.s in 
space. 
t he  purpose i E: to provide increased  c a p a b i l i t y  f o r  developing advanced 
engines to  meet f u t u r e  requirements. 

This work w i l l  be he lp fu l  t o  developments i n  present  programs, bu t  

Chemical. propulsion i s  and w i l l  be f o r  some t i m e  t o  come, thie only 
method of propul-si.on f o r  space explora t ion .  It i s  e s s e n t i a l  t h a t  a vigorous 
and imaginative research  and technology program be conducted t o  provide t h e  
a b i l i t y  and knowledge t o  do inc reas ing ly  more d i f f i c u l t  t a s k s  t h a t  l i e  
ahead. Even with t h e  advent of man-rated nuc lear  and nuc lea r - e l ec t r i c  pro- 
pulsion sys t ens  t h e r e  w i l l  be many t a s k s  uniquely and b e s t  done by chemical. 
propulsion. 

The chemical propuls ion program is  p r imar i ly  l i q u i d  and s o l i d  rocke t  
propulsion, bu t  it a l s o  inc ludes  t h e  poss ib l e  use of e x t r a - t e r r e s t r i a l .  
materials, and heating of propulsive f l u i d s  by s o l a r  r a d i a t i o n .  The work 
can be convenient'Ly divided i n t o  f i v e  p a r t s :  
high-energy p rope l l an t s ,  advanced launch veh ic l e  engine technology, advanced 
spacec ra f t  engine technology, and an experimental high-energy engine. 
Chemical propulsion research  inc ludes  a n a l y t i c a l  s t u d i e s  of f u t u r e  r equ i r e -  
ments, conceptual des igns ,  and e f f o r t  on i g n i t i o n  and combustion, f l u i d  flow, 
gas expansion. dynamics, materials, and hea t  t r a n s f e r .  High-energy propel- 
l a n t s  include the  syn thes i s  of new materials, determinat ion of p r o p e r t i e s ,  
and evaluaticln of t h e i r  p o t e n t i a l  i n  small-scale tests. 

chemical propulsiont rescarch ,  

In  tech.nol.ogy programs, t h e  knowledge of t h e  b a s i c  processes  is 
exp lo i t ed  thwough the  use of new devices  and systems which can do a more 
thorough joh than those i n  use today and where experiments on devices can 
e s t a b l i s h  scnmd design and opera t ing  criteria. This  engineer ing type of 
e f f o r t  i s  o f t e n  c l a s s i f i e d  around t h e  types  of propulsion systems t o  be 
used, such (is cidvanced launch veh ic l e  engines and advanced spacecraf t  
engines. Spec:ial. propulsive devices such as a t t i t u d e  c o n t r o l s  , stage 
sepa ra to r s ,  r e t r a - t h r u s t ,  and o t h e r s ,  are gene ra l ly  placed in one of t he  two 
ca tegor ies .  
The experimcm~tal high-energy engine relates t o  a p o t e n t i a l  hydrogen-1 luo r ine  
engine systain. 

OEtentimes work i n  one ca tegory  i s  appl icable  t o  t h e  ottier. 

EXPLANATION-E FUNDS REQUESTED: 

Supporting ,yesearch and technology 

1!)64 - 1962 1963 

Chemical propuls ion a n a l y s i s ,  
aerothermochemistry and 
materia.ls... .................... $2,144,000 $5,459,000 $7,525,000 

High-energy propellants........... 1,744,000 2,818,000 3,3136,000 
Advanced launch veh ic l e  

engine ~echnology............... 1,322,000 1,607,000 4,474,000 
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Advanced spacecraf t  engine 
technology., .................... $1,793,000 $4,035,000 $5*,618,000 

Experimental high-energy engine... --- 300,000 L,, 574 ,ooO 

Subto ta l ,  d i r e c t  R&D costs.. .  $7,003,000 $14,219,000 $22!,497,000 

Personne 1 
mer a t  ion. 

costs................... 6,087,000 7,285,000 ( ~ , 5 5 8 , 0 0 0  
of installations... . . . . .  4,07b,OOO 3,365,000 -1- 4 020,000 

900 ---- 806 827 Tota l  personnel......... 

Chemical-zopuls ion,  a n a l y s i s ,  aerothermochemistry and mater:k& 

Research i n  chemical propuls ion ranges from fundamental s tud  l e s  t o  
experiments wi th  propuls ion devices. 
propuls ion spect:rum t o  t e l l  what. i s  needed and t h e  c h a r a c t e r i s t i c s  of t h e  
propulsion system b e s t  s u i t e d  t o  accomplish f u t u r e  missions. 
provide a friunework of re ference  o r  dec i s ion  f o r  choosing technology programs 
of  maximum benefit .  t o  t h e  space e f f o r t .  
, t ion are needed t o  b e t t e r  understand combustion i n s t a b i l i t y  and how t c  
(control it:. 
t h a t  can raplidly des t roy  an engine. 
programs and to t r y  t o  e l imina te  i t  by cut-and-try procedures i s  very cost1.y. 

Ana ly t i ca l  work is needed across  t h e  

Suc'h s t u d i e s  

Analyses and experiments i n  combus- 

Cordmstion i n s t a b i l i t y  i s  an undes i rab le  combustion osc:ill at iori  
It has  occurred during many development 

During :L96:2 s t u d i e s  of pump c a v i t a t i o n  i n  inducers  a t  t h e  Lewis 1,esearch 
Center reveaLed an unsteady pressure  f l u c t u a t i o n  t h a t  can cause osc i l l . a t i ons  
i n  the  t h r u s t  clnamber. 
t h e  least v o l a t i l e  p rope l l an t  i s  a c o n t r o l l i n g  f a c t o r  i n  inf luenc ing  o s c i l l a -  
t ions.  
ana lys i s  and relate it t o  engine design parameters. 

Ana ly t i ca l  s t u d i e s  show t h a t  t h e  vaporiza.tion of 

Work w i l l  be done i n  t h e  coming year t o  experimental ly  v e r i f y  t h i s  

I n  o t h e r  research ,  chemical r e a c t i o n  rates a t  high temperatures ,are 
s tudied  t o  ga in  new i n s i g h t  i n t o  t h e  chemical processes involved and 'lead to  
improvements i n  t h e i r  use. 
nozzles,  t he  thennodynamic processes are not  f u l l y  understood, especi311y 
when t h e r e  i s  simultaneous flow of gas  and s o l i d  p a r t i c l e s  and where :here 
are l a r g e  and r ap id  changes i n  pressure  and temperature. 

I n  s t u d i e s  of expansion of hot  gases  t h r u  l a r g e  

Work on ma.terials w i l l  be continued t o  provide new and improved n a t e r i a l s  
f o r  advanced propuls ion systems. 
encountered with high-energy p rope l l an t s  and t h e  e ros ion  c h a r a c t e r i s t i c s  of 
exhaust gases increase  t h e  problem of materials. Promising techniques under 
s tudy  a r e  the use of high temperature m a t e r i a l s  t h a t  are cooled by r a d i a t i o n  
t o  o u t e r  spaic:e, t h e  use of m a t e r i a l s  t h a t  a b l a t e  o r  sublime a t  high tempera- 
t u r e s ,  and t h e  use of a r e l a t i v e l y  cool  f i l m  of gas  ad jacent  t o  the engine 
w a l l s .  

The ever - increas ing  combustion templeratures 
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High-ene r -amope  11 a n t s  

The signFEicant p o t e n t i a l  ga ins  i n  propuls ion may be exploited through 
rlesearch i n t o  new and more e n e r g e t i c  chemical r eac t ions .  
continued on searching f o r  new e n e r g e t i c  f u e l  and ox id ize r  combinations 
which have de:; irabl-e chemical and phys ica l  c h a r a c t e r i s t i c s .  Also, twalua t ion  
of t hese  materials i n  the  l abora to ry  and i n  small-scale combustion expcr i -  
ments w i l l  be :omtinued. This process w i l l  a l low a systematic eva lua t ion  
and screening :,f a number of  p o t e n t i a l  r e a c t i o n s  and s e l e c t i o n  of t h e  riost 
promising ones f o r  use i n  engine experiments. Some of t h e  work i n  thi: ;  
a r ea  i s  d i r e c t e d  toward improving the  c h a r a c t e r i s t i c s  of present  propel. lants,  
by means such as a d d i t i v e s ,  i n  o rde r  t o  make them r e a c t  spontaneously on 
contac t  o r  change t h e i r  phys ica l  p r o p e r t i e s ,  such as g e l l i n g ,  i n  order  t o  
awercome s losh ing  o r  o t h e r  problems a s soc ia t ed  with l i q u i d s  i n  a zero-1; 
environment. 
such as f luo r ine  and f l u o r i n e  compounds as o x i d i z e r s ,  as w e l l  as l i g h t  metals 
and boron compounds as fue l s .  

E f f o r t s  will be 

Work i s  a l s o  being d i r e c t e d  toward more ene rge t i c  chemicds ,  

During the  p a s t  year ,  work w a s  done on the  p r o p e r t i e s  of ozone d iEluor ide  
:is a poss ib le  ad.ditive t o  oxygen t o  make i t  i g n i t e  on contac t  with hydrogen. 
Following the s t a b i l i t y  work, i g n i t i o n  tes ts  w i l l  be conducted over a range 
of conditions t o  eva lua te  t h i s  i n t e r e s t i n g  concept. Also, work w a s  con- 
ducted on the eva lua t ion  of oxygen d i f l u o r i d e  and diborane as a high-energy 
propel lan t  cclnibination. 
s m a l l  rocket riotor. It i s  planned t o  inc rease  the  work i n  the comi.ng year,  
Theore t ica l  work bas ind ica t ed  a s i g n i f i c a n t  ga in  i n  performance can be 
#achieved i f  kwry11.ium i s  added t o  t h e  hydrogen-oxygen combination. 
coming year e:rpari.mental work w i l l  continue t o  determine the  f e a s i b i l i t y  of 
using t h i s  ti::C-prapellant combination. 

This work showed high combustion e f f i c i e n c y  i n  a 

I n  t h e  

I n  s o l i d  picopellants a number of attractive p rope l l an t s  are emerging 
from Advanced Research P r o j e c t s  Agency (ARPA) programs i n  t h i s  area. The 
syn thes i s  of these materials i s  only  t h e  f i r s t  s t e p  i n  the  development of 
useable propel lan ts .  The NASA work i n  s o l i d  p r o p e l l a n t s  w i l l  b r idge  the 
gap between these  new and i n t e r e s t i n g  compounds and t h e i r  use as p r a c t i c a l  
s o l i d  propel lants , ,  Two hydrazine-borane compounds are under study at 
t h e  Jet  Propuls ion Laboratory. 

Advanced la* 

As a r e s u l t  of s t u d i e s  undertaken during t h e  pas t  two f i s c a l  yea::s, and 
experimental v e r i f i c a t i o n  of new concepts t h a t  were undertaken i n  f i s c a l  
year 1963, i t  i s  be l ieved  t h a t  ex t r ao rd ina ry  advances i n  t h e  stat:e-of-the-art  
of l i q u i d  rocke t  engines are imminent. The new concepts t h a t  art: bei.ig 
a c t i v e l y  inves t iga t ed  a r e  mul t ip l e  chamber engines,  t o r o i d a l  chamber :onstruc- 
t i o n ,  aerodynamic nozz les ,  secondary gas i n j e c t i o n  f o r  t h r u s t  vec tor  'ontrol ,  
staged combustion cyc le s ,  and o the r s .  The new nozzle concepts w i l l  al low 
l a r g e r  expansicln r a t i o s  i n  a s h o r t e r  length  than  t h e  conventiona:l DeLaval o r  
b e l l  type now in use. Each of t hese  concepts i s  i n  a d i f f e r e n t  phase of 
study. They w i l l  be pursued, on an ind iv idua l  b a s i s ,  i n  f i s c a l  year 1964 
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until the feasibility of each is evaluated. In fiscal year 1964 it is also 
#anticipated that: some of these concepts will be combined in order to test 
their compatabillity. Experimental models will be constructed and operation 
vi11 be verified. 
in fiscal year It963 on high-chamber pressure operation, will also suprort 
post-development improvements of current liquid rocket engines. 

In addition, continuation of work, which was started 

In solid rocket propulsion, work is continuing on hot gas valving,. The 
study of the inechanisms of secondary injection for thrust vector control, 
which will be u.seful for all applications of solid rockets, has been started 
and will he continued in fiscal year 1964. 

Advancetispacecraft engine technolo= 

A coordinated program involving many tasks in liquid rocket propuslion 
has been undertaken in order to create the capability for designing atlvanced 
spacecraft engines for future missions. The work has included effort:! in 
positive expulsion devices, advanced pressurization systems, advatnced valving 
techniques, work on high expansion ratio nozzles, advanced chamber ant1 
nozzle materials, coatings for refractory metals, and integrated engiile 
concepts. I n  fiscal year 1964,  work will be continued on those concepts 
which exhibit technical merit, Investigations will be conducted on component:; 
as well as in subsystem and system areas. Work will be undertaken on advanced 
attitude control systems, on instrumentation to better sense engine conditions, 
and on a flight-type engine monitor to control the engine during normal 
conditions and take corrective action during abnormal conditions, Wo-:k will 
also be done on advanced seals and new techniques to prevent leakage in 
valves and other flow components. 

In solid rocket technology, high-mass fraction motors (where the pro- 
portion of inert weight is low) will be studied to increase case stre.igth, 
resist the damages of the space environment, and provide better techniques 
for grain inspection. Work will be conducted on techniques for start-stop 
control for solid motors. Hybrid motors (one component liquid) will >e 
investigated for their versatility in start-stop and thrust control. 

Expe r imen t a 1 high-energy engine 

Fluorine'-hydrogen gives the highest performance y e t  obtained experi- 
mentally with chemical reactions and has the potential for increasing pay- 
load weight for space missions and for performing difficult missions, Much 
experimental wcmk has been done on this combination in thrust chambers and 
some work has been accomplished on pumps, but it remains to determine the 
feasibility of a complete fluorine engine suitable for flight. :Studies in 
fiscal year 1.962 and fiscal year 1963 will'be augmented in fiscal year 1964 
with the first phase of an experimental program leading to a small. but 
complete engi-ne system using this combination. 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

AERONAUTICS 

- OBJECTIVE: 

The ob jec t ive  of t he  NASA Aeronautics program i s  t o  conduct research  
t o  generate  t h e  technology f o r  the design,  cons t ruc t ion ,  and operacion o f  
advanced aeron.aut.ica1 veh ic l e s  and missi les  t o  support  cu r ren t  and pro- 
j ec t ed  c i v i l  arid m i l i t a r y  requirements and t o  maintain United S ta t e s  leader-  
sh ip  i n  these  f i e l d s .  

- SlMMARY OF RES;(,UE.CES R&QUIREMENTS: 

Funds 1962 

Supportirq; research  and 
technoI.ogy.. ............. $ 996,000 

Pro jec ts .  .................. 1,958,000 

cos1:s. ............... $2,954,000 
Personnel. cost:s.. .......... 13,639,000 
Operation 0:: i n s t a l l a t i o n s .  10,180,000 

Subtotal., d i r e c t  R&D 

Personnel 

NASA Headquor ter s. ......... 41 
Langley Ilasearch Center..  .. 956 
Ames Rese.srch Center. ...... 393 
F l i g h t  Rr:search Center..  ... 443 
Lewis Research Center.. .... 15 1 

' rota1 personnel..  .. 1 , 984 

1963 

$ 7,174,000 
10,904,000 

$18,078,000 
17,468,000 
8,444,000 

51 
1 , 007 

372 
407 
161 

1'364 
-I__- 

$9,910,000 
- 6,290 ,E 

$16,200,000 
18,959,000 

-LA- 9 967 000 

$45 , 126 ,% 

47 
1,083 

378 
388 
172 

1,998 2 ,068 --- 
Primary :cespons ib i l i ty  f o r  t he  Aeronautical  Research Program is i n  the 

CiLfice of Advanced Research and Technology a t  NASA Headquarters. Support 
f o r  the progr.am i s  accomplished a t  the  o ther  l oca t ions  l i s t e d  above. 

- PROGRAM JUSTIFICATION: 

The NASA ae ronau t i ca l  programs are being continued i n  the est.abli:;'ned 
framework of the  t h e o r e t i c a l  and experimental  research  a c t i v i t y  of the  NASA 
R.esearch Centers and is pr imar i ly  an in-house e f f o r t .  
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Subs tan t ia l  e f f o r t  has  a l ready  gone i n t o  research  r e l a t e d  t o  a supersonic 
t r anspor t ,  anc. NASA i s  cooperat ing a c t i v e l y  wi th  the  Federal  Aviat ion Agency 
and the  A i r  Force i n  t h i s  program. A d e t a i l e d  research  program i!3  underway 
a t  the  Langley, Ames, L e w i s ,  and F l i g h t  Research Centers ,  and indus t ry  w i l l  
soon have suf 1:ic:ient information t o  choose among several des ign  concepts. 
I n  the j o i n t  ErAA/NASA/DOD e f f o r t ,  i t  i s  the  NASA's r e s p o n s i b i l i t y  t o  pro- 
vide the  requi red  research  information and t echn ica l  support  t o  enable the 
indus t ry  t o  hii1.d a r e l i a b l e ,  economical, s a f e  and pub l i c ly  acceptable  
commercial supersolnic t r anspor t  f o r  the  U. S. a i r l i n e s .  

The advanced area of research  i n  aeronaut ics  i s  the manned h:ypersonic 
a i r -b rea th ing  aj.rc.raft, which has  the  p o t e n t i a l  of providing hypersonic 
reconnaissancx and bombing c a p a b i l i t i e s  i n  the  ou te r  f r i n g e s  of the  a t m d s -  
phere,  as w e l t  its hypersonic t r anspor t  c a p a b i l i t i e s .  There i s  a l s o  an 
economic incent ive  t o  develop recoverable  hypersonic a i r -b rea th ing  space 
lboosters. Present: s t u d i e s  i n d i c a t e  t h a t  the  use of wings t o  provide 
imaneuver capa1JiLit:y during the ascent  phase of f l i g h t  w i l l  o f f e r  an 
opera t iona l  wr : ;a t : i l i ty  with regard t o  s a t e l l i t e  rendezvous which canr o t  
be obtained with conventional launch systems. The use of a i r -brea th i r .g  
propulsion fo-c a t  l e a s t  a por t ion  of the  f l i g h t  o f f e r s  p o t e n t i a l  advar.tages. 
The NASA has out l ined  a research  program i n  cooperat ion with the A i r  I 'orce 
t o  pursue v i lp rous ly  the answers t o  these  problems. 

I n  the 1i:ypersonic speed range the  X-15A has been highly successfu l  
and w i l l  continue t o  provide valuable  research  information during fiscal  
year  1964. Iluring f i s c a l  year  1963 a f l i g h t  program using the  X-1.5A its 
a tes t -bed f o r  Dther space research  programs w a s  i n i t i a t e d .  These sp<ice 
experiments w i l l  be c a r r i e d  piggy-back on X-15A f l i g h t s  and w i l l  cont:.nue 
through f i s c , s l  year 1964. 

Studies  of v e r t i c a l  and s h o r t  take-off  and landing (V/STOL) a i r c r a f t  
and he l i cop te r s  w i l l  cont inue i n  f i s c a l  year  1964. The highly successfu l  
tes t -bed  program Iof the  pas t  two yea r s  has def ined many of the problems 
inherent  i n  the var ious VTOL concepts and has  ind ica ted  c e r t a i n  concepts 
t h a t  show promise, 
emphasis on those types nearing m i l i t a r y  opera t iona l  s t a t u s .  I n  the com- 
mercial f i e l d ,  STOL t r anspor t s  w i l l  be an  important p a r t  of the cweral l  
f u t u r e  a i r - t r a n s p o r t  system, p a r t i c u l a r l y  when the  supersonic  t ranspo :t 
becomes operat ional .  STOL t r anspor t s  show promise f o r  the d i spe r s ion  of 
cargo and passengers from l a rge  major t runk- l ine  a i r p o r t s .  I n  a t ld i t i  >n, 
because of their  c a p a b i l i t y  f o r  opera t ing  i n  and out  of clearing:; and 
improvised landing s t r i p s ,  STOL a i r c r a f t  can a l s o  car ry  cargo anti t r a a s p o r t  
passengers i r .  remote areas and he lp  t o  open up underdeveloped coiintri2s. 

Work w i l l  continue i n  f i s c a l  year  1964 with p a r t i l x l a r  

The hellcclpter is and w i l l  be a key veh ic l e  i n  the m i l i t a r y  support  
and commercial t r anspor t  systems of t he  fu ture .  The optimum u t i l i z a t i o n  
of i t s  unique, hovering c a p a b i l i t y  has not  been r e a l i z e d  because of mechan- 
i c a l  complexity, high c o s t ,  and opera t ing  d i f f i c u l L € e s :  research  and 
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development is then aimed a t  a t a r g e t  of more economical, r e l i a b l e ,  aiid 
all-weather machines. A major a i m  of the work i n  f i s c a l  year 1964 w i l l  be 
t o  provide infclrmation t o  enable the development of h e l i c o p t e r s  and V/STOL 
machines w i t h  f l y i n g  and handling q u a l i t i e s  and  ope ra t iona l  c h a r a c t e r i s t i c s  
t o  permi t  a l l  -weather opera t ion .  

I n  addi t ion  t o  the  s p e c i f i c  areas descr ibed above, research  :in b a s i c  
areas t h a t  hawe app l i ca t ion  t o  ae ronau t i ca l  v e h i c l e s  w i l l  be continued i n  
f i s c a l  year 14164.. These inc lude  development of new materials f o r  a i r f rames  
t h a t  w i l l  be requi red  t o  ope ra t e  f o r  long per iods  of t i m e  a t  h igh  temperatures,  
imd f o r  high temperature a i r -b rea th ing  engine components which w i l l  i nc rease  
engine e f f i c i e n c y  and economy; b a s i c  s t u d i e s  of no i se  t o  ga in  a b e t t e r  under- 
standing of its  o r i g i n  and means of a l l e v i a t i n g  it; b a s i c  s t u d i e s  of t h e  bound- 
a ry  l aye r  and baundary-Layer c o n t r o l  t o  reduce drag; s t u d i e s  of structural  
concepts t o  provide r e l i a b l e  l ight-weight s t r u c t u r e s ;  and fundamental s t u d i e s  
of air-breath.l.ng propuls ion c y c l e s  and engine components t o  inc rease  e f f i c i e n c y  
imd permit t h e  design of e f f i c i e n t  l ight-weight engines f o r  V/STOJL a i r c r a f t ,  
supersonic trcinsport , and hypersonic aircraft, 

Advanced t.echnica1 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 is  con t inua l ly  conducted i n  the NASA c e n t e r s .  This  work 
i s  performed i n  cooperation wi th  government-sponsored con t r ac to r s  a t  the 
reques t  of cognizant government agencies when i n  the n a t i o n a l  i n t e r e s t .  
NASA w i l l  ccuti.nue t o  provide t h i s  a s s i s t a n c e  i n  f i s c a l  year 1964. 

EXPLANATION IP-FUNDS REQUESTED: 

Supporting ri=!arch and technology: 

1962 1963 

A i r c r a f t  aerodynamics.. ....... $130,000 $879,000 

Air-breathing propulsion..  .... 104,000 1,713,000 
Aircraft: loads and s t r u c t u r e s .  762,000 1,610,000 

Aircraft: operating problems,. . J1.426.OOO)y 2.972.000 

St 'h total ,  d i r e c t  R&D 
c o s t s . .  ................ $996,000 $7,174,@00 

Personmil c o s t s .  .............. 7,474,000 8,816,000 
0perati.on of i n s t a l l a t i o n s . . . .  4,822,000 4,366,000 

Tota l  c o s t s . .  ...... .$13.292,000 $20,356,000 

Tota l  personnel ..... 974 1,025 

Aircraf  gaerodynamics 

1964 --- 
$1,907,000 

2 , 450,000 
3,053,000 - 2,500,000 

$9,91O,OOC 

9,873,000 
7 4,547,000 

$24 330 000 =-- 

1,101 ---- 

11 A m u n t  provided f o r  d i r e c t  p r o j e c t  e f f o r t  i n  Operation of Xnst a l l a t i o n s  
i n  1962 , 
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The technologi.ca1 f e a s i b i l i t y  and p r a c t i c a l  usefu lness  of f l i g h t  i n  the 
atmosphere depend on the  a i r f low over the veh ic l e  because t h i s  determir e s  
i t s  performance ilnd control .  With cont inua l  improvement i n  propul s lon 
c a p a b i l i t i e s ,  izerodynamics remains a key research  area f o r  advanced 
aler onau t i c a l  w h i  c ].e s and sy s t e m s  concepts . 

The reseairch e f f o r t  i n  a i r c r a f t  and missile aerodynamics embraces 
speeds and Mach numbers from zero t o  o r b i t a l  values.  I n  the  l a s t  two jearsP  
primary emphasis has  been placed on t h e o r e t i c a l  and experimental  inves-  
t i g a t i o n s  of the  aerodynamic e f f i c i e n c y ,  s t a b i l i t y ,  and con t ro l  of advmced 
supersonic  a i rc raf t :  conf igura t ions  and concepts. The remainder of avai l a b l e  
r 'esources has  been appl ied t o  the aerodynamic problems of take-of f and 
landing,  b a s i c  boundary- l aye r  research ,  and flows over bodies a t  hyper- 
sonic  speeds. 

A Parge po r t ion  of t he  increase  i n  funds f o r  f i s c a l  year  1964 w i l l  be 
expended on aecodynamic research  t o  eva lua te  the p r a c t i c a l  p o s s i b i l i t i c  s 
of winged hypersonic f l i g h t  u t i l i z i n g  a i r -b rea th ing  propuls ion systems. 
The aerodynamic conf igura t ions  f o r  t h i s  purpose w i l l  have very l a rge  a i r  
i n l e t s ,  bodies O E  very la rge  volume, and abnormally small l i f t i n g  and 
con t ro l  sui:fai:es. The c r i t i c a l  aerodynamic problem i s  one of integrat i .ng 
t h e  var ious eLtemnts i n t o  a un i f i ed  whole which w i l l  provide s u i t a b l e  
f l i g h t  c h a r a c t e r i s t i c s .  Prepara t ions  must a l s o  be made during f i s c a l  year 
1964 f o r  f l i g h t  tests t o  v a l i d a t e  ground-based d a t a  on hea t  t r a n s f e r ,  
p ressure  d i s t r i b u t i o n s ,  s k i n  f r i c t i o n ,  and con t ro l  e f f ec t iveness  i n  order  
t h a t  the deve l ~ p i n e t i t  of advanced hypersonic o r  o r b i t a l  veh ic l e s  f c r  tht! 
1970 t i m e  per iod can be undertaken with t echn ica l  confidence. 

Included i n  these  estimates, as i n  the  p a s t ,  are funds f o r  wind- 
tunnel  and o ther  s t u d i e s  i n  d i r e c t  support  of the  Department of Defense 
i n  i t s  development of m i l i t a r y  a i r c r a f t  and missile systems. Also pro- 
vided f o r  are basic s t u d i e s  of drag reduct ions  by improvement of wing 
shape and by boundary-layer con t ro l  t o  improve performance a t  super son:.c 
speeds, and of novel h i g h - l i f t  devices  t o  improve take-off and landing 
charac te r  is t ilcs . 

Aircraft-loads and structures 

The purpose of s t r u c t u r e s  research  i s  t o  o b t a i n  the  information re- 
quired t o  design airframe s t r u c t u r e s  which w i l l  wi thstand ope ra t iona l  
loads and f l i g h t  condi t ions  with e f f i c i e n c y  and r e l i a b i l i t y .  This  in-  
volves research  s t u d i e s  of the  loads a s soc ia t ed  with gus t s ,  lanCi.ng anti 
inaneuvers, s t u d i e s  of s t r u c t u r a l  behavior under des ign  condi t ions ,  s t u d i e s  
aimed a t  more e f f i c i e n t  s t r u c t u r e s ,  and s t u d i e s  aimed a t  preventing dynamic 
i n s t a b i l i t i e s  such as f l u t t e r .  

Pas t  research  has  produced notab le  advances toward d e f i n i t i o n  of :he 
m a x i m u m  o r  c r i t i c a l  loads t o  which an  a i r p l a n e  can be subjected.  Howeter, 
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s t r u c t u r e s  arc: prone t o  f a i l u r e  through repeated a p p l i c a t i o n  of r e l a t i L e l y  
simall loads. ,Such f a t i g u e  f a i l u r e s  have become more important as the  ces ign  
knowledge r egwding  c r i t i c a l l y  l a rge  loads has increased. A modest ex- 
pansion of f a t i g u e  research  i s  underway during f i s c a l  year  1963. A f u r t h e r  
expansion i s  i:equired f o r  f i s c a l  year  1964 t o  cope both wi th  p rob lem of 
cur ren t  a i r c r a f t  arid those of the  supersonic  t ranspor t .  

F l u t t e r  i s  ,another important s t r u c t u r a l  problem warrant ing increaried 
l e v e l  of e f f o r t  during f i s c a l  year  1964. More advanced conf igura t ions ,  
such as the use 'of variable-sweep wings, r ep resen t  c r i t i c a l  problems which 
must be s tud ied  i f  f l u t t e r - f r e e  s t r u c t u r e s  of minimum weight are t o  be 
a t ta ined .  Anothser problem i s  the  f l u t t e r  of t h i n  s k i n  panels  of a i r c r a f t .  
Such f l u t t e r  i s  e s p e c i a l l y  c r i t i c a l  f o r  supersonic  a i r c r a f t  whose e x t e r i o r  
sk in  undergoe,s compressive stresses and i n c i p i e n t  buckling as a ccnseqrience 
of aerodynamic hie a t  ing . 

Successful hypersonic a i r c r a f t  are cont ingent  on research  t o  prov:.de 
materials t h a t  can meet the  very severe demands engendered by suck.. veh:.cles. 
Needed materials include h igh-s t rength ,  low-weight a l l o y s  f o r  s torage  iind 
t r anspor t  of l i q u i d  hydrogen, thin-guage r e f r a c t o r y  a l l o y s  f o r  highly- 
s t r e s sed  s t r u c t u r a l  members, highly r e f r a c t o r y  materials which are re- 
usable  f o r  leading edges and o ther  s t agna t ion  loca t ions ,  and more e f f i c i e n t  
i n s u l a t i n g  mater ia  1 s . 

Air-breaEEnE propuls ion 

Air-breathing propuls ion research  e f f o r t s  are aimed f o r  a p p l i c a t i o n  
t.o both m i l i t a r y  and commercial a i r c r a f t .  Analy t ica l  and experimental  
research  w i l l  be conducted on components (p rope l l e r s ,  fans ,  a i r  ir i lets 
amd d i f f u s e r s ,  j e t  e x i t  nozzles  and a f t e rbod ies )  and/or complete systeins 
( t u r b o - j e t s ,  turbofans,  pulse  j e t s ,  and new o r  unconventional p r o p u l s i m  
c:oncepts). S tudies  w i l l  a l s o  be conducted t o  determine airframe-propuls ion 
system i n t e g r a t i o n  problems and t o  determine the  most d e s i r a b l e  engine 
c:ycles from t h e  s tandpoint  of o v e r a l l  veh ic l e  performance. This research  
i.s a cont inuing e f f o r t  and c lose  coord ina t ion  i s  maintained with o ther  
Government agencies and p r i v a t e  indus t ry  t o  in su re  adequacy of the  e f f s r t  
and e l imina t  i c  n of undesirable  dupl icat ion.  

I n  the  f i e l d  of hypersonics,  the  b a s i c  problem i n  the  propuls ion area 
is t h a t  of determining how an  a i r -brea th ing  system should be designed, 
(1) so  t h a t  the high s p e c i f i c  impulses which are t h e o r e t i c a l l y  poss ib l e  
with such systems can i n  f a c t  be obtained a t  speeds higher  than those a t  
ah ich  w e  have experience,  and (2) s o  t h a t  i t  w i l l  opera te  with high 
e f f i c i e n c y  over broad speed ranges. The NASA research  e f f o r t s  art: c lose ly  
coordinated w i t h  the  A i r  Force. Inves t iga t ions  are being made t o  provide 
ti b a s i s  f o r  determining the  f e a s i b i l i t y  of a i r -b rea th ing  propuls ion systems 
f o r  hypersonic, vehic les .  P a r t i c u l a r  a t t e n t i o n  i s  being given t o  ~ ~ r o p u l s i o n  
system and miElsion a n a l y s i s ,  hypersonic i n l e t s ,  supersonic  combustion, and 
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the  exhaust nozzle recombination problem. 

R e a l i s t i c  s imula t ion  on the  ground of t h e  a c t u a l  environment t o  
which hyperson.ic veh ic l e s  w i l l  be subjec ted  i s  another  problem: grouni  
and f l i g h t - t e s t  f a c i l i t y  requirements f o r  conducting experimental  re- 
search and for  the eventua l  development and q u a l i f i c a t i o n  of hypersonic 
a i r -brea th ing  s y s t e m s  w i l l  a l s o  be inves t iga ted .  

Aircr af  t - s e r a  t ing  prob l e m s  

Research i n .  t h i s  area i s  d i r e c t e d  toward improving a l l  phases of 
a i r c r a f t  opera t ions  i n  order  t o  increase  the  s a f e t y  of f l i g h t .  Technical 
ob jec t ives  inc:lude b a s i c  and appl ied  research  on a i r c r a f t  f l y i n g  and 
handling qua l i t i . es ,  opera t iona l  techniques i n  landing and takeoff  and 
under a l l  weat.her Conditions and i n  ground and a i rborne  environments, and 
work on instrumentat ion d i r e c t l y  r e l a t e d  t o  the  s a f e t y  of f l i g h t .  This  
area a l s o  inc1.ud.e~ the NASA work i n  the f i e l d  of son ic  boom and a i r c r a f t  
noise.  

I n  many of these  areas the  work is  c l o s e l y  coordinated with the FAA, 
t h e  United S t a t e s  Weather Bureau and t h e  Department of Defense. An 
a n a l y t i c a l  and experimental  program t o  e s t a b l i s h  the  e f f e c t s  of runway 
s lush  on aircrafit opera t ions  has  been conducted with the  FAA, and ex- 
t ens ions  of t h i s  work using the Langley Research Center ' s  Landing Loads 
Track w i l l  be continued i n  f i s c a l  year  1964. The j o i n t  USAF-Weather 
13ureau-NASA pllati.ona1 Severe Storms p r o j e c t  w i l l  r ece ive  continued support  
with personnel. and funds. Sonic boom s t u d i e s  have included NASA ana ly t i -  
c a l  work and wind tunnel  tests,  and j o i n t  programs with the  USAF and the  
F L U  t o  measure t:he i n t e n s i t y  of booms reaching the  ground from various 
types of a i r c ~ a f t  and t o  assess damage claims r e s u l t i n g  from such occurrences. 

I n  fiscal .  j7ear 1964, an increased emphasis w i l l  be placed upon s t u d i e s  
of engine noise.  Basic s t u d i e s  w i l l  be i n i t i a t e d  i n  the  determination of 
.€lying and hand1.ing q u a l i t i e s  f o r  high-speed, low-a l t i tude  f l i g h t  t o  support  
t he  DOD F- 111 (TFX) program, V a r i a b l e - s t a b i l i t y  equipment w i l l  be pur- 
chased i n  fiscal .  year  1964 f o r  the  NASA 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  
(a  Lockheed Jetstar) which i s  being purchased with f i s c a l  year  1963 fbnds. 
This research  vehic le  w i l l  be used a t  the  NASA F l i g h t  Research Center t o  
s tudy,  by s imulat ion i n  f l i g h t  of the  aerodynamic and i n e r t i a  c h a r a c t e r i s t i c s  
of advanced a x c r a f t  conf igura t ions ,  t he  requirements f o r  adequate f1) ing 
and handling q u a l i t i e s .  Resul t s  from these  and similar s t u d i e s  using NASA 
ground-based sirnulators w i l l  feed back i n t o  the  wind tunnel  programs t o  
modify the  aj.i:ci:aft aerodynamics t o  achieve optimum and s a f e  f l i g h t  
cha rac t e r  i s t its. 



PROJECTS 

X- 15A r e s e a r c l a i r c r a f  t 

Ae r ody nami c: s ................ 
Loads and s t ruc tu res . .  ...... 
Propulsion .................. 
Operating prob l e m s  .......... 

SuE1t:ot:al , d i r e c t  R&D 
c:os t : s .  ............. 

P e r  s onne 1 co L; t s ............. 
0perati .on of i n s  t a l l a t i o n s  

l:ot.al cos ts . .  ... 
Tota l  personnel. 

1962 1963 

( 29,000) $35,000 
( 53,000) 60,000 

. (447,000) 5,475,000 
I0,OOO) 10 , 000 

($539,000)1./ $5,580,000 

3,470,000 3,370,000 
2.225.000 1,459,000 

$5,695,000 $10,409,000 

410 3 60 

l964 --- 
!j 7 0,O DO 
14.0 , 000 
4.0,ODO 

650,000 - - 
$!)(IO, 000 

3,  :280,000 
2,.525,000 

The X-lf i i l  r esearch  airplane,  which was funded under Operation of 
I n s t a l l a t i o n s  i n  f'iscal year  1962, i s  the l a t e s t  veh ic l e  i n  a long series 
designed t o  irivest.igate manned high-speed, h igh -a l t i t ude  f l i g h t .  Specif-  
i -cal ly ,  the X-l.!iA w a s  designed t o  ob ta in  fundamental research  informat ion  
, a t  ve1ocit:ies oE 6,600 f e e t  per second (4,500 m i l e s  per  hour) and a t  
a l t i t u d e s  up LO 2510,000 f ee t .  Since aerodynamic hea t ing  w a s  om- :)f t t e  
p r i m e  research  iarE'aS t o  be explored,  the  X-15A was designed t o  withstznd 
s t r u c t u r a l  heat ing ra tes  of 30 BTU p e r  square foo t  per  second and rnaximum 
structural .  tcmperatures of 1,2Q0°F. 

The f i r s t  X-1.5A f l i g h t ,  on June 8 ,  1959, was a g l i d e  f l i g h t  planr,ed 
t o  check airf;rarne-.system c h a r a c t e r i s t i c s .  The f i r s t  powered f l i g h t  wz s 
on September 17, 1.959. Since t h a t  t i m e  more than 70 f l i g h t s  have beer1 
>made t o  itives t i g a t e  aerodynamic and s t r u c t u r a l  hea t ing ,  s t r u c t u r a l  dynamics , 
supersonic  and hypersonic aerodynamics , p i l o t i n g  aspects,  and advancec 
a i r c r a f t  systems. Examples of these  systems are r e a c t i o n  con t ro l s  with 
automatic stabi1it:y augmentation, adapt ive f l i g h t  con t ro l  systems, grcrund- 
based energy inaiiagement d i sp l ays  and , later , a i rborne  energy management 
systems, and mi.?-rated h igh- thrus t  rocket-propuls ion systems capable o f  
being t h r o t t  L1.d. During the  course of these inves t iga t ions ,  a ve1ocit.y 
of 4,093 m i l e s  per hour was achieved on November 9,  1961, and a s l i g h t l y  
higher speed 3f 4,104 m i l e s  per hour was a t t a i n e d  on June 2 7 ,  1962.  On 
A p r i l  30, 1962, the  design a l t i t u d e  w a s  e s s e n t i a l l y  achieved i n  a f l i l ; h t  
t o  246,700 f e s t .  Two and a h a l f  months l a t e r ,  on Ju ly  1 7 ,  1962, t h i s  w a s  
exceeded .in a f l i g h t  t o  314,750 f ee t .  A l l  of these  f l i g h t s  were dtwe'.oped 
by the NASA F l i sh t  Research Center and flown by NASA, A i r  Force anti N i t v y  
p i l o t s  t o  provide a maximum amount of research  information i n  the a reas  
l i s t e d  above. 
I /  AT aunt provided f o r  d i r e c t  p r o j e c t  e f f o r t  i n  Operation of 1nst:alla :ions 
- i n  1962. 
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A s  some of t h e  b a s i c  research  programs w i l l  be completed i n  f i s c a l  year  
1963, a t t e n t i o n  i s  being given t o  o t h e r  areas a l r eady  p a r t i a l l y  explored, 
such as cockpit instrument d i sp l ays ,  boundary-layer flow c h a r a c t e r i s t i c s ,  
no i se ,  skin f r i c t i o n  a t  high Mach and Reynolds numbers, and s t ruct t i ra l -panel-  
f l u t t e r  tests. 1.n add i t ion ,  a follow-on r e sea rch  program c o n s i s t i n g  of 
advanced aeronsiut ical and space sc ience  experiments has  been approved by 
t h e  NASA-USAF-LEN Research Airplane Committee t o  use the  X-l5A's proven 
c a p a b i l i t i e s .  O f  t h e  15 experiments i n  t h e  follow-on program, 10 a r e  space- 
or ien ted .  
provide on-the-spot p i l o t  input  i n  t h e  conduct of t h e  experiment and r e t u r n  
the  equipment t o  t h e  ground f o r  d e t a i l e d  eva lua t ion  and adjustment o r  
co r rec t ion  of de f i c i enc ie s .  
f o r  t h e  followf-ont program are u l t r a v i o l e t  s te l lar  photography, i n f r a r e d  
exhaust s igna tu re  , letdown computer, detachable high-temperature lead ing  
edges, and horizcm d e f i n i t i o n .  Except f o r  t h e  monies requi red  f o r  opera t ion  
of t h e  X-15A iri i t s  b a s i c  program, which are funded he re ,  funds f o r  s p e c i a l  
equipment o r  axiy requi red  a i r c r a f t  modi f ica t ions  t o  perform t h e  add i t iona l  
experiments wil.1 be funded by t h e  group respons ib le  f o r  t h e  experiment. 

These experiments c a p i t a l i z e  on thd a b i l i t y  of t h e  X-1511 t o  

Included i n  t h e  many experiments being prepared 

The fisca.1. year 1964 program i s  planned t o  accomplish most of the  
ob jec t ives  out1,irted above. 
of t h e  program by t h e  end of f i s c a l  year 1965. 
r equ i r e  modif icat ion because of t h e  X-15 landing acc ident  i n  November 1962, 
which severe ly  damaged one of t h e  t h r e e  a i r c r a f t .  

It i s  p r e s e n t l y  planned t o  conclude t h e  remainder 
This  p lan  may, however, 

- Supersonic t r a n s p o r t  

1964 --- 1962 1963 

Aerodynarrrj.csr... . . . . . . . . , . . . . . . . . . .  $1,842,000 $ 492,000 $ 700,000 

Propulsion., ...................... (l04,000)L/ 442,000 1.,300,000 
Operating, problems................ 116,000 2,467,000 -L,200,000 

Loads and, s t ruc tures . .  ............ (195,000)1/ 886,000 590,000 

Subt.ota1, d i r e c t  R&D cos t s .  .. $1,958,000 $4,287,000 $.3,790,000 

Personnel. COS~S.... . . . . . . . . . . . . . . .  2,690,000 3,246,000 3,58G,000 
Operation of i n s t a l l a t i o n s .  ....... 1,803,000 1,576,000 -1,798,000 

Tota l  cos ts . .  ........... 9 6,451,000 s 9,109,000 &9,168,000 -- --- 
Tota l  personnel.. ....... 344 375 391 --- 

I/ Amount. provided f o r  d i r e c t  p r o j e c t  e f f o r t  i n  Operation of 
1nstal.l.at:ion i n  1962. 

I n  June 1961., a program of a s s i s t a c e  t o  the  a i r c r a f t  i ndus t ry  was 
i n i t i a t e d  by the  Federal  Aviat ion Agency, Department of Defense, and t h e  
NASA. It w a s  d i r e c t e d  toward t h e  p o s s i b i l i t y  of developing an economically 
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competit ive,  supersonic commercial a i r  t r anspor t .  NASA's r o l e  is t o  produce 
t h e  research  information necessary f o r  t h e  p ro jec t .  
program a r e  the  maintenance of U. S. l eade r sh ip  i n  ae ronau t i c s ,  publ ic  
a c c e p t a b i l i t y  w i t h  regard t o  f a c t o r s  such as no i se  and sonic  boom:, and 
s a t i s f a c t o r y  s a f e t y  and r e l i a b i l i t y  c h a r a c t e r i s t i c s .  

The major goa ls  oE t h e  

The concentrated research  e f f o r t  underway a t  t h e  NASA Research Centers 
has  brought t h e  p r o j e c t  t o  the  s t age  where t echn ica l  f e a s i b i l i t y  has been 
demonstrated and indus t ry  w i l l  soon have s u f f i c i e n t  information t o  c h o x e  
cunong seve ra l  design concepts. Fiscal year 1964 e f f o r t  w i l l  be dovoted t o  
the  s o l u t i o n  I n  depth of seve ra l  problems. A new engine i s  needed, fuels, 
bear ings  and l u b r i c a n t s  must be improved, aerodynamic e f f i c i e n c y  inust be 
improved, dynamic s t a b i l i t y  and c o n t r o l  problems must be solved, and t h e  
noise  and sonic  boom problems need added work. I n  add i t ion ,  b a s i c  s t u d i e s  
of mechanical and thermal f a t i g u e ,  f r a c t u r e  mechanics, and p r e d i c t i o n  of long- 
t i m e  physical  pxoper t ies  of materials, and c u r r e n t  i n v e s t i g a t i o n s  t o  survey 
t h e  e f f e c t s  o f  opera t iona l  condi t ions  on d u c t i l i t y  and s ta t ic  s t r eng th  of 
shee t  materia.1.s w i l l  be continued. 

Funds axe requi red  f o r  complete wind-tunnel models of cons iderable  
c3ophisticatialn f o r  dynamic and s ta t ic  tests of t h e  promising design concepts,  
as wel l  as 1aa.ge-scale i n l e t s ,  e x i t s ,  and c o n t r o l  systems. Funds are a l s o  
requi red  i n  f:j.sc:al year 1964 f o r  ins t rumenta t ion  f o r  f l i g h t  s t u d i e s  of 
supersonic t r imspor t  ope ra t ions  us ing  a v a i l a b l e  a i r c r a f t  t o  simu1at:e t he  
supersonic t r a n s p o r t  . 
J/ertical/shorJz:ake-off #nd landing (V/STOL) a i r c r a f t  

1964 
y_ 

1962 19 63 

Aerodynsunics.. ..................... ($ 89,000) $ 562,000 $ 820,000 

Propulsion,, ........................ ( 21,000) 136,000 17 5,000 
Operating problems.. ..... ......... ( 68,0001 330,000 550 I , 000 

Subl:ot:al., d i r e c t  R&I) cos t s .  ... ($182,000)1/$1,037,000 - $ 1 s 6 0 0 s O O 0  

Loads arid s t ruc tu res .  .............. ( 4,000) 9,000 55,000 

Per sonnc! :L 
Operat ion  

1/ Am0un:t - 

$3,335,000 $4,116,000 $4,923,000 'Cotal costs...u*......... - - 
249 238 --- Tota l  personnel.......... 256 

provided f o r  d i r e c t  p r o j e c t  e f f o r t  i n  Operation of 
1nstaLl;ntions i n  FY 1962. 

Through research undertaken i n  t h e  p a s t  few yea r s ,  i t  has  been shown 
t h a t  ver t ical  or very s h o r t  take-off and landing a i r c r a f t  f l i g h t  is p r a c t i c a l  
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f o r  var ious  purposes. The NASA V/SrOL f l y i n g  test bed program conducted at 
the  Ames and Langley Research Centers has  provided t h e  f i r s t  i n s i g h t  i n t o  
t:he f l y i n g  q u d l t i e s  t h i s  class of a i r c r a f t  must have i f  it is t o  be  opera- 
t:ionally usefu l .  
missions best s u i t e d  t o  the  severa l  types and t o  examine each wi th in  t h e  
scope of t he  1 i k e l y  missions. 

It ts now poss ib le  t o  draw genera l  conclusions ias t o  the  

However, name of t h e  veh ic l e s  s tud ied  i n  t h e  cu r ren t  program, which 
w i l l  be completed i n  f i s c a l  year 1964 has proved more than marginal ly  
f lyable .  
tlnd performance, which must be overcome i f  t h i s  class of veh ic l e  is t o  
become p w c t i c a b l y  usefu l .  These f l i g h t  s t u d i e s  have confirmed t h a t  
opera t ion  of V/SITOL a i r c r a f t  w i l l  be more demanding and more d i f f i c u l t  than 
opera t ion  of convent ional  a i r c r a f t .  
s t a b i l i z a t i o n  and p i l o t  information t o  enable s a f e ,  a l l -weather  ope ra t ion  
f o r  t he  helicclpter and o the r  V/STOL types must be developed through continued 
s imulat ion and f l i g h t  test  of more advanced vehic les .  
t:he Vertol  YHCI-1A h e l i c o p t e r ,  r e c e n t l y  modified t o  provide v a r i a b l e  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 ,  t he  Lockheed YH-51H non-ar t icu la ted  r o t o r  h e l i -  
cop te r ,  and t h e  C-130 boundary-layer c o n t r o l  STOL a i r p l a n e  should prodice 
va luable  informa.tion i n  these  areas .  Inves t iga t ion  i n  f u t u r e  years  of such 
new a i r c r a f t  a s  t he  Vought XC-142A t i l t -w ing ,  General Electric XV-5A l i f t - f a n ,  
clnd Brequet 941 deflected-slipstream-STOL should c l a r i f y  most of the  
requirements of fu tu re  ope ra t iona l  c i v i l  and m i l i t a r y  V/STOL a i r c r a f t .  

Each cine has  exh ib i t ed  many problems i n  aerodynamics, opera t  ion 

Whole new concepts i n  contro:t and 

Planned s t u d i e s  with 

The V/STClL a i r c r a f t  is even more dependent on t h e  c h a r a c t e r i s t i c s  of i t s  
var ious  components than is the  conventional a i r c r a f t .  A very smaltl percentage 
change i n  propuls ive e f f i c i e n c y  of an a i rp l ane  p r o p e l l e r ,  a fan 01: a h z l i -  
copter  r o t o r  can make a very l a rge  d i f f e rence  i n  the  veh ic l e  payload. A 
s i m i l a r  e f f e c t  r e s u l t s  from a very emall change i n  s t r u c t u r a l  weight,  -r ing 
m a x i m u m  l i f t ,  f l a p  l i f t  increment, o r  induced drag. 
will involve more d e t a i l e d  s tudy of s eve ra l  V/STOL types ,  t h e i r  compontmts, 
t he  manner i n  which t h e i r  opera t ion  should be carried out  f o r  maxi-mum 
u t i l i z a t i o n ,  and refinement of d e t a i l  t o  reach maximum e f f i c i ency , .  

Work i n  fisca.1 yeilr 1964 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1964 ESTIMATES 

TRACKING AND DATA ACQUISITION 

OBJECTIVE : 

The o b j e c t i v e  of t he  NASA t r ack ing  and d a t a  a c q u i s i t i o n  program i s  t o  
provide the ope ra t iona l  ground ins t rumenta t ion  support  requi red  by a l l  NASA 
f 1 i g h t  p r o j e c t  :3 . 
SUMMARY OF lijES(3URCE REQUIREMENTS: 

1!)64 
I___ 

Funds 1962 1963 

Supporting research  and 

Network operations............ 41,853,000 55,510,000 80,500,000 
Equipment and components...... r 16 352 000 67,732,000 -134,000,000 

technology. ................. $ 9,097,000 $12,600,000 $17,000,000 

Sub to ta l ,  direct R&D costs . .  $67,302,000 $135,842,000 $231,500,000 

Personnel costs............... 7,678,000 11,994.000 15,221,000 
Operation of i n s t a l l a t i o n s . .  .. 8.852.000 11.945.000 14,887.000 

Totad. costs.. .  .............. $83,832,000 $159,781.000 $&608,000 - 

Per sonntcc 

NASA Headquarters. ............ 
Goddard Space F l i g h t  Center. .. 
Langley Research Center. ...... 
Marsha11 Space F l i g h t  Center. . 
F l i g h t  Research Center........ 
Wallops Station............... 
Western Operat ions Office..... 
North Eastern Office.......... 
Manned Spacecraft  Center...... 

77 
756 

9 
11 
28 

109 
17 

p-0 

95 118 
1,028 1,101 

64 71 
42 49 
38 38 

125 140 
42 42 
1 2 

9 
7 

o-- 

1,435 1.570 - Tota l  gersonnel............. 1,007 

The NASA. Headquarters Off ice  of Tracking and Data Acquis i t ion  Inas t h e  
r e s p o n s i b i l i t y  f o r  t r ack ing  and d a t a  a c q u i s i t i o n  f o r  a l l  flight:. missions. 
Elements of t h e  program are performed by t h e  NASA i n s t a l l a t i o n s  l i s t e d  above, 
e i t h e r  d i r e c t l y  o r  through c o n t r a c t o r s ,  and by t h e  Je t  Propuls ion Laboratory. 
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PR.OGRAM JUSTIF ICA'T ION : - 
Every space flight mission, whether rocket development, scientific 

satellite, space probe, or manned spacecraft, is undertaken to gather 
information. 
managers of the! mission is the worldwide network of tracking and data 
acquisition st:iitFons. 
dsata centers by i I  communications net, receive and record telemetered and 
voice data, ttsck the spacecraft in order to determine its position, ard 
transmit command signals as required. 
specific requirements for tracking accuracy, amount and kind of spacecraft- 
gathered information to be transmitted, command signals to be received, and 
location of ground instrumentation to perform these functions. 
networks, SupFlemented as required by cooperating stations, are a flexible 
and responsive tool used to fulfill the requirements of the flight missions. 

The: critical element in getting such information back to the 

These stations, linked together and to the VASA 

Each flight mission has its own 

The NA13A 

EXPLANAT ION CgJIWNDS REQUESTED : 

1962 

Supporting research and technology 

Integrated systems study, 
development and test.......... $1,458,000 

Improvements to existing 
systems....................... 6,257,000 

New systems development......... 1,382,000 

Subtota:t, direct R&D costs,... $9,097,000 

Personnel c~osts................. 3,065,000 
Operation of installations...... 3.565.000 

Total costs................oa* D d 2 u Q Q  

Total personnel............... 402 

$1,650,000 $2,000,000 

8,732,000 :tl,501O,OOO 
3 500,000 2,218,000 . , 

$12,600,000 $17,0CO,OOO 

1,990,000 2,5:1.9 ,000 
1.848.000 _2.3:,!1.oon 

S16.438.000 $21.81kO. 000 --- 
222 .--- 264 

Proper tracking and data acquisition support of the NASA space-flight 
programs requires adequate, reliable and f ieldworthy ground instrumentat ion 
for the di1rer:se projects planned for the future. With the increaseci number 
and complexity of planned spacecraft, existing instrumentation systc!ms will 
have to be augmented either by increasing the capabilities of exi.st:.ng 
stations or by establishing new stations. 
the addition of existing subsystems, the incorporation of imprc)veme31ts to 
existing subsystems, or the installation of new subsystems havmg capabilitie 3 

greater than those currently available. 

Such augmentation can involve 

Ta be! irr a position to provide the ground instrumentation systems 
support for future missions, it is necessary to plan and execute an 
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integrated development program with the aim of obtaining instmnentation 
subsystems superior to those presently available, 
consider the following: anticipated tracking and data acquisition require- 
ments for future missions and the dates of such requirements; the present 
state-of-the-art; ground instrumentation capabilities available and planned 
by NASA, the Department of Defense, the general scientific community, and 
foreign orgimitzations; and the engineering feasibility of improvemec ts in 
existing 01: proposed instrumentation systems. 
development: effort, existing instrumentation systems are the basic tuilding 
blocks about which the program is developed. 

Such a program must 

In the execution of this 

Prior to the initiation of a development program, studies must define 
the trackinis ;and data acquisition mission requirements for the planned 
spacecraft ini:ssions. In addition, studies define instrumentation system 
parameters capable of meeting the developed requirements. 
instrumentation systems are analytically evaluated to determine the most 
promising i~~elues of approach, and particularly, their possible use in 
support of future NASA f 1 ight programs. 

Conceptual 

Studies of ground instrumentation systems required for the Gemj.ni 
and Apollo projects have been initiated and will be continued t o  dejiine the 
optimum system parameters necessary to support these missions. Add:.tional 
studies of proposed and conceptual ground instrumentation systems for 
support of earth satellites, lunar and planetary probes, and app1ic;itions 
satellites ar'e also under way; these studies cover the functions of track- 
ing, command, guidance, communication, data handling and processing, orbit 
computatioix, and data display. The system studies define the ztvenucs of 
approach o.pen for improvements in existing systems. Studies conduc1:ed to 
date indicate that existing systems can be substantially improved b:r incor- 
porating new techniques. 

The sensitivity of data acquisition receiving systems will. be improved 
by incorporation of the latest parametric and maser amplifiers into the 
operational systems. Over the past several years, development work has beem 
under way on these amplifiers and the applicability of these dcwices to 
tracking and data acquisition systems has been demonstrated. However, 
deficiencies in the operational utilization of these devices do exist. 
available parametric and maser preamplifiers do not yet have adequate 
bandwidth or gain stability to meet the operational requirements of future 
spacecraft missions, and continuing development effort will be needed in 
fiscal year 1964. 

The 

Electronic tracking systems have been and will continue to be used by 
NASA as the primary means ofdetermining spacecraft position. Tracking 
systems dwte1.oped and used to date include precision radars, interfero- 
meters, and range and range-rate systems. These systems are under constant 
review to c.etermine their suitability to the mission requirements and to 
plan improtments or modifications to increase their Capabilities to the 
required lwei. Improvements planned include the development and test of 
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doppler or rate measuring equipment for radar tracking stations , Continued 
development of antennas for the recently assigned space frequency bands , 
ranging systems of greater accuracy for planetary missions , and the develop- 
inent of new mid more efficient modulation techniques. Studies of propaga- 
tion anomalie!!; due to the heterogeneity of the transmission media will per- 
mit the devel.op~nent of improved compensation techniques and devices tt at 
1wi11 increase tracking systems accuracy. The transmission media to be con- 
sidered must include the earth and planetary atmospheres , interplanetzry 
plasmas, rocket exhaust, and plasmas surrounding re-entering spacecraft. 

In addition to electronic system improvements, development efforts will 
'be continued on optical tracking systems, with particular emphasis on lasers, 
to determine the applicability of these new devices and techniques to 
tracking systems. Laser tracking systems potentially of fer an improwment 
'of angular tiraclcing accuracy by a factor of 10. 
coherent sou~xes of this type will also be investigated to determine their 
possible advaitages in meeting the requirements of planned spacecraft 
missions. Photo-multiplier techniques will be investigated a5 a possi.ble 
means of imprlwing the range or sensitivity capability of optical tracking 
sys tems . 

Ranging techaiques usling 

The deveLolpment of a first-generation automatic data reduction system 
i s  nearing compLetion. During this development, possible changes have been 
outlined that: will improve the basic system by broadening its applicahility 
to include the requirements of the new spacecraft. With the advent O C  the 
new wide-band telemetry systems required by and planned for future space- 
craft, pulse code modulation techniques will be employed to a greater extent 
than in the p a s t .  
systems compistilble with this technique as well as with the analog sysl:ems 
that are cur:clently being employed. 

This will necessitate the development of data proccssing 

Developinlent efforts to improve orbit computation techniques that 
incorporate data from the new tracking methods will be continued. 
the accuracy (of orbit determination is a function of the trajectory btking 
computed, the tracker employed, and the mathematical approximations uried, 
improved com]~utqational techniques are always necessary to obtain epherlierides 
of spacecraft to the precision required. For example, highly eccentr:.c 
orbits are much more difficult to determine precisely than are circular 
orbits. The computation techniques employed in these two cases differ 
greatly. For tlhis reason each proposed orbit must be analyzed, considering 
the variables o:E t:racking and mathematical approkimations, to detei-mir e and 
develop the appropriate computational technique. 

Siiice 

New comnanjd systems have been developed for the first generation of the 
large complex satellites like the Orbiting Astronomical Observatory, Orbit- 
ing Geophysical Observatory and Orbiting Solar Observatory. 
craft will require an even greater command repertoire which can be accom- 
modated by expanding the word length or the tone system as appropriatc. 
These future spacecraft will also require more extensive realtime datii 
handling and control systems , both on-board and in the supporting ground 
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systems. 
r equ i r e  the  cllevelopment of more s e n s i t i v e  on-board command receivers rind o f  
more powerfu'l ground-based t r ansmi t t e r  systems. 

In  add i t ion ,  the  increased ranges and command word lengths  will 

The t racking  and da ta  acqu i s i t i on  s t a t i o n s  of NASA use  a large vrir ie ty  
and number of antennas f o r  communicating wi th  spacecraf t .  These antennas 
a r e  one of t h e  bas i c  elements of the  NASA ground instrumentat ion system. 
Need f o r  improvement i n  nea r ly  a l l  of the  subsystems of these  antenna; has 
been demonstrated as a r e s u l t  of severa l  years  of opera t iona l  experience.  
Angle da t a  takeoff  systems a r e  one example of u n i t s  t h a t  must be imprlwed 
t o  increase  the accuracy, r e l i a b i l i t y  and v e r s a t i l i t y  of these  antennas.  
New multi-purpose feed systems capable of accommodating severa l  Erequency 
ranges w i l l  be developed t o  allow the  bas i c  antennas t o  support ,  e a s i l y  and 
quickly,  a w r i e t y  of f l i g h t  missions. The feed systems, i n  combination 
with the  d r ive  o r  servo system, l a r g e l y  determine antenna performance char- 
a c t e r i s t i c s ,  31n add i t ion ,  s t r u c t u r a l  improvements of the  l a r g e  r e f l e c t o r  
antennas wi1.11 be undertaken to  increase  t h e  frequency range over which 
e f f i c i en t :  operiation can be rea l ized .  Analy t ica l  and experimental  messure- 
ment program.; w i l l  ob t a in  the  necessary c o r r e l a t i o n  between electric211 and 
mechanical rcza:surements t o  provide design d a t a  f o r  t he  cons t ruc t ion  cif 
newer and 1iargl.r antennas. 

In  any instrumentat ion p ro jec t ,  s tandards must be ava i l ab le  t o  determine 
the  absoLute accuracy of  t he  measurements, A s  new systems a r e  evolvc!d o r  
as e x i s t i n g  systems are improved, b e t t e r  c a l i b r a t i o n  u n i t s  and technii.ques 
must be developed. 
opera tor  e r r o r s  through the  automation of  the  necessary ca l ibra t . ion  Eunctions. 

One goal of t h i s  development i r .  t he  reduct ion of 

I n  response to  the  new techniques being appl ied  i n  f l i g h t  p r o j e = t s ,  
new tracking, and d a t a  acqu i s i t i on  systems must be developed. 
ground suppclrt systems, new space missions cannot meet t h e i r  developiwntal 
o r  experimental goals.  In  some cases, new systems must have Capab i l i t i e s  
t h a t  do not e x i s t  i n  any cu r ren t  instrumentation. For example, the  range 
and range-rate  systems developed over the  last seve ra l  years  can now provide 
o r b i t a l  infiorniation previously unavai lable  from any source. 
are developed both t o  meet new mission needs and t o  permit new missions t o  
be planned with a minimum of technica l  cons t r a in t s .  A t  t h e  same t i m e ,  these 
systems can be designed f o r  high r e l i a b i l i t y ,  opera t iona l  s impl i c i t } ,  and 
ease of maintenance. 

Without proven 

New systems 

For e:cample, a promising new t racking  system under development has  the  
t r a d i t i o n a l l y  l a rge  ground t r ansmi t t e r  and rece iv ing  systems replaccd by a 
s i m p l e ,  po,ssi'bly unattended, ground u n i t  which responds t o  a vehiclc-borne 
in te r roga tor .  
based u n i t s  a r e  reversed. The development of the  vehicle-borne por1:ion of 
t h i s  systelm has many t echn ica l  challenges.  It w i l l  employ the  l a t e i3 t  
modulator cons t ruc t ion  techniques and s o l i d  state e l e c t r o n i c  u n i t s  I:o reduce 
t o  a minimum the  s i z e ,  weight and power consumption while maint:aining a 
maximum of design r e l i a b i l i t y .  
be developed t o  be extremely simple, r e a d i l y  t r anspor t ab le  and capable 

In  t h i s  system the  usual  r o l e s  of  t he  ground-and veh:i.cle- 

The ground-based po r t ion  of the  system w i l l  
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of unattended operat ion.  With such e a s i l y  t r anspor t ab le  ground u n i t s ,  the  
system f l e x i b i l i t y  of ground s t a t i o n  l o c a t i o n  and opera t ion  will permit 
f a r  g r e a t e r  t racking  coverage and hence more va r i ed  launch azimut:hs. 

Network opera t ions  1962 

S a t e l l i t e  network............... $ 9,374,000 
Manned f1igh.t network..,......., 15,183,000 
Deep space network. ............. 6,743,000 
Launch a r e a  instrumentation... . ,  500,000 
Aerodynamics test range.. ....... --- 
Network c.cmmnications. ......... 8,393,000 
Data processing and handling. ... 1,660,000 

Subt.otal., d i r e c t  R&D costs . .  .. $41,853,000 
Personnel. costs................. $ 4,613,000 

5.287.000 Operation o:E installat ions.  ..... 
Tota l  (:osts., .................. $51.753.000 
Tota l  p?r.sonnel.. ............. 605 

Basica’l Ly , t h ree  space f 1 igh t  networks are 
s a t e l l i t e ,  manned, and deep space networks. In  

$11,760,000 $17,030,000 
16,260,000 24,000,000 
7,860,000 l O , O D O , O O O  
3,850,000 5,906,000 

800,000 450,000 
10,760,000 16,000,000 
4,570,000 7 700,000 

$55,510,000 $80,500,000 

10,004,000 12,i02,000 
10.097.000 12, f166 , 000 
$75.611,000 $105, ;‘68,000 

1,306 

-- 
1,213 -- 

used i n  NASA program::: the  
add i t ion ,  t h e r e  i s  an 

aerodynamic t e s t  range a t  F l i g h t  Research Center. Launch a r e a  instriimentaticin 
network connnunications, and da ta  processing are o the r  ca tegor ies  (of c:osts 
necessary t o  the  successful  opera t ion  of  networks. 

S a t e l l i s  network 

The s t a t i o n s  i n  t h i s  network provide the  t r ack ing  and da ta  acqu i s i t i on  
support f o r  unmanned s c i e n t i f i c  and app l i ca t ion  s a t e l l i t e s .  There ace t h i r -  
t een  e l e c t r o n i c  s t a t i o n s  operated by the  Goddard Space F l i g h t  Center and 
twelve o p t i c a l  s t a t i o n s  operated by the  Smithsonian Astrophysical Observatory, 
The e l e c t r o n i c  s t a t i o n s  provide the  p r inc ipa l  trackirlg and da ta  acqu i s i t i on  
support  t o  the program while the  o p t i c a l  s t a t i o n s ,  a s  descr ibed belog, pro- 
vide a m r e  spec ia l ized  serv ice  gene ra l ly  d i r ec t ed  towards prec is ion  o r b i t a l  
t racking.  

The e l e c t r o n i c  s t a t i o n s  provide t racking  d a t a  which i s  used t o  compute 
p red ic t ions  f o r  the  da t a  acqu i s i t i on  antennas so they can be pointed a t  the 
s a t e l l i t e .  These s t a t i o n s  a l s o  provide d a t a  on spacecraf t  pos i t i on  i n  r e l a t i c n  
t o  t i m e  so t h a t  measurements made by experiments i n  the  s a t e l l i t e  can be 
r e l a t e d  t o  : i t s  pos i t i on  r e l a t i v e  t o  the  Ear th  a t  t h e  t i m e  of measurement. 
The data ac:qurired by the  s t a t i o n s  recording te lemetry from the  spacecraft .  
include s c i e n t i f i c  measurements made by instruments  on the  s a t e l l i t e  ; 
engineering; information concerning performance of the  satel l i tes  such as 
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temperatures,  'bat tery vol tages ,  and s t a t u s  of  on-board systems; and wide- 
band d a t a  such as the  cloud cover photographs obtained from the  meteorologiccnl 
satell i tes.  For t racking ,  t hese  s t a t i o n s  use r ad io  interferomet.ers KO 
provide a measurement of  spacecraf t  angular  pos i t i on  with respec:t t o  the  
s t a t i o n  i n  r e l a t i o n  t o  t i m e .  These in te r fe rometers  are ac t iva t ed  by a 
r ad io  s igna l  t ransmit ted from the  spacecraf t .  I n  t h i s  system, the te lemetry 
t r ansmi t t e r  i s u s e d  i n  the  t racking  of the  sa te l l i t e ;  being a r ad io  s:rstem, 
it can operate  without weather cons t r a in t s .  Supplementary t r ack ing  :o meet 
the  needs of s a t e l l i t e s  i n  h ighly  e c c e n t r i c  o r b i t s  i s  being provided by the 
range and range-rate  system developed during f i s c a l  years  1962 and 1063. 

A l l  s t a t i o n s  are capable of rece iv ing  and recording the  r e l . a t i v d y  
narrowband te lemetry which i n d i c a t e s  t he  s t a t u s  of systems on the  sa i :e l l i t es  
and c a r r i e s  t he  s c i e n t i f i c  d a t a  from the  smaller s c i e n t i f i c  sa te l l i tes  such 
as those launched by Scout and Delta. The d a t a  a c q u i s i t i o n  capcibi1i:y of 
t h i s  network i s  being expanded t o  handle the  more soph i s t i ca t ed  and accurate 
t e l eme t ry  s y s t e m s  required by the  more complex satel l i tes  which w i l l  be 
launched during f i s c a l  year  1964. Additional c a p a b i l i t y  i s  a l s o  plaimed t o  
handle the  increased number of sa te l l i tes  which are being placed i n  o r b i t .  

I n  add i t ion ,  l a rge  da t a  a c q u i s i t i o n  f a c i l i t i e s  are being e s t ab l i shed  t o  
handle the  increased bandwidth requirements of the  Orbi t ing Astronomical 
Observatory, Eccent r ic  Geophysical Observatory, Polar  Orbi t ing <:eophysical 
Observatory, and Nimbus spacecraf t .  Such f a c i l i t i e s ,  us ing  85-foot diameter 
parabol ic  antennas,  are now i n  opera t ion  a t  Fairbanks,  Alaska, and uiider 
construct ion a t  Rosman, North Carolina.  An add i t iona l  antenna at Rosman, 
North Carol ina,  and a new antenna s i t e  i n  the  P a c i f i c  area a r e  under con- 
s t r u c  t ion. 

The o p t i c a l  s ta t ions use Baker-Nunn sa te l l i t e  t r ack ing  cameras dhich 
provide c e r t a i n  satel l i te  t racking  measurements more accura t e ly  than do 
the  e l e c t r o n i c  s y s t e m s .  Data obtained from these  s t a t i o n s  can show 
extremely small v a r i a t i o n s  and per turba t ions  i n  the  o r b i t s  of s a t e l l i t e s .  
These da t a  a r e  used t o  determine the  dens i ty  and v a r i a t i o n  of dens i ty  of 
the  upper atmosphere, the  g r a v i t a t i o n a l  f i e l d  of  t he  Ear th ,  t he  shape of 
the  Ear th ,  and more p rec i se  d i s t ances  between con t inen t s  and i s l a n d s  on t h e  
Earth.  Only c e r t a i n  sa te l l i t es  of gene ra l ly  simple shapes and o r b i t i n g  a t  
proper a l t i t u d e s  a r e  use fu l  f o r  these  p rec i s ion  t r ack ing  s tudies .  Although 
the  o p t i c a l  s t a t i o n s  are l i m i t e d  i n  the total  t racking  support  they can 
g ive  since they can t r ack  only during per iods  of clear s k i e s  anti a t  dawn 
and dusk when t h e  sa te l l i t e  i s  i n  sun l igh t  and the  camera i s  i n  darkness,  
they are providing v i t a l  da t a  concerning behavior of the  Earth':; atmosphere 
and f a c t o r s  a f f e c t i n g  the  shape of  t he  Earth.  

The s t a t i o n s  are operated under seve ra l  d i f f e r e n t  arrangements. Those 
i n  the  United S m k S  and i n  c e r t a i n  fo re ign  coun t r i e s  are operated under 
conunercial con t r ac t s .  
agencies  i n  close l i a i s o n  with NASA. 

Other s ta t ions are operated by fore ign  government 
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The fiscinl year  1964 f l i g h t  program inc ludes  t h e  l a r g e  s c i e n t i f i c  satel- 
l i t es  which hinvtz on-board d a t a  s torage  and r equ i r e  high-speed commnic a t i o n  
c i r c u i t s ,  and tire smaller bu t  very complex s c i e n t i f i c  sa te l l i t es  which do 
no t  have da ta  s torage  c a p a b i l i t i e s  and r equ i r e  ground s t a t i o n s  locatec' around 
the  Ear th  t o  triack, command, and record t h e  da t a  acquired by experimer.ts 
(carr ied on board the  spacecraf t .  A l l  s t a t i o n s  w i l l  r equ i r e  addi t iona l  
s t a f f i n g  suppori: to  meet these  programs. The Rosman, North Carol ina,  f a c i l - i t y  
? w i l l  become opeicat:ional e a r l y  i n  f i s c a l  year  1964 and w i l l  r equ i r e  f u l l  
s t a f f i n g .  The I 'acific area f a c i l i t y  w i l l  become opera t iona l  l a t e  i n  fiscal .  
:year 1964 and w:ill .  r equ i r e  a build-up of opera t ing  personnel t o  f u l l  c a p a b i l i t y  
iby the  end of the  year. 

Manned ry>ace f l i g h t  network 

The n e t w r l t  c o n s i s t s  of 16 prime s t a t i o n s  t h a t  c o l l e c t  and communicate 
real-time infonnat ion concerning the  loca t ion  of  the  manned spacec ra f t ,  
s t a t u s  of the  equipment onboard, and, most important,  t he  condi t ion  of' the  
as t ronaut .  T l i i : ~  information must be immediately and continuously avaj l a b l e  
'to the  cont ro l  cen te r  so t h a t  co r rec t ive  a c t i o n  can be taken i f  emergencies 
should arise chiring the  mission. 

To meet these  requirements,  key s t a t i o n s  have t racking  c a p a b i l i t j  e s  t h a t  
allow real-tiine o r b i t a l  determinations.  A l l  s t a t i o n s  rece ive  te lemetry d a t a  
concerning tile condi t ion of the  as t ronaut  and the  funct ioning of systems i n  
the capsule trnd, i f  necessary,  t ransmi t  t he  necessary commands requircd t o  
complete n successful  mission. I n  add i t ion ,  a l l  s t a t i o n s  have r ad io  i ro ice  
'communication.; with the  as t ronaut .  Data received by the  s t a t i o n s  a r e  
t ransmit ted :in real-time t o  a processing and computation cen te r  and t k  en 
t o  the  manned spac:e f l i g h t  con t ro l  cen te r  f o r  d i sp lay .  It is  t h i s  informa- 
t i o n  upon which the  mission d i r e c t o r  must r e l y  i n  h i s  management of tk,e 
f l i g h t .  

NASA has o v e r a l l  r e s p o n s i b i l i t y  f o r  network opera t ion ,  s t a t i o n  modifica- 
t i o n ,  and implementation. Five s t a t i o n s  are operated by a commercial com- 
'pany under coirtiract t o  NASA, nine are operated by elements of the  Armed 
Serv ices ,  and two are operated under an inter-governmental agreement tly the  
'Weapons Resea:rch Establishment of the  Aus t ra l ian  Department of Supply. 

The G e m h i  f l i g h t  program requ i r e s  expanded communication and te lemetry 
systems t o  provide f u l l  opera t iona l  coverage. This  coverage i s  being m e t  
by the  additfion of pulse  code modulation te lemetry rece iv ing  and command 
systems a t  t e n  sites. Addit ional  opera t ing  personnel w i l l  be requirec.  t o  
operate and maintain t h i s  equipment and t o  man the  s t a t i o n s  f o r  the  l m g -  
(duration f l igh t : ;  which are planned during t h i s  period. 

Deep s p m s  network 

The s t a t i o n s  i n  t h i s  system are used t o  ob ta in  t racking  and te lemetry 
(data from, and t o  send commands t o ,  space veh ic l e s  a t  lunar  and in t e rp l ane ta ry  
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d i s t ances .  Because of t he  extreme d i s t a n c e s  and t h e  modest spacecraf t  
powers involved, l a r g e  high-gain pa rabo l i c  antennas are needed, along 
wi th  the  nost: advanced r ece iv ing  and s i g n a l  d e t e c t i o n  equipment availeible. 

S t a t i o n s  i n  t h i s  network are spaced approximately every  120' of longi tude  
around t h e  world so t h a t  any space veh ic l e  more than  e i g h t  thousand m i l e s  
from the Ear th  w i l l  be v i s i b l e  t o  a t  least one of t h e  s t a t i o n s  at a l l  times. 
In  add i t ion ,  there  is a mobile t r ack ing  s t a t i o n  which can be moved t o  the  
appropr ia te  'Llxation t o  provide "gap f i l l i n g "  t r ack ing  d a t a  and a.cquii;ition 
information during t h e  c r i t i ca l  launch phase. This  s t a t i o n  provides c!arly 
t r a j e c t o r y  d*ata t h a t  must be obtained wi th in  a s h o r t  period a f t e r  launch 
so t h a t  t he  r e l a t i v e l y  narrow beams of t h e  prime s t a t ions ' an tennas  can be 
pointed i n  t h e  proper d i r e c t i o n  and acqui re  t h e  spacecraf t .  The s t a t i o n s  
a r e  operated by commercial c o n t r a c t o r s  and fo re ign  government agtmcie; under 
the d i r e c t i o n  of the Jet Propuls ion Laboratory. 

The tasks of t r ack ing ,  maintaining r a d i o  con tac t ,  and c o l l e c t i n g  and 
processing information received from t h e  Ranger and Mariner spacec ra f t  t o  be 
launched during t h i s  period w i l l  r equ i r e  a d d i t i o n a l  personnel to man expanded 
s h i f t s  and tcl maintain t h e  t r ack ing  and d a t a  a c q u i s i t i o n  equipment which i s  
becoming more and more complex. 

Launch ; s a  ins t rumenta t ion  

Launch iirea ins t rumenta t ion  suppor ts  numerous sounding rocket  programs, 
t e s t i n g  of t:he Scout veh ic l e ,  f l i g h t  t e s t i n g  of spacec ra f t  components, and 
var ious  research  programs such as RAM, T r a i l b l a z e r ,  and t h e  r e -en t ry  hea t ing  
p ro jec t s .  
n a r r a t i v e s )  ,, 

(Set?EIectronic Systems and Space Vehicle  Systems program 

One imlmrtant ope ra t iona l  j ob  is  t h e  o p t i c a l  t r ack ing  of r e -en t ry  cap- 
s u l e s  which requi res  both f i e l d  and l abora to ry  ope ra t iona l  equipment t o  col- 
l e c t  and process data.  
combinations and t r a j e c t o r i e s .  To provide t h e  necessary coverage, t h e r e f o r e ,  
mobile o p t i c a l  u n i t s  housed i n  vans must be pos i t ioned  i n  s p e c i f i c  areas 
f o r  each launch. This type of ope ra t ion  r e q u i r e s  b a l l i s t i c  cameras, communi.. 
c a t i o n  equi,pment, X-band te lemet ry ,  and pe r iphe ra l  e l e c t r o n i c  iristruinentatioi:i. 
Other f a c i l i t i e s  used t o  meet t h e  mission requirements inc lude  permanent 
i n s t a l l a t i o n s  for r ada r  t r ack ing ,  te lemet ry ,  communications and d a t a  pro- 
cessing. 

The r e -en t ry  area varies wi th  t h e  var ious  boos te r  

Launch area ins t rumenta t ion  i s  loca ted  p r i n c i p a l l y  a t  Wallops S t a t i o n  
Vi rg in i a ,  w i t h  supporting coverage by mobile equipment loca t ed  along the  
e a s t e r n  seaboard between North Caro l ina  and Delaware. Additional support 
i s  furnished by t h e  Bermuda S t a t i o n  and by a range s h i p  ope ra t ing  o f f  Wallop:; 
I s l and  and i n  t h e  v i c i n i t y  of Bermuda. This s h i p  also p a r t i c i p a t e s  along 
with speciai1,ly instrumented a i r c r a f t  i n  recovery ope ra t ions  of s p e c i f i c  pay- 
loads. Laurich ope ra t ions  a r e  a l s o  c a r r i e d  o u t  a t  F o r t  Church i l l ,  Canada, i n  
support of probes i n t o  the aurora  and o t h e r  atmospheric and spilce pnenomena 
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assoc ia ted  with t h e  high l a t i t u d e s .  
acqui .s i t ion instrumentat ion is a v a i l a b l e  f o r  t hese  missions.  

Complete launch, t racking ,  and da ta  

Operations are c a r r i e d  on by NASA and con t r ac to r  personnel t o  provide 
a l l  necessary inr;t:al.lation, checkout, c a l i b r a t i o n  and opera t ion  of i n s t r u -  
mentation p r i o r  to and during a l l  f l i g h t  missions.  

Aerodynamic &st range 

The aerodynamic test range, sometimes r e f e r r e d  t o  as t h e  "High FCange," 
i s  the  group of s8 t a t ions  required to  support  t he  developmental and expe r i -  
mental f l i g h t s  o f i  the  X-15 a i rp lane .  
t he  X-15 f l i g h t s  t o  assure  accomplishment of t he  des i r ed  missions.  
covlerage includes i n i t i a l  guidance and vec tor ing  of the  launch a i r p l a n e  
(B-52), monitoring of the  i n i t i a l  climb of t h e  research  a i rp l ane ,  monitoIing 
of t he  f l i g h t  path f o r  emergency landing area choices ,  e s c o r t  plane 
rendezvous information, communications, space- t ra jec tory  d a t a ,  and rea l - t ime 
dat.a monitoring c a p a b i l i t y .  
t e m i n a l  s t a t i o n  a t  t h e  NASA F l i g h t  Research Center ,  and two uprangc? s t a t i o n s  
near  Beat ty  and E1.y i n  Nevada, 
radars  and recording systems, p l o t t i n g  boards,  v e l o c i t y  computers, te lemetry 
systems, d a t a  monitoring systems, t iming and communications. 
Research Center s t a t i o n  is presen t ly  operated by NASA personnel ,  but w i l l  be 
contractor-operated next year. 
ou t  and calibr,st:ion of equipment p r i o r  t o  f l i g h t  missions and opera te  the 
two up-range sites. 

The High Range provides coverage of 
This  

The range c o n s i s t s  of t h ree  s t a t i o n s :  a main 

Each si te i s  equipped with ins t rumenta t ion  

The F l igh t  

Contractor  sources  provide necessary check- 

N e  two r k  c,c.cntnic a t ions 

The t racking  and d a t a  a c q u i s i t i o n  s t a t i o n s  must have c o m n i c a t i o r  s 
c i r c u i t s  t o  t i e  them i n t o  the  c o n t r o l  centers, Summarized d a t a  concerrlling 
the  s t a t u s  and opera t ion  of the  space veh ic l e s  i s  s e n t  from the  s t a t i o n s  t o  
con t ro l  c e n t e r s  so t h a t  dec i s ions  may be made concerning f u t u r e  operat:lions 
of the  veh ic l e s ,  The major i ty  of the  present  communications c i r c u i t s  c o n s i s t  
of t e l e t y p e  l i nks .  Voice channels permit t he  manned space f l i g h t  s t a t i o n s  
t o  provide c r j . t i ca1  "hand-overl' t r ack ing  i n s t r u c t i o n s  from s t a t i o n  t o  s t a t i o n  
and t o  pass energency i n s t r u c t i o n s  from the  c o n t r o l  cen te r .  

I n  add i t ion  t o  present  communication f a c i l i t i e s  a t  Goddard Space F l i g h t  
Center with subcenters at Jet  Propulsion Laboratory and the  Smithsoniim 
Astrophysical Observatory, t he  establ ishment  of the  manned space f l i g h t  
communication cen te r  a t  Houston w i l l  r e s u l t  i n  a g r e a t l y  expanded comnunica- 
t i o n s  network.. 
much communication se rv ice  as i s  being provided i n  support  of P r o j e c t  Mercury. 
Bandwidth requirements f o r  t ransmission of data by land l i n e s  and microwave 
systems are increas ing  as i t  becomes necessary t o  handle l a rge  vol.umes of 
da t a  f o r  real- t ime and post-time processing,  reduct ion ,  and ana lys i s .  Wide- 
band da ta  l ines  f o r  housekeeping and s c i e n t i f i c  information w i l l  be m a i l a b l e  
f o r  t he  l a rge  satel l i tes  such as the  Orbi t ing  Geophysical Observatory, Polar  

The Gemini f l i g h t s  a lone w i l l  r equ i r e  more than 1:wice a s  
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Orbi t ing  Geophysical Observatory, and Nimbus. 

Commercia.1 common carriers, both fo re ign  and domestic, provide tlie 
major i ty  of NASA communications s e r v i c e s  but o t h e r  government agency l i n e s  
are used d e n  ava i l ab le .  Careful engineer ing and management i s  necessary 
t o  assure  r e l i a b i l i t y ,  e f f e c t i v e  a l t e r n a t e  rou t ing ,  and maximum u t i l i z a t i o n  
of the leased  c i r c u i t s .  During f i s c a l  year 1964, i t  i s  e s t i m a t e d  t h a t  NASA 
w i l l  l e a s e  S~OITL 496,000 miles  of voice and t e l e t y p e  c i r c u i t s ;  some 251,000 
miles are p resen t ly  being used. 

Data processing and handl ing 

The ma jo r i ty  of d a t a  acquired from t h e  NASA f l i g h t  p r o j e c t s  i s  pro- 
cessed i n t o  a form use fu l  t o  t h e  experimenter a t  t h e  NASA Center respons ib le  
f o r  t h e  f l i g h t  mission; it is  necessary,  however, t o  supplement t h i s  
in-house e f f 'o r t  with t h e  con t r ac to r  s e rv i ces .  The level of t h i s  a d d i t i o n a l  
support i s  zi func t ion  of t he  f l i g h t  schedule and the  a v a i l a b l e  in-house 
c a p a b i l i t y .  Addit ional  cont rac ted  d a t a  processing s e r v i c e s  w i l l  be necessary 
i n  f i s c a l  year 1964 t o  handle the e x t r a  load generated by t h e  increased 
number of space veh ic l e s  planned f o r  launching during the  yea r ,  e s p e c i a l l y  
t h e  l a r g e  s a t e l l i t e s .  For example, s eve ra l  equipment complexes t o  process 
pulse code modulated information w i l l  be put i n t o  ope ra t ion  during f i s c a l  
years  1963 ctncl 1964 at  t h e  Goddard Space F l i g h t  Center t o  cope with t h e  
increased d a t a  processing workload. The s t a f f  t o  perform the  necessary 
equipment a.l.ig;nment, checkout, c a l i b r a t i o n ,  and opera t ion  f o r  f i n a l  process- 
i ng  of t h e  d a t a  w i l l  be con t r ac to r  personnel. I n  o t h e r  cases, raw data 
from the s ta t i .ons  w i l l  be reduced t o  s c i e n t i f i c  and engineer ing terms at  
contractor-cwried and-operated f a c i l i t i e s .  

1964 -- Equipment aztdcomponents 1962 1963 

S a t e l l i t e  network. .............. $ 3,940,000 $10,50O,OOO $22,000,000 

Launch a.rea instrumentation.. ... 89 2,000 1,400,000 3,000,000 
Aerodynamic: test  range. ......... --- 710,000 1,000,000 
Colmrmnic a t  ions network.. ........ 967,000 2,214,000 4,000,000 
Data prc1c:essing and handling.. .. 300,000 2,700,000 ~10,000,000 

Manned f l i g h t  network........... 10,253,000 42,702,000 84,000,000 
Deep space network.. ............ --- 7,506,000 10,000,000 

Subtotrtl,  d i r e c t  R&D costs.... $16,352,000 $67,732,000 $%34,000,000 

Personnel. c:osts................. 11 11 11 .... T/ Operation of i n s t a l l a t i o n s . .  T/ =/ .- 
Tota l  c:os;ts. . . . . . . . . . . . . . . . . . .  S16,352,000 $67,732,000 $L34,000,000 .- 
Tota l  personnel.. ............. 11 1i 11 .--- 

lJ Personnel and ope ra t ions  c o s t s  included under Network operat  ions.  
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Maintenance, improvements and augmentation o f  t racking  and da ta  
a c q u i s i t i o n  equipment and components t o  meet the  requirements oE the  
f l i g h t  missmioris a r e  a continuing program requirement. 
category are discussed below. 

Requirements of each 

Satel1.i  tc! network --- 
The prt:sent. network is  cont inuously being improved to  meet advanced 

requirement::s, and w i l l  be modified t o  provide added capac i ty  t o  handle 
extremely kigh da ta  output rates from the  newer satell i tes,  This c l a s s  of 
s a t e l l i t e s ,  including the  Or ib i t i ng  Astonomical Observatory, Eccent r ic  
Geophysical. Observatory, Polar  Orbi t ing  Geophysical Observatory, Ninbus, 
Relay and Syncom, must t ransmit  l a r g e  amounts of data .  The conversion of 
s a t e l l i t e  onboard d a t a  recording systems from analog t o  d i g i t a l  tecl-niquas 
w i l l  enable the  s a t e l l i t e s  t o  record and s t o r e  l a rge  amounts of da ts  which 
w i l l  be trai1isrnit:ted t o  e a r t h  a t  spec i f i ed  s t a t i o n s .  This  type of o r e r a t i o n  
reduces the  ntimher of times t h a t  the  in t e r roga t ion  of the  sa te l l i t e  for data  
is  i n i t i a t e d ,  but  v a s t l y  increases  the  amount, or  dens i ty ,  of d a t a  t h a t  
must be received i n  a given t i m e  period. 

Basic ;requirements f o r  improved da ta  a c q u i s i t i o n  and command c a p a b i l i t i e s  
are d i c t a t e d  by increased s o p h i s t i c a t i o n  of spacecraf t  te lemetry,  Optimum 
opera t iona l  con t ro l  of these  satell i tes r equ i r e s  earlier and more r c l i a b l e  
acqu i s i t i on  o f  the  te lemetry s i g n a l s  and higher  power command antennas. To 
meet t h i s  ireqriirement, t h e  network s t a t i o n s  are being equipped with 
t racking  antennas capable of quick acqu i s i t i on  of s a t e l l i t e  s i g n a l s  and 
t racking  i n  an automatic mode throughout t he  pass  of  t he  satel l i te .  Slaved 
t o  telemetry antennas w i l l  be spec ia l  antennas f o r  t ransmi t t ing  command 
messages t o  the  s a t e l l i t e s .  These modif icat ions and add i t ions  w i l l  r e s u l t  
i n  improved da ta  a c q u i s i t i o n  and command c a p a b i l i t i e s  f o r  many satel l i te  
pro jec ts .  The add i t ion  of s e l f - t r ack ing  antennas commences i n  f i s c a l  year  
1963 and it w i l l  be c a r r i e d  on throughout f i s c a l  year  1964. 

Range and range-rate systems are planned f o r  t he  network and ~1.11 be 
These are high p rec i s ion  t racking  systems purchased i n  f i s c a l  year 1964. 

neec'ed t o  determine, wi th in  very  small l i m i t s ,  spacecraf t  v e l o c i t y  and 
l o c a t i o n  i n  space while at high apogees. 
which is  u t i l i z e d  t o  determine v e l o c i t y  i n  these  systems has  a g r e a t  
advantage over pulsed systems. A l s o ,  coherent systems a l low ext rem! 
narrowness of the  frequency bands used, thus  reducing the  power requirement:;. 

The coherent doppler measurement 

Pulse code modulation (PCM) te lemetry d a t a  handling equipnlent w i l l  be 
i n s t a l l e d  i n  all of t h e  NASA primary d a t a  a c q u i s i t i o n  s t a t i o n s  and will 
become standard opera t ing  equipment. The primary c h a r a c t e r i s t i c  of PCM is 
i t s  f l e x i b i l i t y .  It w i l l  respond t o  the  wide frequency range and hilndle the  
g r e a t  v a r i e t y  of information p a t t e r n s  requi red  by t h e  f l i g h t  experiments. 
It can be .programmed t o  s e l e c t  any one of seve ra l  predetermined fonnats  and 
provide outputs  i n  the  proper format f o r  d i r e c t  computer e n t r y  o r  d 9 v i n g  
"quick-Loo:k" and o the r  type d isp lays .  It i s  f ab r i ca t ed  i n  module form and 
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can be quick:l:y repa i red  by module replacement. 

Additional elquipment needed f o r  t he  support  of  t h e  var ious  programi; 
planned f o r  EiscaX year 1964 includes spec ia l  purpose RF equipment without 
which some of the  more s p e c i a l  satell i tes would have to  f l y  withaut  com- 
p l e t e  network tlelemetry coverage. Mobile te lemetry rece iv ing  u n i t s ,  
assembled i n  t r a i l e r s  and designed t o  be a i r - t r anspor t ab le ,  permit hi1:hly 
f l e x i b l e  daLa acqu i s i t i on  opera t ions  without r equ i r ing  the  cons t ruc t ion  of 
an e n t i r e  new ground f a c i l i t y .  Ce r t a in  launch and i n j e c t i o n  conditiolis  
requi re  spec ia l ized  coverage which can b e s t  be m e t  i n  t h i s  fashion. iLddi- 
t i o n a l  d a t a  ‘handling, processing and reduct ion equipment w i l l  be purchased 
and in s t a l l e fd  a t  var ious  loca t ions .  As t h e  number of sa te l l i tes  cove::ed 
and the  amount of d a t a  gathered from each new satel l i te  increases:, t h i s  
new equipment w i l l  prevent a breakdown in flow o f  information t o  the  experi-  
menters. Such equipment includes magnetic tape  recorders ,  both analog and 
d i g i t a l ;  consoles ,  screens,  and assoc ia ted  equipment; s imulat ion equipment; 
readout equipment; t iming equipment and tests and maintenance equipment 
needed t o  maintain and opera te  the  var ious  s t a t i o n  subsystems. 

Manned g g F h t  network 

The 16-s ta t ion  manned f l i g h t  network, o r i g i n a l l y  designed t o  support  
t he  3-orb i t  Mercury f l i g h t s ,  was equipped during f i s c a l  year  196:! t o  w e t  
the  needs of the  one-day f l i g h t s  and i s  being f u r t h e r  modified during f i s c a l  
year 1963 t o  meet t he  P ro jec t  Gemini requirements. 
being equipped with PCM telemetry r ece ive r s ,  on-s i te  d a t a  processors ,  and 
new command encoding and t r ansmi t t i ng  systems. 
i n  f i s ca lyea r  1964 and t h e  major s t e p  taJard i n s t a l l i n g  the  Apollo-required 
systems w i l l  begin. 

Ten of t he  s t a t i o n s  are 

This  phase w i l l  be conpleted 

For lunar  c a p a b i l i t y  missions i t  w i l l  be necessary t o  r e v e r i f y ,  o r  t o  
conduct, veh ic l e  check-outs a f t e r  i n s e r t i o n  i n t o  the  parking o r b i t  and 
p r i o r  t o  i n j e c t i o n  i n t o  the  lunar  t r a n s f e r  t r a j e c t o r y .  This  v e r i f i c a t i o n  of 
the  e l e c t r i c a l  and mechanical condi t ion  of t he  spacecraf t  and the  lunar  
excursion and. i n j e c t i o n  veh ic l e s  i s  necessary t o  d e t e c t  any malfunctions 
during the  launtch boost phase of f l i g h t  t h a t  escapes the  a t t e n t i o n  of the  
as t ronauts .  Such v e r i f i c a t i o n s  w i l l  provide assurance t o  the  f l i g h t  con- 
t r o l l e r  t ha t  the mission as planned can be executed o r  w i l l  permit prompt 
co r rec t ive  a r  a l t e r n a t e  courses  of ac t ion  t o  be i n i t i a t e d .  

Such i n - a r b i t  check-outs must be automated so as t o  be capable of rapid 
performance. This  i s  necessary s ince  a l a r g e  check-out crew w i l l  be un- 
ava i l ab le  and contac t  time with the  ground w i l l  be l imi ted .  As present ly  
planned, these  in -o rb i t  check-out func t ions  w i l l  be performed par t : ia l ly  by 
on-board and p a r t i a l l y  by ground-based systems. The ground-based systems 
w i l l  be deve1.oped and loca ted  a t  e x i s t i n g  t r ack ing  and d a t a  a c q u i s i t i o n  
f a c i l i t i e s  rind w i l l  c o n s i s t  of expanded and extremely v e r s a t i l e  telenctrty 
systems t o r  two-way communication of l a r g e  amounts of s t a t u s  da t a  and of 
command func:t:ions. I n  add i t ion ,  t r a n s l a t i o n  equipment w i l l  be necessary 
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at these locations to provide communications into and out of a large-scttle 
electronic data processor. 
ground-based portion of the in-orbit check-out capability. It will provide 
the automatic cmntrol for the spaceborne portions of the system. In addition 
to these subsy,stems, extensive display and console control units will br! 
necessary for use of the flight controllers. 

This data processor will be the heart of the! 

Installation o f  three such automated check-out facilities at Existing 
stations is pl.anned for fiscal year 1964. 

Approximately '7 existing stations, as well as 3 ships, will be equipped 
with an S-band unified tracking and communications system. This will consist 
of an antenna approximately 30 feet in diameter, an S-band transmitter, 
two phase-lock receivers, a range modulation and demodulation unit so that 
range may be measured with the accuracy demanded by the program and various 
detection, recording and ancillary equipment associated with the system, 

Conversion to S-band offers many advantages, one of which is t.he o.,timurn 
use of low-noise receivers. The system will allow many of the previous 
functions requiring several pieces of equipment onboard the spacecraft :o be 
combined into one unit. This is essential for lunar type missions inasmuch 
as weight is a critical spacecraft factor. Another advantage gained by 
moving the telemetry frequency from the VHF to the S-band is the increased 
communication gain in the use of directional antennas onboard the spacexaft . 
This will aid in getting voice, television, and telemetry data back to the 
manned flight network from lunar distances. The system is particul-arly 
effective in that the network can do orbital tracking and communication in 
conjuction with a single pfece of onboard equipment. The present capabilities 

S-band frequencies. At the S-band frequencies considerable increase of radio 
frequency gain will be realized. This will allow for the transmission 3f 
data at greater rates which will be a necessity for spacecraft onboard data 
systems designed around digital techniques. It is estimated that cransnission 
rates of 32 kiloblits per second will be required to handle the real-time 
data flow, 

8 of the net stations are not designed for tracking and communications at the 

Improved data handling and data processing capabilities will be necessary 
at: the sites. The present communication system will be unable to Lransfer 
the heavy concentration of data back to the central computing center'. This 
will necessitate additional on-site data editing, handling, and processing 
equipment in order to reduce the digital information to the required amount 
which can be transmitted over the presently installed communicatioi lines. 

1nstrument:at.ion must be provided to establish the position of t.he 
manned space capsule prior to landing and recovery. The necessity of such 
a system to determine recovery coordinates without regard to ve1ocit.y does 
not pose a requirement for high accuracy, but sufficient sophisticat.ion 
is necessary t o  prolvide maximum speed of location and recovery. It is 
planned to USE' currently available commercial equipment, with only itiincr 
modifications, at: the various prime and secondary landing areas. 
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Provis ion f o r  spa res ,  maintenance, and replacements a t  each of t,iie 
s i t e s  concerned must be c a r e f u l l y  planned. 
d a t a  received a t  each of t he  s t a t i o n s  i s  of g r e a t  importance t o  t.he siiccess- 
ful  completion of t he  mission; t h e r e f o r e ,  downtime, t h a t  is, loss of i:ime 
due t o  f a i l u r e ,  of any p a r t  of t h e  system must be kept to a mininlum. 

Telemetered and communications 

Deep spa_% network 

Unmanned luna r  and p l ane ta ry  probes are levying an increased, requirement 
for r ad io  t r i x k i n g ,  command, te lemet ry ,  and d a t a  a c q u i s i t i o n ,  which i n  t u r n  
p laces  a demand f o r  expansion and modernization of t he  deep space netimrk. 

During f i s c a l  year 1964, t he  deep space network w i l l  s t i l l  consitit of 
3 major s i te : ; ,  The planned inc rease  i n  c a p a b i l i t y ,  however, w i l l  enatlle t he  
network t o  support s imultaneously more than one space probe mission arld w i l l  
jprovide suf f i c i t m t  f l e x i b i l i t y  of coverage i n  both the  L-band and S-band 
Erequencies. The f l i g h t  schedule f o r  f i s c a l  years  1964 and 1965 shows an 
increase i n  Kimger launches wi th  onboard equipment ope ra t ing  i n  t h e  9t0-and 
:2300-megacycI.t: frequency spectrum. The 2300-megacycle frequency is l e s s  
subjec t  t o  cc1:;mj.c no i se s  and, t he re fo re ,  w i l l  i nc rease  t h e  network c a p a b i l i t i e s  . 
I h r i n g  t h e  sane per iod ,  space probes w i l l  be launched toward Mars and Venus, 
and Surveyor spacec ra f t  w i l l  be landed on the  moon. Both Mariner and 
Surveyor t ra ject .ory missions w i l l  over lap  t h u s  r equ i r ing  mul t ip l e  S-band 
lErequency channels t o  allow non in te r f e r ing  command and t ransmiss ions  t o  and 
from t h e  spacecraf t .  

To meet the S-band requirement, a l l  deep space network s t a t i o n s  m u s t  
be equipped w i t h  compatible d a t a  acqu i s t ion ,  t r ack ing ,  command record ing ,  
and processing, equipment. Due t o  t h e  n e c e s s i t y  of supporting more than one 
mission a t  a time, it w i l l  be necessary t h a t  dup l i ca t e  systems be i n s t a l l e d  
and checked ou t  a t  each site. 

The r ece iv ing  equipment a t  each si te w i l l  be modified by the  add i t ion  
alf S-band traveling-wave maser ampl i f ie rs .  
and d a t a  a c q u i s i t i o n  of r a d i o  frequency s i g n a l s  with lower s igna l - to-noise  
r a t i o s .  
func t ions  t o  cover g r e a t e r  ranges of t ransmission with increased  r e l i a b  t l i t y  
i n  t h e  qua1it.y of d a t a  recorded. 
c i s i o n  coo1in;g f o r  t he  proper ope ra t ion  and s t a b i l i t y .  
helium as a coolant r e q u i r e s  t h e  utmost cool ing  system mechanical and 
s t r u c t u r a l  i n t e g r i t y  t o  c o n s t r a i n  t h e  gases. Spqcial  types  of s e rv i c ing  
equipment are relquired f o r  handl ing and maintaining t h e  cool ing  u n i t s .  

This w i l l  a l low f o r  t h e  t r ack ing  

ThiR c a p a b i l i t y  w i l l  extend t h e  t r ack ing  and d a t a  a c q u i s i t i o n  

The S-band maser subsystem r e q u i r e s  Ere- 
The use of l i q u i d  

Modificat~Loiis t o  t h e  antennas w i l l  a l low ope ra t ion  with both L-band and 
S-band cas seg ra in  feed systems. This  w i l l  a l low f o r  an inc rease  i n  t h e  
o v e r a l l  system s e n s i t i v i t y .  Since both L-band and S-band w i l l  be used:, each 
s i te  must be tqu:Lpped wi th  proper equipment f o r  t he  r ap id  change-over from 
one frequency to t h e  o ther .  
feed,  d i p l e x e r ,  jEilters, switches,  microwave c i r c u i t r y ,  p ressur ized  r e i r i g e r a -  
t i o n ,  cone and subre f l ec to r s .  

Each S-band cas seg ra in  subsystem consists of a 
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I n  o rde r  f o r  t he  l a r g e  antennas t o  acqui re  t h e  spacec ra f t  s i g n a l s ,  
separate a c q u i s i t i o n  a i d s  ope ra t ing  i n  t h e  S-band must be provided f o r  
each antenna at each site. 
r ap id  conversion depending on mission requirements. 
system c o n s i s t s  of feed,  switches,  microwave c i r c u i t r y  and s t r u c t u r e ,  

Spec ia l  handling equipment w i l l  be needed f o r  
Each acquis:i t ion sub- 

Because of t h e  many func t ions  t h a t  must be rimulated and chtecketl ou t  by 
each s t a t i o n  of the  network p r i o r  t o  a spacec ra f t  mission, s imula t ion  equip- 
ment must be loca ted  at each s i te  f o r  pqoper equipment alignment. This  w i l l  
c o n s i s t  of 14ariner-type transponders similar t o  those flown i n  t h e  space- 
c r a f t  operal: in13 on S-band frequencies.  

To eStiJ>l:Lsh accura te  tun ing  of r e c e i v e r s  and transmitters, prec i s i o n  
re ference  fi:eqiiency syn thes i ze r  systems w i l l  be i n s t a l l e d  a t  each s t a t i o n .  
This w i l l  pmvide  f o r  increased  s e n s i t i v i t y  a t  ground r e c e i v e r s  and space- 
c r a f t  transponders. 

Due t o  the  va r i ed  missions scheduled during f i s c a l  year 1964, a mobile 
s t a t i o n  whic.11 can be r e loca ted  on s h o r t  n o t i c e  t o  cover spacec ra f t  i n j e c t i o n  
w i l l  be requi.red. A t  p re sen t ,  i n j e c t i o n  coverage is l i m i t e d  due t o  lack  of 
proper equipment. Therefore,  a range and doppler  S-band s t a t i o n  w i l l  be 
developed t o  m e e t  s p e c i f i e d  i n j e c t i o n  requirement. The equipment w i l l  be 
i n s t a l l e d  in1 a trailer t h a t  can be r e loca ted  with minimum expense and time. 
This w i l l  prcivi.de t h e  a d d i t i o n a l  coverage of spacec ra f t  i n j e c t i o n  p o i n t s  i n  
space as d i c t a t e d  by t h e  mission requirements. The range s t a t i o n  w i l l  a l s o  
be equipped with necessary test and alignment equipment. Data handl ing and 
communications equipment w i l l  be needed t o  provide the  necessary s t a t i o n  
independence, f l e x i b i l i t y ,  and mobili ty.  Mobile genera tors  w i l l  be suppl ied  
t o  provide s t a t i o n  power. 

The increased volume of d a t a  w i l l  r e q u i r e  t h a t  each s t a t i o n  have dupl i -  
cate d a t a  recording c a p a b i l i t i e s .  I n  add i t ioh ,  t h e  S-band conversion will 
increase  t h e  d a t a  bendwidth thereby providing f o r  h igher  d a t a  d e n s i t y  a t  any 
given t i m e .  This, p l u s  t h e  simultaneous r ece iv ing  and t r a n s m i t t i n g  oE rad io-  
frequency s i g n a l s  , w i l l  n e c e s s i t a t e  t h e  use of s epa ra t e  tape  recordin1,g machinci!s,, 
I n  order  t o  r e a l i z e  maximum use of present  t ape  r eco rde r s ,  modi f jca t ion  w i l l  
be made to  u n i t s  i n  the f i e l d  t o  increase  t h e i r  data recording capabi'!ity. 
A complete l i n e  of S-band e l e c t r o n i c  spare  p a r t s  and components w i l l  he 
s to red  a t  each s t a t i o n  t o  minimize ope ra t iona l  downtime. The increasc!d 
volume of d a t a  to be recorded w i l l  n e c e s s i t a t e  l a r g e  supp l i e s  of magnctic 
and paper tape. Provis ions  f o r  maintenance, spares  and replacements Cor 
equipment inc  Luding support i t e m s  such as gene ra to r s ,  pumps , and hydraul ic  
and e l e c t r i c a l  machinery w i l l  be e s t a b l i s h e d  a t  each deep space network s t a t i o n .  

Launch a c e 3  ins t rumenta t ion  

The everchanging n a t u r e  of t h e  programs supporting t h e  va r ious  d i s c i p l i n e s  
of space sc ience  have r e s u l t e d  i n  t h e  design of experiments of increariing 
complexity arid r equ i r ing  no t  only l a r g e r  numbers of launch v e h i c l e s  bu t  
,also vehicles; capable of ca r ry ing  heavier  payloads probing deeper intcl space . 
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I n  addi t ion, ,  t h e r e  is an inc reas ing  demand t o  f l i g h t  test numerous components 
and systems! f o r  t h e  manned luna r  program as t h a t  program e a t h e r s  momentum. 
Experiment tmcl v e h i c l e  components and subsystems are flown on r e l a t i v e l y  
s m a l l ,  l e s s  expensive, v e h i c l e s  launched from Wallops Island. A t  Wallops 
S t a t i o n  and supporting sites on Bermuda, and along t h e  E a s t  Coast,  t h e  r ada r  
and o p t i c a l  txacking systems and te lemet ry  d a t a  a c q u i s i t i o n  and recording 
systems must be updated with advanced antennas, p reampl i f i e r s ,  Exequency 
d i v e r s i t y  an.d d a t a  recording equipment. 

On r ada r s  i t  w i l l  be necessary  t o  provide:an ex tens ion  of t h e  pulse  
synchronizat ion system t o  inc lude  t h e  FPQ-6 r a d a r  scheduled f o r  i n s t a l l a t i o n  
i n  t h e  summer of 1963; d a t a  record ing  systems wi th  magnetic t ape  forlnats 
compatible w,ith improved d i g i t a l  computer i npu t  requirements; and a iredesigned 
pulse  r e p e t i t i o n  frequency genera tor  f o r  t h e  MOD I1 rada r  t o  improve t h e  
s t a b i l i t y  of i t s  ranging system. 

The te lemet ry  systems w i l l  be updated and extended t o  p r o v i d e : t w  
new mobile recording vans incorpora t ing  a d d i t i o n a l  space and updated 
equipment compatible wi th  program requirements; p re-de tec t ion  systema f o r  
use with t h e  high-gain mul t ip l e  frequency te lemet ry  antenna f a c i l i t y ;  updat ing 
of t he  X-band telemetry system t o  i y l u d e  a low-noise pre-ampl i f ie r ;  improvecl 
design telemetry tape  r eco rde r s  wi th  high frequency response; arid updat ing 
of e x i s t i n g  playback and readout f a c i l i t i e s  t o  inc lude  changes requi red  by 
new telemetry systems. 

The ranl3e s a f e t y  system w i l l  be updated; an al l -weather  sky scrcen  
system provided; and i n t e g r a t e d  d i s p l a y s  i n s t a l l e d  at  t h e  range s a f e t y  
o f f i c e r ' s  s1:at:ton. 
provided with improved meteorological  equipment, a su rve i l l ance  r a d a r ,  timing 
equipment, a p r e c i s e  naviga t ion  system, and a c a p a b i l i t y  f o r  payload recovery 
down range. 

The range support sh ip  (USNS Range Recoverer) w i l . 1  be 

Aerodyriiuniic test range 

The aerodynamic test range opera ted  by t h e  F l i g h t  Research Center 
r e q u i r e s  n o ~ ~ l a l .  maintenance t o  remain e f f e c t i v e  i n  support  of t h e  NAS'A and 
A i r  Force a i r c r a f t  f l i g h t  p ro jec t s .  For example, t h e  r a d a r  at Edwards 
A i r  Force Base has  been exe rc i sed  some 2,000 hours,  while  t h e  one a t  t h e  
Ely  s t a t i o n  has  had t o  work only  about h a l f  t h a t  much. 
m a x i m u m  u t i l i z a t i o n  o f  t h i s  equipment , t h e  Ely  ins t rument ' s  pedes t a l  ( t he  
l i f e  of t h i s  cclmponent i s  the  most l i m i t i n g  i n  t h e  system i n  t h a t  w e a r  on i t  
a f f e c t s  t h e  cwera l l  system accuracy) w i l l  be removed and exchanged wi th  
the  pedes ta l  at Edwards which w i l l  then  be re furb ished ,  This  should extend 
t h e  use fu l  l i f e  of both s t a t i o n s  a t  least f o r  another opera t ing  year. 
modifications and improvments t o  the  e l e c t r o n i c s ,  c o m n i c a t i o n ,  and d i sp lay  
systems w i l l  continue i n  f i s c a l  year 1964. 

I n  o rde r  t o  o b t a i n  

Routine 

C o m n i c a t i o n s  n e t w r k  

The continued successes of t h e  NASA f l i g h t  program r e f l e c t  d i r e c t l y  
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on t h e  u t i l i z a t i o n  of t h e  communications network. Communications te rmina l  
equipment m u s t  be s p e c i a l l y  designed f o r  satell i te p r o j e c t s  and automatic 
c i r c u i t  handling equipment is now requi red  a t  switching centers, .  Channelizing 
equipment m u s t  be purchased t o  expand t h e  capac i ty  of some c i r c u i t s  for  
b e t t e r  e f f i c i e n c y  of u t i l i z a t i o n .  

The r e l i a b i l i t y  of communications us ing  high-frequency r a d i o  is marginal 
due t o  the  crowding of t h e  spectrum and high-frequency propagat ion dleteriora- 
t i o n  due t o  increased  sunspot a c t i v i t y .  
t r a n s m i t t e r  power and t h e  updating of te rmina l  equipment. Equipment i s  
requi red  t o  provide f o r  t h e  add i t ion  of voice c a p a b i l i t y  on t h e  t r a n s m i t t e r s /  
r e c e i v e r s  p re sen t ly  u t i l i z i n g  only  te le type .  
service t o  multi-channel TTY and voice s e r v i c e  i n t o  South America r e q u i r e s  
add i t iona l  te rmina l  equipment and increased  t r a n s m i t t e r  power. 

This  p l aces  t h e  need f o r  grleater 

Expansion from one-channel TTY 

Mobile communications s t a t i o n s  are requi red  t o  provide f o r  short- term 
heavy communications loads  a t  e s t a b l i s h e d  network s t a t i o n s  or t o  c a r r y  ou t  
t h e  communication func t ions  a t  remote sites; these  are a l s o  r equ i r ed  t o  
provide f o r  i n t r a - s t a t i o n  t ransmission of wide-band s i g n a l s  where t h e  
d i s t ances  preclude hard l i n e  f a c i l i t i e s .  This  s i t u a t i o n  e x i s t s  where equip- 
ment is l oca t ed  on a remote mountain top,  a t  test s i tes  remotely loca ted  
from the  main s t a t i o n ,  o r  a sh ip  anchored i n  a harbor  where docking f a c i l i t i e s  
are not  availa.ble. 

Data processing and handl ing 

With t h e  advent of t h e  l a r g e r  s c i e n t i f i c  satell i tes,  i t  is planned 
t h a t  onboard spacec ra f t  d i g i t a l  systems w i l l  be used t o  supplement t h e  
p resent  analog systems. 
mation which cannot be handled wi th  present-day analog systems. 
i nc rease  of d a t a  flow from t h e  spacec ra f t  w i l l  r e q u i r e  expanded d a t a  
handl ing f a c i l i t i e s  t o  meet t h e  many b i t s  of information which r e q u i r e  
e d i t i n g ,  s ca l ing ,  p r i n t - o u t ,  and presenta t ion .  It is expected t h a t  me 
l a r g e  sa te l l i t e  of t h e  Orbi t ing  Astronomical Observatory class w i l l  Benerate 
seve ra l  hundred thousand b i t s  of information pe r  o r b i t .  This  d a t a  flow 
rate can only  be handled by the  opera t ion  of d i g i t a l  processing and handling 
equipment t h a t  ope ra t e  at pre-programmed modes i n  automatic fash ion  a t  
high speeds. 

This  w i l l  a l low f o r  storage of many b i t s  of i n f o r -  
This v a s t  

To s a t i s f y  t h i s  workload in d a t a  handling, it w i l l  be necessary t h a t  
present  data. handl ing systems be modified and supplemented wi th  more 
e f f i c i e n t  and expedient  d a t a  processors  which are compatible wi th  thle 
spacec ra f t  onboard d i g i t a l  d a t a  a c q u i s i t i o n  systems. 
ments vary  cons iderably  f o r  each type of satell i te,  d i f f e r e n t  types  lof 
d a t a  handl ing equipment w i l l  be requi red  f o r  t h e  ground systems,, The d a t a  
handl ing equipment which w i l l  t i e  i n  t h e  i n t e r f a c e  problems between the 
formats of t he  onboard and ground systems w i l l  be of prime concern. This 
w i l l  cons i s t  of advanced subsystems t o  perform more e f f i c i e n t l y  t h e  
necessary s t e p s  of s i g n a l  condi t ion ing ,  format arranging, d a t a  bu f fe r ing ,  

Since d a t a  reqluire- 
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speed scaliiq3, intermediate  d a t a  sca l ing ,  p r in t -ou t ,  p l o t t i n g ,  displity, and 
presenta t ion .  This  type of  equipment w i l l  provide t h e  necessary datrr flow 
c a p a b i l i t y  it'hat can handle l a rge  volumes of d a t a  processing at high rates. 

The ma;jcsr:Lty of d a t a  handling subsystems are designed and t a i l o r e d  t o  
There- meet s p e c i f i c  requirements of d a t a  format and pe r iphe ra l  equipment. 

f o r e ,  spares  and replacements must a l s o  meet these  unique s p e c i f i c a t i o n s  
which a r e  not common t o  she l f - i tem replacements. The c o s t  of spares  and 
replacements; is , t he re fo re ,  considerably more than s tandard replacement 
and component i t e m s  . 
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