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RE SEARCH AND DEVELOPMENT 

GENERAL STATEMENT 

The researc:h and development program of t h e  Nat ional  Aeronaut ics  and 
Space Admi.nis1:ration i s  d i r e c t e d  toward achiev ing  and main ta in ing  Amer i can  
supremacy i n  :;pace. The r e sea rch  and development program designed t o  achieve 
these  o b j e c t i v e s  inc ludes  the  Gemini and Apollo manned space f l i g h t  p r o j e c t s ;  
a comprehensive program of s c i e n t i f i c  i n v e s t i g a t i o n  of t h e  e a r t h ,  moor, sun, 
p l a n e t s  arid c)utc:r space employing unmanned v e h i c l e s  ranging from sounc ing  
rocke t s  t o  1ai:ge o r b i t i n g  o b s e r v a t o r i e s  and i n t e r p l a n e t a r y  probes;  an app l i -  
c a t i o n s  program t o  develop systems and technology f o r  meteoro logica l  zind 
communicat.ion:; s a t e l l i t e  systems; and an advanced r e sea rch  and techno1 ogy 
program desigriecl t o  provide the  base f o r  cont inuing  programs i n  space. 

MANNED SPACE IrLXGHT PROGRAMS 

About. two-thirds  of t h e  amount reques ted  f o r  Research and Develolment f o r  
f i s c a l  year  1.065 i s  r equ i r ed  f o r t h e  manned space f l i g h t  program. The o b j e c t i v e  
of t h i s  program i s  t o  provide a n a t i o n a l  c a p a b i l i t y  f o r  a broad progrsm of 
manned space exp lo ra t ion  which w i l l  achieve and main ta in  a p o s i t i o n  of l eader -  
sh ip  f o r  t.he IJnFted S ta t e s .  A s p e c i f i c  goa l  i n  acqu i r ing  t h i s  c a p a b i l i t y  i s  
t o  land man 0x1 t h e  moon and r e t u r n  him s a f e l y  t o  e a r t h  w i t h i n  t h i s  decade. 
The program i s  shaped t o  l ead  from one mission t o  t h e  next  i n  t h e  most logical . ,  
s a f e s t  and mC):;t e f f i c i e n t  manner. The f i r s t  phase of t h i s  program, the Mercury 
f l i g h t s ,  was completed wi th  Ekjor  Cooper 's  22-orb i t  f l i g h t  on May 16, 1963. 
Gemini unmanned tes t  f l i g h t s  w i l l  begin i n  f i s c a l  year  1964, w i th  two-man 
f l i g h t s  schecluled t o  begin i n  f i s c a l  year  1965. Gemini achievements j n  f i s ca l .  
year  1965 wil.!. support  Apollo by t h e  development of o p e r a t i o n a l  proceciures 
d i r e c t l y  appl.:icable t o  t h e  luna r  landing mission. The o v e r - a l l  Apollcl program 
c o n s i s t s  of t:hree f l i g h t  mission phases;  (1) unmanned s u b o r b i t a l  anc e a r t h -  
o r b i t a l  f l i g h t s ; ,  (2)  manned e a r t h - o r b i t a l  long-dura t ion  f l i g h t s  and ea r th -  
o r b i t a l  r€ndei:vc)us f l i g h t s ;  and, (3)  manned luna r  f l i g h t s .  The Apollo pro- 
gram i s  nciw e n t e r i n g  a per iod  of ex tens ive  development and tes t .  

SPACE SCIENCEL&ID APPLICATIONS -.-" -. PROGRAMS 

Unmannecl s c i e n t i f i c  f l i g h t  pro- jects  include t h e  geophysical  sate11 i t e s  
designed t o  c.oll.ect d a t a  on t h e  e a r t h  and i t s  atmosphere; o r b i t i n g  s o l a r  and 
astronomical  obse rva to r i e s ;  a program of unmanned luna r  i n v e s t i g a t i o n s  inc lud-  
ing  lunar  ortl:.t miss ions  a s  w e l l  a s  hard and s o f t  l andings  on t h e  moon's 
su r f ace ;  and i:he Mariner and Pioneer  s p a c e c r a f t  designed f o r  p l a n e t a r j  explo- 
r a t i o n .  The 7XROS and Nimbus p r o j e c t s  r e f l e c t  NASA support  of t h e  Weather 
Bureau i n  app:.ic:ation of s a t e l l i t e  technology t o  achieve an o p e r a t i o n a l  mete- 
o ro log ica l  system wi th  g loba l  coverage. Communications s a t e l l i t e  p io j  e c t s  
inc lude  Echo and the  a c t i v e  r e p e a t e r s ,  Relay i n  low a l t i t u d e  o r b i t  anc t h e  
Syncom satel31. ta  i n  synchronous o r b i t .  E f f o r t  i s  a l s o  planned on development 
of more adIvanc:ecl s a t e l l i t e s  a s  a b a s i s  f o r  des ign  of advanced operat ic lnal  
systems f o r  ctmmwnications, meteoro logica l  and o the r  a p p l i c a t i o n s .  

RD v 



ADVANCED RE:sE&XCH AND TECHNOLOGY 

The advanced r e sea rch  and technology e f f o r t  i s  aimed a t  support ing current: 
f l i g h t  progicams and a t  a s su r ing  a c a p a b i l i t y  t o  undertake f u t u r e  f l i g h t  mis- 
sions.  The program inc ludes  e f f o r t  i n  t he  f i e l d s  of spacec ra f t  and :l.aunch 
v e h i c l e  technology, human f a c t o r s ,  e l e c t r o n i c s ,  chemical and nuc lear  propul- 
s ion ,  and space power supp l i e s  inc luding  both nuc lear  and non-nuclear system:;. 
I n  t h e  f i e l d  oE ae ronau t i c s ,  s p e c i a l  emphasis w i l l  be placed on supersonic  
transport: r e  search. 

TRACKING ANI) DATA ACQUISITION 

The c r i t i c a l  element i n  ob ta in ing  s c i e n t i f i c  information recorded during 
every space .El:ight mission i s  t h e  world-wide network of t r ack ing  and d a t a  
a c q u i s i t i o n  : ; ta t ions.  I n  f i s c a l  year  1965, a s  i n  p r i o r  yea r s ,  e f f o r t  w i l l  be 
d i r e c t e d  towards support ing planned f l i g h t s ,  and towards providing the  
increased c a p a b i l i t y  necessary t o  support  observatory c l a s s  s a t e l l i t e  p r o j e c t s ,  
Apollo manned space f l i g h t  missions,  and deep space f l i g h t  p r o j e c t s .  

TECHNOLOGY l E Z , I Z A T I O N  

The t ec:hnology u t  i l i z a  t ion  program provide s f o r  the i d e n t i f i c a t i o n ,  
c o l l e c t i o n  and d isseminat ion  of t e c h n i c a l  information which has  i n d u s , t r i a l  
app l i ca t ion .  
ment of l a rge - sca l e  r e sea rch  and development programs, and t o  improve our 
understar idi i~g of t he  imp l i ca t ions  of t h e  space program. 

Also included a r e  e f f o r t s  t o  develop b e t t e r  methods for  manage- 

FINANCING 

The 'FY 1964 program t o t a l s  $4,067,000,000 of which $3,926,000,00'1 i s  
covered wi th in  the  p re sen t  appropr i a t ion  and $141,000,000 would be funded 
by t h e  proposed FY 1964 supplemental appropr ia t ion .  
year  1964 a r e  es t imated a t  $3,520,000,000 and $3,905,000,000 f o r  1965, 

Expenditures; f o r  f i s c a l  

This  volume con ta ins  d e t a i l  n a r r a t i v e  j u s t i f i c a t i o n s  support ing the 
au tho r i za t ion  and appropr i a t ion  r eques t  f o r  f i s c a l  year  1965. 

R D  v i  



NATIONAL MRONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

RESEARCH AND DEVELOPMENT SUMMARY BY BUDGET ACTIVITY 

F i s c a l  Year 
Budget A,c t i v i  t i e s  F i s c a l  Year F i sca l  Year 1964 F i s c a l  Year 

and Programs 1963 1964 Supplementaa 1965 _I. 

MANNED SPACE I?,ICXI'. ......... $1,503,583,000 $2,649,800.000 $141,000,0130 2 3,011,900,000 

Gemini..................... 288,090,000 383,800,000 - - -  308 , 400 I 000 
Apollo... .................. 1,183,965,000 2,243,900,000 141,000,000 2,677,500,000 
Advanced mi . ;  :ions.. ........ 11,39 1,000 22,100,000 - - -  26,000,,000 
Completed mi;sions......... 20,137,000 --- - - -  -_  - 

SPACE APPLICATCOh'S.. ......... $96.958.000 $103.300.000 - - -  $86.100.000 - 
Meteorology .................. 54,051,000 67,800,000 
Comunicat ions. ............ 32,075,000 13,500,000 
0 the r  applicia t i ons ......... 10,832,000 22,000,000 

37,500,GOO 
- _ -  1 2  600,, 000 

36,000,,000 

- - -  

UNMANNED INVE!CZATIONS I N  
SPACE ....... ,,. ............. S489,951,000 S602,700,000 - - -  $649,800,000 

Spacecraft  development and 
operation:;,, .............. 384,222,000 477,600,000 - - -  521,600,000 

Launch vehic::!e development. 1O5,729,000 125,100,000 - _ -  128,200,0(10 

- 

3283,300, OC? - ._ - SPACE RESEARCH AND TECHNOLOGY $255,962,000 $298,100,000 - 
Launch vehicles  and 

Propulsion iirid space power. 167,415,000 186,200,000 
spacecraft . .  .............. 88,547,000 111,900,000 - - -  104,400 , 0140 

- .- - 178 , 900, OC 0.  

S37.000, OC 0 -.-- - AIRCRAFT TECHNOLOGY. ......... sl5.598.000 $22.100,000 

- .. - SUPPORTING OPEIAATIONS.. ...... S152.742.000 $250,000.000 - $313,90Q.O00 

Tracking and da ta  acquis i -  

Sustaining inliver s i t y  
t ion. .  ... ., .,. 210,000,000 - ._ - 267,9-00,000 

program*. .................. 30,600,000 40,000,000 - ._ - ,  - 46,000 aOCg 

............. 122,142,000 

TOTAL PLAN... ................ $2,514,794,000 $3,926,000,000 1 $ ~ 4 ~ ~ ~ ~ 0 ~ ~ ~ ~ ~  SS,382,000,OC0 -- - - -  

SUM I 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

RESEARCH AND DEVELOPMENT SLlMMARY 
OF BUDGET ACTIVITIES BY PROGRAM 

F i s c a l  Year 
Budget A c t i v i t i e s  F i s c a l  Year F i s c a l  Year 1964 

and Programs 1963 19 64 Supp 1 ement a1 

MANNED SPACE --- FLIGHT $1,503,583,000 $2,649,800,000 ~141,000,000 

Apollo.... ................ 1,183,965,000 2,243,900,000 141,000,000 
Gemini.....,.............. 288,090,000 383,800,000 --- 
Advanced missions........ 11,39 1,000 22,100,000 --- 
Completed missions.. ..... 20 , 137,000 e-- --- 

SPACE APPLICATIONS $96,958,000 $103,300,000 - - -  
Meteorology .............. 54,051,000 67,800,000 --- 
Communications.. ......... 32,075,000 13,500,000 
Other application:; .  ...... 10,832,000 22,000,000 

--- --- 
Advanced techno logical  

Technologica 1 
s a t e l l i t e s . .  (8,668,000) (18,500,000) --- 
u t i  li za t  ion. ......... (2,164,000) ( 3,500,000) 

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

UNMANNED INVESTIGATLONS I N  
SPACE $489,9 51,000 $602,700,000 --- 
Spacecraft  development --- and operations.  ........ 384,222,000 477,600,000 

Geophysic:s and 

Lunar and planetary 
--- astronomy.. .......... (147,689,000) (186,200,000) 

explorat ion .......... (222,802,000) (270,800,000) --.+ Bioscienc:e.. --- ........... ( 13,731,000) ( 20,600,000) 
Launch vehi.c Le development 105,729,000 125,100,000 --- 

SPACE RESEARCH AND TECHNOLOGY $255,962,000 $298,100,000 --- 

spacecraf t . .  ........... 88,547,000 111,900,000 --- 
Space vehicle  systems.. (43,990,000) (49,000,000) --- 
Electronic  s y s t e m s . .  ... ( 17,07 1,000) (28,700,000) 

-,Human fac:tor systems.. . ( 9,790,000) (13,200,000) 
Basic rer:earch. ........ (17,696,000) (21,000,000) --- 

--- 

Launch vehicles  and 

--- 
--- 

Fi:ical  Year 
1965 

$3,0 11,9OO,OOC! 

308,400,000 
2,6 17,500,000 

:!6,000,000 

- 

--- 
- $116,l00,00C! 

.2,600,000 
.16,000 ,oOC! 

.17,500,000 

( : I  1 ,000 , OOCl) 

( 5,000, OOCl) 

- 5:! 1,600 I OOC: 

(1!,0,200 ,OOCI) 

(3(10,400 ,OOCi) 
( :11,ooo,ooc) 

1:!8,200 ,OOC 

- $2113,300 ,OOC: 

(:!8 ;400 ;OOC ) 
('.6,200 ,OOC ) 
(:I 1,000 ,ooc ) 



Budget P.E t i v i t i e s  
and Prclgrams -- 

Propulsion and space 
p o w e r . . . . . . . . . . . . . . . . .  
Nuc lear  -e  k c :  t r i c  

systems.,  I ... ...... . 
Nuclear roc:kets.. . . . . . 
Chemical propulsion.. . 
Space power. .......... 

AIRCRAFT TECHNOIAGY 

SUPPORTING OPERATIONS 

Tracking and data 

Sustaining urdversi ty 
ac qui s i t i  cm . . . . . . . . , . 
program. . . . . . . . . . . . . . 

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

Fisca l  Year 
1963 

$167,415,000 

(39,893,000) 
(69,465,000) 
(49,722,000) 
( 8,335,000) 

$15,598,000 

$152,742,000 

(122,142,000) 

( 30,600,000) 

$2.514.794 .OOO 

Fisca l  Year 
F i sca l  Year 19 64 

19 64 Supplement a1 

$186,200,000 --- 
(44,700,000) --- 
(82,700,000) --- 
(45 , 800,000) --- 
(13,000,000) --- 

$22,100,000 --- 

$2 50,000,000 --- 

--- ( 2  l o  ,000,000) 

--- ( 40,000,000) 

Fisca l  Year 
- 1965 __ 

- $178,900,0130 

(48 , 100,000) 
(58,000,000) 
(59,800,ODO: 
(13,000,000: 

- $313,900 ,Oi;g 

(267,900,Oi:)O) 

( 46,000,000: 

$4.382 .OOO.O[,O -- 

SUM 3 



NATIONAL AERONAUT ICs AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

- SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN BY PROGRAM 

F i s c a l  Year 
1963 

MANNED SPACE FLIXHT,. ...... .$1,503,583,000 

Gemini.. ................ 
Apollo .................. 
Advanced m i s s  ions.  ...... 
Completed inisriians. ..... 

SPACE SCIENCE ANI) APPLI- 
CATIONS....... .......... 
Geophysics and astronomy 
Lunar and .planetary 

explorat ion ......... 
Sustaining un ive r s i ty  

program..... .......... 
Launch v e h i c l e  develop- 

m e r l t . . . . . . . . . . . . . . . . . .  
Bioscience. . . .  .......... 
Meteorological s a t e  11 ites 
C m u n i c a t  ion r i a t e l l i t e s  
Advanced techriological 

s a t e l l i t e s  ............ 
ADVANCED RESEARCH AND 

TECHNOLOGY.. ............ 
Basic r e sea rch . .  ........ 
Space veh ic l e  systems.. . 
Electronic  systems ...... 
Human f a c t o r  s ls tems. .  .. 
Nuc 1 ea r  -e 1 ec t I' i c s y s t ems 
Nuclear rockets . .  ....... 
Chemical propu.1 sion.. ... 
Space power ............. 
Aeronautics............. 

288,090,000 
1,183,965,000 

11,391,000 
20,137,000 

$615,345.000 

147,689,000 

222,802,000 

30,600,000 

105,729,000 
13,731,000 
54,05 1,000 
32,075,000 

8,668,000 

.$271,560.000 

17,696,000 
43,990,000 
17,071,000 
9,790,000 

39,893,000 
69,465,000 
49,722,000 

8,335,000 
15,S98,000 

$122,142,000 

F i s c a l  Year 
F i sca l  Year 19 64 F i sca l  Year 

1965 1964 Supplement a1 - 

$2,649,800,000 $141,000,000 $3.01'..900.000 

383,800,000 - - -  30t1,400,000 
2,243,900,000 $141,000,000 2,67",500,000 

22,100,000 --- 2~l,000,000 
- -e  --- --- 

$742.500.000 --- ~ 1 , 9 0 0 , 0 0 0  

186,200,000 --- 19(1,200,000 

30(1,400,000 270,800,000 --- 

4t1,ooo ,000 40 , 000,000 --- 
125 , 100,000 --- 
67,800,000 --- 
13,500,000 - - -  

18,500 , 000 --- 

12tl,200 , 000 
20,600,000 --- 31 ,000,000 

3; ,500,000 
1:!,600,000 

31 ,000,000 

$320,200,000 --- $32(~,300,000 

21,000,000 
49,000,000 
28,700,000 
13,200,000 
44,700,000 
82,700,000 
45,800,000 
13,000,000 
22,100,000 

--- 21,000,000 
--- 3E ,800,000 
--- 2E ,400,000 
--- It , 200,000 --- 4€ ,100,000 

5€ ,000,000 

1:,000,000 

--- 
59,800,000 

37,000,000 

--- 
--- 
--- 

$267,900,000 --- .j 2 10,000,000 
I 



F i s c a l  Year 
F i sca l  Year F i s c a l  Year 19 64 Fisc:al Year 

'1.965 - 1963 1964 Supplement a1 

$2,164,000 $3,500,000 --- $5,000,000 TECHNOLOGY UTILI 2 AT ION. . . . . 
TOTAL PLAN. ................s 2,514,794,000 $3,926,000,000 Q141,000,000 -- ~ 4 , 3 8 2 , , 0 0 0 , 0 0 0  

P 
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

FISCAL YEAR 1965 ESTIMATES 

SUMMARY OF RESEARCH AND DEVELOPMENT BUDGET PLAN 
AS RECONCILED TO FINANCING SCHEDULE 

F i s c a l  Year 
F i s c a l  Year F i s c a l  Year 19 64 

1963 1964 Supplement a!- 

Budget plan:: 

Research, development, 
and operaticln.. ........ $2,953,469,000 --- --. 

Research and c eve lopmen t (. ( 2 , 5  14,794,000) $3,926,000,000 $141,000,000 

--- _-._ Administra tiw operat ions ( 438,675,000) 

26.000.000 $141,000,00() Total.................. $2.953, 469.000 $3.9 - 
Financing: 

Appropriation ............ 
Transferred fnnn 

"Cons t ruc  t:,on of 
f a c i  li tie:;" (76 S t a t  . 
731) ................. 

Transferred 110: 

"Administr,a Live 
opera t i o n  5 "  (77 S t a t  . 
439) ................. 

"Operating (expenses, 
Public Buildings 
Service,  2% (76 
S t a t .  7 2 5 )  ........... 

Appropriation (adjusted) .  
P r i o r  Year funding applied- 

Generated by adjustments 
t o  p r i o r  year  budget 
plans .................. 

M 1963 funding appl ied 
t o  M 11964 budget plan. 

Transfer from p r i o r  yea r  
Yonsti:uction of 

f a c i  Lities" funds.. .. 

$2,89 7,8 78,000 

+32,602,850 

- 1 ,O 73,723 
2,929,407,127 

+25,731,873 

- 1,670,000 

$3,926,000,000 

- 16,385,000 

--- 
3,909,615,000 

+1,670,000 

--- 

+14,715,000 

Total  budget plan 
:Einarcing 6 0 0  26 -000 -000 Ql41,OOO ,000 ........ $2.953-4 9. 0 $3.9 

Tiscal Year 
1965 __ 

.. - 
$4,382,000,00C 

$4,382,000, OOC 

.. - .. 

..-.. -- 
L ,  382,000,000 

SUM 6 



NATIONAL AERONAUTICS AND SPAm ADPIMISTRATION 

FISCAL YEAR 1964 aOLlM4 OF FISCAL YEAR 1965 BUDGET ESTIMAT'ES 

Systems.......... .............. 
Advanced studies............... 

P R I O R  S T R U C T U R E  

PROGRAM ROJECT Total 

2 649 800 

MANNED SPACECRAFT SYSTEXS 1 283 900 

14,900 
22,100 

Mercury.............. .......... 
Gemini 
Spacecraft.. ................. 273,300 

Spacecraft.... ................ 798,100 
Launch vehicle procurement 

Apollo 

Saturn V..................... 
Mission control systems. ....... 52,500 

Launch vehicle technology.... .. 
Saturn I development....... .... 
Propulsion technology....... ... 
Launch operations technology... 

Saturn IB development.. ........ 
Saturn V development...... ..... 
B-1 Engine development.. ....... 
RL-10 Engine development.... ... 
F-1 Engine development..... .... 
3-2 Engine development.. ....... 
Launch instrumentation......... 
Launch operations.... .......... 

12,900 
12,800 
2,100 

182,200 
139,400 
657,000 
11,100 
20,000 
62,300 
56,600 
17,500 
19 $000 

INTEGRATION. CHE(X0UT AND 
RELIABILITY 

~ 

(Thousands of Dollars) 
CONVERSION CHART FOR MANNED SPACE FLIGHT PROGRAM STRUCTURE 

Total 

383.80( 

273,30( 
110 , ooc 

500 

G E I  

9acecrafi 

252.301 

252,301 

I N 1  
Launch 
Vehiclc 

11O.OOl 

L10,OO~ 

Support 

21.500 

21,000 

500 

C U R R E N T  S T R U C T U R E  

Total 

2.243.5 

18,; 

798,l 

6,E 
21,5 
3,c 

52,5 

12,9 
12,a 
2,1 

182,Z 
139.4 
657,C 
11,l 
20,c 
62,3 
56,6 
17,5 
19.0 

125,O 

10,5 

14,9 

spacecraft 

870.901 

795,20( 

6,80( 

58,40( 

10 , 50( 

- 
1-1 En1 - 
11.10( 

ll.lOC 

RL-10 Eni 

20.001 

20,00( 

4 e a j  

?-1 En1 

62.30( 

62,30( 

I n  

1-2 En1 

56.60( 

- 
- 

56,6OC 

iaturn : 

204,20( 

21 , 50( 

182 , 20( 

50( 

Saturn II 

149.90( 

3, OOC 

139,40C 

7,500 

- 
iaturn 

689,6( 

- 

657,OO 

32,60 

~~ 

;upport 

179.300 

18,700 

2 , 900 

52,500 

12,900 
12,800 
2,100 

17,500 
19,000 

26 , 000 

14,900 

Adv Missions 
Studies 

22.100 

22,100 

SUM 7 



NATIONAL AERONAUTICS AND SPACE -1STRILTION 

288.090 

!08,612 
79,109 

P R I O R  S T R U C T U R  

I 
- 

205.04, 

i . "  rota ,- PROG~UWPRII-~~ 
I 

TOTAL 

MANNED SPACECRAFT SYSTEMS 

- 
Tota l  I Spacecraf 

Spacecraft  technology........ 
Mercury ...................... 20,c 
Gemini 

205,045 Spacecraft..............,... 
Launch vehic le  procurement.. 

Apollo 

F - 1  En 

53.70 

5_ 

Spacecraft . .  ................ 337,8 

.............. 6,31 
Saturn I................... 54,2 .................. 4 

-( 

L i t t l e  Joo I1 

Saturn I B  
Saturn V................... 

Mission cont ro l  systems...... i 7,9t 

Launch vehic le  procureamt  

8-i $1 - 
6.2t 

MwcH VEHICLES AND PROPULSION [ 121.7E 

6,260 

Launch v e h i c l e  

RL-10 Engine development..... 
F-1 Engine development....... 
5-2 Engine development....... 
Launch instrumentation....... 
Launch operations............ 

6,29 
9,00 
2,30 

200,86 
18,41 

340,85. 
6,261 

29,641 
53 , 70: 
46,765 

-0. 
7,672 

INTEGRATION CHEQtouT AND 
RELIABILITy 

Systems 
Advanced 6tudi iE 

I 8,484 
j i i , 3 9 i  

i 

OF FISCAL YEAR 1965 BUDGET ~ ESTIMATES 
FISCAL YEAR 1963 ~ U ~ M N  

(Thousands of Dollars)  
CONVERSION CHART FOR m D  SPACE FLIGHT PROGRAM STRUCTURE 

C U R R E N T  S T R U C T U R E  

G E M I N I  
I - 

Launch 

3 69 

I I 

Vehicl 

79.10' 

- 

79,109 

I 
i 
I 

g 
?.' 

3,5 

36 

7,963 

337,816 

6,300 
54,270 

7,989 

6,299 
9,004 
2,304 

200,862 
18,414 

340,853 
6,260 

29,645 
53,703 
46,769 

7,672 

3lL* 965 

5,093 

8.4841 

I 
I 

337,446 

6,300 

15,122. 

I 
i 

5,093 

I 

KL-10 En 

29.641 

- - -  
5-2 En 

46.76 

- 

Saturn 

,256.88 

- 

54,270 

- 
Saturn - 

21, 

18,41 

2,857 

I 

Saturn 

343.44 

- 

340,853 

- 
- 
62.( 

739 

3 '  

7, 

6,: 
9,(  
2,: 

- 

Completed 
Missions 

20.137 

20,030 

107 

Y 8  



R E S W C H  AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

GE&ff NIL PROGRAM --- OFFICE OF MANKEDl SPACE FLIGIE --- 
PROGRAM OBJECTIVES --- ANI) JUSTIFICATION: 

The Gemir.i program ob jec t ives  are t o  develop an  extended opera t iona l  
c a p a b i l i t y  fox nlanned space f l i g h t  and through t h i s  c a p a b i l i t y  t o  conduct 
s p e c i f i c  exper iuients and tests which support  Apollo, Department of Defense 
programs and s ,c i . en t i f ic  i nves t iga t ions .  To accomplish t h i s  o b j e c t i v e  
long-duration and rendezvous missions have been planned f o r  a two man 
spacecraf t .  Iluxing the  long-duration missions,  the  a s t ronau t s  w i l l  con t ro l  
and maneuver the  spacecraf t  thus providing performance da ta  (on both systems 
and a s t ronau t )  a f t e r  long exposures t o  space f l i g h t .  The a s t ronau t s  w i l l  
perform a series of experiments generated by NASA, Department of 3efense 
and the  sciec.t : if ic community. The f i r s t  long-duration f l i g h t  i s  > l a m e d  
f o r  i965. 

The rendezvous missions begin with the  launch of t he  t a r g e t  vehic le ,  
a modified1 Agcmi D ,  which i s  boosted i n t o  o r b i t  by a standard At l a s  
launch vehic le .  Approximately 24 hours l a t e r ,  t he  Gemini spacecraf t  i s  
in se r t ed  i n t o  orbit where i t  i s  posi t ioned c lose  t o  the  Agena. The 
as t ronauts  then mate the  spacecraf t  with the  t a r g e t  vehic le  through a 
docking maneuver. The Gemini spacecraf t  and Agena t a r g e t  vehic le  perniit 
a v a r i e t y  of ~:endezvous techniques t o  be explored and provide a t e s t  t e d  
f o r  var ious phases of Apollo mission. Great importance i s  placed on the  
i n t e l l i g e n c e ,  arid p i l o t i n g  a b i l i t y  of  the  as t ronauts  t o  accomplish coniplex 
missions with the  Gemini spacec ra f t .  

Ear ly  reiidt?zvous f l i g h t s  will develop optimum techniques and eva lua te  
man's abi1 . i t j . e~  as compared t o  automatic con t ro l s ,  thus g r e a t l y  extending 
the  present  hiowledge of manned space f l i g h t  technology and opera t iona l  
procedures. As opera t iona l  prof ic iency  increases  and f l i g h k  techniques are 
developed,, &mini w i l l  s imu la t e  s i tua t ions  comparable to  f u t u r e  space 
missions. The s imula t ion  of t h e  luna r  o r b i t  rendezvous of t he  Apollo l u n a r  
excursion motillla wi th  the  command and Service Modules i s  of p a r t i c u l a r  
importance; however, Gemini w i l l  also provide da t a  f o r  o ther  missions such 
as rendezvous wi th  a space s t a t i o n  or inspec t ion  of unmanned sa t e l ' l i t t t s .  
The rende:woou,s missions a re  defined i n  d e t a i l  and planned t o  lead 
l o g i c a l l y  i n t o  the next  mission without  dupl ica t ion .  

The ireentr:y t r a j e c t o r y  i s  normally con t ro l l ed  by the  a s t ronau t s  1)y 
l i f t  fo rce  o r i e~n ta t ion .  I n  c o n t r a s t  t o  Mercury which could only make a 
b a l l i s t i c  r een t ry ,  Gemini can descend t o  a chosen recovery zone wi th in  an 
area of seveersl thousand square m i l e s .  In add i t ion ,  t he  pa rag l ide r ,  which 
may be introduced later i n  the  program, allows the  f i n e  con t ro l  requi::ed fo r  
landing at a s p e c i f i c  p re se l ec t ed  land site. 
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SUPDfARY OF RES_CURCES MQUIP\EIGNTS: 

1963 1964 1--- 065 

Spacecraf t .  .................... $205,045,000 $252,300,000 $168,900,000 
Launch v e h i c l e s .  ............... 7 9,109,000 110,000,000 111,300,0130 
Gemini suppor t ................. 3,936,000 21,500,000 28,:100,0130 - 

Tota l  costs  ..................$ 288,090,000 $383,800,000 $308&00,Oc\O - --- 
BASIS OF FUND ELEC!UIKEMENTS: 

Spacecraf t  

1365 
__.I_- 

1963 1964 

Spacecraf t  .....................$ 205,045,000 $252,300,000 $168,900,000 

The two-nmn Gemini spacec ra f t ,  which i s  t h e  successor t o  Nercury and 
draws heavi.ly on pruven ;viercury technology, r e f l e c t s  major advances i n  
spacec ra f t  des:!gn. Plercury demonstrated the f e a s i b i l i t y  of manned space 
systems and UWIA'S usefu lness  the re in .  
c m 2 l e x  and vc:rsat i le  spacec ra f t  and w i l l  provide a t r a n s i t i o n  from the 
pioneering ach:tevements of Mercury t o  t h e  luna r  program goa l s  of Apollcl. 

Gemini is  a f a r  more advanced, 

A highly  r e f i n e d  and s o p h i s t i c a t e d  design i s  requi red  t o  conduct 
the missions s p e c i f i e d  f o r  Gemini. Gemini i s  l a r g e r  than Mercury and j s  
divided i n t o  1:liree b a s i c  s ec t ions :  t h e  r e e n t r y ,  t he  r e t rog rade  and t h c  
equipment adap tei: sec t ions .  This arrangement provides  a l a r g e r  spacec ra f t  
f o r  the longer and more complex missions while  s t i l l  keeping the  r e e n t r y  
s e c t i o n  re1at:tve'Ly small. Modularized equipment i s  l oca t ed  i n  a serie: ,  of 
equipment bay:; around t h e  pressur ized  cabin to  provide f o r  access ib  i1ii:y 
during t e s t i n g  and checkout, thus minimizing launch delays. Many access  
doors and ttXttSrni3.l check p o i n t s  a r e  provided f o r  use  by t h e  launch crew t o  
quick ly  l o c a t e  and s e r v i c e  a f a u l t y  i t e m .  New subsystems have been i n t r o -  
duced: fuel c e l l s  t o  r ep lace  b a t t e r i e s ;  e j e c t i o n  seats; on-board spacccraf t 
propuls ion for  maneuvering i n  space; and rendezvous r ada r  and an inert: .al  
guidance s y s t a n  for  rendezvous wi th  the  Agena. 
system a l s o  p-covides alternate guidance c a p a b i l i t y  during launch i.n tht! 
event of f a i l u r e  of t h e  G e m i n i  launch v e h i c l e ' s  primary guidance systeri. 

The i n e r t i a l  guidance 

The Gemini spacec ra f t  c o n t r a c t  w a s  awarded t o  the McDonne11 Aircr i i f t  
Over 50 pe rcen t  of t h i s  c o n t r a c t  e f f o r t  i s  Corporation i n  December 1961. 

placed wi th  subcont rac tors .  
subcont rac tors  in var ious  s p e c i a l i z e d  areas. There are a l s o  many o the r  
subcont rac tors ,  vendors and s u p p l i e r s  performing a d d i t i o n a l  work on t h e  
Gemini prograa. North American Aviat ion Corporation, as a s s o c i a t e  con- 
t r a c t o r ,  i s  developing t h e  p a r a g l i d e r  f o r  land landing. 

Major subsystems are being suppl ied  by 18 
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Approximately one-third of t he  t o t a l  Gemini program funding will be f o r  
production of de l ive rab le  hardware. Under the  McDonnell con t r ac t  ina j o r  items 
being de l ivered  ro the  Gemini program include: (1) 1 2  f l i g h t  spacecraf t ;  
(2) 5 non-flying "boi le rp la te"  spacec ra f t  f o r  use i n  development aind q u a l i f i -  
ca t ion  t e s t i n g  of subsystems; (3) 4 s t a t i c  a r t i c l e s ,  non-flying, spacec ra f t  
used p r i m a r i l y  f o r  var ious  s t r u c t u r a l ,  thermal and f l o t a t i o n  tests; (4 )  a 
complete fl igh,t .-quali ty spacecraf t  f o r  simulated space missions i n  an 
environmental c:hatmber (Pro jec t  Orbi t )  ; (5) an e l e c t r i c a l  systems t e s t  u n i t  
( for  i n t eg ra t ed  t e s t i n g  of engineer ing models of e l e c t r i c a l  and e l e c t r o n i c  
equipment); (6 ;  ii compat ib i l i ty  t e s t  u n i t ,  (a non-flying spacecraf t  corf igured 
so t h a t  f l i g h t - q u a l i f i e d  models of a l l  subsystems can be f u l l y  checked f o r  
opera t ion  and compat ib i l i ty  with the  ground equipment before  the  all-sqsterns 
test  f l i g h t ) ;  ((7) 2 mission s imulators ;  (8) a docking t r a i n e r ;  (9) sevcral  
systems t r a i n e r s ;  (10) 9 docking adapters ;  and (11) spec ia l i zed  ground 
equipment, tes 1: hardware, and spares .  

A l l  of  t h e  non-flying spacecraf t  and r e l a t e d  u n i t s  w i l l  be de l ivered  
These were funded i n  f i s c a l  ye2,rs by the  end of the  cur ren t  f i s c a l  year .  

1963 and 1964. The f i r s t  f l i g h t  spacecraf t  w a s  de l ivered  t o  Kennedy Sitace 
Center i n  Cktol~ei: 1963; the  second i s  scheduled f o r  de l ive ry  i n  the  1a : t  
qua r t e r  f iscal .  year 1964. Six add i t iona l  spacec ra f t ,  now i n  manufactul'ing 
and assembly, wi:11 be de l ivered  i n  f i s c a l  year 1965 and cons t ruc t ion  oi. the  
remaining four w:i11 be s t a r t e d  during t h a t  year .  The major por t ion  of the  
f i s c a l  year 15165 funding w i l l  be f o r  the  production, t e s t i n g ,  and launch 
of the  spac:eci:sft and i t s  components. 

The Mercwry program t e s t i n g  requirements d i c t a t e d  that each component, 
subassembly, assembly, subsystem and system, be c a r e f u l l y  and e x t e n s i v d y  
t e s t ed  t o  a s su re  a f l ight-worthy spacecraf t .  The requirements for  rel:i-abil- 
i t y  and perfoirinaince d i c t a t e d  by the  Gemini missions a r e  even more s t r i n g e n t  
and the  tes t i iq  program has been increased accordingly.  Whenever poss .ble ,  
tests a r e  per.Eorined under a c t u a l  environmental and operat ing condition:;. 
Components and subsystems undergo exhaust ive development t e s t i n g  t o  ce::tify 
t h a t  t he  design requirements h w e  been f u l l y  m e t  under a l l  a n t i c i p a t e d  
condi t ions ( Q i s l i f i c a t i o n  Tes ts ) .  Vendor procured product ion comFonenx 
must pass a pre-del ivery acceptance test before  shipment t o  EIcDonne11. 
Every componcnt undergoes a p r e - i n s t a l l a t i o n  acceptance test a t  McDonnell 
t o  r e -ve r i fy  required q u a l i t y  standards.  

To as : sur~~!  spacec ra f t  f l i g h t  readiness ,  approximately 176 working days 
(two s h i f t s )  a r e  spent  i n  sys temat ica l ly  t e s t i n g  and v e r i f y i n g  the  spa-e-  
c r a f t  and i t s  many subsystems a f t e r  completion of manufacturing. This 
includes 93 working days of t e s t i n g  at McDonne11 to  in su re  t h a t  the  spxce- 
c r a f t  components and subsystems are compatible and perform as i n s t a l l e i  i n  
the  spacecref t .  Included i n  these  spacec ra f t  tests are seve ra l  s ~ ~ m u l a t e d  
f l i g h t s ,  including one i n  an  a l t i t u d e  chamber wi th  an a s t ronau t ,  to insure  
t h a t  prcce'dures and equipment are f l i g h t  ready. A t  Kennedy Space Center 
an add i t iona l  56 working days of t e s t i n g  is  performed t o  in su re  i n t c g r s t c d  
opera t ion  of the  spacec ra f t  and the  checkout and launch instrumentat ion.  
A t  the  launch complex, the  spacec ra f t  and launch v e h i c l e  are mated and 
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t e s t e d  t o  insure  t h e i r  compat ib i l i ty .  A simulated countdown and boost  
f l i g h t  phase is performed as a f i n a l  check f o r  f l i g h t  readiness .  
tests r e q u i r e  approximately 27 working days. 

These 

During f i s c a l  year  1964, t he  major po r t ion  of the  development t e s t i n g ,  
as w e l l  a s  the: q u a l i f i c a t i o n  t e s t i n g  of a l l  subsystems of t he  spacec ra f t  
w i l l  be completed and spacec ra f t  #l and #2 w i l l  be c e r t i f i e d  as f l i g h t  
ready. 
spacecraf t  s y s t e m  tests a t  McDonnell and the  th ree  months of t e s t i n g  a f t e r  
de l ive ry  t o  E.t!nrtedy Space Center i n  p repa ra t ion  f o r  f l i g h t .  

I n  fiEm.1 year  1965, four  spacec ra f t  w i l l  undergo the  four  months 

Launch Vehicles 

1965 --- 1963 1964 
4 i t  Gemini. ....... '.v: .............. $63,709,000 $76,900,000 $66 , 900,000 

A t l a s  ....................... I-.(. 6,300,000 19,500,000 
Agena ....................... 15,400,000 26,800,000 - 24,900,000 

Total  cos1:s ............... $79,109,000 $110,000,000 $111,3OO,OOO 
-_I_- 

The (:ernhi Launch Vehic le  i s  a T i t a n  11 ICBM booster  modified fox 
g r e a t e r  r e l i t r b i l i t y  and a s t ronau t  sa fe ty .  These modif icat ions "man-rate" 
t h e  T i t an  I1 cud include: 
systems f o r  g:ceater r e l i a b i l i t y ;  a malfunction d e t e c t i o n  system t o  warn 
the  astronautr3 of launch v e h i c l e  failures r equ i r ing  abor t ;  replacement of 
the  T i t an  I1 Lner t ia l  guidance system by the  r a d i o  guidance system used 
successfull ly in  Mercury; and removal of items use fu l  only t o  the  T i t a r t  I T  
ICBM. These inodif i c a t i o n s  n e c e s s i t a t e  an ex tens ive  test program. Conpon- 
e n t s  used i n  the  Gemini launch v e h i c l e  are subjec ted  t o  more severe  tt!st 
condi t ions tltsn those of t he  T i t a n  11 (ICBM) s i n c e  manned f l i g h t  requ:xes 
a higher s a f e t y  standard.  I n  most cases, t h i s  r e q u i r e s  re-qual i f  icat:l.on 
tests of T i t i i n  I1 components and systems. A l l  Gemini-peculiar cclmponmts 
and s y s t e m  w i l l  complete the  f u l l  developmental and qua l i f i ca t i cms  tests 
by March :L964. 

redundant e l e c t r i c a l  power and f l i g h t  con t ro l  

NASA i s  procuring f i f t e e n  Gemini Launch Vehicles through the  A i r  Force 
Space Systems Division. The A i r  Force has implemented t h i s  procttrement 
program under f i v e  major con t r ac t s :  Martin-Marietta f o r  the  Launch Vehicle,  
Aero j e t  f o r  t he  engines; General Electric f o r  t he  guidance system; Burroughs 
f o r  the  computer; and Aerospace Corporation f o r  t echn ica l  a s s i s t ance .  

The launch v e h i c l e s  are subjec ted  t o  t h e  same type of comprehenshe 
t e s t i n g  a f t e r  manufacturing as t h e  spacecraf t .  P r io r  to de l ive ry  t o  the 
launching s i te ,  func t iona l  system tests are conducted a t  Mar t in - Ik r i e t t a  
i n  Baltimore on. a l l  systems wi th  t h e  complete v e h i c l e  i n s t a l l e d  i n  thiz 
v e r t i c a l  t e s t  f a c i l i t y  with the  same type of ground equipment used a t  the  
launch si te.  All systems are thoroughly t e s t e d  except f o r  a c t u a l  engine 
f i r i n g .  
da t a  and an cppor tuni ty  t o  uncover problems ea r ly .  

This provides test procedure experience,  comparabi l i ty  of t e s t  
The f i r s t  Gemini Launch 

RD 1-4 



Vehicle was t e s t e d  f o r  f i v e  months i n  the  v e r t i c a l  t es t  f a c i l i t y  p r i o r  to 
d e l i v e r y  to Kennedy Space Center i n  October 1963. 

Subsequent t o  de l ive ry  t o  Kennedy Space Center,  the  Gemini Launch 'Vehicles 
undergo comprehensive t e s t i n g  a t  Launch Complex 19, ( t h i s  complex has been 
modified f o r  the  Gemini mission) t o  e s t a b l i s h  compat ib i l i ty  and t o  veril5y 
f l i g h t  readiness .  This includes t h e  complete systems check-out of t he  v e h i c l e  
wi th  the  launch complex ground equipment and a static f i r i n g  of t he  f i r ,S t  
and second s t age  engines. Following these  tests, the  spacec ra f t  i s  mated 
with the  launch v e h i c l e  and complete space v e h i c l e  tests are conduc:ted Ln 
prepara t ion  f o r  launch. The test  per iod  f o r  t he  f i r s t  Gemini Launc:h Vehicle, 
including t h e  i n i t i a l  check-out of Launch Complex 19, is  approximately L13 
working days . 

During f i s c a l  year 1965, four  launch v e h i c l e s  w i l l  be de l ivered .  :Pach 
of t hese  veh ic l e s  w i l l  undergo 55 working days of systems test  i n  t h e  
v e r t i c a l  t e s t  f a c i l i t y  p r i o r  t o  de l ive ry ,  followed by approximately 60 
working days of t e s t i n g  and check-out a t  the  Kennedy Space Center. 

The Gemini Launch Vehicle development is  bene f i t i ng  from the  Air Force 's  
Over 20 T i t an  I1 launchings by the  A i r  Force have prlmided T i t an  I1 program. 

va luab le  launch opera t ions  experience and f l i g h t  test da t a  d i r e c t l y  appl ica-  
b l e  t o  the  Gemini Launch Vehicle. The Gemini Launch Vehicle malfurictioii 
d e t e c t i o n  system is  being t e s t e d  on 6 A i r  Force T i t an  I1 f l i g h t s .  
problems i n  the T i t an  I1 have been encountered p r imar i ly  with the  rocket  
engines  which a re  of concern t o  the Gemini Launch Vehicle development. 
The A i r  Force has undertaken an improverpent program. 
from t h a t  program are being incorporated i n t o  t h e  Gemini Launch Vehicle,  
For example, (as of December 1963) t he  surge chamber f i x  f o r  a long i tud ina l  
o s c i l l a t i o n  has been t e s t e d  on 2 Ti tan  11 launches. The f i x  w i l l  be i n s t a l l e d  
on Gemini Launch Vehicle C1. 

Some 

Design improvements 

I n  f i s c a l  year 1965, e f f o r t  w i l l  be l a r g e l y  r e l a t e d  t o  launch vehil:le 
production, t e s t i n g  and launch support. 
ment was developed j o i n t l y  by NASA and the  A i r  Force through d e t a i l e d  
a n a l y s i s  of experience with the  T i t an  11 program, the  launch v e h i c l e  contrac-  
t o r s ,  Mercury experience,  and the  s p e c i f i c  work programmed f o r  the  budglet 
year. The funding requirement takes  i n t o  account such f a c t o r s  as tihe 
ex tens ive  q u a l i t y  con t ro l  and test e f f o r t  requi red  t o  a s su re  man-rating 
standards.  

The f i s c a l  year  1965 funding rlequire- 

ATLAS/AGENA 

The complete Gemini t a r g e t  veh ic l e  and launching system c o n s i s t s  oE 
a modified Agen.a D and the  A t l a s  standard launch vehicle .  
t a r g e t  veh ic l e  systems are being procured through A i r  Force Space !;ystelns 
Division. 

Eight  Atlas/4gena 

At las  - The At l a s  s tandard  launch veh ic l e  is being developed by t he  
A i r  Force t o  achieve g r e a t e r  r e l i a b i l i t y  during countdown and f l i g h t .  
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The experience gained from over one hundred A t l a s  launchings has been used 
as a b a s i s  for  t he  improvement program. NASA is con t r ibu t ing  t o  the  
development cclsts of t h i s  program. The f i r s t  Gemini A t l a s  is scheduled f o r  
de l ive ry  i n  t h e  second qua r t e r  of f i s c a l  year  1965. 
de l ive red  i n  the f i r s t  qua r t e r  of f i s c a l  year  1966. Four more Gemini 4tlas 
v e h i c l e s  w i l l  be i n  f a b r i c a t i o n  by t h e  end of f i s c a l  year  1965. The f i s c a l  
year  1965 funding requirement f o r  the  Gemini A t l a s  is  p r imar i ly  f o r  the  
f a b r i c a t i o n  and t e s t i n g  of these  v e h i c l e s  and includes a propor t iona te  
share  of the  s tandard launch v e h i c l e  development and t e s t i n g  cost..  

The second w:L11 be 

Agena - ?'he modif icat ions t o  the  b a s i c  Agena D t o  make i t  a Gemini 
t a r g e t  vehicle  provide: (1) a d d i t i o n a l  maneuverabili ty i n  o r b i t ;  (2) 
command and ccnxmunications compatible wi th  the  Gemini spacec ra f t  and the 
ground s t a t i o n  network; and (3) a docking mechanism. These m o d i f i c a t i m s ,  
t o  be accomplished by the  Lockheed Missiles and Space Division,corrsist  of 
changes t o  t h e  e l e c t r i c a l  power supply, te lemetry,  spacec ra f t  comrnand 
recorder  and decoder subsystems and major modif icat ions t o  the  propuls ion 
system. The lrain engine is being given a mul t ip l e  restart capabi l l i ty  so 
t h a t  i t  may be s t a r t e d  as many as f i v e  times i n  o r b i t  f o r  rendezvous a i d  
post-rendezvous maneuvers. 
added t o  provide small v e l o c i t y  changes and p rope l l an t  o r i e n t a t i o n  f o r  main 
engine start .  The docking c a p a b i l i t y  is achieved by adding t o  the  Agena an 
adapter ,  b u i l t  by McDonnel1, and provided as government furnished equi?ment 
t o  Lockheed. 

A secondary propuls ion system is a l s o  be in3  

The G e m i n i  t a r g e t  veh ic l e  modif icat ions make i t  f a r  d i f f e r e n t  froin 
the  Agenas used i n  o ther  NASA programs o r  by the  A i r  Force. It i s  a 
v e r s a t i l e ,  o r b i t i n g  space v e h i c l e ,  as w e l l  as a powerful second s t age  IDooster, 
t h a t  r equ i r e s  man-rating of t h e  f l i g h t  a r t i c l e .  
i f i c a t i o n  t e s t i n g  requi red  i s  correspondingly severe. 

The development and q i a l -  
" 

F i s c a l  year 1964 is devoted t o  heavy e f f o r t  i n  t e s t i n g .  The engines 
w i l l  undergo four  months of combined systems ho t  f i r i n g  a t  Lockheed 
Sunnyvale. 
test  f o r  four  months a t  B e l l  Aircraft. Two months of s t r u c t u r a l  t e s t s  
w i l l  be concluded i n  January 1964. Qua l i f i ca t ion  tests w i l l  be completed 
on the  command and con t ro l  system, t h e  guidance and f l i g h t  control. u n i t s ,  
and the  pu l se  code modulation te lemetry system. 

T h e  engines a l s o  w i l l  be subjec ted  t o  a prel iminary f l i g h t  r a t i n g  

Systems t e s t i n g  of the  f i r s t  f l i g h t  v e h i c l e  w i l l  be conducted i n  
f i s c a l  year  1965. 
frequency i n t e r f e r e n c e  tests. S t a t i c  f i r i n g  tests of the assembled v e h i c l e  
w i l l  be conducted a t  the  Santa Cruz Test Base i n  October and November 1964. 
The f i r s t  f l i g h t  a r t i c l e  w i l l  then be shipped t o  the  Kennedy Space Center 
f o r  prelaunch t e s t  and check-out i n  mid f i s c a l  year  1965. 
F i s c a l  Year 1965, four  Gemini t a r g e t  veh ic l e s  w i l l  be i n  var ious  s t ages  of 
product ion and tes t  . 

In t eg ra t ed  systems t e s t i n g  w i l l  be followed by radil:, 

By the  end Df 
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Gemini Support 

1965 
-I__- 

1963 1964 

Gemini Support:. . . . . . . . . . . . . . . . $3,936,000 $21,500,000 $28,200,000 

Gemini suppor t  includes funds f o r  t h e  conduct of pe ra t ions  and f o r  
supporting dcnrel.opment. Operations encompasses the  a reas  of fl ig 'ht  and crew 
operations while  supporting development includes those  act ivi t ies  d i r e c t l y  
supporting, t he  ( m i n i  Program, but  no t  contained wi th in  t h e  spacec ra f t ,  
launch vehic1.e o r  t a r g e t  v e h i c l e  con t r ac t s .  

Operations 

The budget f o r  Gemini Operations is  d iv ided  i n t o  F l i g h t  Oper.ation,s and 
C r e w  Operations,, 

F l i g h t  Operations inc ludes  t h e  planning, support ,  and a c t u a l  f l i g , h t  test  
of manned space systems from l i f t - o f f  t o  recovery. 
areas are inc:l.uded: F l i g h t  Control and Mission Planning; Recovery; and Tes t  
and Evaluaticni. 

Three main functiclnal 

Recovery funds i n  f i s c a l  year  1965 w i l l  support  t h e  Department of 
Defense r e c o w r y  fo rces  and Weather Bureau services requi red  f o r  four  Gemini 
f l i g h t s .  These s e r v i c e s  inc lude  deployment of s h i p s ,  a i r c r a f t  and rescue  
personnel; a i r l i f t i n g  of medical and communications equipment; providing a 
c a p a b i l i t y  of spacec ra f t  l o c a t i o n  i n  t h e  event of contingency landings; and 
worldwide weather information coverage. Funds are requ i r ed  f o r  procurement 
and maintenance of retrieval and l o c a t i o n  equipment i ssued  t o  Department of 
Defense recovtzry forces .  Addit ional  funds are included i n  f i s c a l  year 1965 
f o r  t h e  ccnnpl.t?t:ton of t h e  test and eva lua t ion  of t h i s  retrieval and electronic:  
l o c a t i o n  equipment . 

A typicei:L Gemini recovery f o r c e  inc ludes  approximately 18 s h i p s ,  and 
100 a i r c r a f t  and is  comparable t o  t h e  number used f o r  a Mercury mission. A 
modi f ica t ion  :In recovery f o r c e  employment concept has permi t ted  t h e  me of 
a comparable :Eorce s i z e  even though Gemini mission complexity has increased. 

Four Gem:in:i f l i g h t s  w i l l  r equ i r e  funds f o r  f l i g h t  con t ro l  i n  f i s c a l  
year 1965. These funds w i l l  be used f o r :  cont inua t ion  of t h e  con t r ac to r  
support personnel requi red  f o r  f l i g h t  monitoring and remote s i t e  ope ra t ion ;  
f l i g h t  coritro'tler t r a i n i n g ;  purchase of a u x i l i a r y  equipment f o r  f l i g h t  
c o n t r o l l e r s ;  and development of f l i g h t  c o n t r o l  procedures. 

F i s c a l  yeair 1965 funds f o r  miss ion  planning w i l l  continue the  development 
of real tl-me computer programs r equ i r ed  f o r  each mission, boos te r  c losed  
loop guidance equations and t h e  h ighly  s o p h i s t i c a t e d  mathematical techniques 
requi red  f o r  t r a j e c t o r y  programs and mission a n a l y s i s  begun i n  f i s c a l  year 
1964. 
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F i s c a l  year  1965 funding f o r  C r e w  Operations includes those monies 
necessary t.o c.oncluct t he  requi red  space c r e w  t r a in ing .  This funding w i l l  
pay f o r  t h e  opera t ion  and modif icat ion of the  var ious  t r a i n i n g  and s imula t ion  
devices ,  such its the  Gemini Mission Simulator,  the  Pa r t  Task Train'er, and 
the  Docking Trciiner as w e l l  as f o r  academic, a c c e l e r a t i o n  and su rv iva l  
t r a in ing .  
and placed i n t o  operat ion.  

I n  iidtlition, a Launch Vehicle Abort Simulator w i l l  be purchased 

Supporting Development 

Supporting Ilevelopment c o n s i s t s  of e s s e n t i a l  a c t i v i t i e s  used i n  con- 
junc t ion  with the spacec ra f t  o r  launch and t a r g e t  v e h i c l e  con t r ac t s  ancl is 
conducted tmde:e sepa ra t e  c o n t r a c t  or  in-house a t  the  var ious  NASA fielcl 
cen ters .  
and component:; w l 1 1  be de l ivered .  This i s  comprised of p re s su re  s u i t s ;  
food and waste management systems; va r ious  bio- instrumentat ion devices ,  
including electrocardiogram instruments ,  o r a l  temperature devices ,  impc:dance 
pneumographs, blood pressure  devices  and bio-medical recorders .  The f i s c a l  
year  1965 funding w i l l  a l s o  support  development of e x t r a  veh icu la r  equj1.p- 
ment. 
f i s c a l  year 1'355 estimates. 
a s  a i r c r a f  it and E a c i l i t i e s  f o r  t he  parachute  and pa rag l ide r  development 
program and f i i c i l i t i e s  f o r  conducting e j e c t i o n  seat s l e d  tests. 

In  fiscal year  1965, t he  major por t ion  of p i l o t  support  systcms 

Reirnbuicseinent t o  the  Department of Defense f o r  support  i s  a l s o  :.n t he  
These support  a c t i v i t i e s  c o n s i s t  of such :i.tems 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

APOLID PROGRAM OFFICE OF MANNED SPACE FLIGHT --- 
PROGRAM 0B.JEC'TIVES AND JUSTIFICATION: 

The u l t ima te  o b j e c t i v e  of  t h e  manned space f l i g h t  program i s  t o  pi'ovide 
t h e  c a p a b i l i t y  f o r  a broad program of  explora t ion  which w i l l  achieve aiid 
maintain a p o s i t i o n  o f  space leadersh ip  f o r  t h e  United S t a t e s .  A spec. .f ic 
goal i n  acrquiring t h i s  c a p a b i l i t y  i s  t h e  landing of  men on t h e  Moon and r e -  
t u rn ing  them s a f e l y  t o  Ear th ;  t h i s  goa l  w i l l  be r e a l i z e d  through t h e  A1)ollo 
program. 

The o v e r a l l  program requ i r e s  t h r e e  f l i g h t  phases: (1) unmanned s u h o r b i t a l  
and Ea r th -o rb i t a l  f l i g h t s ;  (2) manned E a r t h - o r b i t a l ,  long-duration f lilghts 
and Ea r th -o rb i t a l  rendezvous f l i g h t s ;  (3 )  manned lunar  f l i g h t s .  

Unmanned s u b o r b i t a l  f l i g h t s  w i l l  q u a l i f y  t h e  spacec ra f t  abort  prollulsion 
landing systems, and t e s t  t h e  lunar  excursion module (LEM) propulsion : ; y s tms .  
Unmanned Ear th -o rb i t a l  f l i g h t s  o f  t h e  command module and s e r v i c e  modull?s and 
t h e  LEM w i l l  qua l i fy  spacec ra f t  systems and s t r u c t u r e  i n  t h e  a c t u a l  sp i ce  
environment. Manned B a r t h - o r b i t a l  f l i g h t s  and LEM rendezvous f l i g h t s  w . 1 1  
follow t h e  ummanned spacec ra f t  q u a l i f i c a t i o n  phase o f  t h e  program. 
manned long-duration missions w i l l  v e r i f y  t h e  system endurance capabi1.l.ties 
and w i l l  develop ope ra t iona l  techniques e s s e n t i a l  f o r  t h e  conduct of liinar 
missions.  Rendezvous missions,  u t i l i z i n g  t h e  command and s e r v i c e  modules 
and t h e  LEM tl3 s imula te  t h e  lunar  o r b i t  rendezvous phase of  t h e  lunar  n i s s i o n ,  
w i l l  extend t h e  experience gained i n  t h e  Gemini program and f l i g h t  q u a l i f y  
t h e  systems f o r  t h e  lunar  mission. 

The 

Lunar missions may inc lude  manned circumlunar and lunar -orb i ta  1 f t i gh t s  
t o  develop ope ra t iona l  techniques i n  t h e  lunar  environment and t o  condtict 
s c i e n t i f i c  experiments i n  t h e  c i s l u n a r  space. Lunar landing missions iiill 
be made t o  explore t h e  Noon's su r f ace  and t o  conduct s c i e n t i f i c  experirients. 

Funds requested i n  f i s c a l  ye: !% 1965 f o r  t h e  Apollo program w i l l  i i i i t i a t e  
t h e  de l ive ry  (of spacec ra f t  and launch veh ic l e s  i n  support o f  t h e  "all-lip" 
concept of  f l i g h t  t e s t i n g .  This concept emphasizes t h e  f l i g h t  t e s t i n g  of  
t he  f l i g h t  weight s t r u c t u r e s  c o n s i s t i n g  of  t h e  complete spacecraf t .  and launch 
veh ic l e  systems t h a t  w i l l  dup l i ca t e  subsequent equipment t o  be used fo.: lunar  
missions.  The Apollo program presented i n  t h i s  j u s t i f i c a t i o n  f o r  f iscil l  year 
1965 i s  based on t h e  assumption t h a t  t h e  funds rece ived  i n  f i s c a l  year 1964 
w i l l  inc lude  a supplemental appropr i a t ion  of  $141 m i l l i o n .  
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SUMMARY OF RISSOlJRCES REQUIRENEWS : --- 
1964 

Pro  iect :  1963 1964 Supplemental 1905 

Spacecraft:. . . . , 
H-1 Engine.. ,, , . , 
RL-10 Engine., . . . 
F-1 Engine. ..... 
5-2 Engine.. .... 
Saturn I. ,, . . , . . , 
Saturn IB,. . . . . . . 
Saturn V. 4.. . , . . . 
Apollo support. . . 

-. $3 63,9 62,000 
6,260,000 

29,645,000 
53,703,000 
46,769,000 

256,887,000 
21,271,000 

343,442,000 
62.026.000 

$870,900,000 
11,100,000 
20,000,000 
62,300,000 
56,600,000 

204,200,000 
149,900,000 
689,600,000 
179,300.000 

$945,1100,000 
9,  ~~00,000 

17,900,000 
64, loo, 000 
61, CiOO, 000 

120, CiOO, 000 
260, I O 0  ,000 
988,400,000 - 209. :!OO. 000 

Tota l  costi3. . , $1 183.965 -000 $2,243 900.000 $141 .OOO. 000 L 6 7 7  <iOO,OOO 

BASIS OF FUN11 REQUIKDIENTS : 

Spacecraf t  

1964 
1963 1964 SUPP lementa 1 1905 

Command and 
s e r v i c e  modules $269,450,000 $508,300,000 $19,000,000 $520,!)00 , 000 

Lunar excurs ion 
module.. ... .... 13,000,000 144,500,000 12,000,000 189,000,000 

Guidance and 
naviga t ion . ,  . . . 31,846,000 91,500,000 --- 83 , l iOO,OOO 

Instrumentat  b n  
and scieriti.Eic 
equipment.. . . . . 2,380,000 5,600,000 --- 7 ,!iOO,OOO 

support........ 47,286,000 121,000,000 - 144, LOO, 000 
Spa c ec r a fit 

$3 1,000,000 $945,1100,000 -- Tota 1 cost,s.. . $363,962,000 $870,900,000 

---- Commend and Serv ice  Modules. I n  December 1961, t h e  Space and 1n.iiormation 
Systems D.ivision of t h e  North American Aviation Corporation (NU) was selectecl  
a s  prime con t r ac to r  t o  des ign ,  develop, and f a b r i c a t e  t h e  command and s e r v i c e  
modules O E  t h e  Apollo spacec ra f t .  I n  a d d i t i o n ,  NAA was ass igned  r e spons ib i l -  
i t y  f o r  design and f a b r i c a t i o n  of t h e  spacec ra f t  - launch v e h i c l e  adal) ter ,  
i n t e g r a t i o n  of t e s t ,  s c i e n t i f i c  , and o t h e r  government-furnished rtquiprnent 
i n t o  t h e  s p a c e c r a f t ,  assembly and t e s t  o f  t h e  s p a c e c r a f t ,  and support  o f  
spacec ra f t  p repa ra t ion  f o r  f l i g h t  tests.  

During f i s c a l  year 1964, development hardware f o r  command arid s e r v i c e  

A l l  major command and s e r v i c e  module subsystem c o n t r a c t s  w i l l  be 
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module components and subsystems w i l l  be  f a b r i c a t e d  and subjec ted  t o  ;xtensivIe 
t e s t i n g .  
de f i n i  t i z led. 



I n  t h e  ground and f l i g h t  t e s t i n g  program both  developmental and xoduc- 
t i o n  f l i gh t - conf igu ra t ion  spacec ra f t  w i l l  be  used. During f i s ca l -  yea t  1964, 
3 developmental spacec ra f t  w i l l  b e  de l ive red  f o r  t h e  ground t e s t  progcam, 
which inc ludes  s t a t i c ,  dynamic and thermal s t r u c t u r a l  t e s t s ,  and oper(at iona1 
and environmental t e s t i n g  of t h e  spacec ra f t  with a l l  i t s  subsystems i i s t a l l e d .  

Ground t e s t i n g  w i l l  cont inue  on 6 developmental spacec ra f t ,  de l ive red  
i n  p r i o r  yea r s ,  t o  improve t h e  water recovery and handl ing c a p a b i l i t i e s ;  t o  
develop t h e  Earth-landing impact a t t e n u a t i o n  provis ions ;  t o  improve t h e  r e l i a - ,  
b i l i t y  of  the parachute recovery system; and t o  v e r i f y  t h e  dynamic s t ( a b i 1 i t y  
of  t h e  command and s e r v i c e  module wi th  a pro to type  Saturn I launch veh ic l e .  

During f i s c a l  year  1964, 3 developmental spacec ra f t  w i l l  be de l ive red  
t o  t h e  White Sands Missile Range and 3 t o  Kennedy Space Center f o r  f l i g h t  
tes ts .  F l i g h t  t e s t  a c t i v i t y  a t  t h e  White Sands Miss i l e  Range (WSMR) . g i l l  

use pad abor t  and L i t t l e  Joe  I1 launch f a c i l i t i e s .  One of  t h e s e  spacec ra f t  
was used t o  success fu l ly  tes t  t h e  launch escape system and Ea r th - l and ing  
system i n  August 1963. Another of  t h e  developmental spacec ra f t  de l ive red  
t o  WSMR w i l l  be used with a L i t t l e  J o e  I1 launch v e h i c l e  i n  a high dynamic- 
p re s su re  abor t  tes t .  The t h i r d  developmental spacec ra f t  w i l l  be  used f o r  
h i g h - a l t i t u d e  a b o r t t e s t s  on a L i t t l e  Joe 11. Two o f  t h e  developrnental space- 
c r a f t ,  de l ive red  t o  Kennedy Space Center,  w i l l  be  used f o r  launch environ- 
mental t e s t s  on. t h e  Saturn I (SA-6 and SA-7). The t h i r d  spacecralft combined 
with a micrameteoroid experiment w i l l  be t h e  payload f o r  t he  SA-9, Sai:urn I 
f l i g h t  

A t  t h e  c l o s e  of  f i s c a l  year  1964, 3 a d d i t i o n a l  developmental and 10 
production spacec ra f t  w i l l  be i n  va r ious  s t a g e s  of  manufacture. 

I n  f i s c i t l  year 1965, t h e  ma jo r i ty  o f  t e s t i n g  on developmental spacec ra f t  
w i l l  be compl.et.ed, and manufacture and q u a l i f i c a t i o n  t e s t i n g  of production 
f l i gh t - conf igu ra t ion  spacec ra f t  w i l l  be  underway. A l l  major subsystems f o r  
t h e  command and s e r v i c e  modules w i l l  be i n  t h e  f i n a l  s t a g e s  of  r e l i a b i l i t y  
and qua l i f  i c  ii t i.on t e s t i n g  . 

The grorincl test program w i l l  be implemented i n  f i s c a l  year 1965 with 
the  de l ive ry  of 6 production spacec ra f t  f o r  propulsion system t e s t s ,  vibration? 
and a c o u s t i c s  t es t s ,  environmental proof tes ts  , complete s t a t i c  s t r u c t u r a l  
tes ts ,  thermal tests on s t r u c t u r e s ,  and a v e r i f i c a t i o n  of t h e  water impact 
and f l o t a t i o n  c a p a b i l i t i e s  derived from previous developmental t e s t s .  

During f i s c a l  year  1965, 3 developmental spacec ra f t  f o r  f l i g h t  tes ts  
w i l l  be d.elivered. One spacec ra f t  w i l l  be  f l i g h t - t e s t e d  a t  Kennedy Space 
Center carrying; micrometeoroid and s c i e n t i f i c  experiments. A h i g h - a l t i t u d e  
abor t  t e s t  w i l l .  be conducted a t  White Sands Missile Range wi th  t h e  second 
spacec ra f t .  The t h i r d  spacec ra f t  w i l l  be  de l ive red  t o  Kennedy Space Center 
f o r  s t r u c t u r a l  q u a l i f i c a t i o n  tests.  I n  f i s c a l  year  1965, 4 production space- 
c r a f t  for  fl.j.ght t e s t  w i l l  b e  completed. Two of  t h e s e  spacec ra f t  w i l l  be  
delivered. t o  White Sands Missile Range t o  q u a l i f y  t h e  c r i t i c a l  launch escape 
system. The o t h e r  two production spacec ra f t  w i l l  be  de l ive red  t o  Kennedy 
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Space Center Eor launch on Saturn I B .  
up" t e s t  concept. 
w i l l  be i n  var ious  s t ages  of cons t ruc t ion .  
equipped f o r  'al l-up" systems tests.  

These f l i g h t s  w i l l  i n i t i a t e  t h e  " a l l -  

Each of  t hese  spacec ra f t  w i l l  be 
A t  t h e  end of  f i s c a l  year  1965, 12 production spac tx ra f t  

Lunar Eh:U+sion Module. The lunar  excursion module (LEM) has  been under 
development b y  the  Grmman A i r c r a f t  Engineering Corporation. This c o n t r a c t ,  
l e t  i n  December 1962, i s  managed by t h e  Manned Spacecraf t  Center.  Tht! LEM 
w i l l  have t h e  c a p a b i l i t y  of s epa ra t ing  from t h e  command and s e r v i c e  mcidules 
and perfoirming lunar descent ,  landing,  a scen t ,  and rendezvous and docl.:ing 
with the  mother spacecraf t  which w i l l  remain i n  lunar  o r b i t .  

During f i s c a l  year  1964, pre l iminarv  design of t h e  lunar  excursion module 
w i l l  be comp'leted and t h e  d e t a i l e d  design and development e f f o r t  w i l l  be under 
way. Grummaii wL11  complete con t r ac t ing  f o r  a l l  major subsystems and w i l l  begin 
the  fabricat . l lw of  4 ground test LENS and one f l i g h t  t e s t  LEM. I n  f i t i ca l  year 
1964, t h e  f i r s t  mockup was de l ivered  and manufacturing was i n i t i a t e d  on 4 o the r  
mockups. These mockups, used ex tens ive ly  f o r  design and ope ra t iona l  r i tudies,  
con t r ibu te  uniquely t o  t h e  development o f  t h e  LEM. 
have been madfe on scale models. I n  add i t ion ,  4 LEM t e s t  models wrere f ab r i ca t ed  
t o  determine t c r e w  mobi l i ty ,  t o  conduct thermal and antenna r a d i a t i o n  tests 
and t o  s tudy the i n t e r f a c e  between t h e  descent  and a scen t  s t age .  For propul- 
s i o n  system t e s t s ,  four teen  t e s t  r i g s  were manufactured f o r  development tests 
a t  Rocketdyne, Bell Aerospace Systems, Space Technology Labora tor ies  , t h e  
Arnold Engineer ing Development Center,  and t h e  White Sands Missile Range. 

Tes t s  o f  landing t i t a b i l i t y  

By the  (?Id of f i s c a l  year 1965, ground based q u a l i f i c a t i o n  tes ts  of t h e  
ascent  engine w i l l  be complete,  and q u a l i f i c a t i o n  t e s t i n g  of  t he  desccmt 
engine a t  Arnold Engineering Development Center and t h e  con t r ac to r  s Il lant 
w i l l  be appro:ciirnately 80 percent  complete. 
t h e  mockup a d  t e s t  models, w i l l  be 90 percent  complete. 

The LEM ground t e s t  progrilms, on 

I n  f i s c a l  year 1965, 3 lunar  excursion module a r t i c l e s  w i l l  be de l ivered  
f o r  u se  i n  sul3s:ystems i n t e g r a t i o n  tes t s ,  s t r u c t u r a l  t es t s ,  and dynamic: tests. 
Fabr ica t ion  will be complete on t h e  f i r s t  LEM t o  be used f o r  an unmanrled pro- 
puls ion deve Lopment f l i g h t .  
w i l l '  be i n  manuEacture i n  f i s c a l  year  1965 and de l ivered  i n  f i s c a l  year  1966. 
I n  f i s c a l  year 1965 Grurmnan w i l l  i n i t i a t e  t h e  system i n t e g r a t i o n  tes t  program 
with LEM t e s t  a r t i c l e  No. 1. Vibrat ion t e s t i n g  on t h e  Saturn V vehic1.e w i l l  
be under way # a t  t he  Marshall  Space F l i g h t  Center with LEN t e s t  a r t i c l t !  No. 2 
and dynamic and s t a t i c  tes ts  w i l l  be i n  process  a t  Grumman on LEM test. 
a r t i c l e  N o .  3 .  

Four LEM's f o r  propuls ion development f 1i.ghts 

Guidanceznd NaviRatiOn. The func t ions  of t h e  Apollo guidance and 
naviga t ion  system are t o  determine t h e  pos i t i on ,  v e l o c i t y ,  and t r a j e c t o r y  of  
t h e  spacecraEt and t o  con t ro l  t h e  s p a c e c r a f t ' s  engines and r e e n t r y  l i f t  f o r  
t h e  precit3e insnleuvers necessary during a l l  phases of t h e  f l i g h t  dlevelopment 
e f f o r t  anti f i n a l l y  for  t h e  f l i g h t  t o  t h e  Moon and Ear th  r e tu rn .  
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The con t r ac to r  team s e l e c t e d  t o  provide t h e  Apollo guidance and naviga- 
t i o n  s y s t e m ,  under t h e  d i r e c t i o n  of  t h e  Manned Spacecraf t  Center,  is: 

(1) The Instrumentation Laboratory o f  t h e  Massachusetts 
I n s t i t u t e  of  Technology - develop t h e  system, f a b r i c a t e  
i n i t i a l  prototypes , and provide t e c h n i c a l  a s s i s t a n c e  tci 
NA#SA i n  t h e  d i r e c t i o n  o f  t h e  i n d u s t r i a l  manufacturers 
o f pro duc t ion  s y s t ems. 

(2) The AC Spark Plug Division of General Motors Corporation, 
of Milwaukee, Wisconsin, and of Wakefield, Massachusett.s - 
pr'oduce t h e  i n e r t i a l  p la t forms ,  assemble and tes t  t h e  
e n t i r e  guidance and naviga t ion  system, and provide ground 
support equipment. 

(3) The Raytheon Corporation of Bedford, Massachusetts - 
produce t h e  Apollo guidance computer and i t s  a s soc ia t ed  
ground support  equipment. 

( 4 )  The Kollsman Instrument Corporation of Elmhurst, New Ycxk - 
provide t h e  o p t i c a l  subsystem. 

This  team of  c o n t r a c t o r s  w i l l  provide guidance and naviga t ion  equipmelit f o r  
both t h e  command module and t h e  lunar  excursion module. To a l a r g e  dlegree, 
i d e n t i c a l  types of  equipment w i l l  be  used i n  both modules. 

During f i s c a l  year 1964, sub-components o f  t h e  command module's guidance 
and navigation system w i l l  be ex tens ive ly  t e s t e d  and q u a l i f i e d .  Five of  t h e  
func t iona l  guidance and naviga t ion  systems w i l l  be completed and w i l l  under- 
go a v a r i e t y  of mechanical, e l e c t r i c a l ,  thermal,  and v i b r a t i o n  t e s t s .  Two 
a d d i t i o n a l  slstems w i l l  be de l ive red  f o r  i n t e g r a t i o n  and checkout: i n  Bpollo 
spa c ecra f t . 

I n  f i s c a l  year 1965, development, q u a l i f i c a t i o n ,  and r e l i a b i l i t y  t e s t i n g  
of t h e  guidarce and naviga t ion  hardware f o r  t h e  command module w i l l  be com- 
p l e t ed .  Fourteen coumand module guidance and naviga t ion  systems, inc luding  
four  f l i g h t  q u a l i f i e d  s y s t e m s ,  w i l l  be de l ive red  i n  support of t h e  develop- 
mental ground and f l i g h t  t e s t i n g  programs. 

Contract n .egot ia t ions f o r  t h e  LEN'S guidance and naviga t ion  sys t ems  
w i l l  be compl.eted i n  f i s c a l  year  1964. During this t i m e ,  design:; f o r  LEM 
equipment w i  1.1 be f i n a l i z e d  and cons t ruc t ion  of  experimenta 1 and develop- 
mental models of  i t s  guidance and naviga t ion  system w i l l  be s t a r t e d .  

Developmental and f u n c t i o n a l  guidance and naviga t ion  system:; f o r  t h e  LEM 
w i l l  be de l ivered  i n  f i s c a l  year 1965. 
r e l i a b i l i t y  ztnd environmental t e s t i n g  and t h e  f i r s t  pre-production sys t ems  
w i l l  be  del i I rered.  

The sub-components w i l l  undergo 
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Instrumerg,a:ion and S c i e n t i f i c  Equipment. Funds requested f o r  i m t r u -  
mentation and s c i e n t i f i c  equipment w i l l  be used t o  develop and procure t h e  
spec ia l i zed  f :Light research  and t e s t  ins t rumenta t ion  equipment r equ i r ed  
during t h e  s p ; x e c r a f t  developmenta 1 f l i g h t  t e s t i n g .  (The development zind 
procurement of s c i e n t i f i c  equipment f o r  in-space and lunar  s c i e n t i f i c  experi-  
ments i s  funded in  t h e  Space Sciences budget and is not included a s  a p a r t  
o f  t h e  Manned Spdce F l i g h t  requirement.) Typical ins t rumenta t ion  inclt ides 
s i g n a l  condi t  ion'ers, sensors ,  t r ansduce r s ,  t e lemet ry  t r a n s m i t t e r s ,  traris-  
m i t t i n g  antennas,  and ground support  equipment. (Typical s c i e n t i f i c  equip- 
ment inc ludes  s p e c i a l  cameras, magnetometers, seismographs, and radiat:.on 
measuring (lev izes .  ) 

During f i s c a l  year 1964, emphasis was on t h e  des ign ,  procurement, 
f a b r i c a t i o n ,  t e s t  and q u a l i f i c a t i o n  of  ins t rumenta t ion  (and s c i e n t i f i c  
equipment) needed f o r  8 Apollo spacec ra f t  t es t s ,  inc luding  spares .  De.. 
l i v e r i e s  oE ins t rumenta t ion  hardware were made t o  North American Aviat ton 
f o r  i n s t a l l a t i o n  and checkout i n  developmental spacec ra f t .  

F i s c a l  year 1965 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 ins t rumenta t ion  foc  
5 Apollo spacec ra f t  f l i g h t  t e s t s ,  6 Apollo spacec ra f t  ground t e s t s ,  an3 
3 LEM grou,nd t e s t s .  

Spacecraf t  Support. STgcecraft support  f o r  Apollo inc ludes  t h e  rlaquire- 
ment f o r  L i t t l e  Joe XI launch v e h i c l e s ,  suppor t ing  development, p r e - f l i g h t  
automatic checkout equipment (PACE) and aerospace medicine. 

The Convair Division of  t h e  General Dynamics Corporation was s e l e z t e d  
i n  May 1962 t o  design, develop, and f a b r i c a t e  s i x  L i t t l e  Joe  I1 launch 
vehic les .  I n  June 1963, 2 a d d i t i o n a l  L i t t l e  J o e  I1 v e h i c l e s  were added t o  
t h e  c o n t r a c t ,  b r ing ing  t h e  t o t a l  t o  e i g h t  veh ic l e s .  Fab r i ca t ion  of t h e  
f i r s t  4 veh ic l e s  will be  completed i n  f i s c a l  year 1964, a s  w i l l  development 
and f l i g h t  t e s , t i ng  of  t h e  L i t t l e  Joe I1 a t t i t u d e  c o n t r o l  system. The L i t t l e  
Joe I1 provides t h e  c a p a b i l i t y  t o  ob ta in  necessary f l i g h t  t e s t  data  on t h e  
spacec ra f t  abclrt and propulsion systems a t  much lower c o s t  than us ing  t h e  
f u l l - s c a l e  Satur'n. The funds requi red  i n  f i s c a l  year 1965 w i l l  complete 
production of t h e  e igh t  L i t t l e  J o e  I1 launch v e h i c l e s  and w i l l  purchase 
rocket motors artd a t t i t u d e  c o n t r o l  systems f o r  a l l  t e s t s  now planned. 

Funds a r e  a l s o  requi red  f o r  u t i l i z a t i o n  of o t h e r  government i n s t a l l a -  
t i o n s  and f o r  s p e c i a l  t es t  equipment a t  NASA i n s t a l l a t i o n s  i n  d i r e c t  t es t  
support  of t h e  spacec ra f t  development e f f o r t .  
hardware dleva:lopment and t e c h n i c a l  e f f o r t  i n  d i r e c t  support  of t h e  space- 
c r a f t  no t  funded i n  t h e  prime c o n t r a c t .  Also included a r e  funds fo r  pro- 
p e l l a n t s  f o r  t:he var ious  spacec ra f t  engine development t e s t s  and the  s p e c i a l  
t oo l ing  requj.i:ed t o  support  t h e  subcont rac tors  ' manufacturing e f f o r t .  

The funds w i l l  a l s o  cover 

The spac:~?ci:af t checkout (pre-f  l i g h t )  program inc ludes  engineering, 
s t u d i e s  conducted by General E l e c t r i c  and o t h e r  q u a l i f i e d  c o n t r a c t o r s  f o r  
t h e  Apollo program o f f i c e  a t  NASA Headquarters and r e l a t e d  Centers.  'I'he 
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f i s c a l  year 1964 and f i s c a l  year 1965 funding program a l s o  inc ludes  funds 
requi red  tci procure o r  f a b r i c a t e  t h e  checkout hardware f o r  9 Pre-Fl ight  
Automatic C:hec:lrout Equipment (PACE) s t a t i o n s .  

berospactiE$-iLine support  f o r  A ~ o l l o  inc ludes  t es t  and eva lua t ion  of  -....-----.' -..--. 
s p e c i f i c  items of har-or systems, developed o r  proposed f o r  use ,  bihich 
a r e  r e l a t e d  t o  t h e  maintenance, p r o t e c t i o n ,  and e f f e c t i v e  performance c f  t h e  
a s t ronau t s  before ,  dur ing ,  and following a space mission. The followirlg 
t a s k s  w i l l  be  :;upported with funds a l l o c a t e d  t o  t h i s  a r ea  i n  f i s c a l  yeair 1965: 

(1) Ef fo r t  w i l l  be continued on t h e  manned t e s t i n g  of  complete cclmmand 
module and LB4 environmental c o n t r o l  ( l i f e  support)  systems, a s  w e l l  aE 
t e s t i n g  of i nd iv idua l  components. Current problems involve extending mission 
time, provndirig automatic c o n t r o l s ,  and inc reas ing  t h e  r e l i a b i l i t y  of t h e  
sys t em wi th in  the given weight l imi t a t ions .  

(2) I ? ro t~~ t ,ype  Apollo space-su i t  assemblies f o r  use  i n  t h e  f i r s t  nianned 
Apollo mission and f o r  t h e  lunar  landing mission w i l l  be produced. This  effort:  
includes establishment o f  design requirements f o r  t h e  ex t ra -vehicu lar  and lunar  
s u i t  assembly, q u a l i f i c a t i o n  and eva lua t ion  programs, and v a l i d a t i o n  of t h e  
s u i t  t o  a s s e s s  i t s  c a p a b i l i t y  t o  meet t o t a l  mission requirements. Apo:i.lo 
biosensors w i l l  ,also be developed, wi th  t h e  primary development object:.ves 
of  miniatuicization and a s tandard  c l i n i c a l  approach. I n  a d d i t i o n ,  a si:udy 
w i l l  be i n i t i a t e d  on v i s u a l  problems a s soc ia t ed  with a c t i v i t y  on t h e  lunar  
su r face  and wi th  c r i t i c a l  maneuvers, such a s  rendezvous. Glare  and d i i ; t o r t i on  
i n  t h e  space environment w i l l  be t h e  primary v a r i a b l e s  i n v e s t i g a t e d  and pre-  
ven t ive  measures o r  a i d s  w i l l  be developed a s  necessary. 

(3) The Apollo mission r e q u i r e s  t h e  a b i l i t y  t o  i d e n t i f y  t h e  e f f e c t s  o€ 
r a d i a t i o n  on crew members. 
r e l i a b l e  i n d i c a t o r s  of r ad iob io log ica l  e f f e c t s  and methods of measuring pro- 
g re s s  i n  medilcal recovery from rad ia t ion .  

Development w i l l  be  i n i t i a t e d  on s e n s i t i v e  and 

(4) Medical ope ra t ions  a c t i v i t i e s  inc lude  t h e  implementation of ;:he 
medical recovery p l an  and t h e  medical s e l e c t i o n  o f  t h e  a s t r o n a u t s ,  t h e i r  
t r a i n i n g  i n  t h e  phys io logica l  bases f o r  t h e  l i f e  s u p p o r t  systems, and Ishe 
reduct ion  .and a n a l y s i s  of medical da ta  obtained from t r a i n i n g  and s imula t ion  
programs, i n  t h e  same manner as t h e  Mercury d a t a ,  to  provide a consistlant 
base f o r  comparison and a n a l y s i s  with data  obtained i n  f l i g h t .  

H - 1  Engine 

1963 1964 196 5 --- 
Engine development.. ........... $5,610,000 $ 9 , ~ 0 0 , 0 0 ~  !?8,203~000 
Propel lan ts . . .  ................. 65 0,000 2,000,000 - 1,600,000 

T o t a l  costs.................. $6,260,000 $11,100,000 $9,800,000 --- 
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The H - 1  engine, which i s  being developed by t h e  Rocketdyne Division 
o f  North American Aviation, i s  used i n  t h e  f i r s t  s t a g e  of Sa turn  I and 
Sa turn  I B  veh ic l e s .  Eight o f  t h e s e  engines a r e  used i n  t h e  s t a g e ,  This 
engine uses l i q u i d  oxygen and RP-1 (kerosene) a s  p rope l l an t s  t o  produce up 
t o  200,000 pounds of  t h r u s t .  

Development. o f  a 165,000-pound t h r u s t  H - 1  engine was i n i t i a t e d  by t h e  
Department of Defense i n  September 1958 a s  an  improved ve r s ion  of  Thor-Jupiter 
engines. Respons ib i l i ty  f o r  development of  t h i s  engine was t r a n s f e r r e d  t o  
NASA i n  19160. The engine has  been used success fu l ly  i n  t h e  f i r s t  four 
Saturn I launches. A 188,000-pound t h r u s t  ve r s ion  w i l l  be used i n  the  re -  
maining s i x  f:,ig;hts of  Saturn I. A 200,000-pound ve r s ion  w i l l  be developed 
and used i n  a l l  Saturn IB veh ic l e s .  Although t h e  H - 1  has  been flsown success- 
f u l l y  a t  t h e  165,000-pound t h r u s t  l e v e l ,  c e r t a i n  components r equ i r ed  rrodifi-  
c a t i o n  t o  a s su re  r e l i a b l e  performance a t  h igher  t h r u s t  levels.  I n  p a r t i c u l a r ,  
t h e  nickel. t h i x s t  chamber tubes have been rep laced  by s t a i n l e s s  s t e e l  tubes 
t o  compensate f o r  t h e  reduced s e r v i c e  l i f e  caused by t h e  inc rease  i n  t h r u s t  
chamber p re s su re  requi red  by the  up- ra t ing  of  t h e  engine. 

Devel-opnient of a 200,000-pound t h r u s t  ve r s ion  of t h e  engine f o r  t h e  
Saturn I B  i s  necessary t o  i n s u r e  a t ta inment  of t h e  requi red  payload c t p a b i l -  
i t y .  This a d d i t i o n a l  development e f f o r t  w i l l  begin i n  f i s c a l  year 19 t4  and 
continue i n  f i s c a l  year 1965. The f i s c a l  year 1964 e f f o r t  w i l l  inclutle a 
complete stress a n a l y s i s  f o r  c r i t i c a l  engine components a t  increased  i l i g h t  
loads c rea t ed  by t h e  h igher  engine t h r u s t  ope ra t ing  l e v e l  and a progrzm of 
engine system tests to determine ope ra t ing  l i m i t s ,  Only those  components 
found t o  be marginal during s t r e s s  a n a l y s i s  and 200,000-pound t h r u s t  1 eve1 
t e s t i n g  w i l l  De redesigned. The f i s c a l  year 1965 up- ra t ing  e f f o r t  w i 1 . l  
c o n s i s t  of a development and t e s t i n g  program t o  complete engine qua l i i ' i c a t i o n  
a t  the 20(3,003-pound t h r u s t  l e v e l  by t h e  end of t h e  second q u a r t e r  of f i s c a l  
year 1965. The development program w i l l  cont inue  t o  provide support  1.0 t h e  
Sa turn  I / I B  Elight program, 

RL-10 Engine 

1905 --- 1963 1964 

Engine devlelopment.. ........... $22,436,000 $16,000,000 $13,900,000 
Propelliants........ ............ 7,209,000 4,000,000 - 4,01)0,000 

T o t a l  c o s t s  .................. $29 645 000 $20,000 000 At 17,900,000 
-I_- 

The RL-10 A - 3  engine i s  being developed by P r a t t  and Whitney f o r  use  i n  
a c l u s t e r  of  s i x  i n  t h e  second s t a g e  o f  t h e  Sa turn  I v e h i c l e ,  (and a s l i g h t l y  
modified ve r s ion  of t h e  engine i n  p a i r s  i n  t h e  second s t a g e  o f  t h e  Centaur 
veh ic l e ) .  
develops 15,000 pounds o f  t h r u s t .  

Each engine, us ing  l i q u i d  hydrogen and l i q u i d  oxygen a s  propellant,!;, 

Development of t h e  RL-10 A - 3  engine, t h e  r e s p o n s i b i l i t y  of t h e  NISA i n  
1961, followed t h e  RL-10 A - 1  engine program i n i t i a t e d  by t h e  A i r  ForcP i n  
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1958. The RL-10 A-3 success fu l ly  completed i t s  Prel iminary F l i g h t  Rating 
Tes ts  (PFRT) i n  Ju ly  1962 and i s  ready f o r  f l i g h t  use. The f i r s t :  ground 
t e s t  f i r i n g  of a c l u s t e r  o f  6 RL-10 A - 3  engines was made i n  January 1963. 
A p a i r  o f  engines was flown success fu l ly  i n  t h e  Centaur v e h i c l e  :,n Nogember 
1963. The q u a l i f i c a t i o n  t e s t i n g  program f o r  t h e  RL-10 A - 3  engine w i l l  con- 
t i n u e  i n t o  f i s c a l  year  1965. 

During the f i s c a l  year 1965, approximately 900 ground tes ts  w i l l  be 
performed. The t e s t  program w i l l  r e q u i r e  t h e  r ebu i ld ing  of 7 engines and 
t h e  f ab r i ca t ion  of 6 new engines dur ing  t h e  year .  Developmental e f f o r t  w i l l  
a l s o  cont inue  i n  t h e  following a r e a s :  
suppor t ,  proauction support  and product improvement. 

Sa turn  and Centaur v e h i c l e  f l i g h t  

Accomplishments i n  f i s c a l  year 1965 w i l l  i nc lude  completion of  q u a l i f i -  
c a t i o n  of  t h e  p re s su ran t  h e a t e r  and t h e  increased  expansion nozz Le, cDmpletion 
of  t h e  eva lus t ion  of  t h e  h a s t e l l o y  chamber, and completion of t h e  p rope l l an t  
u t  i li za t ion  \,a I.ve cont  amina t ion  t e s t  . 

F-1 Envine 

1965 --- 1963 1964 

Engine development ............. $50,082,000 $55,300,000 $55,100,000 
Propel lan ts .  ................... 3 , 621 , 000 7,000,000 - 9 000 J 000 

To ta l  casts ' . . .  ............... $53,703,000 $62,300,000 "64  100 000 

The F-1 engine, which i s  being developed by t h e  Rocketdyne :Division of 
North American Aviation a t  Canoga Park,  C a l i f o r n i a ,  w i l l  be used i n  a 
c l u s t e r  of  f i v e  i n  t h e  f i r s t  s t a g e  of t h e  Saturn V veh ic l e .  Each engine i s  
capable of  producing 1,500,000 pounds of t h r u s t  us ing  l i q u i d  oxy,gen (LOX) 
and RP-1 (kerosene) as propel lan ts .  

DeveloFmient of t h e  F-1 engine was begun i n  January 1959 when NASA 
awarded a cantr 'act  to Rocketdyne f o r  development, through Preliminary 
F l i g h t  Rating; Tes t s  (PFRT), of a 1,500,000-pound t h r u s t  LOX-RP-1 rocket  
engine. I n  June 1961, t h e  t es t  f i r i n g  o f  t h e  f i r s t  F-1 engine was accomp- 
l i shed .  Since t h a t  t ime,  F-1 engines have achieved r a t e d  t h r u s t  and dura t ion  
(150 secolnds::, many t i m e s .  During t h e  l a t t e r  p a r t  of 1962, a developmental 
problem of  combustion i n s t a b i l i t y  reached s e r i o u s  propor t ions .  'This i n s t a -  
b i l i t y  prob1.m has  been a t t r i b u t e d  t o  d i f f i c u l t  d e t a i l e d  design problems 
a s soc ia t ed  m t h  extremely l a r g e  i n j e c t o r s  and turbopumps. A t a s k  f o r c e  
composed o f  NASA, Department of Defense, Univers i ty  and Indus t ry  expe r t s  
was assigned t o  a t t a c k  t h i s  problem and recommend so lu t ions .  As a r e s u l t  
of t h i s  a c t i v i t y ,  s e v e r a l  i n j e c t o r  designs w e r e  evolved which prxiucc 
s t a b l e  combustion. However a s u b s t a n t i a l  program of  t e s t i n g  must st ill 
be  accomplished t o  prove t h a t  o t h e r  engine requirements such a s  performance, 
d u r a b i l i t y ,  and p r e s s u r e  drop a r e  not  compromised by an i n j e c t o r  of s a t i s -  
f ac to ry  stab:.lj.ty. The f i n a l  r e l e a s e  of t h e  design o f  t h e  PFRT engine was 
made i n  t h e  f i r s t  q u a r t e r  of  f i s c a l  year  1964, and t e s t i n g  i s  scheduled f o r  
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completion i n  iche t h i r d  q u a r t e r  o f  t h e  same f i s c a l  year .  
q u a l i f i c a t i o n  engine w i l l  be  r e l e a s e d  i n  f i s c a l  yea r  1965. 

The design f c r  t h e  

During f i s c a l  year 1965, 300 sepa ra t e  engine ground tests w i l l  be p e r -  
formed, These tests a re  p a r t  o f  t h e  1,289 planned engine system tes ts  t h a t  
w i l l  be perfonned t o  q u a l i f y  t h e  engine f o r  manned f l i g h t .  Major tes t  
e f f o r t  prograrmned f o r  f i s c a l  year 1965 inc ludes :  

(1) 11enonsr:ration o f  h igh ly  improved pump performance; 

(2) Comple1:ion of  t h e  engine f l i g h t - r a t i n g  tests;  

(3) 1)emonsi:ration of  t h e  engine ' s  a b i l i t y  t o  recover 
frorn rough (unsteady) combustion without harm; 

(4) l[nil:iation o f  t e s t i n g  of  t h e  engine under simulated 
f l i g h t -  environment condi t ions .  

Four new engines w i l l  be b u i l t  and 12 engines w i l l  be r e b u i l t  during 
t h e  budget year i3S p a r t  of t h e  t o t a l  t e s t  program. 

5-2 EnRine 

196: --- 1963 1964 

Engine deve:lopment.. ........... $38,779,000 $48,350,000 $47,60(1,000 
Propel lan ts , ,  ................... 7,990,000 8,250,000 >4,000,000 

To ta l  cosl:.;. ................. $46,769,000 $56,600,000 31,60O,OOO --- 
The 5-2 engine i s  being developed by t h e  Rocketdyne Division of North 

American Aviation a t  Canoga Park,  C a l i f o r n i a ,  f o r  u se  i n  upper s t a g e s  c l f  t h e  
Saturn I B  and Saturn V veh ic l e s .  The engine i s  designed t o  develop 200,000 
pounds o f  t h r u s t ,  us ing  l i q u i d  oxygen and l i q u i d  hydrogen p rope l l an t s .  One 
5-2 engine w i l l  be used i n  t h e  second s t a g e  of t h e  Sa turn  I B  veh ic l e s .  I n  
t h e  Saturn V w h i c l e ,  a c l u s t e r  o f  f i v e  5-2 engines w i l l  be used i n  t h e  
second s t a g e  ;and a s i n g l e  engine i n  t h e  t h i r d  s tage .  

Development of  t h e  5-2 engine began i n  September 1960 with t h e  awcrd of 
t h e  development c o n t r a c t  t o  Rocketdyne. By October 1962, t h e  engine achieved 
i t s  f i r s t  f u l l - t h r u s t  (250-second dura t ion )  run. The f i r s t  500-second dura- 
t i o n  run a:; requi red  f o r  t h e  S I V  B s t a g e  of t h e  Saturn V was successf i i l ly  
conducted on November 27, 1963. 

I n  f i s c a l  year 1965, 500 of  t h e  t o t a l  o f  1,470 engine system tests 
c u r r e n t l y  planned t o  complete t h e  5-2 engine q u a l i f i c a t i o n ,  w i l l  be  conducted. 
During the  yea r ,  t h e  engine w i l l  complete i t s  f l i g h t  r a t i n g  t e s t  and w i l l  be 
q u a l i f i e d  f o r  iininanned f l i g h t .  Tes t ing  f o r  q u a l i f i c a t i o n  o f  t h e  f u e l  turbo- 
pump, gas gene cator  , LOX turbopump, engine c o n t r o l s  and engine f l i g h t  j.ns t r u -  
mentation wi1.L b e  s t a r t e d  i n  t h e  budget year .  I n  t h e  process  of  a c c o m ~ ~ l i s h i n g  
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t h e s e  t es t s ,  tiIzvsn new engines w i l l  be  b u i l t  and fou r t een  engines w i l l  be 
r e b u i l t  during. f i .sca1 year  1965. 

Sa turn  I 

196: --- 1963 1964 

S - I  stage. .  .................... $103,850,000 $59 . 000 . 000 $20 . 60O, 000 

Vehicle i n s t  rurnent un i t . .  ...... 20,862,000 14,200,000 3,600 , 000 
Ground support equipment.. ..... 17,766 , 000 4 , 400 , 000 3,70O,OOO 
H- 1 engine p rocurement ......... 9 , 561 , 000 3,200,000 
RL- 10 engine procurement ....... 14 , 950 , 000 4,900,000 --- 

S-IV s t a b  re..................... 64,667,000 82,100,000 55,400,000 

--- 
Vehicle supper t ................ 25,231,000 36,400,000 3 7 , 3 O O , O O O  

Tota 1 cos1:s.. ................ $256,887,000 $204,200,000 $0,600.000 

The Sa turn  I i s  a two-stage, multi-purpose launch veh ic l e .  The f : . r s t  
s t age ,  S-I, i s  being developed and produced by t h e  Marshall Space F l i g h t  
Center and thle Cnrysler Corporation. Chrysler is manufacturing t h i s  s t a g e  
a t  t h e  Miclioud P lan t  of  t h e  NASA. A c l u s t e r  of e i g h t  H - 1  engines,  usiiig 
kerosene and l i q u i d  oxygen p r o p e l l a n t s ,  g ives  t h e  S-I s t a g e  a c a p a b i l i t y  of  
1,500,000 pounds o f  t h r u s t .  
by t h e  Roclaetdyne Division o f  North American Aviation. The second s t a g e ,  
S-IVY i s  bleing developed and produced by t h e  Douglas A i r c r a f t  Company ,ind 
w i l l  be powered by a c l u s t e r  o f  s i x  RL-10 l i q u i d  oxygen and l i q u i d  hydlrogen 
engines with a t o t a l  t h r u s t  o f  90,000 pounds. The RL-10 engines itre produced 
by P r a t t  and Vhitney A i r c r a f t .  

--- 

The H - 1  engines a r e  being developed and pi:oduced 

The Saturn I development program h a s  advanced i n t o  t h e  second phase o f  
hardware development which involves f l i g h t  t e s t i n g  with l i v e  second st.3ges. 
Four success fu l  launches of  t h e  f i r s t  s t a g e ,  "Block I" conf igu ra t ion ,  have 
been conducted. F l i g h t  tests with "Block 11" v e h i c l e s  , composed of l i v e  
f i r s t  and second s t a g e s ,  w i l l  commence i n  f i s c a l  year 1964 wi th  t h e  la.inch- 
ing  of  SA-5 and SA-6. 
f i s c a l  year 1965. 

The remaining "Block 11" launches a r e  scheduled f o r  

Saturn I development has con t r ibu ted  s i g n i f i c a n t l y  t o  t h e  developinent 
concurren t ly  i n  progress  on t h e  Saturn I B  launch veh ic l e .  The f i r s t  s t a g e s  
of  both of  t hese  v e h i c l e s  have s i m i l a r  bas i c  s t r u c t u r a l  conf igu ra t ions  with 
t h e  exception of redesigned t a i l  f i n s  and t h e  suppor t ing  s t r u c t u r e  f o r  t h e  
Saturn I B I S  l a r g e r  second s t a g e  (S-IVB). The f irst  s t a g e s  o f  both veh ic l e s  
a r e  powered by e i g h t  Rocketdyne H - 1  engines with s i m i l a r  accompanying pro- 
p e l l a n t  feed  and p r e s s u r i z a t i o n  systems. P rope l l an t  tanks  on t h e  Saturn I B  
f i r s t  s t a g e  ( S - I B )  have been lengthened t o  inc rease  p rope l l an t  capac i ty ,  
however, tool ing,  and assembly methods have remained t h e  same. An imprlwe- 
ment i n  t h e  t h r u s t  of t h e  H - 1  engine f o r  t h e  Sa turn  I B  is planned wi th  a 
minor change i n  engine design. V i r t u a l l y  a l l  t h e  support  equipment f o r  t h e  
f i r s t  s t a g e s  can be u t i l i z e d  on e i t h e r  veh ic l e .  



S-I  Stage:. By t h e  end of  f i s c a l  year  1964 f a b r i c a t i o n  of  a l l  s t ages  
w i l l  be i n  prccess  or  completed. 
r e f l e c t  t h e  hitiavy ground t e s t i n g  workload a t  the Marshall Space F l i g h t  Center 
and heavy manufacturing and ground t e s t i n g  workload a t  t h e  Michoud P lan t .  
F i s c a l  year 1.965 w i l l  be  t h e  peak yea r ,  t o  d a t e ,  f o r  Sa turn  I launches and 
t h e  majori.ty o f  t h e  funds reques ted  w i l l  be  used i n  t h e  completion and prepa- 
r a t i o n  of stager; f o r  launch. Funds a r e  a l s o  included f o r  reduct ion  of post-  
f l i g h t  dat.a, support  o f  t h e  housekeeping con t r ac to r  a t  Michoud, and support  
o f  t h e  Slidel.  1 Computer F a c i l i t y .  

The funds r equ i r ed  i n  f i s c a l  year 1964 

-- S-IV S t q E .  The f i r s t  l ive  S - I V  s t a g e  w i l l  be launched i n  f i s c a l  year  
1964. This f l i g h t  tes t  w i l l  be t h e  f i r s t  of two f l i g h t s  planned f o r  t h e  
f i s c a l  year. Four S-IV s t a g e s  w i l l  be  flown i n  f i s c a l  year  1965. Furding 
p r i o r  t o  f i s w l  year 1964 was used f o r  development engineering, f a b r i c a t i o n  
of  ground t e s r  s t a g e s  and e a r l y  f l i g h t  s t a g e s ,  an  ex tens ive  ground te:t 
program, and long lead-time s t a g e  procurement. F i s c a l  year  1964 fund: 
support a maJor f a b r i c a t i o n ,  assembly, and t e s t i n g  program a f f e c t i n g  ~111 
s tages  t o  be used f o r  t h e  f l i g h t  program. F i s c a l  year  1965 represents ,  t h e  
culmination o E  manufacturing of S-IV s t a g e s  and funding i s  geared t o  t h e  
completion an3 d e l i v e r y  o f  t h e  f o u r  remaining s t a g e s  t o  Kennedy Space Center 
f o r  pre-launch checkout wi th  the e n t i r e  launch veh ic l e .  As with  t h e  :;-I 
s t a g e ,  funds a r c  provided f o r  reduction o f  post-launch da ta  and prope:.lants 
f o r  t e s t i n g  %the s t ages .  

Vehicle Jltrument Unit. The Saturn I instrument u n i t ,  under develop- 
ment by t h e  Iviars1hall Space F l i g h t  Center, inc ludes  an  i n e r t i a l  guidance 
system, a f l i g h t  c o n t r o l  system, a t r ack ing  system and a te lemet ry  and 
measuring system. The major e l e c t r o n i c  components are being provided by 
Bendix and 1nt:er’national Business Machines Corporation (IBM). I n  f i s c a l  year 
1964, bas i c  ckvalopment f o r  a l l  instrument u n i t s  t o  be used i n  t h e  Saturn H 
veh ic l e  was e w e n t i a l l y  completed. In  add i t ion ,  f a b r i c a t i o n  and checkout CJf 
the  fou r  rems.Fni.ng instrument u n i t s  f o r  t h e  Saturn I p r o j e c t  w i l l  t ake  place. 
A s  p a r t  of t h i s  e f f o r t ,  a new nonpressurized instrument u n i t  ( the  design t o  
be used on the  Saturn I B  and V) ,  to be flown on t h e  last t h r e e  Saturn I vehi- 
c l e s ,  w i l l  be assembled and t e s t ed .  Procurement of hardware f o r  the ST-124 
i n e r t i a l  platform, t h e  guidance computer, and t h e  guidance s i g n a l  processor 
w i l l  be comp1.eted. F i s c a l  year 1965 funds w i l l  a l s o  support  t h e  cos t  of 
materials,  t oo l ing  and s p e c i a l  t es t  equipnent, and p a r t s  necessary t o  assemble 
t h e  fou r  remxining instrument un i t s .  

--- Ground S s p o r t  Equipment. Ground support  equipment (GSE) i s  n o n - f a c i l i t y  
hardware requi red  t o  handle,  ope ra t e ,  and checkout assembled veh ic l e s .  I n  
f i s c a l  year 1964, t h e  i n i t i a l  GSE development f o r  Launch Complexes 34 and 37 
a t  t h e  Kennec,y Space Center and procurement and de l ive ry  of  major se t s  of 
GSE were e s s e n t i a l l y  completed, F i s c a l  year 1965 funds w i l l  be used t o  
provide f o r  maintenance o f  e l e c t r i c a l  support equipment, handling equipment, 
and o t h e r  v e t i c l e  - GSE assoc ia t ed  wi th  t h e  launch complexee. 
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H-1  EngineProcurement.  The last H - 1  engines  requi red  f o r  Sa turn  I 
development were procured wi th  f i s c a l  year  1963 funds. F i s c a l  year  19154 
funds were f o r  support  hardware, spa res ,  and support  s e r v i c e s .  No proizure- 
ment funds a r e  requi red  i n  f i s c a l  year  1965. 

RL-10 EnqGe Procurement. Procurement of RL-10 engines requi red  €or 
Sa turn  I development w i l l  be completed i n  f i s c a l  year 1964 wi th  the  de l ive ry  
of 20 engines.  No procurement funds are requi red  i n  f i s c a l  year  11965. 

Vehicle Support. Vehicle support  funds are requi red  t o  provi~de rissearch 
ana lys i s ,  equipment, combined system t e s t i n g ,  and o the r  var ious  servicizs 
t h a t  are cornon t o  more than oue s t a g e  o r  system of the  veh ic l e .  F i s c a l  year 
1964 funding includes computer systems ana lys i s ;  wind-tunnel tes ts ;  hardware 
s t anda rd iza t ion  tests,  too l ing  and s p e c i a l  test  equipment; q u a l i t y  assiirance 
and inspec t ion  se rv ices ;  p rope l lan t  t e s t i n g ;  barge and a i r  t r a n s p o r t a t i o n  . 
se rv ices  aind equipment, and component t e s t i n g .  I n  f i s c a l  year  1965, e Efort 
w i l l  continue i n  these  areas, and funding w i l l  include special  equipmeit f o r  
l i q u i d  hydrogen t e s t i n g ;  t oo l ing  and s p e c i a l  equipment f o r  improvement of 
advanced checkout techniques app l i cab le  t o  Sa turn  I B  and V operatxons; 
c r i t i c a l  vehic le  component t e s t i n g ;  instrumentat ion of  t he  dynamic vehic le ;  
e l e c t r o n i c  computer hardware p a r t s  f o r  s p e c i a l  modi f ica t ion  and i n t e r f a c e s  
of equipmeints; t r anspor t a t ion  of a l l  s t ages  and payloads; launch support  
s e r v i c e s  a t  t he  Kennedy Space Center i n  support  of  Sa turn  I launches ii- 
cluding refurbishment of t he  pad a f t e r  launch, and post-launch veh ic l e  
ana lys i s ;  personnel t r a i n i n g ;  systems ana lys i s  and s t u d i e s ;  documentat ion; 
and propel lan t  f o r  launches.  

Sa turn  I B  

1'965 --- 1963 1964 

S-IB stage. . . . . . . . . . . . . . . . . . . . . .  $4,745,000 $39,200,000 $79,1110,000 
S-IVB stage. . . . . . . . . . . . . . . . . . . . .  4,500,000 21,600,000 57,0110,000 
Vehicle ins t runent  u n i t . .  ....... 311,000 14,200,000 28,400,000 
Ground support  equipment. ....... 6,926,000 33,000,000 3 1 , 5 O O , O O O  
H-1  engine procurement.. ........ 1,700,000 8,000,000 12,4OO,OOO 
5-2 engine procurement.. ........ 2,050,000 6,400,000 11,000,000 
Vehicle :;up]port.. ............... 1,039,000 27,500,000 -40,700,000 

Total  costs . .  ................. $21,271,000 $149,900,000 ~!60,1!)0,000 --- 
The Saturn IB is e s s e n t i a l l y  an uprated ve r s ion  of the  Sa turn  I veh ic l e  

and is  requi red  as  a t es t  bed f o r  Sa turn  V components and t o  provide the  
c a p a b i l i t y  f o r  E a r t h - o r b i t a l  f l i g h t  t e s t i n g  of t he  Apollo spacec ra f t .  The 
f i r s t  s t age ,  ithe S-Ib, is a modified vers ion  of t he  S - I  s t a g e  of t.he S i t u r n  I 
veh ic l e  and i :3  being developed by the  Chrysler. Corporation Space I l ivis  Lon. 
It w i l l  be powered by an uprated s e t  of e i g h t  H-1  engines capable of  develop- 
ing a sea-:level t h r u s t  of  approximately 1.6 m i l l i o n  pounds. The second s t age ,  
the  S-IVB, is being developed by the  Douglas A i r c r a f t  Company. I t s  bas i c  
design characr:~erist ics are common t o  the  S-IV s t age  of t he  Sa turn  I veh ic l e .  

RD 2-13 



The s i g n i f i c a n t  d i f f e r e n c e s  between t h e  S-IV s t a g e  and t h e  S-IVB s t a g e  a r e  
increased  prolpellant capac i ty  and replacement o f  a c l u s t e r  o f  s i x  RL-11  
engines wi th  a s i n g l e  3-2 engine. With some modi f ica t ions ,  t h e  S-IVB w i l l  
a l s o  be usfed a s  t h e  t h i r d  s t a g e  of t h e  Sa turn  V veh ic l e .  

-- S-IB Stage. Development of t h e  S-IB s t a g e  was s t a r t e d  i n  f i s c a l  ‘qear 
1963. F i s c a l  year  1963 funding provided f o r  s t a g e  redes ign  requised  t o  
reduce s t r u c t u r a l  weight and t o  accommodate a new i n t e r f a c e  with LI l a r s e r  
diameter second s t age ,  t h e  S-IVB, F i s c a l  year  1963 funds a l s o  provide3 f o r  
necessary long lead-time procurement of  s t a g e  hardware. I n  fiscal1 year 1964, 
S-IB design and f a b r i c a t i o n  a c t i v i t y  inc reases  g r e a t l y .  The f i r s t :  two f l i g h t  
s t ages  w i l l  be i n  manufacturing; and long lead-time hardware w i l l  be procured 
f o r  t h e  f i r s t  four  s tages .  During f i s c a l  year 1965, t h e  f i r s t  f l i g h t  s tage  
(S-IB-1) w i l l  be assembled and s t a t i c  t e s t e d .  Fabr i ca t ion  and assembly of  
S-IR-2 and S-IB-3 w i l l  be completed and assembly of  t h e  S-IB-4 w i l l  be under 
way. A t  t l he  same t i m e  component t e s t i n g  a s  a check on systems r e l i a b i l i t y  
w i l l  be increased. I n  a d d i t i o n ,  long lead-time hardware requi red  f o r  S-IB-5 
through S-IB-9 w i l l  b e  procured. 

S-IVB S t a B .  The primary developmental e f f o r t  f o r  t h e  S-IVB s t a g e  i s  
Funds requested f o r  t h e  S-3;VB s t a g e  being funded i n  t h e  Sa turn  V p r o j e c t .  

inc lude  t h e  engineering design e f f o r t  and modi f ica t ions  requi red  to adapt 
t h e  s t a g e  f o r  u se  i n  t h e  Saturn I B ;  t h e  a c t u a l  hardware used i n  the  p r 3 j e c t ;  
and t h e  c o s t  of a c c e l e r a t i n g  development t o  make t h e  s t a g e  a v a i l a b l e  f x  t h e  
Saturn I B  f l i g h t  schedule. A r e l a t i v e l y  low l e v e l  of e f f o r t  was na in t a ined  
i n  f i s c a l  year 1963 and cons i s t ed  f o r  t h e  most p a r t  o f  pre l iminary  design 
work on t h e  s t a g e  and a s soc ia t ed  ground support  equipment. I n  f i s c a l  year 
1964, cons iderable  progress  i s  planned f o r  major t o o l i n g ,  f a b r i c a t i o n ,  and 
s t age  tank s t r u c t u r a l  t e s t i n g .  Ba t t l e sh ip  and s t r u c t u r a l  t e s t i n g  w i l l  s t a r t  
l a t e  i n  t h e  f i s c a l  year .  Fab r i ca t ion  o f  s t ages  f o r  t h e  dynamic, a l l - sys t ems ,  
s t r u c t u r a l ,  and f a c i l i t y  checkout ground tes ts  w i l l  be  i n  process and pro- 
duction of  the  f i r s t  two f l i g h t  s t a g e s  w i l l  be under way. I n  f i s c a l  year 
1965, t h e  f a b r i c a t i o n ,  assembly, and checkout of  t h e  remaining ground t e s t  
s t a g e s  w i l l  be completed. S t r u c t u r a l  tests w i l l  be  completed and a l l - sys tems 
t e s t s  w i l l  be under way. The f i r s t  f l i g h t  s t a g e  w i l l  be completed and a 
s t a t i c  tes t  f i r i n g  w i l l  be conducted. S t r u c t u r a l  f a b r i c a t i o n ,  assembly, and 
checkout of t h e  second f l i g h t  s t a g e  w i l l  be  completed and f a b r i c a t i o n  and 
assembly o f  t h e  t h i r d  and fou r th  f l i g h t  a r t i c l e s  w i l l  be under way. Procure- 
ment of  long lead-time items f o r  S-IVB-5 through S-IVB-9 w i l l  be Eunded. 

Vehicle instrument Unit .  F i s c a l  year 1964 instrument u n i t  funds provide 
f o r  continuing, design and development o f  Sa turn  IB-peculiar equipment, pro- 
curement of  lcng, lead-time items f o r  t h e  f i r s t  four  Saturn I B  uniits (S-IU-1 
through S-IU-4.), and t h e  s t a r t  o f  f a b r i c a t i o n  of t h e  f i r s t  f l i g h t  u n i t .  
During f i s c a l  year  1965, incremental  funding of  t h e  f i r s t  fou r  f l i g h t  u n i t s  
w i l l  continue.  The f i r s t  f l i g h t  u n i t  w i l l  be completed and assembled; 
f a b r i c a t i o n  of t h e  second one w i l l  be completed and assembly w i l l  be s t a r t e d ;  
f a b r i c a t i o n  of subsystems f o r  t h e  next t w o  instrument u n i t s  w i l l  be i n i t i a t e d .  
I n  a d d i t i o n ,  long lead-time procurement w i l l  begin f o r  f i v e  a d d i t i o n a l  u n i t s .  
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Ground S g a o r t  Equipment. In March 1963 i t  was decided t o  provide an 
automatic checkout system f o r  t h e  Saturn I B  a s  a t e s t  u n i t  f o r  Saturn V 
checkout procedures. F i s c a l  year  1963 funding i n i t i a t e d  t h e  development o f  
a checkout pro to type  (breadboard) f o r  t h i s  purpose. Funding o f  t h e  proto-  
type w i l l  be e s s e n t i a l l y  complete by t h e  end o f  f i s c a l  year  1964. The design 
e f f o r t  w i l l  be  i n t e n s i f i e d  and procurement w i l l  be  i n i t i a t e d  during f i s c a l  
year  1964. Aciditional engineer ing development and component t e s t i n g  f o r  
computers and a s soc ia t ed  equipment w i l l  be  requi red  during f i s c a l  year  1965. 
Two computers f o r  t h e  breadboard and two f o r  Launch Complex 37 a t  t h e  Kennedy 
Space Center w i l l  be  de l ive red  during t h e  budget year and procurement of  t h e  
instrument u n i t  checkout s t a t i o n  w i l l  be  completed. O u t f i t t i n g  of the w e s t  
s i d e  o f  t h e  s t a t i c  t es t  s tand  a t  Marshal l  Space F l i g h t  Center w i l l  be 
f in i shed .  I n  acidit ion,  p rovis ion  i s  made f o r  maintenance of  Saturn I B  test  
and checkout c'qu ipment , 

H-1 EngineProcurement.  F i s c a l  year 1964 funding provides  f o r  12 engines 
t h a t  w i l l  be de l ive red  i n  f i s c a l  year 1964 and f o r  procurement o f  long-lead 
hardware d e l i v e r i e s  i n  f i s c a l  year 1965. 
inc ludes  42 engines t o  be de l ive red  i n  f i s c a l  year 1965, and procurement of  
long-lead hardware f o r  38 engines t o  be de l ive red  i n  f i s c a l  year 1966. 
Estimates f o r  both f i s c a l  years  include support  hardware, services, and 
p rope l l an t s  f o r  acceptance t e s t i n g  o f  t h e  engines t o  be  de l ivered .  

The f iscal  year  1965 e s t ima te  

5-2 EngineProcurement.  F i s c a l  year  1964 funding ,provides  f ix  procure- 
ment of  long-lead hardware fo r  d e l i v e r i e s  i n  f i s c a l  year 1965. Tlie cu r ren t  
reques t   cover^ 8 engines t o  be de l ivered  i n  f i s c a l  year 1965 and procurement 
of long-lead hardware fo r  7 engines t o  be de l ivered  i n  f i s c a l  year  1966. 
Estimates a l s o  include requirements f o r  support  hardware and se rv ices .  

--- Vehicle Support. Vehicle support  inc ludes  funds necessary t o  provide 
s t u d i e s ,  s e rv i ces ,  o r  equipment t h a t  a r e  common t o  more than one s t age  o r  
system of  the  vehic le .  F i s c a l  year  1964 funding inc ludes  system a n a l y s i s  
of  t h e  Saturn IB v e h i c l e  and a s soc ia t ed  ground support  equipment (GSE). 
Other a r e a s  of i nves t iga t ions  a r e  performance, weight c o n t r o l ,  s t age  and 
payload sepa ra t ion ,  emergency de tec t ion  s t u d i e s ,  wind tunnel  t e s t i n g ,  
r e l i a b i l i t y  t e s t i n g ,  and v e h i c l e  c o n t r o l  and s imula t ive  tes ts .  Also i n -  
cluded a r e  a Fro- ra ted  share  of computer s e r v i c e s  used by a l l  Sa turn-c lass  
veh ic l e s ,  and engineer ing support  s e r v i c e s  not  s p e c i f i c a l l y  i d e n t i f i e d  with 
ind iv idua l  s t ages  o r  v e h i c l e  u n i t s .  I n  f i s r a l  year  1965, funds a r e  requi red  
f o r  t h e  maintenance, l o g i s t i c  suppor t ,  add i t ion  t o  ground te lemet ry  equipment; 
procurement o f  ins t rumenta t ion ,  an RF system, te lemet ry  and GSE measuring 
equipment; d i r e c t  engineer ing support  i n  such a r e a s  a s  tes t  program prepara-  
t i o n  and tes t  a n a l y s i s ;  a d d i t i o n a l  wind tunnel  and dynamic t e s t i n g ;  and 
t r a n s p o r t a t i o r  . 
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Saturn V 

S-IC s tage .  
S- I1  s tage .  
S-IVB s t age  

.......... .......... .......... 
Vehicle instrument 

unit............... 
Ground support  

equipment........ .. 
F-1 engine procure- 

ment............... 
5-2 engine procure- 

ment............... 
Vehicle support  ...... 

1964 
1963 1964 Supp lementa 1 1965 

$129,388,000 $218,300,000 $31,100,000 $271,600,000 
95,088,000 134,600,000 30,500,000 1139,900,000 
51,359,000 95,600,000 20,400,000 1:!6,800,000 

12,045,000 69,900,000 --- 78,100,000 

6,425,000 25,800,000 --- 70,100,000 

14,601,000 45,000,000 11,200,000 67,400,000 

14,450,000 24,900,000 16,800,000 45,300,000 
20,086,000 75,500,000 --- - 139,200,000 

To ta l  costs........ $343,442,000 $689,600,000 $110,000,000 $988,400,000 --- 
The Saturn V i s  a three-s tage  launch v e h i c l e  with t h e  c a p a b i l i t y  of 

p lac ing  i n t o  low Earth o r b i t  a payload i n  excess of  120 tons  and providing 
f o r  escape t r e j e c t o r i e s  f o r  payloads o f  about 45 tons.  The Saturn V p ro j ec t  
was approved i n  January 1962, fol lowing an ex tens ive  series of  s t u d i e s  on 
veh ic l e  conf igura t ions  f o r  t he  manned lunar  landing. The Boeing Company, 
Aerospace Divis ion,  was selected a s  con t r ac to r  f o r  t h e  f i r s t  stagle (S-IC); 
North American Aviat ion,  Inc . ,  Space and Information Divis ion,  f o r  the 
second s t a g e  (S-11); and t h e  Douglas A i r c r a f t  Company, Missiles and Space 
Divis ion,  fo r  t h e  t h i r d  s t age  (S-IVB). Work was i n i t i a t e d  with North American 
i n  October 1961, with Douglas in December 1961, and with Boeing i n  February 
1962. F-1 ant1 J-2 engines ,  produced by t h e  Rocketdyne Divis ion o f  North 
American Avia t:ion, a r e  provided a s  government furn ished  equipment t o  t h e  
s t a g e  contract .ors.  Major con t r ac to r  e f f o r t  has  been r eo r i en ted  t o  inc lude  
the  recent  dec is ion  t o  adapt t h e  "all-up" concept o f  f l i g h t  t e s t i n g .  
f i r s t  launch cbf t h e  f l i g h t  t es t  program a l l  s t a g e s  w i l l  be l i v e .  

On the  

S-IC StafE. The Marshall  Space F l i g h t  Center,  with Boeing I s  a s s i s t a n c e ,  
w i l l  assemble arid tes t  the f i r s t  ground tes t  s t ages  a t  Hun t sv i l l e ,  Alabama. 
During f i s ca l .  year  1962 and cont inuing i n t o  f i s c a l  year  1963, major e f f o r t  
was placed. on design,  f a c i l i t y  planning, research  s t u d i e s ,  and a c q u i s i t i o n  
of t o o l i n g  and t:est equipment. Component t e s t i n g  was s t a r t e d  i n  f i s c a l  year  
1963 and f a b r i c a t i o n  was i n i t i a t e d  on t h e  f i r s t  ground test s tages .  F i s c a l  
year  1964 wi1.1~ complete t h e  major por t ion  o f  f a b r i c a t i o n  and assembly of  t h e  
a l l - sys tems s1:age and w i l l  mark t h e  s t a r t  o f  f a b r i c a t i o n  and assembly of t h e  
dynamic tes t  s tage .  The f a b r i c a t i o n  and assembly of  some s t r u c t u r a l  t e s t  
components w i l l  b e  completed and f u e l  tank t e s t i n g  w i l l  begin,  Long lead-timc 
hardware f o r  t h e  l a s t  ground test  s t age  and t h e  f i r s t  f l i g h t  s t a g e  w i l l  be 
funded. I n  fi.sc:al year  1965, t h e  dynamic test  s t a g e  w i l l  be completecl and 
al l -systems alrid s t r u c t u r a l  t e s t s  w i l l  be s t a r t e d .  I n  a d d i t i o n ,  t h e  f o c i l i t y  
checkout and t h e  f i r s t  f l i g h t  s t age ,  S-IC-501, w i l l  be  assembled and f ab r i ca -  
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t i o n  o f  succeeding f l i g h t  s t ages ,  S-IC-502 and S-IC-503, w i l l  be s t a r t e d ,  
Long lead-time hardware procurement f o r  t h e  fou r th  f l i g h t  s t age ,  S-IC-504, 
w i l l  a l s o  begin. 

S-I1 S t a s .  I n  f i s c a l  years  1962 and 1963, t h e  major S-I1 e f f o r t s  
were concerned with pre l iminary  and d e t a i l e d  des igns ,  procurement: o f  spec ia l  
t oo l ing  and tes t  equipment, procurement o f  components f o r  design ve r iE ica t ion  
and q u a l i f i c a t i o n  t e s t i n g ,  and long lead-time hardware procurement f o r  e a r l y  
s t a g e s ,  During f i s c a l  year 1964, f a b r i c a t i o n  of  t h e  b a t t l e s h i p  s t a g e  and 
t h e  s t r u c t u r a l  s t a g e  continued. I n  a d d i t i o n ,  f a b r i c a t i o n  and assembly of 
t h e  a l l - sys tems dynamic, and f a c i l i t y  checkout s t a g e s  were i n i t i a t e d .  
Procurement of long lead-time hardware f o r  t h e  f i r s t  two f l i g h t  s t a g e s  began. 
In f i s c a l  year 1965, major s t a g e  t e s t i n g ,  such a s  b a t t l e s h i p  and s t r u c t u r a l  
t e s t i n g ,  w i l l  be i n i t i a t e d .  The a l l - sys tems s t a g e  f a b r i c a t i o n  and assembly 
w i l l  be c'ompleted and checkout w i l l  b e  inaugurated.  Both the  dynamic and 
f a c i l i t y  checkout s t a g e s  w i l l  be p a r t i a l l y  assembled. Fabr ica t ion  of four  
f l i g h t  s t ages  w i l l  be i n  progress and long lead-time procurement w i l l  be 
i n i t i a t e d  on t h e  f i f t h  f l i g h t  a r t i c l e .  

S-IVB Stag,e. The S-IVB s t a g e  i s  a modified ve r s ion  of  t h e  S-IV. 
Although i t  w i l l  be used a l s o  i n  t h e  Saturn I B ,  t h e  bas i c  development c o s t s  
a r e  being charged t o  t h e  Saturn V.  A s  wi th  t h e  S-IC and S-I1 s t a g e s ,  funding 
i n  f i s c a l  years  1962 and 1963 was used t o  provide des ign ,  f a c i l i t i e s  planning 
and too l ing ,  and procurement of  long lead-time hardware. Qua l i f i ca t i lm  
t e s t i n g  o f  components was a l s o  s t a r t e d  during t h i s  per iod .  
major s t a g e  t e s t i n g ,  inc luding  b a t t l e s h i p  and s t r u c t u r a l  tes ts ,  was provided 
f o r  i n  f i s c a l  year 1964. During f i s c a l  year 1964, t h e  Douglas A i r c r a f t  
Company began t h e  f a b r i c a t i o n  and assembly o f  t h e  a l l - sys t ems ,  dynamic and 
f a c i l i t y  checkout s tages .  Long lead  procurement o f  hardware and f a b r i c a t i o n  
f o r  t h e  f i r s t  f l i g h t  s t a g e  was a l s o  s t a r t e d .  Ground t e s t i n g  w i l l  be i n t e n s i -  
f i e d  i n  f i s c a l  year 1965 and t h e  l a s t  ground tes t  s t a g e ,  t h e  f a c i l i t y  checkout 
s t a g e ,  w i l l  be de l ivered .  Fabr i ca t ion  of  t h e  f i r s t  f l i g h t  s t a g e  w i l l  cont inue  
and long l e a l  procurement f o r  t h e  next f l i g h t  s t a g e s  w i l l  be i n i t i a t e d .  

I n i t i a t i o n  of  

Vehicle-Instrument- Unit-. The v e h i c l e  instrument u n i t  inc ludes  an a l l -  
i n e r t i a l  guic.ance system, a cu r , t ro l  system, and te lemet ry  and measuring 
c a p a b i l i t i e s .  It i s  being develcped and assembled by t h e  Marshall  Space 
F l i g h t  Center. The major e l e c t r o n i c  components a r e  provided by ithe Bendix 
and I B M  corpcra t ions .  F i s c a l  year 1962 and 1963 funds provided fo r  i n i t i a l  
design, compcnent t e s t i n g  and a continuance o f  guidance system rlesearch and 
development, based on experience wi th  t h e  Saturn I p r o j e c t .  I n  f i s c a l  year 
1964, t h e  design and engineering of  components w i l l  cont inue  and the  f i r s t  
two ground test u n i t s  v i b r a t i o n  and s t r u c t u r a l ,  w i l l  be de l ive red .  S t r u c t u r a l  
t e s t i n g  w i l l  be performed. During f i s c a l  year  1965, t h e  procurement, f a b r i c a -  
t i o n ,  and acceptance t e s t i n g  of  components w i l l  cont inue  and t h e  procurement 
of  long lead-time items f o r  SA-501 and SA-502 w i l l  be  s t a r t e d .  The remaining 
four  ground t e s t  u n i t s  ( t he  breadboard, f a c i l i t y  checkout u n i t ,  dynamic u n i t ,  
and f l i g h t  s),sterns u n i t )  w i l l  be  de l ivered .  
p l e t e d  and tt.e dynamic and f l i g h t  systems tes ts  w i l l  begin. 

Vibrat ion t e s t i n g  w i l l  be  com- 
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Ground S s p o r t  Equipment. Ground support  equipment (GSE) i s  n o n - f a c i l i t y  
hardware requi red  t o  handle ,  ope ra t e ,  and checkout t h e  assembled veh ic l e s .  
F i s c a l  year  1964 funds were used almost exc lus ive ly  f o r  t h e  development o f  
automatic checkout equipment t o  f a c i l i t i a t e  pre- launch countdowns and t o  
improve launch r e l i a b i l i t y .  Fab r i ca t ion  o f  a prototype set  o f  equipment 
(breadboard) was a l s o  s t a r t e d  and procurement was i n i t i a t e d  f o r  equipment 
t o  b e  i n s t a l l e d  i n  Launch Complex 39 f a c i l i t i e s .  The Sa turn  V breadboard 
w i l l  b e  completed i n  f i s c a l  year  1965 and procurement a c t i o n s  w i l l  cont inue  
t o  provide t h e  minimum checkout equipment e s s e n t i a l  f o r  t h e  f i r s t  f a c i l i t y  
checkout and launch o f  a Saturn V vehicle. F i s c a l  year 1965 funds w i l l  also 
be  used t o  develop and procure s p e c i a l  test  equipment and components. 

F-1 Engine Procurement. The f i s c a l  year  1964 funding provides f o r  2 
engines t o  be de l ive red  i n  t h e  c u r r e n t  yea r ,  and procurement o f  Long-lead 
hardware f o r  19 engines. The f i s c a l  year 1965 estimate provides f o r  engines 
t o  be de l ivered  i n  f i s c a l  year 1965, and procurement o f  long-lead hardware 
f o r  30 engines.  Funds i n  both f i s c a l  years  provide f o r  procurement of 
support  hardware and se rv ices  and p rope l l an t s  f o r  acceptance t e s t i n g .  

5-2 Engj_ne Procurement. The f i s c a l  year  1964 e s t ima te  prov:ides f o r  
11 engines t o  be de l ive red  i n  t h e  c u r r e n t  year and procurement o f  long- 
lead  hardware f o r  26 engines t o  be  de l ive red  i n  f i s c a l  year 1965, F i s c a l  
year 1965 funding provides  f o r  engines t o  b e  de l ive red  i n  f i s c a l  year 1965 
and procurement o f  long-lead hardware f o r  41 engines t o  be de l ive red  i n  
f i s c a l  year 1966. Funds i n  both f i s c a l  years  a l s o  provide f o r  support  
hardware, support  s e r v i c e s  and p r o p e l l a n t s  f o r  acceptance t e s t i n g  o f  t h e  
engines. 

Vehicle Support. Vehicle support  funds a r e  r equ i r ed  t o  provide s e r v i c e s  
and equipment t h a t  a r e  common t o  more than  one s t a g e  o r  system oE t h e  veh ic l e .  
F i s c a l  year 19634 funding inc ludes  ins t rumenta t ion ,  recording, and data  re- 
duction equipment for  t h e  Saturn V dynamic tes t  s tand;  development of  t r a n s -  
p o r t a t i o n  C a p a b i l i t i e s ,  such a s  modif icat ions o f  marine vessels Eor s t a g e  
t r a n s p o r t a t i c n ;  use  of  a s p e c i a l  a i r p l a n e ,  t h e  "Pregnant Guppy,'' f o r  emer- 
gency movement of  ou t - s i zed  cargo; a pro- ra ta  sha re  o f  computer s e rv i ces  
used by a l l  Saturn v e h i c l e  p r o j e c t s ;  range s a f e t y  devices and t r a c k i n g  
beacons f o r  USE: dur ing  Saturn V f l i g h t s ;  and engineering suppor t .  I n  f i s c a l  
year 1965, th.ese bas i c  a c t i v i t i e s  w i l l  be  continued. F i s c a l  year 1965 fund- 
i n g  inc ludes  s p e c i a l  t o o l i n g  and f a b r i c a t i o n  of t e s t  hardware and f i x t u r e s ;  
procurement c f  s p e c i a l  t es t  equipment f o r  c a l i b r a t i o n  and support  o f  com- 
ponent t e s t i n g ;  expansion o f  wind tunne l  t e s t i n g  t o  determine a c o u s t i c a l  
environment , pres su re  d i s t r i b u t i o n ,  s t a t i c  s t a b i l i t y ,  v e h i c l e  f l u t t e r  
a n a l y s i s  and h e a t  t r a n s f e r ;  a cryogenic flow c a l i b r a t i o n  s t and ,  hybr id  
s imula t ion  f a c i l i t i e s ;  r e a l  t i m e  d i g i t a l  s imula t ion  equipment; an  analog 
f l i g h t  s imula tor ;  data  reduct ion  equipment; c o n t r o l  system hydraul ic  simula- 
t i o n  equipmert; dimensional and non-des t ruc t ive  t e s t i n g  equipment f o r  assembly 
and q u a l i t y  t e r i f i c a t i o n ;  v e h i c l e  p r o p e l l a n t  b l a s t  hazard t e s t i n g ;  a c t i v a t i o n  
and ope ra t io r  o f  dynamic tes t  s tand.  
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Apollo Support 

1905 --- 1963 1964 

Systems engineering.. .......... 
Mission c o n t r o l  systems.. ...... 
Apollo space operation..  ....... 
Supporting technology .......... 

Spacecraf t  techno logy.. ...... 
Launch vehic l e  techno logy. ... 
Pro pu :L s i o  n t echno l o  gy ........ 
Launch ope ra t ions  technology. 

Launch ope ra t ions  and 
instrumen t a t ion .  ............. 

$20,425,000 

7 , 672 , 000 
7 , 989 , 000 

370,000 
25 , 570,000 
(7 , 963 , 000) 
(6,299,000) 
(9 , 004 , 000) 
(2,304,000 

T o t a l  c o s t s  .................. $62,026,000 

$40 , 900,000 $46,000,000 

36,500,000 
52,500 , 000 

2,900,000 
46,500,000 

(18 , 7 00 , 000) 
(12,900,000) 
(12,800,000) 

(2,100,000) 

$179,300 , 000 

' 5 1 , 3 O 0 , O O O  
41 , 400 , 000 
2 1 , 600 , 000 
48,900 , 000 

( 13 , 000 , 000)  

- (3,5OO,OOO) 

(20,200,000) 

( 12 , 200 , 000) 

g ! o 9  , 2!)0,000 --- 
Apo1:Lo ,support c o n s i s t s  of t h e  supporting technology and enginee.ring 

e f f o r t  r e l a t a d  to  t o t a l  mission requirements,  inc luding  space v e h i c l e  
r e l i a b i l i t y  and development and maintenance o f  t h e  launch and f l i g h t  
ope ra t ions  nlicessary f o r  t h e  accomplishment o f  t h e  Manned Lunar Landiiig 
program 

Systems-&gineering. This  a c t i v i t y  provides  f o r  t h e  program-wid: 
t echn ica l  support  needed f o r  t h e  success fu l  accomplishment o f  A p o l l o .  I t  
i s  designed t o  provide assurance t h a t  t h e  func t iona l  and performance require- 
ments placed upon a l l  elements o f  t h e  program a r e  compatible with eacli o t h e r  
and with the mission o b j e c t i v e s .  S tud ie s  undertaken i n  e a r l y  f i s c a l  ?ear  
1963 r ea f  Eirined t h e  s e l e c t i o n  o f  t h e  lunar  o r b i t a l  rendezvous (LOR) mode f o r  
t h e  Apollo mission. Recent systems engineering a c t i v i t i e s  i nc lude  devilopment 
of s p e c i f i c a t i o n s  f o r  Apollo t h a t  i n s u r e  t h a t  each subsysten element . s i l l  be 
developed i n  accordance with t h e  o v e r a l l  system requirement. F i s c a l  year 1964 
funding provided f o r  t h e  i n i t i a t i o n  o f  s t u d i e s  concerning mission des  : r i p t i o n  
and planning, t e s t  o b j e c t i v e s  and i n t e g r a t i o n ,  systems s p e c i f i c a t i o n s  , guid- 
ance and naviga t ion ,  communications and t r ack ing  networks, checkout e E f e c t i v e -  
ness ,  and documentation. Systems engineering r ece ives  p r i n c i p a l  supp'3rt from 
both Bellcomm and General Electr ic .  F i s c a l  year  1965 funding provides f o r  an 
extension o f  most o f  t h e  ana lyses  now under way and i n i t i a t i o n  of new e f f o r t s ,  
where requi red ,  a s  t h e  program advances. There w i l l  be  some s h i f t  o f  emphasis 
t o  r e l i a b i l i t y  s t u d i e s ,  inc luding  mission s a f e t y  a n a l y s i s ,  mathematical model 
development , and f a i l u r e  e f f e c t s  a n a l y s i s .  

-- Launch lelrations and Instrumentation. The funds i n  t h i s  cijtegory pro- 
v i d e  f o r  t h e  launch ins t rumenta t ion  necessary t o  measure and record t h e  
launch performance o f  space v e h i c l e s  used i n  t h e  Manned Lunar Landing pro- 
gram; t h e  support  provided by range c o n t r a c t o r s  and t h e  A i r  Force; bas ic  
equipment, supp l i e s  and s tock  m a t e r i a l  requi red  by t h e  range c o n t r a c t o r s  o r  
t h e  A i r  Force i n  support  o f  t h e  program; and t h e  maintenance and necessary 
a l t e r a t i o n  of f a c i l i t i e s  i n  t h e  Merritt I s l a n d  Launch Area and a t  Launch 
Complexes 34 and 37 a t  t h e  Kennedy Space Center. The d i v i s i o n  of respons i -  
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b i l i t i e s  betw?en NASA and the  A i r  Force were de l inea ted  i n  an agreement 
between the  1Lb: in is t ra tor  and the  Secre ta ry  of Defense on January 17 ,  1963. 

Mission & i t r o l  Systems. Mission con t ro l  systems a c t i v i t i e s  include 
development , opera t ion ,  and maintenance of the  Lntegrated M i s s  ion Control  
center (IMCC) at  the  Manned Spacecraf t  Center and assoc ia ted  i n t e r f a c e  
equipment a t  the Kennedy Space Center. It a l s o  provides f o r  the  technica l  
i n t eg ra t ion  o E  the IMCC with the  world-wide manned space f l i g h t  network. 

The XMCC bui ld ing  is near ly  complete and bene f i c i a l  occupancy is 
scheduled foi: March 1964. Implementation of the  rea l - t ime computer complex 
by IBM has pir13g:ressed r ap id ly .  Three of the  four  l a rge  d i g i t a l  computers 
required a r e  temporarily i n  a ren ted  bui ld ing  and are being used f o r  prepa- 
r a t i o n  of computer programs and opera t iona l  planning. The balance of the  
technica l  sy:steins wi th in  the  IMCC, under con t r ac t  t o  Phi lco,  are beini; 
developed and procured and a l l  major equipment is scheduled t o  be avaxlable  
by the  end o.f f i s c a l  year 1964. In tegra ted  t e s t i n g  of the  IMCC with !:he 
manned space f l i g h t  network w i l l  be conducted i n  f i s c a l  year  1965. F i ~ s c a l  
year  1965 fuitis a r e  needed f o r  the  completion of t he  IMCC and for  opera t ion  
and maintenance of the  IMCC. Also included is the  Apollo launch data system, 
cons i s t ing  of equipment a t  Kennedy Space Center f o r  da t a  format convei'sation 
and signal1 co,nditioning p r i o r  t o  t ransmission t o  the  IMCC a t  the  Mannc!d 
Spacecraf 11 Ceinter . 

ApolXo !ipace Ooerat ionr  Apollo space opera t ions  requi red  f o r  the  
support  of f:Light missions can be c l a s s i f i e d  i n t o  th ree  major categorxes:  
P r e - f l i g h t ,  . € l igh t ,  and crew. 

P re - f l i gh t  opera t ions  include the  e f f o r t  requi red  t o  check-out the  
spacecraf t  ait the  launch area p r i o r  t o  launching. F i s c a l  year 1965 funds 
w i l l  be u t i l i z e d  t o  c a r r y  on the  e f f o r t  i n i t i a t e d  i n  the  f i s c a l  year l.964. 
These funds will provide f o r  the  cont rac tor  s e rv i ces  requi red  for coll .ecting, 
recording and eva lua t ing  the  checkout te lemetry da t a ;  t he  connecting of the  
ground suppo:rt #equipment t o  the  f a c i l i t i e s  ; the  engineer ing and design 
e f f o r t  required f o r  connecting the  ground support  equipment; the  cryolgenic 
and hypergol ic  Cconsummables requi red  f o r  t e s t i n g  and f l i g h t  loading the  
spacec ra f t ;  and the  common-use spacecraf t  consumable spares  u t i l i z e d  by 
Apollo contr,nctors.  

F l igh t  opera t ions  includes the  planning, support  and a c t u a l  accornplish- 
ment of manned missions from l i f t - o f f  t o  recovery. 
be divided i n t o  th ree  d i s t i n c t  areas: Mission planning; f l i g h t  con t ro l ;  
and opera t iona l  support .  

F l igh t  opera t ions  may 

F i sca l  :year 1964 funding f o r  mission planning supported development of 
r e a l  time computer programs, booster closed-loop guidance equat ions , inathe- 
mat ica l  techniques f o r  t r a j e c t o r y  programs, and the  procurement of a hybrid 
computer t o  ,provide an a n a l y t i c a l  c a p a b i l i t y  f o r  the development of r e a l  
time computer programs f o r  mission ana lys i s  and support .  
funds w i l l  be used t o  continue the  support  of these  mission planning functions.  

F i sca l  year  1965 
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The f i s c a l  year 1964 funds a l l o c a t e d  f o r  f l i g h t  con t ro l  were used t o  
provide con t r ac to r  support  personnel f o r  f l i g h t  monitoring and remote s i t e  
opera t ion ,  f l i g h t  c o n t r o l l e r  t r a i n i n g  a i d s ,  and accessory and a u x i l i a r y  
equipment f o r  f l i g h t  c o n t r o l l e r s .  F i s c a l  year  1965 funds w i l l  be used t o  
cont inue support  of t h e  above i t e m s  and, i n  add i t ion ,  provide engi~neering 
s t u d i e s  of f l i g h t  con t ro l  techniques.  

F i s c a l  year 1965 funds w i l l  be used t o  cont inue s t u d i e s  begun i n  Eiscal 
year  1964 on recovery opera t ion  techniques,  tests of spacec ra f t  landin5 and 
recovery s y s t e m s ,  and procurement of handling and r e t r i e v a l  equipment f o r  
Apol l o .  

Crew opera t ions  provides f o r  crew t r a i n i n g  and i n t e g r a t i o n  o f  crew 
a c t i v i t i e s  wi th  the  engineering design and development of Apollo spacecraf t  
and wi th  f1igh.t mission planning and t r a i n i n g .  The equipment reqiiirements 
f o r  crew t r a i n i n g  include a f ree- f  l i g h t  lunar  l ande r ,  a crew procedures 
developmeat t r a i n e r ,  i n - f l i g h t  t e s t  systems hardware, and cen t r i fuge  cockpi t  
equipment . 

Fisca.1 p a r  1964 funds provide f o r  as t ronaut  academic, s u r v i v a l ,  and 
mission t r a i n i n g .  F i s c a l  year  1965 crew opera t ions  funding w i l l  provide 
f o r  fabr icat imn and t e s t i n g  of t he  crew procedures development t r a i n e r  and 
w i l l  continue! crew t r a i n i n g  commensurate with t r a i n e r  a v a i l a b i l i t y .  

Supporti,r.rTechnology. This  i s  a p ro jec t  of i nd iv idua l ly  s e l e c t e d  
engineer ing t.iisks pr imar i ly  support ing t h e  broad Apollo program. The p ro jec t  
inc ludes  s;tucl!iezr and hardware developments which w i l l  provide increased 
assurance of rneeting t h e  performance and r e l i a b i l i t y  requirements of t h e  
Apollo prcigram. This e f f o r t  inc ludes  inves t iga t ions  of improved o r  a l t e r n a t e  
systems, subiiysl:ems, components and materials which can be phased i n t o  t h e  
present  Apol1.0 program i n  a t imely fash ion  as requi red .  

The t:asE::3 :Ea11 i n t o  fou r  general  ca t egor i e s  -- spacec ra f t ,  launck. v e h i c l e s ,  
propuls ion,  a i d  launch operat ions.  

Apollio spacec ra f t  technology dea l s  wi th  materials and s t r u c t u r e s  f l i g h t  
systems deve:topnent, and human f a c t o r s .  Alternate s t r u c t u r a l  subsystems w i l l  
be  designed mid evaluated under the  s p e c i f i c  launch and f l i g h t  environments 
t o  be encountered by the spacec ra f t .  E f f o r t  w i l l  be continued to  improve 
Spacecraf t  seals and s e a l i n g  techniques.  Improved p r o t e c t i v e  systems w i l l  be 
inves t iga t ed  to  provide f l i g h t  crews wi th  an environment which i s  as s a f e  
and comfortal>le as can be provided. Development of a l t e r n a t e  hardware, based 
on new technology w i l l  be  s t a r t e d ,  t o  make improved equipment avadlab1.e on 
a t imely b a s i s .  

I n  t h e  launch veh ic l e s  category,  primary emphasis is being placed on 
t h e  improvemlant of s t r u c t u r e s  and propuls ion systems, and t h e  int.egral':ion 
of t h e  enginles i n t o  t h e  launch v e h i c l e s .  Problems assoc ia ted  with vel i ic le  
aerodynamics, and guidance and con t ro l  requirements w i l l  be inves t iga i ed .  
Recent advances i n  t h e  s t a t e -o f - the -a r t  w i l l  be appl ied  t o  a l t e r n a t e  
approaches f o r  t he  mainstream hardware development. 
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Propuls ion technology e f f o r t  is  d i r e c t e d  toward cu r ren t  developmeiit 
problems as we11 as improved engine system components. 
be continued Lnto t h e  problems of combustion i n s t a b i l i t y  and propellani: pump 
s t a l l s  during s t a r t  up. E f f o r t  i s  a l s o  being d i r e c t e d  i n t o  t h e  a r e a  oii 
pulse-operated r eac t ion  con t ro l  engines ,  on tankage and components f o r  s m a l l  
pressure-fed systems, and on propel lan t  performance f o r  app l i ca t ion  t o  space- 
c r a f t  propuls Lon systems. 

Inves t iga t ions  w i l l  

I n  t he  1,aunch opera t ions ,  t a sks  r e l a t i n g  t o  t h e  fue l ing  system, f o r  t he  
handling o f  l i q u i d  oxygen and kerosene, hypergol ic  f u e l s  and o x i d i x e r s ,  and 
t h e  simultaneous handling of l i q u i d  oxygen and l i q u i d  hydrogen w i l l  be 
s tud ied .  
an e f f o r t  to reduce t h e  t i m e  required f o r  checkout. 

Ground support  equipment and techniques,  w i l l  also be s tud ied  i n  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF &OIEIED SPACE FLIGHT ADVANCED MISSIONS PROGRAM 

PROGRAM OBJECgUES AND JUSTIFICATION : 

From the experience and technological  advancement gained t o  da t e  with 
Mercury, Gemini, and Apollo missions,  advanced manned space f l i g h t  mission 
concepts a r e  exnmined through advanced s t u d i e s  designed t o  determine the  
l o g i c a l  ex.ten.sion of  t h e  na t iona l  space capabi l i ty .  Development o f  t h e  
capab i l i t y  f o r  manned luna r  landing and r e t u r n  provides  t o  t h e  na t ion  the  
s c i e n t i f i c  and t.echnica1 knowledge of t he  space and luna r  opera t ions  nec- 
essary  t o  undertake long-term Barth-orbi t ing s a t e l l i t e  missions,  s c i e n t i f i c  
explora t ion  of the  Moon, and u l t ima te ly ,  explora t ion  of t h e  planets .  Plan- 
ning of t h i s  t.ype i s  e s s e n t i a l  t o  provide information upon which t o  bsse 
f u t u r e  progrsun cleci sions. 

SUMMARY OF RE:!;OIIRCES REQUIREMENTS : 

1963 1964 - 1965 

Advanced. s tud ies . .  .............. $11,391,000 $22,100,000 $26,000,000 

BASIS OF FUNILSQUIREMENTS : 

1963 1964 - 1965 

Advanced s tudies . .  .............. $11,391,000 $22,100,000 $26,000,000 

The ob jec t ives  of t h e  advanced &dies  a r e  t o  analyze present  hardware 
systems f a r  gi:otRh p o t e n t i a l  ; t o  develop requirements f o r  f u t u r e  systa~ms ; t o  
provide guidance f o r  research  and technology a c t i v i t y ;  and t o  Prcrvi.de informa- 
t i o n  upon which f u t u r e  program dec is ions  can be based. 

This  act::ivity w i l l  enable the  NASA t o  advance technology i n  required 
a reas ,  provicle a sound b a s i s  f o r  f u t u r e  programs, and permit near  optimum 
sc i en t i f i c :  arid t echn ica l  programs. Advanced planning i s  necessary anc. 
e s s e n t i a l  t o  enable f u l l  cons idera t ion  of t he  foregoing f a c t o r s  and cif t he  
resource i:equ:iraments f o r  f u t u r e  missions. 

Advanced s tud ie s  involve t h e  cont inuing e f f o r t  leading t o  t h e  d e f i n i -  
t i o n  and prel.:iminary design and s p e c i f i c a t i o n  of  poss ib l e  f u t u r e  manned space 
f l i g h t  miz;sions,, based on the  f a c t  t h a t  explora t ion  of  t h e  Moon i s  but. the  
f i r s t  major s t ep  i n  manned explora t ion  of  space. 
ga t ion  inc:lude manned s a t e l l i t e s ,  manned lunar  missions,  and manned p lane ta ry  
missions 

Spec i f i c  a reas  o f  i r ives t i -  
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Manned S a t e l l i t e s  

During t h e  pas t ,  s t u d i e s  have been d i r ec t ed  toward (1) t h e  demons'tra- 
t i o n  of t he  t echn ica l  f e a s i b i l i t y  of manned Earth- o r b i t i n g  s a t e l l i t e s ,  (2) 
establishment of the  c h a r a c t e r i s t i c s  of o r b i t i n g  manned l a b o r a t o r i e s  , and 
(3) de f in i t i o r i  of major subsystems, such as l i f e  support  system, powex 
suppl ies ,  scl.c!nt:ific and experimental instrumentat ion,  data processing 
equipment , and s t a b i l i z a t i o n  systems. I n  addi t ion ,  s t u d i e s  have been i n i -  
t i a t e d  t o  anal.yz:e l o g i s t i c  requirements f o r  opera t iona l  maintenance of 
manned s a t e l l i t e s .  This included launch f a c i l i t y  requirements,  r e fue l ing ,  
resupply and emergency rescue methods, and conf igura t ion  requirements f o r  
f e r r y  and supply vehicles .  

The f i s c i i l  year  1965 e f f o r t  f o r  manned sa te l l i t es  s t u d i e s  w i l l  p l ace  
emphasis on alptj.mization, s p e c i f i c a t i o n  prepara t ion  and prel iminary p l ans  
f o r  design of t he  var ious  subsystems and configurat ions.  
t h i s  e f f o r t  aril]. permit a d e t a i l e d  appra i sa l  of t h e  requirements f o r  such 
a program beycml t h e  approved m i l i t a r y  e f f o r t  and w i l l  provide a sound b a s i s  
f o r  a hardware development program dec is ion  i f  required i n  t h e  future .  

The r e s u l t s  of  

Manned Lunar Missions 

The p r i m e  ob jec t ive  of  t he  Apollo program i s  t o  p lace  two men on t h e  
lunar  surface arid t o  r e t u r n  them s a f e l y  wi th in  t h i s  decade. 
ment w i l l  con.sti.tute t h e  beginning of  lunar  explorat ion.  Therefore,  t h e  
p r i n c i p a l  emphasis of  t h e  manned luna r  s t u d i e s  i s  t o  i d e n t i f y  and de f ine  
t h e  most effec:tj.ve systems t o  support l una r  explora t ion  missions following 
t h e  i n i t i a l  Apol l o  landings.  

This achieve- 

S tudies  are now underyay involving systems t o  support i n i t i a l  sur face  
reconnaissance opera t ions  i n  t h e  immediate post-Apollo per iod  and systems 
su i t ed  t o  more ex tens ive  luna r  opera t ions  and s c i e n t i f i c  e x p l o i t a t i o n  of 
t h e  moon. 

Systems being inves t iga t ed  f o r  use i n  the  per iod following the  i n i t i a l  
landing iiiclude the  Apollo Logis t ic  Support System (ALSS) and the  S t a y  Time 
Extension Module (STEM). 
Excursion Modiile (LEM) descent s tage ,  modified t o  be capable of landing 
approximately 7,000 pounds on the  lunar  sur face ,  t o  include an appropr ia te  
family of sur face  equipment. This equipment would include su r face  veh ic l e s  
and s h e l t e r s  t o  extend the  mobi l i ty ,  s t a y  t i m e ,  and c a p a b i l i t y  of Apo'llo 
as t ronauts .  Ihfe STEM would c o n s i s t  of a modified Apollo LEM capable of pro- 
v id ing  modest extension of lunar  su r face  s t a y  time f o r  the  a s t ronau t s  beyond 
t h a t  present  1 y .provided. 

The ALSS would c o n s i s t  of an unmanned Apollo'Lunar 

'Ihe priii4:iipal system being inves t iga t ed  f o r  subsequent, more ex tens ive  
operat ion is the Lunar Exploration System f o r  Apollo (LESA), a f1exib:l.c 
system which in  i t s  growth c a p a b i l i t y  could provide a lunar  base. LE!;A is 
conceived as a modular s e t  of lunar  su r face  hardware which can be quickly 
t a i l o r e d  t o  support  a wide range of lunar  explora t ion  missions.  The iiystem 
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inc ludes  sur face  veh ic l e s ,  s h e l t e r s ,  nuc lear  power p l an t ,  appropr ia te  sup- 
po r t  equipment, and regenera t ive  systems t o  reduce resupply requirements. 
From the  family of LESA modules, sets of  equipment could be assembled to 
meet t he  needs of e i t h e r  s m a l l  o r  l a r g e  groups of  a s t ronau t s  (up t o  18 men) 
f o r  l una r  sur face  missions of e i t h e r  shor t  o r  long duration. 

Emphasis i n  the  lunar  s tudy program i s  on lay ing  a sound base f o r  
development of t he  ALSS, t he  
luna r  explora t ion  missions. 
f i s c a l  year  1964, it i s  an t i c ipa t ed  t h a t  prel iminary engineering work w i l l  
be i n i t i a t e d  i n  f i s c a l  year  1965. 
development, d e t a i l  design,  prel iminary mockups, and test  a r t i c l e s .  

most probable system f o r  support  of e a r l y  
Following program d e f i n i t i o n  s t u d i e s  during 

This  w i l l  include e s s e n t i a l  support ing 

Manned Plane tary  Missions 

Considercble s c i e n t i f i c  and t echn ica l  i n t e r e s t  has  centered around 
manned planets.ry missions;  however, it i s  too e a r l y  t o  def ine  i n  d e t a i l  
e i t h e r  missior. concepts o r  schedules. Pr imari ly ,  t h e  f i s c a l  year  1964 
s tud ie s  a r e  d i r ec t ed  toward a b e t t e r  understanding of such a program. 

I n  f i s c a l  year 1965, the  manned p lane ta ry  mission e f f o r t  w i l l  p l a c e  
primary emphasis on a n a l y s i s  of system f e a s i b i l i t y  and concept. Studies  
of scope, ob jec t ive ,  schedules and c o s t  w i l l  be necessary t o  select  the  
most promising, mission p r o f i l e s  f o r  d e t a i l e d  engineer ing a n a l y s i s  i n  later 
years  . 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF SPACE SCIENCE, AND APPLICATIONS GEOPHYSICS AND ASTRONOMY PR,)GRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION : 

The fundmenta l  ob jec t ive  of t he  Geophysics and Astronomy Prograiik i s  t o  
extend our  knowledge and understanding of t he  space environment of  them E a r t h ,  
t he  Sun and fits r e l a t i o n s h i p s  t o  the  Ea r th ,  t he  geodet ic  p rope r t i e s  01: the  
Ea r th ,  and the  Eundamental physical  na ture  of  the  universe .  Much of the  
space researc11 accomplished under t h i s  program has been devoted t o  uncler- 
s tanding  the   environment of the  Ea r th .  Sounding rockets ,  bal loons,  a x -  
c r a f t ,  and Ekcplorer class satel l i tes  have been used f o r  exp lo ra t ion  0:: the  
E a r t h ' s  upper atmosphere and ionosphere. 
magnetosphere a.nd the  g rea t  r a d i a t i o n  b e l t  have been conducted with 
Explorer-class  s a t e l l i t e s  and l a r g e  sounding rockets .  These spacecra  :t w i l l  
continue to be  used toge ther  with Geophysical Observator ies  i n  art e f f o r t  t o  
ob ta in  a comprehensive p i c t u r e  of t he  Ea r th ' s  environment and t o  dete.:mine 
i t s  variaitioins with changes i n  s o l a r  a c t i v i t y .  This bas i c  understanding of  
the  Ea r th ' s  environment i s  important t o  the  opera t ion  of manned and uiunanned 
spacecraf t  and cont r ibu tes  t o  our  knowledge of  meteorology and communica- 
t i ons .  We a l s o  g a i n  knowledge which w i l l  h e l p  us understand what w e  measure 
i n  the  explora t ion  of o the r  p lane ts .  

Inves t iga t ion  of t he  Ea.rth's 

S tudies  of t he  Ea r th ' s  space environment have demonstrated the  con- 
t r o l l i n g  efflect t h a t  t he  Sun has on t h i s  environment, and they provide many 
important c lues  t o  the  na tu re  of the  Sun. However, a comprehensive s tudy of 
t he  Sun r equ i r e s  the  use of astronomical instruments pointed a t  the  S i n .  
Since much o f  t h e  e lectromagnet ic  r a d i a t i o n  emit ted by the  Sun i s  abslrbed 
o r  d i s t o r t e d  by the Ea r th ' s  atmosphere, sounding rockets  and So la r  Observa- 
t o r i e s  arle being used t o  place the  ins t rumenta t ion  above the  atmosphere. To 
complement these observa t ions ,  Explorer spacec ra f t  are being launched i n t o  
h igh ly  e l l i p t i c a l  Earth o r b i t s  which take them i n t o  in t e rp l ane ta ry  space t o  
monitor the  a r r i v a l  of  s o l a r  protons,  measure the  s o l a r  wind, anti explore  the  
in t e rp l ane ta ry  magnetic f i e l d ,  These observa t ions ,  toge ther  with the  in fo r -  
mation on the space environment near  Earth,,will con t r ibu te  t o  a v a s t l y  
improved understanding of  the  Sun as a s ta r ,  as a c o n t r o l l i n g  inf luence  on 
l i f e  here  on Earth,  and as a hazard t o  man's su rv iva l  i n  space.  

Through accura te  t racking  of sa te l l i tes ,  it is poss ib l e  t o  ob ta in  da t a  
on the  f igure  and s t r u c t u r e  of t he  Earth and t o  s tudy  the  na ture  of the  
Earth 's  g r a v i t a t i o n a l  f i e l d  and i ts  i n t e r a c t i o n s  with the  g r a v i t a t i o n a l  
f i e l d s  of nea.rby ce les t ia l  bodies.  These d a t a  are needed t o  develop a 
re ference  bas i s  f o r  a l l  measurements of pos i t i ons  and maps of t he  Earth. 
They a l s o  provide a bas i s  for c a l c u l a t i o n  of o r b i t s  and t r a j e c t o r i e s  of 
manned and urunanned spacec ra f t .  Data from var ious  s a t e l l i t e s  and space 
probes have been used t o  g ive  improved c a l c u l a t i o n  of the  f i g u r e  and s t r u c -  
t u r e  of the ILrth and i t s  g r a v i t a t i o n a l  p o t e n t i a l .  The accuracy of these  
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da ta  i s  v a s t l y  improved when sa te l l i t es  are s p e c i f i c a l l y  instrumented t o  
f a c i l i t a t e  accmrate t racking .  Explorers  w i l l  be flown wi th  such i n s t r u -  
mentation i n  t i  program which w i l l  cont inue t h e  work i n i t i a t e d  by the  
Department of Defense under P ro jec t  ANNA. 

While the  preponderance of  t he  space program is concerned wi th  OUI' own 
s o l a r  system, :jorne of t he  most i n t e r e s t i n g  and p o t e n t i a l l y  most importlint 
d i scover ies  await us i n  our i n v e s t i g a t i o n  of the  rest of the  universe .  The 
Sun is  the  on;L:y s t a r  which is c l o s e  enough s o  t h a t  i t  can be s tud ied  i r t  

g r e a t  detait l ,  wit observat ion of o the r  stars and i n t e r s t e l l a r  ma te r i a l  can 
t e l l  us much ixbollt the  na ture ,  evolu t ion  and n a t u r a l  l a w s  of  the  univei-se 
t h a t  w e  cannot l e a r n  from the  s tudy  of  a s i n g l e  s tar ,  our Sun. H e r e  ajiain 
astronomical observat ions are hindered by the  Ear th ' s  atmosphere; SO 
sounding rockets ,  bal loons,  a i r c r a f t ,  and s a t e l l i t e s  are used t o  c a r r y  
instrumentat ion up through the  atmosphere. Astronomical Observator ies  
represent  our s a j o r  e f f o r t  i n  t h i s  a r ea ;  but work with sounding rocket!;,  
bal loons,  a i r c r a f t ,  and Explorers  have a l ready  demonstrated t h a t  obser-la- 
t i o n s  i n  the u l t r a v i o l e t ,  X-ray ,  gamma r a y ,  and r ad io  regions of t he  e l e c -  
tromagnetic spectrum can give u s  much information t h a t  cannot be obtaiiied 
from the l a r g e s t  Earth based te lescopes .  

SUMMARY OF RESOUKCES REQUIREMENTS: 

1965 - 1963 1964 

Supporting research and 
technology. ................... $13,581,000 $15,100,000 $14,1300,000 

Solar  observatories. . . . . . . . . . . . .  10,900,000 18,800,000 22,100,000 
Astronomical observator ies . . . . . .  39,250,000 47,700,000 51,300,000 
Geophysical observator ies . . . . . . .  39,634,000 53,300,000 5 5 ,  ~lCO0,OOO 
Explorers ....................... 32,811,000 34,200,000 31,300,000 
Sounding rockets. . . . . . . . . . . . . . . .  11,513,000 17,100,000 15,100,000 

Total  costs................... $147,689,000 Q186,200,000 $190,200,000 -- 
BASIS OF FUND REQUIREMENTS: 

Supportin& Research and Technology 

1965 - 1963 1964 

Solar  physics ................... $1,633,000 $2,200,000 $2,200,000 
Astronomy ....................... 2,087,000 2,600,000 2,600,000 
Geophysics ...................... 9,065,000 8,800,000 8,500,000 
I n t e r d i s c i p l i n a r y  ............... 796,000 1,500,000 &500,000 

Total  costs. . . . . . . . . . . . . . . . . . .  $13,581,000 $15,100,000 S ~ ~ 6 0 0 , O O O  - 
The support ing research  and technology e f f o r t s  are conducted by un ive r s i -  

t i es ,  NASA i n s t a l l a t i o n s ,  and o the r  government and non-government research 
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organiza t ions  under the  s c i e n t i f i c  and adminis t ra t ive  coord ina t ion  of i:he 
Off ice  of Space Science and Applicat ions.  The program includes t h e o r e t i c a l  
and 1aborator.y research,  ground based observa t ions ,  a i r c r a f t  and bal loon 
f l i g h t  experiinents, and advanced work leading  t o  the  development of sa : e l l i t e  
and rocket  borne instrumentat ion.  Data which have been obtained f'rom .rarious 
f l i g h t  p r o j e c t s  and ground based observa t ion  a r e  c o r r e l a t e d  under this pro- 
gram t o  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  at conclu- 
s ions .  I 'he ca ta loging  and p rese rva t ion  of such da ta  are a l s o  funded u ide r  
t h i s  progr'am. 

0 

I n  the  f i e l d  of s o l a r  physics ,  ground based monitoring is  f inance1  i n  
conjunct ion with the work done by the  National Bureau of  Standards t o  :om- 
plement the  observat ions made with sounding rockets  and Solar  O b s e r v a t x i e s .  
Development of advanced instrumentat ion i o r  f u t u r e  Orbi t ing  So la r  Observa- 
t o r i e s  (OSIO) and Advanced OS0 spacec ra f t  i s  a l s o  funded under t h i s  progam. 
Laboratory and t h e o r e t i c a l  s t u d i e s  are conducted t o  i n t e r p r e t  t h e  d a t a  
obtained and t o  provide a basis f o r  s o l a r  f la re  p red ic t ions .  

Astronomical research and technology e f f o r t s  have cons is ted  mostly of 
work d i r ec t ed  at the  development of instruments f o r  f u t u r e  Explorer and 
Observatory f l i g h t s .  Observations from bal loons and from the  X-15 a i r c r a f t  
have a l s o  beer. funded i r o n  t h i s  program. The X-15 has  been eqnipped with a 
th ree  ax i s  gyroscopical ly  s t a b i l i z e d  plati'orin capable of po in t ing  i i i s t r u -  
ments a t  a predetermined po r t ion  of the  s k y .  U l t r a v i o l e t  photo,gaphy experi-  
ments w i l l  be r'lown on t h i s  platform.  This probram a l s o  supports  t h e o r e t i c a l  
s t u d i e s  i n  geodes), c e l e s t i a l  mechanics, and s t e l l a r  a s t rophqs ic s .  Some 
advanced work toward g r a v i t a t i o n a l  and r e l a t i v i t y  experiments is d s o  funded. 

The g,eoghysics po r t ion  of t he  program covers a range of s c i e n t i f i c  
d i s c i p l i n e s  support ing the  s tudy  of the  Bhr th ' s  environment. 
theoretica.1 and labora tory  s t u d i e s  and ins t rumenta t ion  development i n  
p lane tary  atnlospheres, space chemistry,  meteoroids 'and micrometeoroids, 
ene rge t i c  part:ic:les, magnetodynamics, and ionospheric  and r a d i o  physics .  The 
f l i g h t  program1 has produced a considerable  amount of d a t a  i n  these  f i e l d s .  
The u n i v e r s i t y  groups, NASA f i e l d  cen te r s  , and o the r  research  organiza t ions  
p a r t i c i p a t i n g  i n  t h i s  program are c o r r e l a t i n g  these  d a t a  and incorpora t ing  
the  knowledge obtained i n  the planning and development of  f u t u r e  f l i g h t  
experiments . 

It provides f o r  

I n t e r d i s c i p l i n a r y  e f f o r t s  include support  of  the  Space Science Board, 
t he  National Data Center,  and development of  ins t rumenta t ion  useable  i n  more 
than one of the s c i e n t i f i c  d i s c i p l i n e s .  The National Data Center w i l l  se rve  
as a national. r epos i to ry  f o r  da t a  r e s u l t i n g  from world wide atmospheric and 
space research.  

So la r  Observator ies  

1965 1963 1964 - 
Orbi t ing  hio1ii:c Observatory : 

Spacecraf t  ...................... $3,824,000 $5,400,000 $4,700,000 
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1963 

Experiments...... ............... $3,387,000 
Ground opera t ions  ............... 
Delta launch vehic les . .  ......... 2,289,000 

Sub to ta l  c o s t s  (OSO) ............ $9,500,000 

--- 

Advanced Orbi t ing  So la r  Observa- 
to ry :  
Spacecraf t  ...................... $1,400,000 
Experiments - - -  
Subto ta l  c o s t s  (AOSO) $1,400,000 

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

Total costs. . . . . . . . . . . . . . . . . . . . .  ~ 1 0 , 9 0 0 , 0 0 0  

1964 

$5,300,000 
300,000 

3,700,000 

$14,700,000 

$4,100,000 

$4,100,000 

$18,800,000 

1965 
-I 

$5,600,000 
100,000 

2,,700,000 

$13,100,000 

$7,000,000 
L O O O ,  000 

$%OOO, 000 

$22 &loo,  000 - 
OS0 I, launched i n  1962, was the  f i r s t  of t h e  observatory cliass of 

s a t e l l i t e s .  
v i o l e t  and X - r a y  r a d i a t i o n  f o r  a per iod  of s eve ra l  r o t a t i o n s  of the Sun. 
Seven s imilar  spacec ra f t  are scheduled f o r  launch a t  approximately nine month 
i n t e r v a l s  beginning i n  e a r l y  1964 and extending through 1968. 

I t  provided the  f i r s t  monitoring of t he  Sun ' s  extreme u l t r a -  

The spacec ra f t  po in t s  an  experimental package a t  the  Sun t o  i l t l  accuracy 
of one minute of a r c .  Other experiments a r e  c a r r i e d  i n  the  sp in i i i i i y  wrieel 
which s t a b i l i z e s  the  s p a c e c r a l t .  These experiments look a t  the  S i m  once wi th  
each r evo lu t ion  of the  wheel. 

F i s c a l  year 1963 and p r i o r  year funds provided f o r  development of  t he  
f i r s t  spacec ra f t  and i t s  experiments, f o r  most of t h e  development of tne 
second spacec ra f t  and i t s  experiments, and f o r  major development work 3n the  
t h i r d  spacec ra f t  and i t s  experiments. 

F i s c a l  year 1964 funds provide f o r  f i n a l  a n a l y s i s  of  d a t a  from t h e  f i r s t  
f l i g h t  and f o r  f i n a l  p repara t ions  t o  launch t h e  second spacec ra f t  and analyze 
t h e  d a t a  from i t s  experiments. They provide f o r  con t inua t ion  of t h e  dlevelop- 
ment of th'e t h i r d  observatory.  Work i s  being i n i t i a t e d  on t h e  spacec ra f t  and 
experiments f o r  t h e  fou r th  and f i f t h  obse rva to r i e s .  

F i s c a l  year 1965 funds w i l l  complete the  a n a l y s i s  of d a t a  from thle f i r s t  
two obse rva to r i e s  and provide f o r  f i n a l  p repa ra t ions  f o r  launch of t h e  t h i r d  
and fou r th .  jMajor development work w i l l  be continued on the  f i f t h  obsl?rva- 
t o r y  and development of t he  s i x t h  observa tory  w i l l  be i n i t i a t e d .  Long lead-  
time development of  experiments f o r  t he  seventh observa tory  w i l l  a l s o  >e 
funded. 

F i s c a l  y'ear 1963 and p r i o r  year funds provided f o r  procurement of t he  
Delta launch vehic les  f o r  t he  f i r s t  t h r e e  obse rva to r i e s  except f o r  t he  f i n a l  
p repara t ions  fo r  launch of t he  second and t h i r d .  These prepara t ions  a i d  the  
funding of thl? fou r th  veh ic l e  a r e  provided i n  f i s c a l  year 1964. F i s c a l  year 
1965 funds provide f o r  t he  f i f t h  launch veh ic l e .  
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The t o t a t  o f  e i g h t  obse rva to r i e s ,  inc luding  launch v e h i c l e s ,  w i l l  c o s t  
about $76,000,300 of which $10,705,000 w a s  funded p r i o r  t o  f i s c a l  year  1963. 
These o b s e r v a t n i e s  w i l l  provide t h e  primary means of space f l i g h t  research  
i n  s o l a r  physics u n t i l  Advanced Orbi t ing  So la r  Observatory (AOSO) becomes 
ope ra t iona l .  

AOSO is scheduled f o r  i t s  f i r s t  f l i g h t  i n  1968. This observa tory  which 
i s  now i n  its i n i t i a l  s t age  of development w i l l  be capable of  much more 
d e t a i l e d  observa t ion  of the  sun than OSO. While OS0 looks a t  the  Sun AS a 
whole wi th  l imi t ed  c a p a b i l i t y  t o  i d e n t i f y  r a d i a t i o n  from s p e c i f i c  par t , ;  of 
i t s  atmosphere, .AOSO w i l l  have a c a p a b i l i t y  f o r  d e t a i l e d  s tudy  of s o l a c  
a c t i v i t y  pinpointed t o  s p e c i f i c  areas of t h e  Sun. It is  being designell t o  
po in t  on command t o  wi th in  f i v e  seconds of a r c  of any des i r ed  poin t  on the  
Sun and t o  t r a c k  t h a t  p o s i t i o n  with a p r e c i s i o n  of one second of arc .  The 
g r e a t e r  f o c a l  length of i t s  instruments w i l l  g r e a t l y  improve the  r e s o l u t i o n  
of t he  c e l l u l a r  s t r u c t u r e  of t h e  Sun. It w i l l  po in t  a l l  of i t s  instruments 
a t  the  Sun, and i t s  polar  o r b i t  w i l l  place i t  i n  continuous s u n l i g h t  f o r  
most of it:; use fu l  l i f e .  

F i s c a l  year 1962 funds provided f o r  pre l iminary  s t u d i e s  by th ree  E i r m s ,  
l ead ing  t o  d e t a i l e d  proposals f o r  development of t h e  AOSO s p a c e c r a f t .  F i s c a l  
year 1963 and f i s c a l  year 1964 funds f inance  the  c o n t r a c t  f o r  d e t a i l e d  
des ign ,  program d e f i n i t i o n ,  and cons t ruc t ion  of breadboard models of c c i t i c a l  
subsysteuis by Kepubl i c  Aviat ion Corporation. F i s c a l  year 1965 funds provide 
f o r  i n i t i a t i n g  hardware development of  subsystems f o r  t h e  spacec ra f t  a i d  f o r  
i n i t i a t i n g  design and breadboard of f l i g h t  experiments. 

This observa tory  is  expected t o  make a major c o n t r i b u t i o n  t o  our inder- 
s tanding  of tine na tu re  of t he  Sun, t o  the  determination of i t s  e f f e c t s  on t h e  
environment of t h e  Ea r th ,  and t o  the  a b i l i t y  t o  make long range p red ic t ions  
o f i t s  hazard t o  man's s u r v i v a l  i n  space.  

Astronomical Observatories 

1965 - 1963 1964 

Spacecraf t  ...................... $32,325,000 $30,400,000 $31,100,000 
Experiments ..................... 5,569 , 000 9,400,000 6,500,000 
At las  Agena veh ic l e s  ............ 1,356,000 7,900 , 000 13,$00,000 

Tota l  ~costs................... $39,250,000 $47,700,000 $51,300,000 - 
The Orbi t ing  Astronomical Observator'y (OAO) w a s  i n i t i a t e d  i n  1960 

provide a s t a b i l i z e d  platform above t h e  e a r t h ' s  atmosphere capable of 
po in t ing  a s t r m o m i c a l  observing equipment a t  any s e l e c t e d  reg ion  of t h ?  sky 
with extreme accuracy and f o r  extended per iods  of t i m e .  
makes i t  poss ib le  t o  view the  stars,  nebulae,  i n t e r s t e l l a r  ma t t e r ,  and the  
p l ane t s  i n  regions of the  e lec t romagnet ic  spectrum which are obscured by the  
E a r t h ' s  atmosphere. 
t o r t i o n  of l i g h t  by the  E a r t h ' s  atmosphere and the  l i g h t  of the  nrght  sky 
caused by r e f l e c t i o n  of l i g h t  by p a r t i c l e s  i n  t h e  atmosphere. 

Such a p1.atform 

It a l s o  e l imina te s  the  i n t e r f e r e n c e  caused by the  d i s -  
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The f i r s t  spacec ra f t ,  scheduled f o r  launch i n  1965, w i l l  c a r r y  two 
astronomical mea.surement assemblies.  One w i l l  map the  sky i n  the  u l t r a -  
v i o l e t  portion o f  t he  spectrum, recording emissions from up t o  50,000 stars 
and l a r g e  nebLlae i n  four  u l t r a v i o l e t  s p e c t r a l  bands. The o the r  asserrbly 
will be used t o  determine the s t e l l a r  energy d i s t r i b u t i o n  atid iI::ti : L  i<: c,:e 
enlission l i n e  i c t e n s i t i e s  of d i f f u s e  nebulae  in about t>,e SL'W : , ! I - -  L L - ~  i 

re2;Lon. 

The second spacec ra f t  w i l l  c a r r y  a 36-inch t e l e scope  t o  make abso lu te  
spectrophotometr ic  measurements of stars and nebulae in  t h e  U l t r a v i o l e t .  
can be used for a var ie ty  of astronomical problems and t o  observe any 
celestial  objtxt: except t h e  Sun, Venus, Mercury, o r  o b j e c t s  fa inter  than  11th  
magnitude. 

It 

The t h i r d  spacec ra f t  w i l l  c a r r y  a te lescope  designed t o  iiiake s t u d i e s  of 
i n t e r s t e l l a r  gas and' dus t  clouds from which stars are bel ieved t o  b e  formed. 
Since most of the i n t e r s t e l l a r  atoms absorb only i n  the  f a r  u l t r a v i o l e t ,  t h i s  
instrument wil.1 provide iafornlation i n  a Eield which cannot be s tud ied  
success fu l ly  by ground based observat ions.  

The t h i r d  spacec ra f t  w i l l  a l s o  c a r r y  a s m a l l  experiment designed t o  
s tudy X-ra.y emission of  a wide assortment of  ce les t ia l  ob jec t s  and t o  o b t a i n  
information clri i n t e r s t e l l a r  absorp t ion  of  helium and the  heavier  elements.  
This exper i n i f r i t  i s  being developed through the Universi ty  College,  Lor.don. 

Experiments f o r  the  fou r th  and E i f th  spacec ra f t  have not  y e t  beer. 
s e l ec t ed .  Considerat ion w i l l  be given t o  obser+at ions i n  o the r  regi0r.s of 
the  electromagnet ic  spectrum as w e l l  as adapta t ion  of u l i x a v i o l e t  i n s t  ru -  
mentation t o  the s o l u t i o n  of new astronomical problems. 

OAO s pacxcraf t  are scheduled f o r  launch a t  one year i n t e r v a l s  beg';inning 
i n  1965. Fiscal. year  1963 and p r i o r  year  funds provided f o r  development of 
the spacec.raf1: components and i n i t i a t e d  assembly of the  prototype spac .ecra i t .  
They provi.dec1 for the major developrnent work on expeciments f o r  the  f ; . r s t  cwo 
syacec ra i t  . Also funded was the i n i t i a l  development eiEort  on t h e  prj.iiiary 
exper iinetit. fcji: the  t h i r d  spacec ra f t .  

F i s c a l  >t:ai: 1964 funds provide f o r  completing the cons t ruc t ion  01: the  
i i r s t  two spacec ra f t  and t o r  i n t e g r a t i n g  the f l i g h t  experiments and t e s t i n g  
the complete s y s t e m s .  They a l s o  provide f o r  i n i t i a t i n g  the  procuremerit of 
the t h i r d  spacec ra f t  and f o r  major development work on i t s  primary exlleri-  
ment. I n  adcl:Ltj.on, i n i t i a l  funding is  provided f o r  advance developmertt of 
experiments f o r  f u t u r e  f l i g h t s .  

F i s c a l  p a r  1965 funds provide f o r  the  f i n a l  p repara t ions  t o  launch the  
f i r s t  spacecriift: and f o r  i n t e g r a t i o n  and test of  t he  second spacec ra f t  and 
i t s  experi.menl:s, Work w i l l  be continued on the  cons t ruc t ion  of the th;.rd 
spacecraf t .  and i t s  experiments,  and the  cons t ruc t ion  of a fou r th  spacec ra f t  
and i t s  experiments w i l l  be i n i t i a t e d .  
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Two At las  Agena veh ic l e s  wi th  modif icat ions t o  accommodate the  s i z e  and 
Funding f o r  t h e  f i r s t  veh ic l e  w i l l  be 

Procurement of t he  t h i r d  veh ic l e  w i l l  be 

weight of the OAO are being procured. 
completed i n  f i s c a l  year 1965 while  f i n a l  p repa ra t ion  of the second veh ic l e  
w i l l  be funded i n  f i s c a l  year 1966. 
i n i t i a t e d  i n  f i s c a l  year 1966. 

The development and opera t ion  of t he  OAO inc luding  s p a c e c r a f t ,  expe r i -  
ments, and launch veh ic l e s  f o r  f i v e  f l i g h t s  i s  es t imated  t o  c o s t  about 
$282,000,000. 
$43,434,000. The experiments t o  be conducted under t h i s  p r o j e c t  have the 
p o t e n t i a l  of prawiding da ta  which may completely change our present s c i en -  
t i f i c  theory cln the  na tu re ,  evolu t ion ,  and processes of t h e  univeirse. 

The cos t  of t he  p ro jec t  p r i o r  t o  f i s c a l  year 1963 was 

Geophysical Observator ies  

1965 1963 1964 - 
Spacecraf t .  ..................... $23,969,000 $35,000,000 $22,700,000 
Experiments ..................... 6,987,000 9,100,000 19,900,000 
Ground opercttions ............... 1,422,000 1,400,000 1,900,000 

4,890,000 4,800,000 5,200,000 A t l a s  Agena. veh ic l e s . .  .......... 
Thor Agena veh ic l e s . ,  ........... 2.366.000 3,000,000 2700,000 

Tota l  cos ts . . . . . . . . . . . . . . , . . . .  $39.634.000 S53,300.000 s55,,400,000 - 
The 0rbit:irig Geophysical Observatory (OW) p r o j e c t  w a s  i n i t i a t e d  i n  1960 

t o  develop and opera te  a s e r i e s  of s a t e l l i t e s  capable of suppor t ing  a l a r g e  
number of dicwrcrified but c o r r e l a t e d  s c i e n t i f i c  and technologica l  i nves t iga -  
t i o n s  withiin the! Ear th ' s  upper atmosphere, t he  magnetosphere, and c i s l u n a r  
space. These: i n v e s t i g a t i o n s  w i l l  provide a po r t ion  of t he  s c i e n t i f i c  base 
f o r  a b e t t e r  understanding of t he  Earth as a p lane t ,  Sun-Earth relat ic lnships ,  
hazards t o  mmnt!d and unmanned space f l i g h t ,  and the  complex phenomena. of our 
s o l a r  sys t:em. 

OGO spac:c?ci:aft w i l l  be launched i n t o  t w o  genera l  types of o r b i t s :  one, 
h ighly  ecc:ent:i:ic o r b i t  passing through the  magnetosphere, and t h e  o t h e r ,  a 
near c i r c u l a r  o r b i t  which w i l l  pass over the polar  regions a t  relativc1:ly low 
a l t i t u d e s  t o  ob ta in  da t a  on the upper atmosphere and ionosphere. La ter  
spacecraft: may be placed i n  h igh ly  e c c e n t r i c  po la r  o r b i t s  t o  f a c i l i t a t e  
c o r r e l a t i o n  o.E t h e  r a d i a t i o n  b e l t  and magnetic f i e l d  phenomena wi th  condi- 
t i o n s  i n  the  polar  atmosphere and ionosphere. Atlas Agena launch veh ic l e s  
are requi red  .Eor the  h ighly  e c c e n t r i c  o r b i t s .  Thor Agena launch veh ic l e s  
V i 1 1  be used .Eo]: c i r c u l a r  o r b i t  missions. 

The f i r t i t  s p a c e c r a f t ,  which is scheduled t o  be launched i n t o  a hit.ghly 
e c c e n t r i c  o r b i t  i n  mid 1964, w i l l  c a r r y  twenty s c i e n t i f i c  experiments,  The 
l a r g e s t  port!ion of t h i s  payload w i l l  o b t a i n  d a t a  a s soc ia t ed  wi th  magnetic 
f i e l d s  anti ene rge t i c  p a r t i c l e s .  There are included, however, a numbei. of 
experiments IEor studying phenomena i n  the  d i s c i p l i n e s  of astronomy, s o l a r  
physics,  t he  atmosphere and the  ionosphere. 



The second OGO spacec ra f t ,  scheduled f o r  launch i n  1965, w i l l  alllo ca r ry  
twenty exper:Lineizts . 
toward obta in ing  da ta  r e l a t i n g  t o  the  Ea r th ’ s  atmosphere and ionalsphere. 
Subsequent lalxtchings a r e  scheduled a t  an average rate of  two per year 
throughout the (decade, t o  provide coverage of  changing condi t ions throughout 
a s o l a r  cyc le .  

This low a l t i t u d e  polar  mission is primari ly  o r i en ted  

F i sca l  year 1963 and p r i o r  year funds provided f o r  spacecraf t  and ground 
system development and cons t ruc t ion  of a prototype and th ree  f l i g h t  space- 
c r a f t ,  A througli C. 
of experiments for  the  f i r s t  four  f l i g h t s .  

They also provided f o r  the  development and cons t ixc t ion  

F i s c a l  :year 1964 funds provide for completion o f  t he  i n t e g r a t i o n  and 
t e s t i n g  o f  spacecraf t  A and for most of t h e  work to prepare  B and C fo r  
launch. They provide f o r  a n a l y s i s  of data from t h e  f i r s t  f l i g h t  and €or 
continued Prepara t ion  of experiments for B, C, and D. F i s c a l  year 1964 
funds also p:covide f o r  i n i t i a t i o n  of the  procurement o f  spacecraf t  D,  E,  and 
F and fo r  i n i t i a l  development of  experiments f o r  E. 

F i s c a l  year 1965 funds w i l l  cont inue t h e  p repa ra t ion  of spac:ecra E t  
D, E,and I? and continue t h e  prepara t ion  o f  experiments f o r  C, D, and 11. 
They w i l l  i n . i t i a t e  development o f  experiments f o r  F and G and provide f o r  
a n a l y s i s  of drtta from B and C .  

Procureinent of the  f i r s t  two A t l a s  Agena vehic les  was i n i t i a t e d  in  
f i s c a l  year 1962 and w i l l  be completed i n  f i s c a l  year 1965. 
the  f i r s t  T h o r  Agena veh ic l e  w a s  i n i t i a t e d  wi th  f i s c a l  year  1963  fund^. 
F i s c a l  yeaar 1965 funds provide f o r  completion of  t h i s  procurement: and i n i t i a -  
c i o n  of the procurement of one more veh ic l e  of each type. 

Procurement of  

The pro jec t , inc luding  launch veh ic l e s ,  is  est imated t o  c o s t  about 
$370,000,000. 
200 ind iv idua l  experiments. 
through f i s c a l  year 1968. 

This w i l l  provide f o r  e leven f l i g h t s  and w i l l  conduct 3ver 
Costs w i l l  average about $50,000,000 per year  

Explorers 

Atmosphere and ionosphere 

Magnetosphere and in t e rp l ane ta ry  

Astronomical and as t rophys ica l  

Delta launch vehicles . . . . . . . . . . . .  
Scout launch vehic les . . . . . . . . . . . .  
Thor Agena launch vehicles . . . . . . .  

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

Explorers ...................... 
Explorers ...................... 
Explorers.  ..................... 

1963 

$5,467,000 

5,190,000 

--- 
14,100,000 
4,954,000 
3,100,000 

$32,811,000 

1964 

$7,700,000 

5,600,000 

1,500,000 
11,700,000 
6,600,000 
1,100,000 

$34,200,000 

- 1965 

$5,300,000 

6,800,000 

7,000,000 
7,500,000 
4,300,000 
1,000,000, 

$3l, 900,000~ - 
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Explorers are small s a t e l l i t e s  designed t o  c a r r y  a s p e c i f i c  group of 
experiments i n t o  o r b i t s  e s p e c i a l l y  s e l e c t e d  f o r  the  experiments :Lnvolved. 
They have the  advantage of  a comparatively s h o r t  leadtime and can be 
launched by Delta and Scout launch vehic les .  This c l a s s  of s a t e l l i t e s  i s  
a l s o  emplloyed i n  i n t e r n a t i o n a l  cooperat ive programs because t h e i r  r e l a t i v e l y  
simple design enables  a cooperat ing country with l i t t l e  o r  no experielnce t o  
p a r t i c i p a t e  i n  the  program. 

Explorer c l a s s  sa te l l i tes  f a l l  i n t o  th ree  general  ca tegor ies  on the 
bas i s  of the types of missions they perform. 

Atmosphgre and Ionosphere Explorers.  These satel l i tes  a r e  1.aunched t o  
low a l t i t u d e  o r b i t s  t o  obta in  as much coverage as poss ib l e  of t he  E m t h ' s  
atmosphere and ionosphere. Successful  satell i tes i n  t h i s  category have 
included EKplorer V I 1 1  which made d i r e c t  measurements of ion  arid e l a c t r o n  
temperature and pressure  i n  the  ionosphere, Explorer IX and Xlk whi1:h were 
used t o  measure atmospheric dens i ty ,  A r i e l  I which c a r r i e d  experiments of 
the  United Kingdom t o  c o r r e l a t e  ionosphere measurements with measurements 
of s o l a r  r a d i a t i o n ,  the  Canadian Alouet te  I which made the  f i r s t  t o l s i d e  
soundings of the ionosphere, and Explorer XVII which made the  f i r s t  com- 
prehensive neasurements of atmospheric composition and a l s o  macle coinpre- 
hensive d i r e c t  measurements of atmospheric temperature,  p ressure ,  and 
dens i ty .  

Prest?nt:Ly ready f o r  launch are (1) an ionosphere Explorer which w i l l  
perform tops ide  soundings of the  ionosphere using s i x  f ixed  frequencies ,  
(2) a beacon ]Explorer which w i l l  t ransmit  s i g n a l s  t o  be received by ground 
s t a t i o n s  i n  24  nat ions  t o  s tudy  ionospheric  propagation, and (3) a rrecond 
United Kingdoin s a t e l l i t e  which w i l l  record g a l a c t i c  no ise ,  the  vert:i.cal 
d i s t r i b u t i o n  of ozone i n  the  atmosphere, and the  q u a n t i t a t i v e  p a r t i c l e  f l u x  
of microme1:eo:roids. F i s c a l  years  1964 and 1965 funds provide for preparing 
these  spacecriaft f o r  launch and f o r  ana lys i s  of da ta .  
each type have been b u i l t .  The launch schedules f o r  the  second spacec ra f t  
i n  each c a w  w i l l  be dependent on the  r e s u l t s  of the  f i r s t .  

Two spacec ra f t  of 

A coopei:i~t:ive e f f o r t  with I t a l y  was i n i t i a t e d  with f i s c a l  year 1963 
funds t o  launch a s e r i e s  of  sa te l l i tes  from a f l o a t i n g  platform i n  {:he 
Indian Ocean. These s a t e l l i t e s ,  launched i n t o  an equa to r i a l  o r b i t ,  w i l l  
explore  the equa to r i a l  regions of the  atmosphere and ionosphere. 

F i s c a l  )real: 1964 funds provide f o r  i n i t i a t i o n  of a cooperat ive e f f o r t  
with France t o  s tudy  the  ionosphere i n  the  very low r a d i o  frequencies .  
They a l s o  provide f o r  cont inua t ion  of e f f o r t s  with Canada, the  Unitcsd 
Kingdom, arid l i ta ly  as w e l l  as add i t iona l  f l i g h t s  of  the  Explorer I X  and 
Explorer XWI types of spacec ra f t .  

F i s c a l  year 1965 funds do not provide f o r  any new and d i f f e r e n t  space- 
c r a f t  in th1i.s area of research ,  but they provide f o r  ana lys i s  of da t a  and 
f o r  support of the  cooperat ive launchings with the  United Kingdom, I t a l y ,  
and France. They a l s o  provide f o r  a cont inuing program with Canada t o  
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monitor the  ionosphere with launchings a t  the  ra te  of one f l i g h t  per 7 ,  .r ear 
throughout t h e  decade. Addit ional  Zxplorers  are expected t o  be launched t o  
monitor the atmosphere during the  l a t te r  p a r t  of t he  decade. 

M a ~ n e t o s p h e ~ e  and In t e rp l ane ta ry  Explorers .  Explorer s a t e l l i t e s  f'l!own 
t o  da t e  have provided a s u b s t a n t i a l  amount of information on cosmic r , idia-  
t i o n ,  the g r e a t  r a d i a t i o n  b e l t ,  the  q a r t h ' s  magnetic f i e l d ,  and the  e f f e c t s  
of s o l a r  events  on the  environment of t he  Earth.  Explorers X I 1  and XLV, 
which t r ave r sed  the  Ea r th ' s  magnetosphere out  t o  about 11 and 15 Eartli 
r a d i i ,  r e spec t ive ly ,  provided information on the  g r e a t  r a d i a t i o n  b e l t  m d  
the E a r t h ' s  magnetic f i e l d .  
cia1 r a d i a t i o n  b e l t s  c r ea t ed  by t h e  high a l t i t u d e  nuclear  explosions.  
Another s a t e l l i t e  of t h i s  type is t o  be launched i n  1964, t o  cont inue t o  
follow the  decay of  t he  a r t i f i c i a l  b e l t .  The f i r s t  o f  a series of  i n t e r -  
p lane tary  Explorers w a s  success fu l ly  launched on November 26, 1963. 'rhese 
s a t e l l i t e s  w i l l  monitor the  a r r i v a l  of s o l a r  protons i n  the  i n t e r p l a n z t a r y  
medium betwelen the  Earth and the  Moon's o r b i t ,  measure t h e  s o l a r  wind, 
and explore  t h e  i n t e r p l a n e t a r y  magnetic f i e l d .  The series w i l l  provide 
da t a  needed f o r  Apollo and extend our  knowledge of ene rge t i c  p a r t i c l e ;  and 
magnetic f i e l d s  i n  i n t e r p l a n e t a r y  space.  F i s c a l  year  1964 funds provided 
f o r  the  development of two In jun  Explorers  by the  S t a t e  Universi ty  of Iowa 
t o  measure the  downward f l u x  of s o l a r  corpuscular  r a d i a t i o n  i n t o  the J a r t h ' s  
atmosphere. Additional Explorers  f o r  which funds are provided i n  f is :a1 
year 1964 and f i s c a l  year  1965 are planned t o  be designed by o the r  un lve r s i -  
t y  groups t o  s tudy  i n t e r a c t i o n s  of t he  atmosphere with magnetic cind r s d i a -  
t i o n  phenomena. About four  sa te l l i t es  per  year  are planned f o r  these  areas 
of research  through the  decade. 

Explorer XV w a s  launched t o  s tudy  the  a r - i f i -  

Astronomic& and Astrophysical  Explorers.  A r a d i o  astronomy receiver 
flown on a sounding rocket  has  demonstrated the  f e a s i b i l i t y  of ob ta in ing  
usefu l  da t a  on the  sun, t he  p l ane t s ,  t he  stars, and i n t e r s t e l l a r  m a t t e r  
us ing r ad io  r ece ive r s  and r e l a t i v e l y  small antennae which can be deployed 
from s m a l l  spacec ra f t .  F i s c a l  year  1964 and f i s c a l  year 1965 funds provide 
f o r  the  development of a r a d i o  astronomy Explorer.  They a l s o  provide f o r  
instrumentat ion of Explorer spacec ra f t  f o r  geodet ic  missions t o  cont inue 
the  work i n i t i a t e d  by the  Department of Defense under P ro jec t  ANNA. This 
e f f o r t  is planned under a j o i n t  working group t o  meet the  requirements of  
the  Department of  Defense and the  Department of  Commerce as w e l l  as those 
of NASA. F i s c a l  year 1965 funds a l s o  provide f o r  work on the  ex tens ion  of 
astronomical observat ions i n t o  the  X-ray reg ion  of t he  electromagnet ic  
spectrum using a small te lescope  on an Explorer.  About t h ree  Explorers  per  
year a r e  planned f o r  astronomical and a s t rophys ica l  invest igat ioins  through- 
out  the  decade. 

Launch Vehicles.  Scout and Delta launch veh ic l e s  w i l l  be useld i n  t h e  
foreseeable  f 'u ture  t o  launch Explorer s a t e l l i t e s .  The Delta vehic les  w i l l  
continue t o  tie requi red  f o r  spacec ra f t  i n  t h e  500 pound class and fo r  t he  
more h igh ly  Eccent r ic  o r b i t s .  Scout launch veh ic l e s  w i l l  be used fo r  the  
smaller spacec ra f t  and lower o r b i t s .  Between t h e  two veh ic l e s ,  9 o r  10 
launchings p e r  year  are planned throughout the  decade. The c o s t  of the  
program beyond f i s c a l  year  1965 inc luding  s p a c e c r a f t ,  support  and launch 
veh ic l e s  w i l l  average about $39,000,000 pe r  year .  R D  4-10 



Sounding Rockets 

1965 1963 1964 - 
Experiments,,.  .................... $4,348,000 $9,000,000 $6,000,000 
Rocket procurament.. ............. 2,884,000 2,900,000 3,400,000 
At t i t ude  conti:ol systems ......... 763,000 1,600,000 1,700,000 
Rocket deve!l.opment ............... 300,000 300,000 400,000 
Engineering; support . .  ............ 480,000 600,000 500,000 
Ins  t rumentart ion.  ................. 2,738,000 2,700,000 3,000,000 

Total  coci1:s ..................... &11,513,000 $17.100,000 sls,,ooo, 000 
-> 

Sounding rockets  are small unguided vehic les  which a r e  used t o  make 
v e r t i c a l  prof.ilr? measurement of t he  a a r t h ' s  atmosphere, ionosphere ana. 
magnetosphere ; 1:o conduct chemical experiments i n  the  upper atmosphere ; t o  
recover m!teo;cite samples f o r  labora tory  s tudy;  t o  make s h o r t  dura t ion  
observat ions of the  Sun, stars, and p l ane t s ;  and t o  test instrumentat ion and 
techniques i n  a space environment f o r  la ter  use on s a t e l l i t e s .  Sounding 
rocket  exper:irnents can be prepared with s h o r t  leadtime. They a l s o  provide a 
means of sxpJ1or.ing t h a t  p a r t  o€ the  upper atmosphere which l i e s  betwecm maxi- 
mum balloon a l t i t u d e  and minimum s a t e l l i t e  a l t i t u d e s .  Their  v e r t i c a l  pro- 
f i l e s  complement the  o r b i t a l  paths of  satell i tes in completing the  complex 
p i c t u r e  0% the  environment of the  b r t h .  
proved out  on sounding rockets  provide a test of f e a s i b i l i t y  for  s a t e l l i t e  
experiments ;and g r e a t l y  improve the  chances of  ob ta in ing  usefu l  data. 

Instrumentat ion and techniques 

The f i s c a l  years 1964 and 1965 budgets support  a l e v e l  of  about 1.15 
f l i g h t s  each as compared with 78 f l i g h t s  supported by the  f i s c a l  year  1963 
budget. :Ln add i t ion  t o  the  g r e a t e r  number of f l i g h t s ,  g r e a t e r  use w i l l  be 
made of liargizr vehicles  as more emphasis is placed on f l i g h t s  with as1:ro- 
nomical instruments and geophysical experiments designed t o  c o r r e l a t e  two o r  
more measurements. 

I n  s t u d i e s  of the atmosphere, f l i g h t s  are planned using spectrometers t o  
analyze the  composition of the  atmosphere and the  chemical r eac t ions  caused 
by the  in te r ,ac t ion  of s o l a r  r a d i a t i o n  with the  atmosphere. Rocket payloads 
designed t o  c o l l e c t  cosmic dust  and upper atmospheric gases are being 
developed. Studies  of atmospheric s t r u c t u r e  w i l l  be continued, employing 
chemical re leases  and small spheres .  Chemical r e l e a s e s  w i l l  a l s o  be used t o  
induce chemical r eac t ions  as a bas i s  f o r  s tudying the  composition of :he 
atmosphere and t o  s imulate  the  reac t ions  caused by n a t u r a l  phenomena. 

P l i g h t s  w i l l  be made t o  s tudy  the  q u i e t  ionosphere during s o l a r  minimum 
as a p a r t  of the  In t e rna t iona l  Quiet Sun Year. 
t a i n i n g  two capsules to  demonstrate the  f e a s i b i l i t y  of ob ta in ing  ionospheric 
measurements by t ransmissions between two c lose ly  spaced spacec ra f t .  

Rockets w i l l  be ILaunched con- 

S tudies  of the  sun w i l l  be made with spectrographs,  coronag~:aphs, and 
spectrohel iographs.  
ment of instrumentat ion f o r  OS0 and AOSO. 

These f l i g h t s  a r e  c l o s e l y  assoc ia ted  with the  develop- 
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Astronomical observations of the stars, planets, and interstellar matter 
will be made in the ultraviolet, X-ray, and radio regions of the electromag- 
netic spectruffi. These flights will provide useful preliminary information 
for experiments to be flown on planetary spacecraft, the OAO, and radio 
astronomy Explorers. 

Sounding rockets will continue to be used throughout the decade in con- 
junction with satellite observation to obtain a comprehensive picture of the 
environment of the darth during the rise of the solar cycle and a:; an aid in 
the development of astronomical instrumentation. The cost of the program is 
expected to average about $17,000,000 per year. 
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USEARCH AND DEVELOPlGNT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF SPACESCIENCE AND APPLICATIONS LUNAR AND PLANETARY PRNRAM 

PROGRAM OBJECTZBS AND JUSTIFICATION: 

The o b j e c t i v e  of  lunar  and p l ane ta ry  explora t ion  is to o b t a i n  s i g n i f i -  
can t  s c i e n t i f i c  data  from t h e  moon, o t h e r  bodies of  t h e  s o l a r  system and 
from in t e rp l ane ta ry  space,  I n  t h e  a rea  of lunar  explora t ion ,  an i rmediate  
ob jec t ive  of t h e  program i s  t o  ob ta in  s c i e n t i f i c  information and design data 
required f o r  manned lunar  landings.  By a c q u i s i t i o n  of  more genera l  knowledge, 
t he  program seeks t o  expla in  t h e  o r i g i n ,  e a r l y  h i s t o r y ,  and mechanisms of 
development of t he  s o l a r  system. Determination of  t h e  in t e rp l ane ta ry  and 
p lane tary  space environments and the  development of spacecraf t  capable  of 
car ry ing  s c i e n t i f i c  payloads are prime ob jec t ives  providing t h e  means t o  
accomplish the s c i e n t i f i c  ob jec t ives  of  t he  f l i g h t  program. 

Luna r Pro gram 

A principii1 s c i e n t i f i c  o b j e c t i v e  of t h e  lunar  program is t h e  explcra t ion  
of t he  moon and i t s  environs f o r  information on t h e  su r face  s t r u c t u r e ,  
physical  propt!i:tI.es of t h e  su r face ,  and mechanisms of formation of  t h e  s u r -  
f ace  f ea tu res .  
system and perhaps on t h e  o r i g i n  of o t h e r  p lane tary  bodies may be unco\pered 
from t h e  st:udy of lunar  sur face .  The moon, lacking i n  atmosphere, has not 
been subjec:ted t o  t h e  e ros ions  of  wind and water and may, t h e r e f o r e ,  p1.e- 
se rve  a rec:ord of t he  e a r l y  h i s t o r y  of t h e  s o l a r  system which may be l o s t  
forever  on exi:.caterrestria 1 bodies which have apprec iab le  atmospheres. 

Information pe r t a in ing  t o  t h e  h i s t o r y  of t h e  earth-moor. 

Ground-based obslervations and research are cont inuing in the areas  of lunar 
mapping, envinmnenta l  data c o l l e c t i o n ,  and prepara t ion  of  s c i e n t i f i c  models 
pr imar i ly  f o r  maimed systems engineer ing and opera t ions  planning. Four 
Ranger f l i g h t s  planned f o r  t h e  present  calendar  year will y i e l d  great l :?  
improved 1rme:c topographical data  with t e l e v i s i o n  p i c t u r e s  from 1,000 riiles 
d i s t ance  through t o  lunar  impact. Following Ranger, t h e  Surveyor s e r i e s  of 
lunar landing spacecraf t  a r e  planned f o r  1965 and 1966 t o  ob ta in  81 v a r i e t y  
of d e t a i l e d  information from t h e  su r face  of  t h e  moon such a s  su r face  phys ica l  
and chemicial p rope r t i e s ,  t e x t u r e  and hardness ,  lunar  seismic a c t i v i t y  m d  
meteor i te  environment. The Lunar O r b i t e r  s e r i e s  of spacecraf t  i s  p lan ied  
t o  y i e ld  high r e so lu t ion  photography of t h e  lunar  su r face  and t o  p r o v i j e  
data  on thle m a s s  d i s t r i b u t i o n  of the  moon i n  1966. 
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P l a  ne t a  r y  Pro gram 

With t 'he  success  of  t h e  Mariner I1 mission t o  Venus i n  1962, t h e  United 
S t a t e s  achieved an unqua l i f i ed  " f i r s t "  i n  space explora t ion .  
s c i e n t i f i c  data were obta ined  a s  t h e  Mariner I1 spacec ra f t  f lew by t h e  p lane t .  
A Mariner f ly-by mission t o  Mars i s  planned f o r  1964 wi th  a 500-pound space- 
c r a f t  t o  o b t a i n  t e l e v i s i o n  p i c t u r e s  of t h e  p l a n e t  and at tempt  t o  daetect 
atomic oxygen andl hydrogen i n  t h e  Martian atmosphere, Work i s  c u r r e n t l y  
underway leading t o  an  improved fly-by mission t o  Mars i n  1966 us ing  t h e  
Centaur launch vehic le .  
t o  measure i n t e r p l a n e t a r y  phenomena a t  g r e a t  d i s t ances  from t h e  ea r th .  

Many use fu l  

Pioneer missions a r e  planned t o  comence i n  1965 

SUMMARY OF RESSGXES REQUIREMENTS: 

1965 --- 1963 1964 

Supporting research and 
technoI.ogy ..................... $ 22,205,000 $ 19,000,000 $ 18,100,000 

Manned space science. .  .......... --- 4,200,000 11,000,000 
Ranger.. ......................... 88,816,000 52,200,000 10,80O,OOO 

Lunar orbiter., ................. 4,000 20,000,000 49,30O,OOO 
Mariner......................... 42,777,000 59,100,000 54,100,000 
Pioneer....,.................... 2,614,000 17,700,000 -21,100,000 

Surveyor lander. .  ............... 66,386,000 98,600,000 136 . 000,000 

To ta l  cost  s.. ................. $222,802,000 $270,800,000 S300,40O, 000 --- 
BASIS OF FUND-QiLUIREMENTS 

Supporting Research and Technology 

1963 1964 19155 --- 
Lunar and p lane tary  science. .  ... $13,039,000 $12,300,000 $:L1,50~,000 
Advanced t echn ica l  development.. 6,097,000 4,400,000 4,100,000 
Advanced studies... . . . . . . . . . . . . .  3,069,000 2,300,000 - 2,500,000 

T o t a l  costs................... $22,205,000 $19,000,000 ~18,100,000 --- 
Supporting Eesearch and technology provides  t h e  lunar  and p l ane ta ry  

programs t h e  c a p a b i l i t y  t o  c a r r y  ou t  v i t a l  work not s p e c i f i c a l l y  
c u r r e n t l y  approved f l i g h t  missions.  

p a r t  of 

Much o f  t h e  support ing s c i e n t i f i c  research  involves  explor ing the moon 
and p l ane t s  with equipment based on Earth.  
s o l a r  system can be  gathered more r e a d i l y  i n  t h i s  way than  from f l i g h t  
missions.  
add i t iona l  da t:a f o r  comparisons of experimental  r e s u l t s .  The combinec 
a t t a c k  on t h e  mystery o f  Venus by Mariner I1 and i n f r a r e d  measurement€ a t  

I n  many a r e a s  information on t h e  

Ear-th-based research  complements t h e  f l i g h t  programs b y  prcviding 
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Palomar i s  a good example o f  how bas i c  s c i e n t i f i c  research  complements f l i g h t  
experiments. This work i s  of  f u r t h e r  va lue  i n  i s o l a t i n g  those  a r e a s  wliere 
f l i g h t  missions a r e  necessary t o  o b t a i n  data  which cannot be obtaitned 3y 
e a r t h  measurements. 

Supporting research  provides t h e  background information around which 
f l i g h t  experiments a r e  designed. Promising experiments receive t h e i r  i n i t i a l  
funding under t h e  program and many even tua l ly  become f l i g h t  experiments. The 
Mariner I1 magnetometer which discovered t h a t  Venus d i d  not  have an apprec iab le  
magnetic f i e l d  o r i g i n a t e d  i n  t h e  support ing r e sea rch  and technology prDgram, 
a s  d i d  t h e  plasma probe and magnetometer f o r  t h e  ca l enda r  year  1964 Mars f l y -  
by missions and t h e  lunar  seismometer and a l p h a - p a r t i c l e  scatter:Lng e spe r i -  
ments selected f o r  sof t - landing  missions on Surveyor. 

Recent ground-based i n v e s t i g a t i o n s  have l e d  t o  t h e  conclusion t h a t  t h e  
Martian atmosphere may be f a r  more tenuous than  was previous ly  expected. 
This  problem must be  solved be fo re  e n t r y  capsu le s  can be designed t o  e n t e r  
t h e  Martian atmosphere and success fu l ly  r e p o r t  cond i t ions  on t h e  su r face .  

e 

The advanced technica 1 development program focuses on t h r e e  a r e a s  where 
improvements i n  t h e  engineering a r t s  w i l l  most i n c r e a s e  t h e  p r o b a b i l i t y  o f  
success fu l  plginetary missions: communications, guidance and c o n t r o l ,  and 
s t e r i l i z a t i o n  of p lane ta ry  spacec ra f t  and e n t r y  capsules.  Maintaining 
communications, over 100 m i l l i o n  m i l e  d i s t a n c e  r e q u i r e s  ve ry  powerful t r a n s -  
mitters and very  s e n s i t i v e  r e c e i v e r s  on e a r t h ,  and a s e n s i t i v e  ye t  durable  
system aboard. t h e  spacec ra f t .  Communications can  be maintained only i f  t h e  
guidance and c.ontro1 system of a n  i n t e r p l a n e t a r y  spacec ra f t  func t ions  prop- 
e r l y  t o  hold t:he spacec ra f t  i n  t h e  proper a t t i t u d e .  The system m u s t  o p e r a t e  
without fa i luwe and without r e p a i r  over  per iods  approaching n ine  months i n  
o rde r  t o  a s s u r e  success  of missions t o  Mars. 

One o f  t h e  major o b j e c t i v e s  o f  NASA is t h e  search  f o r  e x t r a t e r r e s t r i a l  
l i f e .  Spacecraf t  t o  b e  landed o r  impacted on t h e  p l a n e t s  must be  more than 
s u r g i c a l l y  s t . r r i l e  t o  prevent contaminating t h e  p l a n e t s  wi th  e a r t h l y  c rganisms. 
One of t h e  most d i f f i c u l t  problems encountered h a s  been s t e r i l i z i n g  e l ec t ron ic  
components wi.1:hout reducing t h e i r  r e l i a b i l i t y  and u s e f u l  l i f e t i m e .  St e r i l i z a -  
t i o n  technology must improve s i g n i f i c a n t l y  be fo re  p l a n e t a r y  landing mi.ssions 
are attempted. 

The advanced s t u d i e s  e f f o r t  i s  e s s e n t i a l  t o  f u t u r e  lunar  and p l ane ta ry  
mission planr~ing.  S tud ie s  of space  f l i g h t  mechanics and p l ane ta ry  trs jec-  
t o r i e s  est:abIL:ish favorable  launch o p p o r t u n i t i e s  and t h e  energ ies  requj red.  
Comparing t h e s e  energy requirements with launch v e h i c l e  performance yj e l d s  
c o n t r o l  weights f o r  spacec ra f t  planning. Missions s tud ied  i n  f i s c a l  year 
1963 included a spacec ra f t  t o  examine t h e  Sun from i n s i d e  t h e  o r b i t  of 
Mercury, and Voyager, a spacec ra f t  which would o r b i t  Mars o r  Venus and land 
a capsule  t h e r e ,  
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Under t h e  o v e r a l l  d i r e c t i o n  of  t h e  Of f i ce  o f  Space Science and Applica- 
t i o n s ,  t h i s  wcrk. i s  c a r r i e d  ou t  i n  u n i v e r s i t i e s ,  i n d u s t r i a l  research  labora- 
t o r i e s ,  and NASA. f i e l d  c e n t e r s .  Funds reques ted  f o r  f i s c a l  yea r  1965 w i l l  
support a cont inua t ion  of about t h e  same l e v e l  o f  e f f o r t  being c a r r i e d  ou t  
i n  t h e  cur ren t  f i s c a l  year .  

Manned Space Science 

1965 --- 1963 1964 

Supporting r,es,earch and 
technology. ................... ---  $1,200,000 :$2,100,000 

Manned s a t e l l i t e  sc ience .  ....... --- 900,000 3,100,000 
Manned lunar science. .  .......... --- 2,100,000 - 5,800,000 

To ta l  c o s t s  ................... $4,200,000 $1 1, oo,o, 000 --- 
Manned space sc ience  supporting research and technology w i l l  provide 

s c i e n t i f i c  data  f o r  t h e  engineering and o p e r a t i o n a l  development oE manned 
spacec ra f t  s y s t e m s ,  e s p e c i a l l y  Apollo. This cont inues  environmental d a t a  
c o l l e c t i o n  a c t i v i t i e s  prev ious ly  funded under t h e  manned spacecraEt program 
and c e r t a i n  a c t i v i t i e s  prev ious ly  funded a s  a p a r t  o f  t h e  unmanned l u n a r  
program. Work. w i l l  be  conducted t o  eva lua te  t h e  hazards of  s o l a r  f l a r e s ,  
r a d i a t i o n ,  and micrometeoroids a s  they  may e f f e c t  a s t r o n a u t s  and manned 
spacec ra f t  o n  lunar  missions.  E f f o r t s  lead ing  t o  t h e  determination of 
s u i t a b l e  lunar landing s i tes  f o r  Apollo f l i g h t s ,  inc luding  e s t ima t ion  of 
lunar  sur face  bear ing s t r e n g t h ,  w i l l  be continued, These suppor t ing  research  
a c t i v i t i e s  inc lude  t h e  conduct of  ground-based research ,  coordinat ion of data  
c o l l e c t i o n  e f f 'o r t s  on unmanned f l i g h t  p r o j e c t s ,  and t h e  p repa ra t ion  of s c i -  
e n t i f i c  models, c h a r t s ,  and maps  f o r  engineering and ope ra t ions  planning. 

Manned s a t e l l i t e  s c i ence  and manned Lunar sc i ence  p r o j e c t s  provide f o r  
planning and development of  s c i e n t i f i c  i n v e s t i g a t i o n s  t o  be  performed by man 
i n  space. The experience o f  t h e  O f f i c e  of  Space Science and Applicat ions i n  
t h e  f i e l d  of s c i e n t i f i c  experiment development i s  being u t i l i z e d  through t h e  
management of t h i s  p r o j e c t  t o  a s s u r e  t h a t  t h e  maximum s c i e n t i f i c  b e n e f i t  i s  
r e a l i z e d  from man's unique c a p a b i l i t i e s  a s  a s c i e n t i f i c  observer.  Spec i f i c  
experiments w i  11 be developed through t h e  va r ious  f i e l d  c e n t e r s  both in-  
house and by con t r ac t .  

F i s c a l  year 1964 funds a r e  being used f o r  t h e  des ign ,  development and 
procurement of' experiments and s c i e n t i f i c  equipment f o r  e a r l y  Gemini and 
Apollo f l i g h t s  and f o r  t h e  s c i e n t i f i c  t r a i n i n g  o f  t h e  c u r r e n t  a s t r o n a u t s .  
The Gemini expleriments i nc lude  i n v e s t i g a t i o n s  of  t h e  Earth and i t s  upper 
atmosphere i n  which t h e  human observer  can make a unique con t r ibu t ion .  The 
increased  c a p a b i l i t y  o f  t h e  Gemini spacec ra f t  w i l l  permit expansion of t h e  
experimental work accomplished i n  p r o j e c t  Mercury. Experiments i n  t h e  f i e l d s  
of astronomy and biology a r e  a l s o  under development f o r  Gemini. By t h e  c l o s e  
o f  f i s c a l  year 1964 t h e  prel iminary s e l e c t i o n  of promising s c i e n t i f i c  experi-  
ments f o r  p r o j e c t  Apollo w i l l  have been made and development w i l l  be underway 

RD 5-4 



on those inves,t i .gations t h a t  w i l l  r equ i r e  seve ra l  years  t o  prepare f o r  conduct 
i n  space. 

The fiscEil year 1965 funds a r e  requi red  t o  cont inue development of  Gemini 
s c i e n t i f i c  apparatus  and t o  procure f l i g h t  hardware. Background t r a i n i n g  t o  
be  provided i n  the  var ious  s c i e n t i f i c  d i s c i p l i n e s  w i l l  enhance t h e  e f f ec t ive -  
ness of  t h e  a s t ronau t s  a s  s c i e n t i f i c  observers  on both Gemini and Apollo 
missions.  The procedures f o r  conducting inves t iga t ions  w i l l  be  ground t e s t e d  
by the  a s t ronau t s  i n  mission s imulat ion sequences. Design and development of  
Apollo s c i e n t i f i c  equipment w i l l  b e  we l l  underway and procurement of  proto-  
type and long, lead t i m e  f l i g h t  equipment w i l l  be  i n i t i a t e d .  Since a s t ronau t  
s tay- t ime on t h e  lunar  su r face  w i l l  be l imi t ed ,  a wide v a r i e t y  o f  l ight-weight ,  
po r t ab le ,  and h ighly  r e f i n e d  equipment i s  planned t o  p e r m i t  optimum observat ion 
of  sur face  phenolmena and t h e  c o l l e c t i o n  and preserva t ion  of samples of su r face  
f ea tu res .  Lorig-life instruments ,  equipped f o r  Moon-to-Earth data  t ransmission,  
w i l l  be develclped f o r  emplacement by a s t ronau t s  a t  po in t s  of  i n t e r e s t  near the  
landing s i t e ,  
t he  National Academy o f  Sciences,  NASA w i l l ,  through t h i s  p r o j e c t ,  develop 
c r i t e r i a  f o r  t h e  s e l e c t i o n  of s c i e n t i s t  a s t ronau t s  f o r  lunar  missions.  A 
very small  l eve l  of e f f o r t  i s  planned t o  cont inue  d e f i n i t i o n  o f  s c i e n t i f i c  
inves t iga t ions  appropr i a t e  f o r  extended missions near  Ea r th  and on the Moon. 

Consis tent  with recommendations of  t he  Space Science Board of  

Ranger 

1965 --- 1963 1964 

Spacecraf t  ...................... $32,100,000 $29,100,000 $ 7,000,000 
Experiments... .................. 14,500,000 5,700 , 000 1. , 400 , 000 
Ground opers t ions . .  ............. 9,800,000 6 , 200,000 400 , 000 
Launch vehicles................. 32,416,000 11,200,000 - 2,000,000 

To ta l  costs................... $88,816,000 $52,200,000 &LO, 80,0,000 --- 
The s p e c i f i c  o b j e c t i v e  of t h e  next four  Ranger f l i g h t s  (Rangers A-D)  i s  

t o  o b t a i n  t e l w i s i o n  p i c t u r e s  o f  t h e  lunar  su r face  which w i l l  b e n e f i t  both 
t h e  s c i e n t i f i c  program and t h e  United S t a t e s  manned l u n a r  program, 
p i c t u r e s  should be a t  l e a s t  an o rde r  o f  magnitude b e t t e r  i n  r e so lu t ion  than 
any a v a i l a b l e  earth-based photography. 

These 

The f a i l u r e  of Ranger V ,  which was launched i n  October 1962, led t o  an 
extensive redesign and r e t e s t  e f f o r t  i n  o rde r  t o  increase  t h e  p r o b a b i l i t y  o f  
success  on f u t u r e  f l i g h t s .  This  e f f o r t ,  which caused t h e  launch schedule f o r  
Ranger A t o  s l i p  t o  t h e  f i r s t  qua r t e r  of  1964, has  now been completed and 
tes t  r e s u l t s  on t h e  c u r r e n t  spacec ra f t  have been very encouraging, i n d i c a t i n g  
t h a t  t h e  o b j e c t i v e s  o f  t h e  redesign have been a t t a i n e d .  

Ins tead  of  t h e  hard- landing capsule  and bus experiments o f  t h e  e a r l y  
Rangers, t he  payload f o r  t h e  next series w i l l  c o n s i s t  o f  s i x  t e l e v i s i o n  
cameras mounted i n  a "tower" on t h e  bus. 
i n t o  t h e  bus to  a t t a i n  high r e l i a b i l i t y .  The t e l e v i s i o n  system w i l l  begin 

Improvements have been incorporated 
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opera t ion  a t  approximately 1,000 miles above t h e  lunar  s u r f a c e  and w i l l  con- 
t i n u e  u n t i l  i trpact,  wi th  t h e  q u a l i t y  of t h e  l a s t  p i c t u r e s  s u f f i c i e n t  t o  
i d e n t i f y  an object a few f e e t  i n  diameter. 

F ive  a d d i t i o n a l  f l i g h t s  beyond t h e  n in th  were planned but  have been 
cance l led  i n  the  i n t e r e s t  o f  economies i n  t h e  t o t a l  NASA program. This  
s e r i e s  o f  f l i g , h t s  was planned t o  impact t h e  lunar  s u r f a c e  wi th  su rv ivab le  
capsules.  

The Of f i ce  o f  Space Science and Appl ica t ions ,  NASA Headquarters, i s  
respons ib le  f a r  t h e  overa 11 management o f  t h e  Ranger program. 
f o r  p r o j e c t  management i s  ass igned  t o  t h e  Jet  Propulsion Laboratory. The 
spacec ra f t  was designed by t h e  J e t  Propulsion Laboratory and i s  being 
f ab r i ca t ed  by t h e  Laboratory a s  an in-house e f f o r t ,  The t e l e v i s i o n  system 
i s  being procured from t h e  Astro-Electronics  Division of Radio Corporation 
of  America. 

Respons ib i l i t y  

F i s c a l  year 1963 funds were used p r imar i ly  t o  conduct t h e  ex tens ive  
redesign and r e t e s t  e f f o r t  on t h e  Ranger A-D series and to  i n i t i a t e  p r x u r e -  
ment of  long lead t i m e  f l i g h t  equipment. I n  a d d i t i o n ,  some o f  t h e  funds were 
used t o  complete and launch Ranger V and t o  develop a pro to type  herd-landing 
photographic capsule.  
t e s t  and launching o f  Rangers A-C and were used f o r  s i x  months of  e f f o r t  on 
f i v e  impacters p r i o r  t o  cance l l a t ion .  The f i s c a l  year 1965 funds w i l l  be 
used f o r  f i n a l  t e s t i n g  and launch of t h e  n i n t h  Ranger and f o r  post: launch 
data  evaluation. 

F i s c a l  year 1964 funds a r e  being used f o r  t h e  assembly, 

Surveyor Lander 

19 65 --- 1963 1964 

Spacecraft . .  .................... $45,386,000 $57,200,000 $64,400,000 
Experiments....... .............. 4,02 1,000 4,700 , 000 11,600,000 
Ground operations... . . , , . , . . . . . .  3,079,000 4,700,000 6,000,000 
Launch vehicles................. 13,900,000 32,000,000 ~i4,000,000 

Tota l  costs................... $66,386,000 $98,600,000 $136,000,000 --- 
The Surveyor spacec ra f t  i s  being developed t o  accomplish t h e  f i r s t  s o f t  

landings on the  Noon. On t n e  lunar  su r face ,  it w i l l  survey var ious  landing 
a r e a s  of  i n t e r e s t  a s  p o s s i b l e  s i tes  f o r  l a t e r  manned landings and make 
measurements t o  improve our understanding of  t h e  na tu re  of t h e  Moon. Landed 
Surveyors , w i l l  t r ansmi t  t o  Earth a v a r i e t y  of d a t a ,  such a s  high-resolut ion 
t e l e v i s i o n  p i c t u r e s  of  t h e  lunar  t e r r a i n  and su r face  t e x t u r e ,  measurements 
of  t h e  sur face  hardness and o t h e r  phys i ca l  and chemical p r o p e r t i e s ,  lunar  
seismic a c t i v i t y ,  and t h e  me teo r i t e  environment near  t h e  su r face ,  

The Surveyor mission r e q u i r e s  t h e  development o f  a technology f a r  more 
advanced than t h a t  employed i n  t h e  Mariner I1 and Ranger spacec ra f t .  Not 
on ly  must Surveyor naviga te  through t h e  space between t h e  Earth arid t h e  Moon, 
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bu t  it must land s o f t l y  on t h e  Moon, e s s e n t i a l l y  by backing down i i  multi-stage 
rocket t o  ,a landing 240,000 m i l e s  and 66 hours removed from t h e  launching s i t e .  

The Surveyor spacec ra f t  system i s  being developed f o r  NASA by t h e  Hughes 
A i r c r a f t  Company under c o n t r a c t  t o  t h e  Je t  Propulsion Laboratory. Major con- 
t r a c t o r s  a r e  ' lhiokol/Elkton f o r  t h e  main r e t ro - rocke t ,  Thiokol Reactio i 
Motors Division f o r  t he  v e r n i e r  propulsion system, and Ryan E lec t ron ic s  f o r  
t h e  a t t i t u d e  and ve loc i ty - sens ing  radars .  

Current year funds have been p r imar i ly  devoted t o  developmental t e s t i n g  
and refinement of components and subsystems, system t e s t i n g  o f  t h e  p r o > f - t e s t  
spacec ra f t ,  and hovering and drop tes ts  from a ba l loon  which s imula te  the 
f i n a l  landing o n  t h e  Noon. 

F i s c a l  ye!ar 1965 funds w i l l  be used f o r  completion of  system func t iona l  
t e s t i n g ,  environmental t e s t i n g  (thermal-vacuum, shock, and v i b r a t i o n ) ,  mission- 
simulation t e s t i n g ,  f i e l d  crew t r a i n i n g  by mock ope ra t ions ,  and tests > f  
dynamic models on Centaur development f l i g h t s .  Development of t h e  bas ic  
Surveyor spacec ra f t  system i s  expected t o  be e s s e n t i a l l y  completed and t e s t  
f l i g h t s  s t a r t e d  dur ing  f i s c a l  year  1965. 

Lunar Orb i t e r  

1963 

Spacecraft...................... $4,000 
Ground operetions............... --- 
Launch vehic l e ~ .  .......... i,. .:. ... --- 

T o t a l  costs................... $4,000 

The prim.sry mission o f  t h e  Lunar O r b i t e r  i s  

1965 --- 1964 

$20,000,000 $31,600,000 

--- - 15,500,000 
--- 2,200,000 

$20,000,000 &+9,300,000 

t o  conduct photoreconnais- 

--- 
sance o f  t h e  Mioon. From i t s  o r b i t ,  the s a t e l l i t e  w i l l  make s c i e n t i f i c  
measurements clf t h e  Hoon and i t s  environs i n  a d d i t i o n  t o  i t s  photographic 
mission. Anal.ysis of t h e  Lunar O r b i t e r ' s  o r b i t  w i l l  he lp  determine t h e  mass 
d i s t r i b u t i o n  cif t h e  Noon. Only a lunar  s a t e l l i t e  can provide t h i s  information 
on mass d i s t r i b u t i o n  which i s  c e n t r a l  t o  any d iscuss ion  of  t h e  o r i g i n  of t h e  
Earth-Moon system, and i s  r e l evbn t  t o  r e c o n c i l i a t i o n  of  t h e  c o n f l i c t i n g  
t h e o r i e s  o f  t h e  o r i g i n  of  t h e  s o l a r  system. I r r e g u l a r i t i e s  i n  lunar  mass 
d i s t r i b u t i o n  a r e  c l o s e l y  l inked  with ques t ions  of t h e  seismic a c t i v i t y  of  t h e  
Moon, i t s  rad l ioac t iv i ty ,  and t h e  cha rac t e r  of t h e  lunar  sur face .  The Orb i t e r  
data  w i l l  be  very  va luab le  i n  eva lua t ing  and c o r r e l a t i n g  t h e  s c i e n t i f i c  
observa t ions  macle by t h e  Surveyor Lander. 
used t o  screen  a u t  obviously undes i rab le  s i tes  i n  which t o  p l ace  the  Surveyor 
and then t o  team wi th  t h e  landed Surveyor i n  t h e  v e r i f i c a t i o n  of s u i t a b l e  
s i tes  f o r  t h e  Apollo landings. 

The Orb i t e r  photography w i l l  be 

Early pl.anriing f o r  a lunar  o r b i t e r  had considered an  Atlas-Centaur 
launched spacec ra f t .  I n  1963, advances i n  spacec ra f t  technology and t h e  
growth i n  pay:load c a p a b i l i t y  of  t h e  Atlas-Agena launch v e h i c l e  made a lunar  
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o r b i t e r  i n  t h e  800 pound c l a s s  f eas ib l e .  Consequently, t h e  dec is ion  was made 
t o  design a s;pac:ecraft f o r  t h e  Atlas-Agena launch vehic le .  The f i r s t  o r b i t e r  
i s  planned tcl be launched e a r l y  i n  calendar  year  1966 with following f l i g h t s  
a t  t he  approximate r a t e  o f  one each qua r t e r .  

P ro jec t  nianagement r e s p o n s i b i l i t y  has  been assigned t o  Langley Research 
Center and 1sunc:h v e h i c l e  systems management t o  L e w i s  Research Center. Pro- 
posa ls  f o r  design and f a b r i c a t i o n  of  t h e  Orbi te r  spacec ra f t  were requested 
from indus t ry  i n  October 1963, and t h e  Boeing Company was se l ec t ed  i n  
December 1.963s, 

Funds provided i n  f i s c a l  year  1964 a r e  being u t i l i z e d  t o  i n i t i a t e  t he  
spacecraft:  development con t r ac t  and w i l l  c a r r y  t h e  spacec ra f t  through design 
and protot.ype f ab r i ca t ion .  F i s c a l  year  1965 funding w i l l  provide f o r  f a b r i -  
ca t ion  o f  flitzhf: hardware and t h e  i n i t i a l  payment on Atlas-Agena launch 
vehic les .  The t e n o f l i g h t  program is  est imated t o  c o s t  about $225 mi l l i on .  

Mariner 

1965 --- 1963 1964 

Spacecraft , ,  ...................... $29,802,000 $27,30O,OOO $ 2 5 , 1 C O , O O O  
Experiments ...................... 1,333,000 8,100,000 8 , 6C 0,000 
Ground opera t ions  ................ 6,830,000 10,000,000 9,5C 0,000 
Launch vehic les . ,  ................ 4,812,000 13,700,000 -10,9C~O,OOO 

To ta l  c o s t s  ,, .................. $42,777,000 $59,100,000 ~54 .1c~0 ,000  --- 
Mariner :is t h e  United States '  program t o  explore  t h e  p lane ts .  

t o  t he  p l ane t s  a r e  extremely d i f f i c u l t  space missions because ex is t ing ,  
launch vehic:le systems a r e  s t r a i n e d  t o  the  utmost by energy requiremer t s ,  
and t h e  s t a t e  of t h e  a r t  of spacec ra f t  technology by f l i g h t  durat ion.  
System lifeti-me:; on t h e  o rde r  of  n ine  months must be a t t a i n e d ,  y e t  rec'un- 
dancy which i L s  d e s i r a b l e  f o r  r e l i a b i l i t y  must be minimized due t o  weig,ht 
l imi t a t ions .  P lane tary  explora t ion  w i l l  proceed i n  t h r e e  phases: f l y - b y  
missions,  f I!r-b;y missions with landing capsules  o r  probes,  and spacec ra f t  
which include! both a landing module and a n  o r b i t i n g  module. 

F l i g h t s  

I 

Launch w h i c l e  c a p a b i l i t y  has r e s t r i c t e d  t h e  e a r l y  Mariners to fly-by 
missions.  The Atlas-Agena launch v e h i c l e  which provided 447 pounds f o r  
t h e  h ighly  suwxrssful Mariner I1 i n  1962, has been imrproved - so th.at over 
500 pounds a r c  s tvai lable  f o r  t h e  1964 Mars mission. 
a t t i t u d e  s t a b i l i z e d ,  r e l y i n g  on Ear th ,  Sun, and star sensors  f o r  o r i e n t a t i o n ,  
and on s o l a r  pane ls  f o r  power. The spacec ra f t  measures micrometeoroid impacts, 
f i e l d s ,  and pctrt:icle f luxes  i n  in t e rp l ane ta ry  space enroute.  The 1964 Mariner 
w i l l  t ake  tel.evl.sion photographs of t h e  Martian surface as it f l i e s  by and 
at tempt  to1 det:ec:t atomic oxygen and hydrogen i n  t h e  atmosphere. 

Mariner spacec ra f t  are 
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Development o f  t h e  Centaur launch veh ic l e  t o  o p e r a t i o n a l  s t a t u s  w i l l  
permit a great.1.y improved fly-by mission i n  1966, which w i l l  b u i l d  on data  
from t h e  e a r l i e r  f l i g h t s  through t h e  use  o f  more s o p h i s t i c a t e d  instrumenta- 
t i o n .  

The Jet E'i:opulsion Laboratory i s  respons ib le  f o r  management of the  
Mariner p r o g r m  and w i l l  bu i ld  t h e  spacec ra f t  in-house. L e w i s  Research 
Center has  r e s p o n s i b i l i t y  f o r  procurement of  both t h e  Atlas-Agena .and 
Centaur launch veh ic l e s  used i n  t h e  Mariner program. 

There have been r e p o r t s  of  ten attempts t o  f l y  spacec ra f t  t o  t h e  r lanets  
by t h e  Sovi.et IJnion and two by t h e  United S t a t e s .  The Russians succeeded i n  
e j e c t i n g  on ly  two from Earth o r b i t  i n t o  i n t e r p l a n e t a r y  t r a j e c t o r y ,  and these  
both f a i l e d  be fo re  they  reached t h e i r  ob jec t ives .  
t h e  world's on1.y p l ane ta ry  success  when Mariner 11's microwave radiometers 
made t h e i r  meit:;uirements on Venus on December 14, 1962, The funds appropr ia ted  
f o r  f i s c a l  year I963 pa id  f o r  t h e  f i n a l  t e s t  and checkout of Mariners I and 
11, and s ta t r ted work on t h e  two 1964 f l i g h t s  to  Mars. 

The United S t a t e s  achieved 

The fi.sca 1 year 1964 funds w i l l  complete p a r t s  procurement , func t iona l  
and type  apprcwa:L tests , f a b r i c a t i o n  of t h e  spacec ra f t  , and systems t e s t s  
f o r  t h e  1964 hr : ;  launches, a s  w e l l  a s  pre l iminary  design and long leac t i m e  
procurement: fo;: ishe 1966 mission. The f i s c a l  year  1965 requirement i s  f o r  
t h e  f i n a l  assembly, t e s t ,  checkout, and launch of  t h e  two Mars spacec rz f t  i n  
late calender :yeiar 1964. 
u n t i l  encounter. 
app l i ed  t o  the design and development of t h e  spacec ra f t  f o r  the calender years  
1966 and 1!368-19169 missions.  

Tracking w i l l  cont inue  after launch f o r  n i n e  months 
The balance of the f i s c a l  year 1965 resources  w i l l  bt! 

Pioneer 

Spacecraft .  ,, .................... $1,839,000 $11,000,000 $ 7,9OO,OOO 
Experiments ,, .................... 725,000 2,300,000 4,200 , 000 

900 , 000 Ground opera t ions . .  50,000 300 , 000 
Launch vehic les . .  ............... --- 4,100,000 8,100,000 

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

Tota l  costs  ................... $2,614,000 $17,700,000 

Pioneer missions w i l l  use small  spacec ra f t  , with long l i f e t i m e s  , designed 
to  measure i n t e r p l a n e t a r y  phenomena. I n  conjunct ion  with t h e  I n t e r p l a n e t a r y  
Monitoring Probe, which measures t h e  near-Fbrth environment and t h e  pliinned 
Mariner missions,  Pioneer w i l l  enable t h e  United S t a t e s  t o  o b t a i n  simultane- 
ous s c i e n t i f i c  data  a t  widely sepa ra t ed  p o i n t s  i n  space,  measuring magnetic 
f i e l d s ,  s o l a r  plasma , cosmic r ays  , r ad io  propagation, and i n t e r p l a n e t a r y  
dus t  during t h e  I n t e r n a t i o n a l  Quiet Sun Year and beyond. Cor re l a t ion  wi th  
s i m i l a r  measurements made i n  near-Earth o r b i t  w i l l  enable u s  t o  ur,dersi:and 
b e t t e r  t h e s e  phenomena and t h e i r  i n t e r r e l a t i o n .  
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I n  a d d i t i o n ,  Pioneer w i l l  monitor s o l a r  phenomena near t h e  low poi.nt o f  
s o l a r  a c t i v i t y ,  i3nd w i l l  make measurements dur ing  t h e  buildup o f  ac t iv i . t y ,  
end a s  t h e  maximum approaches. These da ta  w i l l  c o n t r i b u t e  t o  scient i f1 .c  
knowledge of  Ishe o r i g i n  of  t h e  sun ;  i t s  dynamics, composition, and e f f e c t  
on t h e  E a r t h ' s  environment. An immediate use  f o r  t h i s  knowledge w i l l  he  
research  d i r e c t e d  toward developing a method f o r  p r e d i c t i n g  s o l a r  f l a r c s  
which would be a hazard t o  manned space f l i g h t .  

Pioneer takes advantage o f  recent  and planned improvements i n  t h e  
r e l i a b l e  Del ta  launch vehic le .  Thrust augmentation w i l l  add t o  t h e  ex t s t i n g  
c a p a b i l i t y  of  t h e  Del ta ,  and it i s  planned t h a t  a spacec ra f t  o f  atlout L40 
pounds w i l l  be in j ec t ed  i n t o  an  i n t e r p l a n e t a r y  o r b i t .  The f i r s t  f o u r  Pioneer 
s i s s i o n s  will a l t e r n a t e  between o r b i t s  which c l o s e  t o  within 75,000,000 
miles of t he  :Sun and o r b i t s  which go ou t s ide  Ear th ' s  o r b i t  t o  110,000,000 
miles from t h e  Sun. The expected l i f e t i m e  w i l l  be  a t  l e a s t  s i x  months, so 
t h a t  a reasonable launch r a t e  w i l l  p e r m i t  simultaneous measurement.s from two 
Pioneers,  ,as well a s  comparison of Pioneer data  with I n t e r p l a n e t a r y  Monitor- 
i ng  Probe, and occas iona l ly  wi th  Mariner spacec ra f t .  Re la t ive ly  s i m p 1 2  
design w i l l  ensure h igh  r e l i a b i l i t y  i n  t h e  Pioneer s p a c e c r a f t ,  which w i l l  b e  
l a r g e l y  a refinement of e x i s t i n g  technology. 

Respons ib i l i t y  f o r  p r o j e c t  management rests with Ames Research C e i t e r .  
Under t h e  t e c h n i c a l  d i r e c t i o n  o f  Ames, Space Technology Labora tor i~es  w i l l  
bu i ld  t h e  spacec ra f t  under a f i x e d  p r i c e ,  i n c e n t i v e  f e e  c o n t r a c t .  The Je t  
Propulsion Laboratory w i l l  provide t r ack ing  and da ta  a c q u i s i t i o n  s e r v i c e s ,  
whi le  Goddard Space F l i g h t  Center i s  respons ib le  f o r  systems management o f  
t h e  launch v e h i c l e  procured from t h e  Douglas A i r c r a f t  Company. 

F i s c a l  year 1963 funds were used f o r  spacec ra f t  design and system 
development. F i s c a l  year  1964 funds a r e  being used t o  i n i t i a t e  procurement 
o f  t h e  f i r s t  f'our spacec ra f t  and launch veh ic l e s .  During 1964 t h e  pro to type  
w i l l  be  develclped, t e s t e d ,  i n t e g r a t e d  wi th  t h e  s c i e n t i f i c  experiments and 
q u a l i f i e d  f o r  f l i g h t .  

The f i s c a l  year 1965 reques t  completes purchase of t h e  f i r s t  four  launch 
veh ic l e s  and almost a l l  o f  t h e  spacec ra f t .  F i n a l  q u a l i f i c a t i o n  of the  f i r s t  
f l i g h t  spacec ra f t  should be completed e a r l y  i n  1965 and t h e  i n i t i a l  launch 
should occur i n  t h e  second q u a r t e r  of  ca lendar  year  1965. These funds w i l l  
a l s o  pay f o r  poss ib l e  design modif icat ions t o  t h e  Pioneer spacec ra f t  and 
select'ion and dwelopment o f  new experiments t o  f l y  on t h e  second block o f  
t h r e e  Spacecraft:, t h e  l a s t  o f  which would f l y  i n  1967. The t o t a l  program of 
seven f l i g h t s  i s  es t imated  t o  c o s t  about $ 7 0  mi l l i on .  
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RESEARCR DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATE3 

OFFICE OF SPPkA; SCIENCE AND APPLICATIONS SUSTAINING UNIVERSXTY P 3OGRAM 

PROGRAM 0BJESG:VES AND JUSTIFICATION: 

With.  i t  €1 establishment , NASA was  charged with expanding human kmwledge 
of phenomena. i n  t h e  atmosphere and space and preserv ing  t h e  r o l e  of t h e  United 
States as a 1.edtder i n  ae ronau t i ca l  and space-related sc ience  and technology. 
A s  would be expected i n  any undertaking of t h i s  complexity and sophis t ica t ion : ,  
t h e  need fox knowledge of almost i n f i n i t e  v a r i e t y  w a s  immediately recognized, 
and it soon bec:ame apparent t h a t  t h e  e x i s t i n g  sponsored research  a c t i v i t i e s  
could not ut l.li.ze f u l l y  t h e  a b i l i t i e s  of our u n i v e r s i t i e s .  
t he  Sustainimg Univers i ty  Program w a s  planned and i n i t i a t e d  i n  f i s c a l  year 
1962 t o  increase  u n i v e r s i t y  p a r t i c i p a t i o n  i n  ae ronau t i ca l  and space sc ience  
and engineex ing; endeavors and t o  broaden NASA's sponsored research  a c t i v i t i e s ,  

Accordingly, 

Univers'j.ti.es are t h e  t r a d i t i o n a l  source of both new knowledge and highly 
t r a i n e d  manpower. Only through a c a r e f u l l y  designed program can the  supply 
of s c i en t  i f l c :  t a l e n t  and t h e  development of s i g n i f i c a n t  and r e l evan t  research 
c a p a b i l i t i e s  keep pace with t h e  demands of t h e  na t iona l  space e f f o r t .  The 
program obje!c:tives are to:  (1) increase  t h e  f u t u r e  supply of s c i e n t i s t s  
and engineero requi red  i n  space-related sc ience  and technology; (2) bu i ld  
l abora to r i e s  urgent ly  needed f o r  space research  i n  s e l e c t e d  u n i v e r s i t i e s ;  
and, (3) impi*ove t h e  u n i v e r s i t i e s '  r o l e  i n  support  of NASA by encouragement 
of c r e a t i v e  nml. t idiscipl inary inves t iga t ions ,  development of new c a p a b i l i t i e s ,  
and consai1iClzttJ;on o f  space-oriented a c t i v i t i e s ,  These t h r e e  asplects o f  t he  
Sustaining Universi ty  Program are complementary t o  p ro jec t  sponsored research 
and t o  each o ther .  

The t r a i n i n g  aspec t  produces s k i l l e d  manpower , research  s c i e n t i s t s ,  
t echnic ians  ctnct i n s t r u c t o r s .  By September 1964, about 2,000 f u t u r e  s c i e n t i s t 8  
and engineere o r i l l  be i n  t r a i n i n g  i n  t h e  NASA program a t  a cumulative cos t  
through f i s c : r t l  year 1964 of nea r ly  $36 mi l l i on .  
essent ia l .  i f  t h e  scientists '  a l ready  d i f f i c u l t  undertakings are not t o  be 
hampered fur1:her by unsu i t ab le  environments. Acquis i t ions i n i t i a t e d  through 
t h i s  aspect of t h e  pi ogram and funded i n  f i s c a l  year 1964 and p r i o r  years 
are intended t o  add approximately 855 thousand square f e e t  of lalboratories 
a t  a cmla t .Lvt :  c o s t ,  o f  about $29 mi l l i on .  
high q u a l i t y  research  a t  se l ec t ed  i n s t i t u t i o n s  not  c u r r e n t l y  p a r t i c i p a t i n g  
i n  the  space! program, the  number of u n i v e r s i t i e s  and s c i e n t i s t s  involved i n  
a t t ack ing  scme of t h e  fundamental problems fac ing  NASA has grown s i g n i f i c a n t l y .  
Through thiol po r t ion  of t h e  program, some $18 m i l l i o n  a t  70 i n s t i t u t i o n s  w i l l  
have been invented by t h e  end of f i s c a l  year 1964 t o  ob ta in  research  r e s u l t s  
which w i l l  ht!lp t o  determine t h e  long-range course of space technology. 

Adequate f a c i l i t i e s  are 

Addi t iona l ly ,  by support ing 
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1963 

Training.. ...................... $14,145,000 
F a c i l i t i e s .  ..................... 10,249,000 
Research........................ 6.206.000 

To ta l  co~ts.. . . . . . . . . . . . . . . . . .  $30.60= 

BASIS OF m-R;EQUIREMENT S: 

1963 

Training.. ...................... $14,145,000 

1964 

$20,000,000 
12,000,000 
8 000.000 

$40.000,000 

1964 

$20,000,000 

1965 

$25,000,000 
10,000,000 - 11.000.000 

~ 6 . 0 0 ~ , , 0 0 0  

$25,000,000 

The rap i d  development of t h e  space program continues t o  p l ace  inc reas ing ly  
severe  demands 'on t h e  supply o f  h ighly  t r a i n e d  s c i e n t i s t s  and engineers.  
demand is i n  two genera l  d i r ec t ions :  
p a r t i c i p a t e  d i r e c t l y  i n  t h e  s o l u t i o n  o f  imnediate problems confros t ing  current: 
space a c t i v i t i e s  and those  r equ i r ed  t o  conduct f u t u r e  r e sea rch ,  teach  new 
s tuden t s  in  order t o  r ep len i sh  t h e  manpower pool,  and eva lua te  and orlganize 
t h e  v a s t  amounts of s c i e n t i f i c  da t a  acquired through inc reas ing  space 
experimentation. 

The 
those  t e c h n i c a l  personnel  r equ i r ed  t o  

The predoctora l  r e sea rch  t r a i n i n g  program is designed t o  prolduce 1,000 
Ph.D's annually.  This type  of program has  been s t r o n g l y  recommended by t h e  
P r e s i d e n t ' s  Science Advisory Cormmittee as necessary and reasonable.  
Committee s t a t e d  t h a t  a s p e c i a l  e f f o r t  must be made i f  t h e  supply of h igh ly  
t r a i n e d  s c i e n t i s t s  and engineers is  t o  keep pace wi th  t h e  demand, 
f u r t h e r  determined t h a t  t h e r e  are adequate numbers o f  q u a l i f i e d  s tuden t s  
a v a i l a b l e  who would not  e n t e r  graduate r e sea rch  t r a i n i n g  un le s s  new opportu- 
n i t i e s  were made a v a i l a b l e .  The Committee recomnended t h a t  t h e  arnnua't ou t -  
pu t  of Ph.D.'s should reach a t  least 7,500 by t h e  year 1970, an  i n c r e m e  of 
4,000 Ph..D.'s over t h e  p re sen t  annual rate. 

%e 

It w a s  

NASA's predoc to ra l  t r a i n i n g  program was  s t a r t e d  wi th  g r a n t s  t o  t e n  
u n i v e r s i t i e s  
a per iod  of three yea r s ,  and a t  a t o t a l  c o s t  
I n  f i s c a l  year 1963, 786 t r a i n e e s  a t  88 u n i v e r s i t i e s ,  which included second 
g r a n t s  t o  t h e  f i r s t  t e n  i n s t i t u t i o n s  and g ran t s  t o  78 new i n s t i t r r t i o n s ,  were 
added a t  a t l o t a l  c o s t  of about $14 mi l l i on .  
i n  t r a i n i n g ,  but approximately 1,100 more new s tuden t s  are t o  be added a t  a 
c o s t  of about $20 m i l l i o n  from f i s c a l  year 1964 funds. Subsequently, add i t ions  
of 1,250 s tudents  i n  1965, 1,300 t o  1,400 i n  1966 and aga in  i n  1967 w L l l  be 
made t o  a t t a i n  a level of n e a r l y  4,000 s tuden t s  i n  t r a i n i n g .  
emphasis on t r a i n i n g ,  t he  f i r s t  graduates w i l l  not become a v a i l a b l e  u n t i l  196.5. 
It should be noted t h a t  no amount of money i n j e c t e d  a t  some latex d a t e  w i l l  
produce s c i e n t i s t s  o r  engineere i n  s ix  months t o  ease some suddenly recognized ' 

for  t h e  support of t e n  graduate s tuden t s  a t  each univerciity for  
of approximately $2 mil l ion .  

P resen t ly ,  on ly  886 s tuden t s  are 

I n  s p i t e  o f  thits 
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manpower c r i s i s ,  

The t r a i n i n g  program provides  three-year predoctora l  oppor tun i t i e s  t o  

As r e c i p i e n t s  of t hese  t r a ineesh ips ,  young, high- 
s e l e c t e d  gradtiat:e s tuden t s  a t  q u a l i f i e d  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-related areas. 
c a l i b r e  s c i e n t i s t s  and engineers  w i l l  conduct research  i n  space- re la ted  
f i e l d s  while ctcquiring a high l e v e l  of ind iv idua l  competence. 
t h i s  t r a in ing , ,  t:he s tudent  may remain a t  a un ive r s i ty ,  car ry ing  out  long- 
range research  and teaching t h e  "next generation" o r  he may p a r t i c i p a t e  
d i r e c t l y  i.n cu r ren t  research  a c t i v i t i e s  of imnediate importance t o  the  space 
program at. t he  u n i v e r s i t y ,  i n  indus t ry ,  or  wi th in  NASA. 

A t  t he  end of  

Individui t l  t r a i n e e s  are s e l e c t e d  a t  t h e  u n i v e r s i t y  by sen ior  f a c u l t y  
members who m y  superv ise  t h e  research  t r a i n i n g  of t h e  s tuden t s ,  *and a r e  thus  
i n  t h e  b e s t  p o s i t i o n  t o  eva lua te  t h e  c a p a b i l i t i e s  o f  t h e  candidates .  The 
s t ipends  granted a r e  comparable t o  those  o f f e r e d  by o the r  sources ,  and t h e  
g ran t s  are! matie through t h e  u n i v e r s i t y  t o  minimize movement of t h e  s tuden t .  
The grant  a l s o  includes an allowance t o  t h e  u n i v e r s i t y  t o  s t rengthen  i ts  
program i n  sptrca-related sc ience  and technology. It may include such items 
as small amoutitti fo r  minor spec ia l i zed  equipment, a modest amount for  course- 
content  inprovemment, an  appropr ia te  sha re  of s p e c i a l  f a c u l t y  augmentation, 
as w e l l  aEi sjsni:tar items normally covered by income from t u i t i o n  and fees. 

Speciall.:!ed t r a i n i n g  fo r  s e l e c t e d  s tuden t s  o f f e r s  t h e  s tuden t s  id len t i f i -  
c a t i o n  wit:h NASA's goals  and problems and involves  them d i r e c t l y  i n  the new 
programs of t:he space age. I n  many cases the  s tuden t s '  p ro fes so r s  are a l s o  
engaged i n  spircc research  a c t i v i t i e s .  The s tuden t s  thus  have a r e l a t i o n s h i p  
with NASA through contac t  with s c i e n t i s t s  and experiments generated bj,  
experienced scm:Lor inves t iga to r s .  Such c l o s e  t i es  w i l l  provide t h e  t r a i n e e  
with addit:ioxuil motivat ion fo r  t h e  cont inua t ion  of s t u d i e s  and p a r t i c i p a t i o n  
i n  the  nat:ioriiil space e f f o r t .  A by-product of t hese  t r a ineesh ips  is t h e  
incent ive  t h q  provide t o  undergraduates who look forward t o  similar 
p a r t  i c  ipa  t: ion , 

The predoctora l  t r a i n i n g  g ran t s  are aimed d i r e c t l y  a t  a l l e v i a t i o n  of a 
most c r i t i c a l  rminpower def ic iency .  The t r a i n i n g  program a l s o  includee r e l a t e d  
a c t i v i t i e s  such as pos tdoc to ra l  conversion of s c i e n t i s t s  d e s i r i n g  t o  elater 
space- re la ted  f i e l d s ,  enhancement of t h e  u t i l i t y  of  people possessing unique 
c a p a b i l i t i e s  ,, arid summer seminars fo r  c a r e f u l l y  s e l e c t e d  s tuden t s  w i t t .  
outs tanding E' o t e n t  i a l  . 

1 

196:l --- 1963 1964 

Research and t r a i n i n g  i n  space-related sc ience  and technology a t  non- 
p r o f i t  scFent::Lf:Lc and educa t iona l  i n s t i t u t i o n s  i n  support  of NASA's mission 
are o f t e n  impedtrd by inadequacy o r  complete lack  of e x i s t i n g  laboratoxy 
space. Allthoiigh some r e sea rch  s c i e n t i s t s  need only l imi t ed  f a c i l i t i e s  i n  
order  t o  purriiie t h e i r  t h e o r e t i c a l  s t u d i e s ,  it is  an inc reas ing ly  frequent  
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requirement t:lmt: f i r s t - l i n e  space research  of t h e  type needed by NASA neces- 
sitates t h e  use of more e l abora t e  equipment, such as computers, e l e c t r o n i c  
t e s t i n g  deviccis !, and environmental s imulators .  
must be provided fo r  t h i s  equipment as well as for t h e  f acu l ty ,  graduate  
s tuden t s ,  o ther  research personnel and supporting serv ices .  

Suf f i c i e n t  labora tory  space 

Besides iee'lieving t h e  c r i t i c a l  shortage of  working space fo r  groups now 
heavi ly  invo:Lved i n  research  pe r t inen t  t o  t h e  NASA mission, t hese  new 
f a c i l i t i e s  w i l l  make poss ib l e  t h e  development and a s s d l y  of new mul t i -  
d i s c i p l i n a r y  reassarch groups which can more e f f e c t i v e l y  respond t o  NASA's 
needs than can innumerable dispersed smaller groups, During t h e  next 
f i v e  years  a t o t a l  of some 75 u n i v e r s i t i e s  heavi ly  engaged i n  NASA's programs 
a r e  expected to  r equ i r e  over t h r e e  m i l l i o n  square f e e t  of laborator ie i i  t o  
accommodate IC esearch and t r a i n i n g  i n  space-related work, Acquisi t ionir i n i t i a t e d  
through f i s c a l  year 1964 fo r  t h i c  p r o j e c t  are adding approximately 851; thousand 
square f e a t  of laboratory space a t  a cos t  of nea r ly  $29 mi l l i on .  
o rde r ly  and d e l i b e r a t e  a c q u i s i t i o n  rate t o  help f u l f i l l  p a r t  of t h e  remaining 
needs reqnrirtes $10 mi l l i on  fo r  cons t ruc t ion  of  an a d d i t i o n a l  275 thou:;and 
square f e e t  of l abora tory  space. Thus t h e  u n i v e r s i t i e s  w i l l  be i n  a pos i t i on  
t o  undertake t h e  work of which they ure  capable and which is requi red  i f  
a l ready  e s t ab l i shed  na t iona l  goals  i n  space are t o  be r ea l i zed .  

A continued, 

19 55 --- 1963 1964 

The support of broad programs of space and aeronaut ica l  research ,  
s p e c i f i c a l l y  t a i l o r e d  t o  the  ind iv idua l  c h a r a c t e r i s t i c s  of each un ive r s i ty ,  
a f fo rds  the  uiaximm opportuni ty  for  balancing and s t rengthening e x i s t i n g  
work, and for s t imula t ing  the  development and growth of new idear; and t a l e n t .  
I n  t h i s  manner, t h e  space program obta ins  the  most vigorous,  product ive and 
c r e a t i v e  cont r ibu t ions  a un ive r s i ty  can provide. 

Many of th.e s c i e n t i f i c  and technological  problems facing NASA r equ i r e  a n  
understanding of t h e  behavior of  l a rge  and complex systems t h a t  r e s i s t  piece-  
meal a t t a c k ,  and t h e i r  s o l u t i o n  demands t h e  concerted and cooperative e f f o r t  
t h a t  u n i v e r s i t i e s  can provide by br inging together  t h e i r  many s p e c i a l i s t s  
from the  var ied  technica l  and s c i e n t i f i c  d i sc ip l ines .  Addit ional ly ,  by 
supporting c p a I i t y  research  a t  se l ec t ed  i n s t i t u t i o n s  not cu r ren t ly  p a r t i c i p a t  fng 
i n  t he  space: pxogram, t h e  number of u n i v e r s i t i e s  a t t ack ing  some cof t h e  funda- 
mental probI.trms fac ing  NASA i s  permit ted t o  grow and thus broaden the base 
of t h e  naticin's research  capab i l i t y .  By providing new oppor tuni t ies  t o  these  
in s t i t u t i . ons  t o  p a r t i c i p a t e ,  many exce l l en t  research  programs have a l ready  
emerged and new t a l e n t s  and s k i l l s  have been developed. Through t h i s  por t ion  
of the  progrcua:, some $18 mil l ion  a t  70 i n s t i t u t i o n s  w i l l  have been i rves t ed  
through f i s c a l  year 1964 t o  ob ta in  research  r e s u l t s  which w i l l  help t o  d e t e r -  
mine t h e  long-range course of space technology. 

For t h e  cont inuat ion and o rde r ly  growth of t h i s  special-purpose research  
i n  f i s c a l  year 1965, approximately s i x t y  p r o j e c t s  w i l l  be supported a t  a cost: 
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of $Urnillion. 
supported in f i s c a l  year 1964, and the remaining 20 w i l l  b e  to univerrities 
participating, in th i s  research program for the f irst  time. 

Forty of these grants w i l l  be for the continuation of projects 
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RESEARCH AND DEVEtOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF SaqZ !SCIENCE AND APPLICATIONS LAUNCH VEHICLE DEVELOPMENT PROGRAM -- 
PROGRAM 0BJEC:EL''S AND JUSTIFICATION: 

The purpose of  t h e  launch vehicle development program i s  t o  provice  
r e l i a b l e  and ezonomical launch veh ic l e s  f o r  NASA unmanned f l i g h t  projec ts. 
This i s  accomplished by (1) an a c t i v e  research  and technology e f f o r t  fcir t he  
systems, components and techniques t h a t  may be requi red  f o r  fu tu re  p r o i e c t s ;  
(2) developing such launch v e h i c l e s  as are requi red  t o  support  t hese  p r o j e c t s ;  
(3) procuring launch veh ic l e s  t o  meet t h e  requirements of approved pro: e c t s ;  
and ( 4 )  modifying and improving t h e  e x i s t i n g  stable of v e h i c l e s  arid ground 
systems t o  support  t hese  p r o j e c t s .  

The supporting research  and technology area, - n l t i a t e d  f o r  launch 
v e h i c l e  dc:vel.opment i n  f i s c a l  year  1963, i s  progressing t o  f i l l  t h e  need f o r  
advanced s t u d  Le:; of v e h i c l e  technology requi red  f o r  unnrlnacd missions.  
E f f o r t  i n  fiwzal year  1963 was concentrated i n  s p e c i a l  v e h i c l e  system: 
s t u d i e s .  
f o r  f u t u r e  v e n i c l e s ,  and on t h e  behavior of l i q u i d  f u e l s  i n  zero  gravj.ty 
condi t ion .  

F i s z a l  year 1964 funds provide f o r  s t u d i e s  of t h e  use  of f ic iur ine 

The Scout and Delta v e h i c l e s ,  developed by NASA, a r e  now o p e r a t i o i a l .  
Development of t hese  veh ic l e s  was completed i n  f i s c a l  year  1963, 

Developm.E:nt of t h e  Centaur w i l l  continue i n  f i s c a l  yea r  1965, w i t ?  the  
f i r s t  operaticina.1 mission t o  be accomplished e a r l y  i n  ca lendar  year 1965. 
The second attempted launching of  t h e  Centaur v e h i c l e  on November 2 7 ,  1963, 
w a s  e n t i r e l y  suc:cessful. 

The FZOX development p r o j e c t ,  i n i t i a t e d  i n  f i s c a l  yea r  1964, w i l l  be 
completed i n  f i s c a l  year  1966. This p r o j e c t  w i l l  i n i t i a l l y  provide a l a r g e  
inc rease  i n  pay]-oad capac i ty  f o r  t h e  Atlas-Centaur and Atlas-Agens veh ic l e s .  
Later,  o the r  '.aunch v e h i c l e s  which now use l i q u i d  oxygen should b e n e f i t  
s i g n i f i c a n t l y  

SUMMARY OF RE:SOURCES REQUIREMENTS: 
1963 

Support: i n g  research  and 
technology, ............... $ 1,598,000 

Centaur deve Lopment ........ 90,600,000 
Scout d e w  Lopment .......... 3,648,000 
Delta development .......... 2,183,000 
FLOX deve'topinent --- 

Tota l  costs . .  ............. $105,729,000 

........... 
Operational 'vehicle support .  7,700,000 

1965 -__. 1964 

$ L,900,000 $ 4,500,000 
108,100,000 92 ,CiOO,OOO 

--- -I- 

1,900,000 17,500,000 
13,200,000 14,2:00,000 

$125,100,000 ~128.~!00.000 -- 
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BASIS OF FUND -lQUIREMENTS : 

Supporting Research and Technology 

1963 1964 

F lu id  behavior s tud ie s . .  .. $ --- $ 500,000 
So l id  s t a t e  technology 

research . . . . . . . . . . . . . . . .  --- 200,000 
Vehicle system s t u d i e s . .  .. 995,000 900,000 
Ins t rumenta t ion . . . . . . .  .... --- --- 
Propulsion s y s t e m s  technology 603,000 300,000 

Total co&ts . . . . . . . . . . . . .  L 5 9 8 . 0 0 0  ~1,900,000 

19155 
e-- 

$ 500,000 

500,000 
:L ,500,000 

- .L ,800,000 

2; .500,000 

200,000 

--- 
Thepurpose of t h i s  supporting research  and technology e f f o r t  i s  t o  

genera te  current.  information on launch v e h i c l e  components, sub-systems, and 
systems t o  meet t h e  requirements of  unmanned missions.  This e f f o r t  a l s o  
inc ludes  devel1.ogment of  cer ta in  components, sub-systems, and techniques 
p e c u l i a r  t o  launch v e h i c l e s  used f o r  unmanned missions.  

The launch v e h i c l e  suppor t ing  research  and technology program u t i l i z e s  
d a t a  avaiI.ab1.e from the  NASA Of f i ces  of  Advanced Research and Technolcgy and 
Manned Space ]? l igh t  Programs, t h e  Department of  Defense, t h e  Atomic Erergy 
Commission, and indus t ry  t o  determine t h e  na tu re  and d e s i r a b i l i t y  of  changes 
t o  those I.aunc:h v e h i c l e  systems f o r  which t h i s  o f f i c e  has cognizance. 
Similar ly , ,  t h e  needs of  planned o r  t e n t a t i v e  f l i g h t  p r o j e c t s  are eva l t a t ed  
t o  determine t h e  e x t e n t  t o  which e x i s t i n g  v e h i c l e s  can be employed o r  show 
where modl f ica t ions  o r  a d d i t i o n a l  development may be  requi red .  

Se lec ted  components and sub-systems are developed when a . c l e a r  need, 
based on t h e  advanced s t u d i e s ,  i s  demonstrated. Design c r i te r ia  f o r  launch 
v e h i c l e s  are 'developed and updated, and s t u d i e s  are c a r r i e d  out  t o  achieve 
t h e  most economical u se  of  veh ic l e s .  

F i s c a l  ye.ar 1963 funds provided f o r  s t u d i e s  o f  launch operation:) 
a n a l y s i s ,  system opt imiza t ion  review techniques,  high energy p r o p e l l a n t s ,  
T i t a n  II/Centaur c a p a b i l i t y ,  a d d i t i o n  of f l u o r i n e  t o  t h e  ox id ize r  i n  r:he 
A t l a s  boos te r  (FLOX), and t h e  a d d i t i o n  of a t h i r d  s t a g e  t o  t h e  Sa turn  IB. 
These s t u d i e s  have been completed o r  are  progress ing  s a t i s f a c t o r i l y .  F i s c a l  
yea r  1964 funds are supporting cont inua t ion  of  t h e  launch ope ra t ions  m a l y s i s  
and system opt imiza t ion  review technique s t u d i e s .  S tud ie s  f o r  launch veh ic l e  
planning, zero  g r a v i t y  f u e l  behavior,  a k i ck  s t a g e ,  cryogenic p r o p e l l m t s ,  
explos ive  welding, fluorine-hydrogen technology, s p i n  motor technolog:!, and 
s o l i d  state devices have been o r  w i l l  be i n i t i a t e d .  

A major p o r t i o n  of these  s t u d i e s  w i l l  be continued i n  f i s c a l  y e i r  1965. 
New s t u d i e s  intended t o  be  i n i t i a t e d  i n  f i s c a l  year  1965 inc lude  improved 
engine s t a r t i n g  techniques,  i n s u l a t i o n  technology, f l i g h t  ins t rumenta t ion ,  
sounding rocket systems, and f e a s i b i l i t y  o f  achieving high v e h i c l e  performance. 

R1) 7-2 



Centaur Development 

1.965 
I_-- 

1963 1964 

Vehicle development .... $71,652,000 $ 91,600,000 $86,400,01)0 

Support se rv ices . .  . . . . . 12,295,000 10,400,000 2,600 ,O 30 
Engine development ..... 4,340,000 2,000,000 :300,0 30 

Propel lan ts  ............ 2,313,000 4,100,000 2,:700,0 30 

Tota l  costs . . . . . . . . . .  $90.600.000 ~108,100.000 S92.OOO ,000 

The prirrmry purpose of t he  Centaur Development p ro jec t  i s  t o  provide a 
high performance launch veh ic l e  f o r  t h e  NASA unmanned 'Lunar and Plane tary  
exp lo ra t ion  p ~ r o j e c t s  which a r e  beyond the  c a p a b i l i t i e s  of t h e  Atlas-Agena 
launch vehicle .  
Centaur stage: which i s  a high energy upper s t age  u t i l i z i n g  l i q u i d  hydrogen 
and l iquid.  o~:yge!n. The f i r s t  s t age  of  t h i s  launch veh ic l e  i s  a modified 
Atlas. This  p ro jec t  a l s o  includes the  development of a l i g h t  weight 
i n e r t i a l  guicl;mc:e system and o the r  l i g h t  weight sub-systems f o r  t he  Ccntaur 
s t age  t o  perniit maximum payload capaci ty .  
payload of over 2,100 pounds t o  the  moon. 

This  p r o j e c t  i s  centered around the  development ( D f  t h e  

The Atlas-Centaur can launch a 

The Off ice  of Space Science and Applicat ions has  assigned managenient 
of t he  Ceritau:c p ro jec t  t o  the  Lewis Research Center. Development of t he  
RL-10-A-3 engine i s  being d i r ec t ed  by t h e  Off ice  of Manned Space F l i g h t  and 
t h e  Marshall Space F l i g h t  Center. 
Centaur vehic le  i s  under the  d i r e c t i o n  of t he  L e w i s  Research Center. A t l a s  
vehic les  whic'i are  modified t o  be t h e  f i r s t  s t age  of  t h e  Atlas-Centau~:  a r e  
purchased by the Lewis Research Center through t h e  United S t a t e s  A i r  lporce. 
Prime cont rac tor  f o r  t h e  Centaur p ro jec t  i s  General Dynamics/Astr.onaul:ics 
of  San Diego, Cal i forn ia .  P r a t t  and Whitney A i r c r a f t  Corporation of East 
Hartford,  Connecticut and West Palm Beach, F lo r ida  a c t s  as an  asoocia:e 
cont rac tor  i n  t 'he  development and f a b r i c a t i o n  of t he  l i q u i d  hydrogen- 
l i q u i d  0x:yge.n engine. These engines a r e  also used i n  t h e  Saturn s-IV 
stage.  Minneapolis-Honeywell of St.  Petersburg,  F lo r ida  i s  the  p r i n c i p a l  
subcontractor  t o  General Dynamics f o r  t h e  development of t he  Cent:aur 
guidance system. 

In t eg ra t ion  of t h i s  engine with tht: 

The Centaur development p ro jec t  was i n i t i a t e d  by t h e  Advanced Research 
P r o j e c 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  development p ro jec t  to i n v e s t i g a t e  l i q u i d  hydrogen technology. It 
was t r ans fe r r ed  t o  NASA i n  1959 and has  been increased i n  scope u n t i l  it i s  
now a major launch veh ic l e  development program. 

Af te r  t h . e  f i r s t  attempted launch of t h e  Centaur on May 8, 11962, an 
in t ens ive  inves t iga t ion  was made which r e su l t ed  i n  a thorough ground t e s t i n g  
program along, with changes t o  t h e  design and r e l i a b i l i t y  concept s. 
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This in t ens ive  review re su l t ed  i n  s i g n i f i c a n t  changes i n  the  : ; t ructural  
design of the  vehic le ;  changes i n  t h e  guidance and propuls ion sys t ems  were 
a l s o  i n i t i a t e d .  

The second t e s t  f l i g h t  of t h e  A t l a s c e n t a u r  veh ic l e  was made on 
November 27, 1963 and was a complete success. 

Funding in f i s c a l  year  1965 i s  intended t o  complete t h e  development of 
t h e  s i n g l e  burn c a p a b i l i t y  f o r  t h e  Centaur veh ic l e  and t o  c a r r y  on t h e  
development. of t he  two burn c a p a b i l i t y  f o r  l a t e r  missions. 
operational.  Centaur i s  t o  be launched i n  f i s c a l  year  1965 as p a r t  o f  t he  
Surveyor pro jec t . ,  
development: of a two burn c a p a b i l i t y ,  and add i t iona l  Surveyor f l i g h t s .  

The f i r s t  

Other launches a r e  scheduled i n  f i s c a l  year 1965 fox 

The Centaur Development p ro jec t  is expected t o  be completed i n  f i m a l  
year 1966. 

Scout and Delta DeveloDment 

1965 --- 1963 1964 

Scout deve 1 o pmlent ....... $3 . 648 . 000 
Delta development.. ..... 2,183,000 

-I_- 

Tota l  costs . . . . . . . . . . .  $5,831,000 00- --. 
The Scout and Delta development p r o j e c t s  were completed i n  f i s c a l  year  

Although the  Del ta  development p ro jec t  was expected t o  be c.omplt:ted 1963. 
using f i s c a l  year 1962 funds,  r e o r i e n t a t i o n  of the  program required a 're- 
programming a c t i o n  i n  f i s c a l  year  1963. Technical d i r e c t i o n  and nianag'zment 
of t h e  Scout vehic le  i s  assigned t o  the  Langley Research Center ,  and oE the  
Del ta  veh ic l e  t o  the  Goddard Space F l igh t  Center. 

FLOX Development 

1065 --- 1963 1964 

Engine and engine t e s t i n g  -0- $1,000,000 $7,500,000 
Vehicles, anid veh ic l e  

t e s t ing . . ,  ............. -0- 900 , 000 7,000,OCO 
Ground support: equipment 

and serv ices .  0-0 0-- 1,500,OCO 
Propel lante . ,  .............. --- 0.- 1,500,OCO 

.......... 

--- Tota l  costs . ,  ........... $1,900,000 
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NASA hegiui i nves t iga t ing  t h e  add i t ion  o f  f l u o r i n e  t o  the  At las  propel- 
l a n t  system i n  e a r l y  calendar  year  1963. 
s tud ie s  ind ica ted  t h a t  t he  add i t ion  of 30 percent  f l u o r i n e  by weight t o  the  
Atlas oxidfzer  would inc rease  Atlas performance markedly, and r equ i r e  no 
major modificati(>ns t o  the veh ic l e  o r  engine system. 

A t  t h a t  time very prel iminary 

The purpose of t h e  n 0 X  f e a s i b i l i t y  study w a s  t o  in su re  t h a t  FLOX was 
i n  f a c t  compatible with the  Atlas systems without committing the  l a r g e  
funding requix~ed f o r  a f l i g h t  program. This study has  s a t i s f a c t o r i l y  
demonstrated the  f e a s i b i l i t y  of  t h e  concept. Resul t s  from se l ec t ed  enlkine 
components tests i n d i c a t e  no major modif icat ions t o  t h e  veh ic l e  a re  required.  

Preliminary e f f o r t  conducted i n  1963 ind ica t e s  t h i s  propel lan t  m i x t u r e  
w i l l  increase  payload c a p a b i l i t y  of  t he  Atlas-Centaur f o r  t he  Surveyor 
mission appro:simately 30%. 
on the  Atlas-Agena missions,  
Technological S a t e l l i t e .  
from t h i s  technology. 

A similar increase  i s  expected t o  be rea1i;:ed 
such as t h e  Lunar Orb i t e r  and t h e  Pdvanc:ed 

The Saturn and Thor boos te rs  may a l s o  bene f i t  

E f fo r t  i n i t i a t e d  i n  f i s c a l  year  1964 and sustained i n  f i s c a l  year  1965 
i s  expected tco permit engine component tests t o  be completed i n  t h e  four th  
qua r t e r  of 1964, vehic le  component t e s t s  completion i n  the  f i r s t  q u a r t e r  of 
1965, engine t e s t s  i n  t h e  t h i r d  qua r t e r  of  1965, and the  f i r s t  tes t  launch 
i n  the  f i r s t  'quarter of 1966. 

Operat ional  Vehicle support  

1965 --- 1963 1964 

Product improvement and 
production testing.. . . . .  $6,458,000 $ 6,500,000 $ 7 >, 800,~IOO 

Maintenance of ground 
support equipment... .... 939,000 3,600,000 2,, 900,1100 

System engineering........ 303 , 000 3,100,000 , 3 :, 500 , IO0 

$13.200.000 $14,200,300 --- Total  costs............. $7.700.000 

Pro duc t Improv emc?nL 

Modifications t o  improve a launch veh ic l e  system have f requent ly  been 
required a s  a r e s u l t  of  experience,  f a i l u r e s ,  development breakthroughs i n  
o t h e r  programs,, and improved f a b r i c a t i o n  techniques. The c o r r e c t  ion of the  
system d e f i c i e n c i e s  f o r  otherwise ready veh ic l e s  i s  r e f l e c t e d  hereunder. 

Operational veh ic l e  support  was i n i t i a t e d  i n  f i s c a l  year  196.3. S igni f -  
i can t ly ,  i n  f i s c a l  year  1963, changes were made i n  t h e  Atlas-Agena vehic le  
configuration. through the development of a s tandard Atlas veh ic l e  by Depart- 
ment of Defense f o r  use both by t h e  NASA and the  Department of De€ense. 
NASA p a r t i c i p a t e d  i n  th i s  improvement e f f o r t .  Improvements t o  thle Agena 
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guidance s y s t e m  and t h e  Agena v e h i c l e  i t s e l f  were made. 
and Space Adminis t ra t ion 's  most r e l i a b l e  ope ra t iona l  v e h i c l e a t h e  Del ta ,  w a s  
a l s o  improved in t  f i s c a l  year  1963. 

National Aeronautics 

"he f i s c a l  year 1964 estimates r e f l e c t  continued support  of t h e  s tand-  
a rd  Atlas development, improvements t o  the  Agena, t h e  Agena guidance system, 
and improvemeritsi i n  t h e  Scout system. 
heavier  spacec ra f t ,  Nat ional  Aeronautics and Space Administration is u t i l i z -  
i n g  a Department: of Defense Thrust Augmented Thor booster  with t h e  Delta. 
Costs of deva!l.oping t h e  Thrust Augmented Thor boos te r  were borne by the  
Department. of Defense, however, c e r t a i n  o the r  c o s t s  necessary t o  adapt t h i s  
development t:o National Aeronautics and Space Administration ope ra t iona l  
veh ic l e s  are r e f l e c t e d  i n  t h i s  ope ra t iona l  veh ic l e  support  account ,  

To be ab le  t o  launch improved and 

The product improvement es t imates  f o r  f i s c a l  year 1965 are intended t o  
provide addit:ioi&l modif icat ions requi red  i n  t h e  Scout v e h i c l e ,  t o  corltinue 
upper s t a g e  improvement f o r  t h e  Delta and t o  provide the  National Aeronautics 
and Space AdrnLnLstration sha re  of t h e  c o s t s  es t imated f o r  completion of t he  
s tandard Atla8s development. Other improvements f o r  guidance systems, s o l i d  
propel lan t  motors, i n e r t i a l  re fe rence  packages, and sensors  w i l l  be  funded. 

Maintenance of (Ground Support -- Equipment 

t i o n ,  and replacement of damaged o r  worn out  equipment at National Aeronauticn 
and Space Administration launch complexes as  requi red  t o  maintain t h e  launch 
capabi l ipy  f o r  opera t iona l  veh ic l e s .  
under t h i s  account i s  pecu l i a r  t o  s p e c i f i c  launch v e h i c l e  needs. 
i n s t ances  equipment presently in use was developed by t h e  prime contr i ic tors  
a s  a p a r t  of t h e  r e spec t ive  development programs. Modifications t o  t h i s  
equipment improve t h e  r e l i a b i l i t y  and assure the  compat ib i l i ty  of t h e  
ground support  systems with t h e  launch veh ic l e .  

These fiinds w i l l  provide fo r  t he  per iodic  rou t ine  maintenance, modifica- 

The ground support  equipmenit mamtained 
I n  riany 

Funds i n  fiscal year 1965 are requi red  f o r  support  of t h e  Scmut launch 
f a c i l i t i e s  a t  t h e  P a c i f i c  Missile Range and at Wallops I s land .  
support  requirements c o n s i s t  of replacement of umbi l ica l  masts arid up ta t ing  
t h e  instrumen.ta.tion console at Cape Kennedy. 
ground support  equipment a t  Pad 12 f o r  both Agena B and Agena D capabLli ty  
i s  t o  be fundied: t o  adequately support  t h e  planned launch schedule.  
provided is the  a c q u i s i t i o n  of spares  t o  in su re  aga ins t  lengthy launch 
complex non-ctvatilability i n  case of a ca t a s t roph ic  v e h i c l e  f a i l u r e .  This 
insurance i s  necessary t o  avoid delays due t o  long lead  time procurements 
f o r  ground support  e q u i p e n t  . 

Delta ground 

Procurement and modi f ica t ion  of 

Also 

Each launch of an ope ra t iona l  v e h i c l e  is monitored by a team coa ,s i s t ing  
of t he  v e h i c l e  con t r ac to r  and Nat ional  Aeronautics and Space Administration 
t o  ascert:airi t h e  r e l i a b i l i t y  of v e h i c l e  sub-systems and components. The 
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analysis performed a f t e r  each launch is  reviewed, toge ther  with s i m i l a r  
ana lys i s  o f  previous launches,  f o r  erratic performance and f a i l u r e  modas. 

The engineer ing t a l e n t  requi red  f o r  t hese  r e l i a b i l i t y  s t u d i e s  and system 
coo--dination, as w e l l  as t h e  c o s t  of computer usage and such o the r  equ.Lpment 
as requ i r ed ,  are cont rac ted  f o r  on an annual b a s i s .  
necessary throughout t he  opera t iona l  l i f e t i m e  of a v e h i c l e  system t o  in su re  
s a t i s f a c t o r y  vehic le  performance. 

This c a p a b i l i t y  i : 3  

Other e f f o r t s  i n i t i a t e d  i n  f i s c a l  year 1964 inc lude  s t anda rd iza t ion  of 
Scout equipment and procedures and s t u d i e s  f o r  b e t t e r  p red ic t ion  of r x k e t  
pn.rformance. F i sca l  year  1965 plans include continued v e h i c l e  d a t a  r e h c t i o n  
and ana lyses ,  range s a f e t y  documentatim, add i t iona l  s tandardizatnon e f f o r t ,  
p repara t ion  of' handbooks and manuals f o r  i n spec t ion  procedures,  and o t i e r  
s t u d i e s  t o  imprcve veh ic l e  accuracy and r e l i a b i l i t y .  

The system engineering e f f o r t  on Delta c o n s i s t s  of performing s t u d i e s  
of the  t h i r d  E;tage v e h i c l e  d e s t r u c t  system, ana lys i s  of t h e  f i r s t  and second 
s t a g e  te lemet iy  measurements, and e f f o r t  t o  maintain r e l i a b i l i t y .  The Agena 
e f f o r t  und.er t:his p ro jec t  i n  f i s c a l  years 1964 and 1965 provides for mission 
parameter s t u d i e s  and systems ana lys i s .  



RESEARCH AND DEVEIDPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF SPACESCIENCE AND APPLICATIONS BIOSCIENCE PROGRAM 

PROCPAM OBJECTIVES AND JUSTIFICATION: 

The primary ob jec t ives  of t h e  Bioscience program are (1) t h e  t1etec:ion 
and s tudy of e x t r a t e r r e s t r i a l  l i f e ,  (2) study of t h e  b i o l o g i c a l  e f f e c t s  of 
space env i romen ta l  f a c t o r s  on l i v i n g  organisms, and (3) b a s i c  s t u d i e s  
r e l a t e d  t o  support  of manned space f l i g h t .  A program of basic and applLed 
research is  being conducted i n  each of t hese  areas, proceeding from groind- 
based laboratoliy inves t iga t ions  t o  f l i g h t  experimentation i n  t h e  space 
environment and cm Mars and o the r  p lane tary  bodies.  

Biolo@;icol. c;tudies are an essential p a r t  of t he  na t iona l  space program. 
Experiments) are conducted t o  increase  b io log ica l  knowledge iw t h e  unique 
environment: of space and t h e  r e s u l t s  are pe r t inen t  t o  the  f u t u r e  manned 
exploratiori  of space. 
za t ion  of spac:caci:aft t o  be landed on Mars o r  o t h e r  p lane ts  are also goals 
being purposefri1:Ly pursued by t h e  b i o l o g i s t s  today. 

The search f o r  l i f e  on o t h e r  p lane ts  and thje s t e r i l i -  

Experlimesics which are being readied f o r  f l i g h t  i n  the  Biosatellite w i l l  
determine, i n  the space environment, t h e  e f f e c t s  of weight lessness  and 
r a d i a t i o n  s ing ly  and combined with each o t h e r ,  and t h e  e f f e c t  of t he  l ack  
of a day and n ight  cyc le  upon animals and p l an t s .  
s o l i c i t e d  :Eroin the  s c i e n t i f i c  community through the  Biosciences Subcoumrit t e e  
of t h e  Space Sciences S teer ing  Conmittee. 

These experiments are 

The Supporting Research and Technology program provides the  necesriary 
background of t h e o r e t i c a l  and labora tory  research  t o  de f ine  the  experirients 
t o  be c a r r i e d  out i n  space,  t o  devise  t h e  techniques and instruments ,  m d  
t o  enable the b i o l o g i s t s  t o  i n t e r p r e t  t h e  space f l i g h t  da ta .  
Research and Technology program uses  the f a c i l i t i e s  of NASA c e n t e r s ,  
u n i v e r s i t i e s ,  indus t ry  and o the r  government agencies .  Of t he  research 
p ro jec t s  c u r r e n t l y  sponsored ou t s ide  of t h e  NASA organiza t ion  about 50 per-  
cent  are conducted ly u n i v e r s i t i e s ,  30 percent  by indus t ry ,  and 20 per-ent  
by o t h e r  government agencies .  

The Supporting 

SUMMARY OF R E i S C E S  REQUIREMENTS: 

1963 

Supporting research and 
technology. .................... $11,772,000 

F l igh t  progi:ani ( B i o s a t e l l i t e ) .  .. 1.959,ooo 

Tota l  c o s t s  .................... $13.731.000 

1964 

$12,100,000 
8.500.000 

$20,600,000 

1965 
-__I- 

$ l l ,  800,000 - 19,200,000 
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BASIS OF FIMD-gQUIREMENTS: 

Supportinn Research and Technolorn 

1965 --- 1963 1964 

Exobiology (including 
s t e r i l i z a t . i o n )  ................ $5,565,000 $5,200,000 :~5,000,000 

Environmental biology.. ......... 2,307,000 2,900,000 2,8010,000 
Behavioral tliallogy. ............. 1,849,000 2,100,000 2,10~0,000 
Physical biology. 2,051.000 1,900.000 - 1 ,9010 ,000 ............... 

Tota l  coat.s................... $11,!72,ooo Q12.100,000 Q11.800.000 

Exobiologa, The search  f o r  extraterrestrial l i f e  and l i f e - r e l a t e d  
organic  compoeindls is considered t o  b e  one of t h e  prime o b j e c t i v e s  of t h e  
space program. Remote sample c o l l e c t o r s  and l i f e  d e t e c t o r s  are baing 
developed us ing  a v a r i e t y  of concepts and methods. 
ou t  on the  0rj.gi.n and syn thes i s  of l i v i n g  systems and t h e  development of 
s i g n i f i c a n t  s t e p s  i n  e a r l y  evolution. 
sources ,  most of t h e  fundamental bu i ld ing  blocks of l i v i n g  systems have been 
synthes ized  f roni simple non-l iving matter under condi t ions  similar t o  those  
prevai l ing,  on t h i s  p lane t  several b i l l i o n  yea r s  ago. 
c a r r i e d  ou t  by t:he Ames Research Center. 

S tudies  are being c a r r i e d  

With t h e  use  of a v a r i e t y  of energy 

This work is being 

Ind i r ec t  evidence of t h e  presence of water and carbon d ioxide  on Mars 
has  been obtained at t h e  Jet  Propuls ion Laboratory by m e a n s  of s p e c i a l  
methods employing ground-based obse rva to r i e s  and through t h e  use  of t h e  
Nat ional  Aeralrigcttics and Space Adminis t ra t ion S t ra toscope  I1 f l i g h t  i n  
March 1963. F'urther s t u d i e s  by i n f r a r e d  spectroscopy during fly-by of 
t h e  p l a n e t s  is planned t o  determine t h e  presence of l i f e - r e l a t e d  compounds, 
and t h e  f u r t h e r  development of a h igh- reso lu t ion  i n f r a r e d  spectro-scope 
necessary fo r  such s t u d i e s  i s  planned. 

Sampling of t h e  upper a i r  J o r  microorganisms has  r e s u l t e d  i n  t h e  know- 
ledge that.  it: i n  improbable t h a t  l i f e  " s p i l l s  out" i n t o  space. 
a i r  microbiol.ogj.ca1 sampling is cont inuing and meteor fragments are a l s o  
being analyzed for t h e  presence of l i f e  and organic  materials. 

This upper 

A spacecxaft  s t e r i l i z a t i o n  program i s  underway t o  develop methods and 
procedures fcw reducing t h e  number of microorganisms t o  a minimum on probes 
t o  t h e  moon and Venus and f o r  s t e r i l i z i n g  capsules  des t ined  f o r  a Martian 
landing. The techniques developed must permit optimum performance of t h e  
instrument: arid rnust produce no decrement t o  t h e  r e l i a b i l i t y  of t h e  mission. 

Environmc:nf:al Bio lom.  The b i o l o g i c a l  effects of space environmental 
f a c t o r s  on l i v i n g  e a r t h  organisms are being s tud ied .  
s tud ied  on eni:th except such unique f a c t o r s  as weight lessness ,  cosmic 
r a d i a t i o n ,  and removal from t h e  e f f e c t s  of t h e  e a r t h ' s  r o t a t i o n .  
biological.  str1:elllite ( B i o s a t e l l i t e )  program is  designed t o  study t h e  E f f e c t s  

A l l  space f a c t o z s  are 

A 
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of t h e s e  fiact:ore and t h e i r  r o l e  i n  e s t a b l i s h i n g  and maintaining normal 
o rgan iza t ion  cmnd b i o l o g i c a l  rhythms i n  l i v i n g  organisms. 

The l.iml.1:~ of ex i s t ence  of l i f e  i n  extreme environmental condi t ions  are 
being s tud ied  and t h e  extreme parameters of environmental f a c t o r s  i n  a'upport- 
i n g  l i f e  are 1)e:lng defined. 
s imulated plme1:ary Conditions t o  determine which organisms could grow on 
o the r  p lane to .  

Plants and animals are a l s o  being sub jec t ed  t o  

Various 1)iological organisms are being s tud ied  t o  develop t h e i r  aipplica- 
t i o n  and use  Ln space: (1) i n  b ioregenera t ive  l i f e  support systems, ( 1 )  as 
test orgaxiiscns on o t h e r  p l a n e t s ,  (3) f o r  modifying p lane tary  atmospheres, 
and (4) f o r  inducing reduced metabol ic  a c t i v i t y  i n  va r ious  specimens. 

Behavioral Biolonv. The e f f e c t  of t h e  space environment on o r i e n t a t i o n ,  
behavior,  and b i o l o g i c a l  rhythms o r  organisms is  being s tudied .  Neurcl- 
physiologltca;t, biochemical, and behaviora l  ana lyses  are being c a r r i e d  out 
t o  de f ine  braln-behavior  r e l a t i o n s h i p s  of importance t o  t h e  organism in 
dea l ing  wfith :stress-producing environmental f a c t o r s .  The molecular bas &.t; of 
a c q u i s i t i o n ,  processing, s t o r a g e ,  and r e t r i e v a l  of information on :living 
systems i s  being s tud ied  toge ther  wi th  in te r -and  in t r a - spec ie s  communj c a t i o n  
of intell j tgeii t  Lnformation. 
longed conf interncent i n  s m a l l  spaces and o t h e r  types of environments whj.ch 
produce comp:Leex behavioral  problems. 

Research is  i n  progress on the  e f f e c t s  of pro- 

Physical Biology. This a rea  i s  concerned with bas i c  s tud ie s  of rlolec- 
u l a r  spec ie s .  Inves t iga t ions  a r e  sponsored i n  such areas  as t h e  mech,mism 
by which freezing and drying a f f e c t s  l i v i n g  c e l l s ;  s t r u c t u r a s  anc func t iona l  
c e l l u l a r  physiology; physical  modeling; major  i n t e r n a l  physiolog-.ea1 
systems; rnol~?cular organiza t ion  and d i f f e r e n t i a t i o n  of  c e l l s ;  anc beh,ivior 
of b i o l o g i c a l  systems under con t ro l l ed  space-environmentai condi t ions  
Physical biology a l s o  embraces s t u d i e s  of energy exchange and n u t r i t i o n  
inc luding  t h e  development and s t a b i l i t y  of improved chemicalIy-definecl 
s y n t h e t i c  d i e t s  f o r  man, and a l s o  f o r  animals which might b e  u t i l i z e d  i n  
B i o s a t e l l i t e  experiments. I n  t h i s  a r e a ,  18 volunteer  s u b j e c t s  have  rczmained 
on an a l l - c h e n i c a l  sus t a in ing  d i e t  f o r  t h r e e  months w i t h  no adverse e f f e c t s .  
I n  t h e  a r e a  (of bioinstrumentation, new and soph i s t i ca t ed  instruments itre 
being developed and r e f ined  t o  measure b i o l o g i c a l ,  biochemical ard biopsy- 
chologica l  processes.  Research i s  a l s o  being conducted i n t o  new methods of  
b i o l o g i c a l  d a t a  process ing ,  s to rage ,  and ana lys i s  using standard compiiters, 
modifying po r t ab le  d i g i t a l  computers and developing new concepts i n  computers 
such as  the use  o f  photoconductor phenomena. General support i s  give11 t o  
t h e  o t h e r  Bioscience programs by t h e  sponsorship of conferences , sympllsia 
and r e l a t e d  communications media. 

t o t a l  of $5,'762,000 w a s  expended i n  t h e  years  p r i o r  t o  f i s c a l  year 19li3. 
Most of t h e s e  funds were spent at Headquarters f o r  research  i n  va.rFouci 
b i o l o g i c a l  a r eas .  
J e t  Propu:lsion 'Laboratory. 

I n  t h e  Supporting Research and Technology a reas  descr ibed above, a 

The balance was spent  a t  t he  Ames Research Center rmd t h e  
The f i s c a l  years  1964 and 1965 e f f o r t s  inc lude  
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cont inuing resesarch i n  t h e  four  b a s i c  research  areas descr ibed above, with 
special emphasLs on exobiology. 
requi red  f o r  i nves t iga t ions  i n t o  optimum procedures and methods f o r  t h e  
e f f e c t i v e  s t e r i l i z a t i o n  of spacec ra f t .  
w i l l  be expended through the  Headquarters o f f i c e ,  important work w i l l  be 
performed a t  thle Ames Research Center and the  Jet  Propulsion Laboratory.  
I n  add i t ion ,  a ,small sum w i l l  be provided t h e  Goddard Space F l i g h t  Center 
t o  i n i t i a t e  4% flew s e l e c t e d  t a s k s  of importance t o  t h e  Bioscience progi-am. 

A por t ion  of t h e  exobiology funds art! 

While t h e  major po r t ion  of t h e  funds 

F l i n h t  Program (Biosatel l i te) .  

1!)65 --- 1963 1964 

--- - -0  Study conti: acts. ................ $300,000 

Experiments... .................. 1,659,000 2,500,000 2,300,000 
Ground suppmt .  ................. --e --- 200,000 

Spacecraf t  ...................... --- $6,000,000 $10,200,000 

Launch veh ic l e s .  .................. -0- --- - 6,5(JO,OOO 

Tota l  cosits ................... $1,959 -000 $8,500,000 ~19.200.000 --- 
The I l i o tmte l l i t e  program is designed t o  s tudy t h e  unique environmental 

f a c t o r s  of space,  which inc lude  t h e  b i o l o g i c a l  e f f e c t s  of zero  g r a v i t y  o r  
weightlessnerr:s, and t h e  e f f e c t s  on b i o l o g i c a l  rhythms of removal of 1l.ving 
organisms frcna t h e  e a r t h ' s  r o t a t i o n .  
with a known 13otirce of r a d i a t i o n ,  w i l l  be s tud ied  t o  determine what e f f e c t s ,  
i f  any, rasultl: jErom t h i s  combination. 
po la t e  t o  coxiciii:ions i n  deeper regions of space from t h e  g rea t  amount of 
ground-based d a t a  on b i o l o g i c a l  e f f e c t s  of r ad ia t ion .  

The e f f e c t s  of weight lessness ,  c.ombined 

It w i l l  then be poss ib l e  t o  extra- 

The B i o s a t e l l i t e  experiments inc lude  s t u d i e s  a t  t h e  c e l l u l a r ,  tisisue, 
organ, and organism l e v e l s  as w e l l  as s t u d i e s  on fundamental phenomena such 
as biochemica:l r e a c t i o n s ,  protoplasmic streaming, f e r t i l i z a t i o n ,  embryolo- 
g i c a l  developnent,  and growth experiments at t h e  t i s s u e  level. The exper i -  
ments involvFiig organisms would inc lude  phys io logica l  ( including f l u i d  
transport)l ,  b c h w i o r a l ,  reproduct ive ,  gene t i c  and o v e r a l l  performance 
s t u d i e s .  
animals from s i n g l e  c e l l u l a r  organisms t o  higher  p l a n t s  and animals iriclud- 
ing primat:es, 

They w i l l  include experiments with a wide v a r i e t y  of p l a n t s  and 

About: 175 b io log ica l  experiments have been submitted by sc ien t i s1 :s  
from u n i v e r s i t i e s ,  government, and indus t ry .  Panels of s c i e n t i s t s  have 
reviewed t:hesw experiments, about 40 experiments have been r a t e d  as high 
p r i o r i t y ,  and many are now being readied  f o r  f l i g h t .  The Bmes Researcb 
Center is cooperat ing with experimenters t o  determine t h e  engineer ing ,  l i f e  
support  and txlemetry requirements.  
i n t e g r a t i o n  of experiments is being s tudied .  

Breadboard layouts  are being made! and 
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The experiments are divided i n t o  s i x  ca t egor i e s ,  including (1) primates;  
(2) mamnalian (non-primate); (3) animal, c e l l u l a r ,  and egg; (4) p lan t  mor- 
phogenesis, photosynthesis  and growth; ( 5 )  biorhythm, and (6) r a d i a t i c n .  
The primate tscperiments include card iovascular  s t u d i e s  involving implaints, 
neuro logica l  ~ t r i d i e s  with deep b r a i n  probes,  t h e  measurement of ske le t  a1 
calcium loss, and t h e  e f f e c t s  of weight lessness  on u r ina ry  and gas t ro -  
i n t e s t ina l .  sjrrstcms o r  performance. P i g t a i l  , Rhesus, and s q u i r r e l  monkeys 
w i l l  be used i n  o r b i t a l  f l i g h t s  of from t h r e e  t o  t h i r t y  days dura t ion .  

Six ElioHatcellites w i l l  be flown, with t h e  f i r s t  f l i g h t  i n  la te  1965 and 
additional. fl.:lghts at roughly three-month i n t e r v a l s .  
from the  At1tult:Lc Missile b n g e  i n  a 250 s t a t u t e  mile c i r c u l a r  o r b i t .  
spacecraft: w i U  weigh from 1,000 t o  1,300 pounds and w i l l  have a payload 
capac i ty  of ].!io t o  200 pounds. 
biological .  spt!cimens w i l l  be a mean e a r t h  atmosphere, t h a t  is ,  coinposed of 
20 percent. oxygen and 80 percent n i t rogen  a t  14.7 pounds per square inch t o  
prevent any e f f e c t s  of unusual atmosphere. Ce r t a in  experiments w i l l  be 
suppl ied with spec ia l i zed  temperature o r  o the r  environmental condi t ions .  

The launches w i l l  be 
The 

The i n t e r n a l  atmosphere suppl ied to  t h e  

The sate!l.lite w i l l  be t racked while i n  o r b i t  by e x i s t i n g  networks. Both 
engineer ing arid experimental d a t a  w i l l  be te lemetered t o  t h e  ground s t a t i o n s  
f o r  t he  bi.olcq5irrts t o  monitor,  o r  t o  enable the  ground personnel t o  conmand 
recovery.  T h t s  recovery opera t ion  is c u r r e n t l y  under i n v e s t i g a t i o n .  The two 
poss ib i l i t i e s i  are a i r  snatch recovery by t h e  Air Force aerial recovery group 
with back-up hy ship-based h e l i c o p t e r s ,  o r  su r f ace  r e t r i e v a l  by su r face  
recovery shiprr. Aerial recovery is  p re fe r r ed  because of t h e  need f o r  rap id  
access t o  expt!rimental specimens. The Ames Research Center has  been assigned 
primary r e s p o n s i b i l i t y  f o r  the  B i o s a t e l l i t e  p r o j e c t ,  wi th  support  t o  be 
suppl ied by Glodclard Space F l i g h t  Center f o r  t h e  launch veh ic l e s  and f o r  the 
comnand and con t ro l .  

Expenditure8 i n  years p r i o r  t o  fiscal year  1963 f o r  work connected with 
t h e  Biosa te l l f . t e  p r o j e c t  t o t a l  $399,000. 
w a s  expended for t h e  BIOS (Biological  I n v e s t i g a t i o n  of Space) f l i g h t  p ro jec t  
whose objectivesi were s i m i l a r  t o  those of t h e  present  B i o s a t e l l i t e  p r o j e c t .  
Funding f o r  fisc.al year  1963 provided f o r  t h e  i n i t i a t i o n  of t h e  B i o s a t e l l i t e  
p ro jec t  through study c o n t r a c t s  with t h r e e  i n d u s t r i a l  corpora t ions  t h a t  
subsequently r e s u l t e d  i n  s e l e c t i o n  of t he  General Electric C0mpan.y , M i w i l e  
and Space Divis ion as prime spacec ra f t  con t r ac to r .  Funding f o r  ffiscal year 
1964 w i l l  providle f o r  t he  i n i t i a t i o n  of design,  f a b r i c a t i o n  and t e s t i n g  of 
t h e  spacec ra f t .  Funding f o r  f i s c a l  year  1965 w i l l  provide f o r  t h e  cont inua.  
t ion  of t h e  f aibr icat ion  and t e s t i n g  of t h e  spacec ra f t  , incremental  funding 
f o r  t he  develcpment of t he  experiments t o  the f l i gh t - r eady  s t a t e ,  and p a r t i a l  
funding of thie! Delta launch veh ic l e s .  Tota l  funds requi red  f o r  completion 
of t he  B i o s a t e l l i t e  p ro jec t  i n  f i s c a l  year  1967 are est imated at $57.6 
m i l  1 ion. 

The major po r t ion  of theae funds 

b 
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RESEARCH AND DEVELOPMENT 

FISCAL YE& 1965 ESTIMATES 

OFFICE OF SPACE SCIENCE AND APPLICATIONS METEOROLOGIC& SATELLITES PROGRAM 

PROGRAM OBJECXJES AND JUSTIFICATION : 

The Meteorological S a t e l l i t e s  program uses  space sc ience  and technology 
t o  con t r ibu te  t o  both t h e  s c i e n t i f i c  and app l i ca t ions  aspec ts  of metecrology. 
I n  t h e  s c i e n t i f i c  aspec t ,  NASA is  providing the  da t a  required f o r  research 
which w i l l 1  improve t h e  understanding of t h e  r e l a t i o n s h i p  between t h e  E a r t h '  s 
weather and ?vents i n  and beyond the  upper atmosphere. NASA, i n  the  a p p l i -  
ca t ions  aspec t ,  i s  developing weather s a t e l l i t e  systems, including space- 
c r a f t ,  and the  ground con t ro l  and d a t a  a c q u i s i t i o n  equipment t h a t  e f f c c t i v e l y  
con t r ibu te  t o  the  Weather Bureau's execution of i ts  na t iona l  weather L e rv ice  
func t ion ,  and the  weather dependent operat ions of t h e  Department o f  Dc fense.  
Thus, s p e c i f i c  ob jec t ives  of t he  NASA Meteorological Program are : (1) t o  
develop and improve space technology, including sensors  and subsystem:,, which 
w i l l  provide da ta  f o r  use by meteorologis ts ;  (2) t o  ca r ry  out  f l i g h t  t . es t s  as 
required t o  t e s t ,  c a l i b r a t e  and prove t h e  a p p l i c a b i l i t y  of t he  instrur ienta-  
t i o n ;  (3) t o  f u l f i l l  spec ia l  da t a  requirements of t h e  atmospheric sc icnce  
community which can be provided uniquely by s a t e l l i t e  instrumenta&ion, and 
(4) t o  p a r t i c i p a t e  i n  the  opera t iona l  meteorological s a t e l l i t e  sqstem:; as 
required t o  a s s i s t  t h e  Weather Bureau i n  the  conduct of t h e  opera t iona l  
s ys t em. 

The e ight  TIROS s a t e l l i t e s  have provided almost continuous cloud cover 
su rve i l l ance  s ince  Apr i l  1, 1960. The f i r s t  of t h e  advanced Nimbus s'?ace- 
c r a f t  is  being readied f o r  launch e a r l y  i n  calendar  year  1964, arid new TIROS 
conf igura t ions  and experiments a r e  being completed f o r  launch i n  mid-1964 
and t h e r e a f t e r  . 

Data from meteorological sounding rockets  have shown t h a t  i n  t h e  a l t i -  
tude region f'rcm twenty t o  s i x t y  miles temperatures and winds change i n  a 
manner ind ica t ing  t h e  v i t a l  pa r t  t h a t  t h i s  region plays i n  l i nk ing  e x t r a -  
terrestr ia l  t!vents t o  the  e a r t h '  s weather. 

The da ta  t:o be obtained from opera t iona l  s a t e l l i t e s  have known appl ica-  
t i o n ,  but wcrrk w i l l  continue by t h e  research cornuni ty  on determining addi-  
t i o n a l  si.gnj.ficance f o r  t he  da t a .  
d a t a  from an opera t iona l  weather s a t e l l i t e  w i l l  be use fu l  i n  t h e  s c i e n t i f i c  
s tudy  of the  atmosphere. New a reas  of research have already been opened up 
i n  such area:; of the  atmospheric sciences as t h e  de t ec t ion  and t r ack ing  of 
t ropical  st<>i.m!;, t he  hea t  budget of t h e  e a r t h ,  i n f r a r e d  r a d i a t i o n  charac te r -  
i s t i c s  of cloud systems, e t c .  

It is  expected t h a t  a l l  meteorological 
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SUMMARY OF RESOUIXES REQUIREMENTS : 

Support irig research  and 

Synchronous inel: ea ro log ica l  

TIROS...,........................ 
Nimbus. . . . . . . . . . . . . .  ............ 
Meteorological sounding 

r o c k e t s . . . . . . . . . . . . . . . . . . . . . . .  

technol-ogy.. .................. 
s a t e l l i t e  8ex:periments.. ....... 

Tota l  c o s t s . . . . . . . . . . . . . . . . . . .  

1963 

$4,877,000 

--- 
19,176,000 
28,561,000 

1,437,000 

954,051,000 

1964 

$6,900,000 

--- 
16,800,000 
41,200,000 

2,900,000 

$67,800,000 

BASIS OF FUND REQUIREMENTS: 

Supportinp Research and Technology 

1963 

Synchronous meteorological  

Advanced met ecxological system 

Advanced met . eo ro 1 o g i c a 1 s ens o r 

Meteorologj.c:al. systems research .  1,396,000 

s a t e l l i t e . . .  .................. $300,000 

component development ......... 2,070,000 

develalpmerit ................... 1,111,000 

Tota l  c o s t s , ,  .............. ,,.. $4,877,000 

The ob j t x t i v e s  of t h e  supporting research  and 

1964 

$300,000 

2,900,000 

1,500,000 
2,200,000 

$6,900,000 

3,2(10,000 
5,8O0,000 

18,900,000 

- 3 ,000,000 

19 55 
I-- 

--- 
2,000,000 

$1,900,000 
2,700,000 

$6,600,000 
_I 

technology e f f o r t  continue 
t o  be: (1) t o  develop senso r s ,  c o n t r o l s ,  and d a t a  a c q u i s i t i o n  and hancl ing 
systems t o  innplement and improve meteorological  systems; (2) t o  study d a t a  
from previous satel l i tes  and sounding rockets  t o  provide broader baser for 
system improvements; (3) t o  eva lua te  f u r t h e r  experiments and uses  f o r  a 
given system; and (4) t o  study new concepts o r  a p p l i c a t i o n s  of meteorcrlogical 
systems f o r  f e a s i b i l i t y  and va lue  t o  t h e  program. 

I n  pinst years ,  suppor t ing  research  and technology has  suppl ied  the 
i n i t i a l  work leading  t o  t h e  improved sensors  t o  be flown aboard t h e  T X O S  
and Nimbus s p a c e c r a f t ,  The suppor t ing  research  and technology e f f o r t  may 
be ca tegor ized  as follows: 

AdvancedJeteorolopical System Component Development. This e f f o r t  
developes the suppor t ing  equipment f o r  recording and t r ansmi t t i ng  t h e  
informat ion ,  f a r  providing s u i t a b l e  power, and f o r  s t a b i l i z i n g  or aiming, 
and geographical ly  re ferenc ing  t h e  p o s i t i o n  of t h e  sensors '  obse iwa t ims .  
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Advancedie teoro lopica l  Sensor Development. This e f f o r t  leiPds t o  sen- 
s o r s  which make t h e  physical  measurements used t o  supply meteorological da ta .  

MeteoroJs , ical  Systems Research. This research has as i ts  goal the  
determinat ion of what physical  measurements w i l l  provide t h e  meteorological 
da t a  needed by the  research  o r  opera t iona l  u s e r s ,  what t echn ica l  developments 
are necessary t o  make such measurements f e a s i b l e ,  and what d a t a  handling w i l l  
be required p r i o r  t o  t ransmission t o  the  user .  

F i sca l  yeatr 1963 funds were appl ied  t o  cont inue the  developments 
i n i t i a t e d  i n  fi.sca1 year  1962, and t o  i n i t i a t e  new s t u d i e s  and developments 
i n  t h e  following major areas : synchronous meteorological  s a t e l l  i t e  system 
s t u d i e s ,  s a t e l l i t e  r a d i a t i o n  s t u d i e s ,  day-night TV sensors ,  s t u d i e s  f o r  
s a t e l l i t e  sys'tern da t a  ana lys i s  and t ransmission,  and var ious component devel-  
opments such as a t t i t u d e  con t ro l s  and video recorder  systems. F l s c a l  year 
1964 funds a.re being used t o  continue these  a c t i v i t i e s  and t o  start work i n  
component and systems development f o r  t h e  synchronous meteorological s a t e l -  
l i t e  experiment, f o r  rocket  wind measurements, s f e r i c s  s t u d i e s ,  and f o r  
s t u d i e s  leadbin@; t o  an in t e r roga t ion  and recording subsystemr which w i l l  be  
u se fu l  i n  ~01.1ect ing oceanographic and meteorological d a t a  from remote 
instrumented! s t a t i o n s .  Also work has  s t a r t e d  with t h e  f i s c a l  y e x  1964 funds 
f o r  d i g i t a l  7.V component development. The f i s c a l  year  1965 fund; a r e  planned 
t o  contin.ue t.he work i n  t h e  above areas. 

Synchronous Meteorolopical S a t e l l i t e  Experiments 

1965 
I 

1963 1964 

Ex per imlent E; ..................... --- --- $3,200,000 

Total  costs;. .................. --- --- $3,200,000 - 
The TIF.OS and Nimbus e f f o r t s  a r e  aimed a t  f u l f i l l i n g  t h e  requirements 

f o r  complete: gl.oba1 coverage by meteorological sa te l l i t e  d a t a  on a d e t a i l e d ,  
per iodic  b a s i s ,  
provide continuous monitoring of sho r t - l i ved  storms such as s q u a l l  l i n e s ,  
tornadoes,  e t c .  The f e a s i b i l i t y  of such a system w i l l  be inves t iga t ed  as 
p a r t  of t he  Advanced Technological S a t e l l i t e  p ro jec t  which w i l l  place a 
s a t e l l i t e :  i n  a 22,300 mile  o r b i t  so t h a t  i t  appears t o  be s t a t i o n a r y  at a 
given 1oc.ati.on over t h e  equator.  From such a pos i t i on ,  a s a t e l l i t e  can 
view tropica:. and temperate l a t i t u d e s .  
t o  ob ta in  meteorological  da ta ,  continuous su rve i l l ance  can be undertaken of 
a p a r t i c u l a r  storm as it moves over t h e  su r face  of t he  ea r th .  

However, t he  requirement remains f o r  a system which can 

With such a s a t e l l i t e  instrumented 

Several. a r eas  r equ i r ing  technological  development have been selc c t ed  

Theireby test r e s u l t s  w i l l  con t r ibu te  t o  t h e  d e f i n i t i o n  of t t e  
f o r  f l i g h t s  of app l i cab le  experiments p r i o r  t o  proceeding t o  f l i g h t  p ro jec t  
s t a t u s .  
f l i g h t  p r o j e c t ,  Experiments are planned f o r  required opera t ing  modes of t he  
o p t i c a l  system, i n  t h e  wide range of l i g h t  va lues  t o  be observed, anc, i n  t h e  
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o the r  o p t i c a l  problems involved. 
s t a b i l i z a t i o n  and s t a t i o n  keeping w i l l  a l s o  be s tudied .  

The e f f e c t s  of sensor  motion on spacecraf t  

System s t u d i e s  were begun i n  f i s c a l  year  1963 and completed i n  f i s c a l  
year 1964 under t h e  support ing research and technology funding. 
and hardware development f o r  experiments are proposed f o r  f i s c a l  year  1965 
so t h a t  t hese  experiments w i l l  be ready f o r  f l i g h t  aboard spacecraf t  3egin- 
ning i n  calendar  year  1966. Tota l  cos t  t o  completion of t hese  eicperi.nents 
is  estimated a t  $16.5 mi l l i on .  Direct ion of t h i s  proposed work w i l l  De 
assumed by t h e  Off ice  of Space Science and Applications of NASA IfeadqJartez-s 
with Goddard Space F l igh t  Center implementing t h e  e f f o r t .  

S tudies  

TIROS - 
1965 

I__ 

1963 1964 

..................... Spacecraf t ,  $7,905,000 $9,800,000 500,000 
Ground support . .  ................ 1,071,000 3,200,000 $2,000,000 
Launch veh ic1.e. ................. 10,200,000 3.800,000, 3,300,000 

Total  cos t  hi .  .................. $19,176,000 Q16,800,000 ss,aao,ooo 
The engi-neering and s c i e n t i f i c  f e a s i b i l i t y  and t h e  d e s i r a b i l i t y  of 

meteoro1ogic:iil s a t e l l i t e s  has been demonstrated repeatedly by T1:ROS. I n  
add i t ion ,  TIXOOS continues t o  provide da t a  toward t h e  accomplishment of the 
add i t iona l  pi:o:/ect ob jec t ives  which are: (1) t o  provide maximum inter im 
opera t iona l  da t a  f o r  use i n  weather ana lys i s  and fo recas t ing  p r i m  t o  avai.1- 
a b i l i t y  of tli€tZi from opera t iona l  systems, (2) t o  provide research and devel- 
opment toward advanced. meteorological s a t e l l i t e  systems, (3) t o  measure 
emit ted l.nfi:;ired and r e f l e c t e d  s o l a r  r a d i a t i o n  i n  s e l e c t e d  s p e c t r a l  reg ions ,  
and (4) t:o ol)senre cloud cover and p a t t e r n s ,  and measure t h e  earth-atmosphere 
heat  balance.  

The e igh t  attempted launches have a l l  been successfu l .  Data for opera- 
t i o n a l  use hiW4L been provided s ince  t h e  f i r s t  TIROS launch, Apri l  1, 1960. 
TIROS har; achieved a use fu l  l i f e t i m e  i n  o r b i t  more than t r i p l e  t h e  o r i g i n a l  
design l i fe t :  Lme of about four  months. 
seventeen hurr icanes and typhoons during p ro jec t  opera t ions  s ince  J u l y ,  1961. 

These s a t e l l i t e s  have discovered 

Research based on TIROS da ta  has  produced s i g n i f i c a n t  r e s u l t s  ir.: (1) 
determining ,3enerally t h e  r e l a t ionsh ips  of the  cloud pa t t e rns  to t h e  f i e l d  
of motion, (2) t h e  genesis  and l i f e  cyc les  of t r o p i c a l  storms, (3) iclentify- 
ing  a reas  at3sociated wi th  severe l o c a l  storms (such as tornadoes) from satel-. 
l i t e  p i c tu re s ,  (4) i den t i fy ing  and c o r r e l a t i n g  c e l l u l a r  convective cl  oud 
p a t t e r n s  with the b a s i c  atmospheric parameters,  and (5) u t i l i z a t i o n  cif s a t e l -  
l i t e  p i c tu re s  i n  su rve i l l ance  of ice packs and snow f i e l d s  and cover.  
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The successfu l  launch of TIROS VI11 on December 21, 1963, wi th  t h e  
Automatic P ic tu re  Transmission (APT) system aboard, i s  providing tlirec': l o c a l  
readout t o  r e l a t i v e l y  inexpensive ground s t a t i o n s .  

During f i s c a l  year  1965, t h e  n in th  spacecraf t  i n  t h i s  series d e s i ~ n a t e d  
T I R O S  I ,  t he  "wheel" conf igura t ion ,  w i l l  be t e s t e d  for providing e a r t h  
o r i en ted  p i c tu re s  from t h e  s p i n - s t a b i l i z e d  TIROS spacec ra f t .  It is  t h i s  
configurat ion wh.ich when t e s t e d  is  expected t o  rep lace  the  earlier T I R O S  
configurat ion int t h e  In te r im Operational Meteorological S a t e l l i t e  (IOMS) 
being funded by t h e  Weather Bureau. 
S a t e l l i t e  launches are planned t o  begin i n  f i s c a l  year  1965. 

These In te r im Operational Met:eorological 

TIROS J w i l l  be launched i n t o  a low e c c e n t r i c  o r b i t  i n  f i s c a l  year  1965 
t o  provide dat:a at var ious a l t i t u d e s  and p i c t u r e  r e so lu t ions  which w i l l  
con t r ibu te  t a  t h e  technology required for advanced meteorological systems. 
The last 'IXROS 1-aunch (TIROS K) planned f o r  f i s c a l  year  1965 w i l l  be placed 
i n t o  a highly eccen t r i c  o r b i t  with apogee a t  approximately synchr'onous 
a l t i t u d e s .  
and one at1taliitfc p i c t u r e  t ransmission system f o r  d i r e c t  readout.  

Ln f i s c a l  year  1966, TIROS L w i l l  include one s tandard TV camera 

The fiSCiil year  1963 funds were used t o  purchase 4 Delta  vehic les  f o r  
TIROS V I ,  VIIC, V I 1 1  and "I" and an incremental  payment f o r  "J". Funds were 
a l s o  used t o  purchase spacecraf t  V I 1  and an incremental  payment was made on 
V I I I .  Also fiintfs f o r  Ground Operations and Support were used f o r  TIROS V ,  
V I ,  and V I I .  

The f i s c a l  year  1964 funds provide complete funding f o r  t he  "J" launch 
v e h i c l e ,  an incremental  payment f o r  t he  TIROS "K" and "L" launch vehic les  and 
spacecraf t ,  axid w i l l  complete the  funding of T I R O S  V I I I ,  A l s o ,  
funds a re  provided f o r  Ground Operations and Support of TIROS VIL and VI11 . 
F i s c a l  year  1.965 funds a r e  planned t o  complete payment on spacecraf t  and the  
veh ic l e s  f o r  "E;" and "L" , and t o  complete funding of Ground Operstions and 
Support f o r  TIROS V I I I ,  "I" and "J". 

"I" and "J". 

The d i r e c t i o n  of t he  T I R O S  pro jec t  is t h e  r e s p o n s i b i l i t y  of t h e  Off ice  
The p ro jec t  imple- 

The major con- 
of Space Science and Applicat ions at NASA Headquarters. 
mentation is accomplished at Goddard Space F l i g h t  Center.  
t r a c t o r  i s  t h e  RCA Astro-Electronics  Division. 

I n  t h e  T I R O S  p r o j e c t ,  e spec ia l ly  as appl icable  t o  t h e  0perat:ional 

The p r o j e c t s  c o s t s  through f i s c a l  year  1963 wire 
aspec ts  and development of opera t iona l  systems, NASA and t h e  Weat:her :3ureau 
work c lose ly  toge ther .  
$36,778,000. 
ings is est imated t o  b e  $60,193,000. 

TZle pro jec t  cos t  t o  completion including t h e  next  four  launch- 
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Nimbus 

19 55 --- 1963 1964 

Spacecraft  A., backup and B.. ..... $24,016,000 $30,800,000 $8,900,000 
Ground support . . .  ................ 3,345,000 9,400,000 6,6 30,000 
Launch veh ic l e . .  ........ ,... ...... 1,200,000 1,000,000 3.4 30,000 

Total  cos t s . .  .................. 928,561,000 Q41,200,000 J18,900,000 

The basic  olbjectives of t h e  Nimbus p ro jec t  are: (1) t o  develop a s i g n i f -  

--- 

i c a n t l y  improved. meteorological s a t e l l i t e  t o  provide da t a  f o r  use  by 
meteorologiSts;  (2) t o  ca r ry  out f l i g h t  tests t o  prove t h e  a p p l i c a b i l i t y  of 
t h e  instrumentat ion;  (3) t o  f u l f i l l  s p e c i a l  da t a  requiiements of t he  atmos- 
pher ic  sc iences  research community which can be provided uniquely by t h i s  
ins t rumentat ion,  funct ioning a s  a space meteorological ebservator:r;  and 
(4) t o  provide t h e  b a s i s  f o r  f u r t h e r  s i g n i f i c a n t  technological  advanccs i n  
meteorological s a t e l l i t e s .  

The Nimbus spacecraf t  embodies major s t eps  forward, beyond the  bas i c  
TIROS, i n  four areas: (1) Or ien ta t ion  - Nimbus is  designed t o  point  down at  
t h e  e a r t h  a t  all. t i m e s ;  (2) Coverage - The s a t e l l i t e  has t h e  c a p a b i l i t y  t o  
provide cc~mplc!tc! global  cloud cover da t a  d a i l y ;  (3) Night Time Cloud Cover 
Data - Specia11.ly developed ‘nigh r e so lu t ion  i n f r a r e d  radiometers w i l l  be used 
t o  obta in  experj.menta1 n ight  cloud cover;  and (4) Direct  Local Readout - 
Users equipped with r e l a t i v e l y  simple,  inexpensive ground s t a t i o n s  can 
r ece ive  cloucl cover p i c tu re s  of t h e i r  l o c a l  a r e a  d i r e c t l y  from t h e  s a t e l l i t e .  
(This system :LS being t e s t e d  i n  o r b i t  on TIROS V I I I . )  

The Elimtws scheduled f o r  launch i n  t h e  f i r s t  q u a r t e r  of calendar  year  
1964 weighs aibout 750 pounds, s tands  t e n  f e e t  high and i s  f i v e  f e e t  across  
t h e  sensory r i n g  a t  the  base. The sensory system w i l l  include t h r e e  v id icon  
cameras , t h e  imtomatic p i c t u r e  t ransmission system f o r  d i r e c t  l o c a l  rcadout , 
and t h e  high :eeaolution i n f r a r e d  radiometers (HRIR) f o r  providing nigt t time 
cloud cover da ta .  Should i t  be  requi red ,  a backup (dupl ica te )  spacecraf t  f o r  
t h e  f i r s t  Ninil>us w i l l  be a v a i l a b l e  f o r  launch i n  f i s c a l  year  1965 ( t h i r d  
q u a r t e r  of ca  Lendar year 1964) I, 

The f ? i m h s  B w i l l  be ready f o r  launch i n  f i s c a l  year  1966 and w i l l  i n -  
corpora te  retliindant advanced vidicon cameras ( t w o  sets of t hese  cameras) , 
a redundant ;iiitomatic p i c t u r e  t ransmission system, a s i n g l e  high resol utiori  
i n f r a r e d  r;ysl:~zm, and an advanced medium reso lu t ion  in f r a red  radiometer 
(MRIR). 
r equ i r e  t h e  use of t h e  t h r u s t  augmented ve r s ion  of t h e  Thor-Agena ‘Launch 
veh ic l e .  

The g r e a t e r  weight r e s u l t i n g  from these  add i t iona l  sensors  w i l l  

It is expected t h a t  t he  experience r e s u l t i n g  from the  Nimbus w i l : .  play 
a v i t a l  r o l e  i n  t h e  development of opera t iona l  meteorological s a t e  1lil:e 
systems. Of imnediate use  w i l l  be t h e  broad coverage (near globaJ) dity and 
n ight  cloud cover da t a  ava i lab  Le from Nimbus f l i g h t s .  
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F i s c a l  year 1963 funds were used t o  complete payment f o r  t h e  Thor-Agena 

An incremental  payment w a s  made on 3 spacec ra f t  and on t h e  a s soc i -  
"Btl v e h i c l e  f o r  Nimbus A and an incremental payment was made on t h e  second 
veh ic l e .  
a t e d  ground equipment, (command d a t a  a c q u i s i t i o n  s t a t i o n s  i n  Alaska and a t  
Goddard plus o the r  a c c e s s o r i a l  equipment). 

I n  f i s c a l  year 1964 an incremental payment is provided f o r  t h e  second 
The funding f o r  t h e  Nimbus A spacec ra f t  w i l l  be completed and an v e h i c l e .  

incremental  pa.yment on t h e  backup and I'B" spacec ra f t .  
and Support fundts are t o  complete t h e  funding of ground equipment, t h e  
t r a i n i n g  of opera t ing  personnel and checkout of t h e  ground system:;,and f o r  
opera t ions  anti maintenance subsequent t o  t h e  launch of Nimbus A. 

The Ground Operations 

I n  f i s c a l  year  1965 t h e  funding w i l l  be completed f o r  t h e  second launch 
v e h i c l e  and cctmplet ion  of t h e  backup spacec ra f t .  
payment w i l l  tie made f o r  t h e  Nimbus B spacec ra f t .  
i ng  a l s o  prov:Ldes f o r  Ground Operations and Support f o r  Nimbus A and €re-launc'h 
modi f ica t ion  smdl checkout of t h e  ground equipment f o r  t h e  Nimbus 13 launch. 

Additional increment a 1  
The f i s c a l  year  1965 fund- 

The cos t  thirough f i s c a l  year  1963 has  t o t a l e d  $61,236,000. The es t imated  
c o s t  t o  completion f o r  t h e  program through Nimbus B as ou t l ined  i t ;  
$130,000,000. 

Meteorological Soundinp Rockets 

1965 .- 1963 1964 

Development of s m a l l  meteorolog- 

Large meteorological  sounding 
i c a l  sounciintg rocke t  system.. . $147,000 $1,100,000 ~ ~ , ~ o ~ , ~ ~ ~  
rocket prclject ................ 1.290.000 1.800.000 1 900,000 

$2,900,000 -$3.000,000 .- Tota l  cos ts . . . . . . . . . . . . . . . . . . .  $1.437.000 

For t h e  1aKge meteorological  sounding rocket p r o j e c t  t h e  ob jec t ives  a r e  
t o  develop and. i.mprove sensors  and techniques f o r  measuring t h e  b a s i c  
meteorological parameters i n  t h e  reg ion  from 40 t o  60 miles. 
si tes f o r  theEe l a r g e  rocke ts  are loca ted  at s e v e r a l  d i f f e r e n t  l a t i t u d e s .  
This d i s t r i b u t i o n  con t r ibu te s  t o  determining t h e  magnitude and ex ten t  of t h e  
dynamic and th.ermodynamic v a r i a t i o n s  of t h e  atmospheric p rope r t i e s  i n  the 
upper s t r a t o s p h e r e  and meeosphere. 

The launch 

I n  f i s c a l  year  1963 f i f t e e n  l a r g e  sounding rockets  were launched using 
t h r e e  experimental techniques; accous t i ca l  grenades, p i t o t  t ubes ,  and sodium 
vapor. These launches showed t h e  a p p l i c a b i l i t y  of t h e  measurement tech- 
n iques ,  and revealed i n t e r e s t i n g  s c i e n t i f i c  f e a t u r e s  found at these  a l t i -  
tudes .  This i.nc.luded t h e  ex i s t ence  of l a r g e  wind shea r s  i n  t h e  a res  under 
Study. 
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During t h e  f i s c a l  year 1964 approximately t h i r t y - f i v e  of thei3e launches 
a r e  cu r ren t ly  planned. 
measurement techniques,  and provide a d d i t i o n a l  s c i e n t i f i c  da t a .  These 
launches w i l l  be d i s t r i b u t e d  among Wallops I s land;  F t .  Churchi l l ;  John F. 
Kennedy Space Center,  NASA; Ascension Is land;  and, poss ib l e ,  an A:,askan 
a r t i c  l oca t ioc .  The launches from these  loca t ions ,  when p o s s i b l e ,  w i l l  be 
coordinated t o  provide measurements of  geographical v a r i a t i o n  in ciddit Lon 
t o  seasonal va r i a t ions .  I n  f i s c a l  year 1965 funds are planned t o  provide 
f o r  add i t iona l  ground equipment and t o  pay fo r  45 l a r g e  sounding rocke t s ,  
of which 35 w i l l  be launched i n  f i s c a l  year 1965. 

The resu l t s  are expected t o  lead  t o  t h e  re f inenent  of 

Direction of t h e  l a r g e  meteorological  sounding rocket  project: i s  ~y 
t h e  Of f i ce  of Space Science and Applicat ions a t  NASA Headquarters,  Imple- 
mentation of t he  p r o j e c t  is t he  r e s p o n s i b i l i t y  of t he  Goddard Space F l t g h t  
Center.  

I n  t h e  p r o j e c t  t o  develop a s m a l l  meteorological  sounding rocket  ~ys t em,  
t h e  o b j e c t i v e  is  t o  develop a r e l i a b l e ,  s imp l i f i ed ,  s e l f - s u f f i c i e n t  sounding 
system (rocket  veh ic l e ,  sensors ,  and da ta  acqu i s i t i on )  which would pror ide  
a c a p a b i l i t y  fo r  rou t ine  measurements of t h e  bas i c  meteorological  parameters 
fo r  research  and an  opera t iona l  system i n  t h e  20 t o  40 m i l e  reg ion  of :he 
atmosphere, 

Data which have a l r eady  been obtained i n  connection with previous 
developmental f l i g h t s  i n d i c a t e  t h a t  t h i s  region serves as an impoxtant 
l i n k  between the  higher reg ions  dominated by s o l a r  e f f e c t s ,  and t h e  lower 
regions where convection and a i r  mass movement and mixing determine t h e  
su r face  weath'er . Thus, ob ta in ing  more da ta  leading toward fur the1 under - 
standing of t;he atmospheric processes  i s  a s t e p  toward the  s o l u t i o n  of 
s i g n i f i c a n t  problems i n  weather a n a l y s i s  and forecas t ing .  

The f i s c a l  year 1963 funds pa id  fo r  seventy-f ive small meteorological  
sounding rocklets and launch cos t s .  The f i s c a l  year 1964 funds provide for  
an  increment toward development of t h e  small sounding rocket  system (motor, 
sensors ,  data acqu i s i t i on  equipment, etc.), purchase and f l i g h t  test of 100 
s m a l l  sounding rockets  of var ious  types.  The f i s c a l  year 1965 furtds a r e  
planned fo r  t h e  f l i g h t  t e s t i n g  of 100 rockets ,  improvement of t h e  rocket  
systems, and a start  on t h e  design and development of an  advanced s y s t e m .  

These larinc'hes are coordinated with those  from t h e  o the r  na t iona l  
ranges as p a r t  of t h e  meteorological  rocket  network. 

Direct ion of t h e  small meteorological  sounding rocket  pro j c c t  is t h e  
responsibi:Lit:y of t h e  Of f i ce  of Space Science and Applicat ions i n  NASA 
Headquarters, Langley Research Center i s  respons ib le  fo r  t h e  p r o j e c t  
imp 1 ement ai: ion. 
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RESEARCH AM) DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF SPA(& SCIENCE AND APPLICATIONS COMMUNICATIONS SATELLI'ES PROGRAM 

PROGRAM OBJEC!CIVES AND JUSTIFICATION : 

Comnunic:atiIon s a t e l l i t e s  make i t  poss ib le  t o  e s t a b l i s h  microwave 
conrmunicationo over long d i s t ances  by providing 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 ai:e simultaneously i n  l i ne -o f - s igh t  of many po in t s  on the  E:arth's 
sur face .  With t h e i r  use a l l  types  of telecommunications can be extended t o  
t h e  e n t i r e  Einrth. 
improvement> 
systems through research,  development, and f l i g h t  t e s t s .  

This program w i l l  support t h e  cont inuing developmerit, 
and expansion of t h e  p r a c t i c a l  uses of couxnunication s a t e l l i t e  

Launches of comunica t ion  s a t e l l i t e s  through the  f i r s t  ha l f  of fLscal  
year 1964 have (1) proved the  f e a s i b i l i t y  of e r e c t i n g  passive sa t e l1 i : e s  i n  
space and of placing a c t i v e  s a t e l l i t e s  i n  intermediate  and synchronou3 
o r b i t ,  and (2)  permitted successfu l  conduct of conanunications experimlants 
w i t h  Echo I, Relay I, T e l s t a r  I and 11, and Syncom 11, l ink ing  the  UnLted 
S t a t e s  w i t h  Eiurope, United S t a t e s  wi th  Afr ica ,  United S t a t e s  with South 
America, and United S t a t e s  w i t h  Japan. 
s t i l l  i n  o r b i t  a f t e r  34 yea r s ,  Relay I has completed one year of successfu l  
opera t ions ,  tint1 Syncom I1 has operated successfu l lv  f o r  six months s ince  i ts  
launch i n  July 1963. Echo 111, Relay XI, and Syncom 111, t o  be launched 
i n  the  l a s t  1ial.f of f i s c a l  year 1964, w i l l  be of g r e a t e r  r e l i a b i l i t y  than 
t h e i r  predecesuors and w i l l  f u rn i sh  a d d h i o n a l  l i f e t i m e  da ta .  
Syncom IYX will. be placed i n  a synchronous e q u a t o r i a l  o r b i t  ozer  the  P a c i f i c  
Ocean whereas Syncom I1 i s  i n  a synchronous o r b i t  included 33 
equator over t he  A t l a n t i c .  

As t h e  year 1964 begins,  Echo I is 

I n  add i t ion ,  

t o  the 

This pmgram u t i l i z e s  and advances t h e  practical app l i ca t ion  of space 
conrmunicat ion,  seeks t h e  f u l l  e x p l o i t a t i o n  of t he  comanrnication s a t e : . l i t e  
p o t e n t i a l ,  ,and assists i n  a t t a i n i n g  the  na t iona l  goal of t h e  e a r l y  err tabl ish-  
ment of an ope ra t iona l  global  comrmnications s a t e l l i t e  system. 

SUMMARY OF 8 E O U R C E S  REQUIREMENTS : 

1965 1963 1964 - 
Supporting; research and 

Echo I.I.......................... 2,299,000 2,600,000 300,000 
Relay .............................. 13,751,000 2,900,000 1,800,000 

technology.. ................... $3,012,000 $1,700,000 $3,500,000 

Syncom.., 6,300,000 2,000,000 ......................... 13,013,000 
Ear 1 y g r  m r  i t y  grad ien t  experiment --- --- 5 ,000 .000  

Total  (:osts.. .................. &32.075,000 $13,500,000 512,,600,000 - 
R D  10-1 



BASIS OF FUND REQUIREMENTS: 

1963 1964 

Advanced passive s a t e l l i t e  

Research, experimentation, and 
s tudies . . . . . . . . . . . . . . . . . . . . . . .  $700,000 $500,000 

development ................... 2,312 .OOO 1,200,000 

Total  costs.. . . . . . . . . . . . . . . . . .  $3.012.000 $1,700,000 

1965 

:i1,003,000 

- 2.50D.000 

- :~3,500.000 --- 
I n  the Comniunications S a t e l l i t e s  program the re  is a continuing need f o r  

a c t i v i t y  i n  tripporting research and technology which w i l l  i d e n t i f y  and solve 
c r i t i c a l  t:ectuiical problems, advance the  s t a t e -o f  -art, and provide a 
technica l  foundation f o r  f u t u r e  improved eomrmnications and navigation 
s a t e l l i t e s .  

Research on o v e r a l l  carmunication system problems over the  pas t  
severa l  yearn h4as been concentrated i n  t h r e e  a reas :  
ca t ions  s i i t e ' l l i t e  systems with conventional t e r r e s t r i a l  systems; econcwic 
f a c t o r s ;  and technica l  aspec ts  of frequency a l l o c a t i o n  and shar ing .  :be  
l a t t e r  e f f o r t  cont r ibu ted  importantly t o  the  In t e rna t iona l  Teleccmmn:Lcations 
Union Conference on Space Comrmnications. 
ducted i n  f i s c a l  year 1965 on i n t e g r a t i o n  of s a t e l l i t e  and te r re r i t r ia ' t  
systems, t o  determine the inf luence  on design of f u t u r e  comrmnication 
s a t e l l i t e  systems of present  and planned rout ing ,  s i g n a l l i n g ,  swi t ch i ig ,  
and mult iplexing schemes for t e r r e s t r i a l  systems. These s t u d i e s  w i l l  
provide a b a s i s  for upcoming i n t e r n a t i o n a l  negot ia t ions  r e l a t i n g  t o  t i e  
i n t e g r a t i o n  clf s a t e l l i t e  and t e r r e s t r i a l  systems. 

i n t e g r a t i o n  of ccramuni- 

Additional s t u d i e s  w i l l  be con- 

Economic: srtudies i n  t h e  p a s t  have begun t o  provide va luable  information 
on t radeo ' f fs  between var ious comaunication satel l i te  systems and between 
design paranwters. These s t u d i e s  w i l l  be  pursued i n  f i s c a l  year 1965 as 
an a i d  in se:l.ecting t h e  best course for research  and developnent. 

I n  fiiswl year 1963, t h ree  n a v i g a t i o n - t r a f f i c  coordinat ion s a t e l l i t e  
system f e a s i b i l i t y  s tudy con t r ac t s  were i n i t i a t e d  and are scheduled f o r  
completion :in f i s c a l  year  1964. 
then be mado with cooperation from p o t e n t i a l  u se r  agencies.  It i s  a n t i c i -  
pated t h a t ,  through the  j o i n t  e f f o r t s  of National Aeronautics and Space 
Administleat:ion and t h e  var ious  government departments o r  agencies (Fcderal 
Aviation Agency, Departments of Comnerce, I n t e r i o r ,  Treasury, arid Defense) 
having an i n t e r e s t ,  a recommended na t iona l  program plan w i l l  be deve:.oped 
which w i l l  s e t  f o r t h  the  requi red  f u t u r e  e f f o r t .  

An in-house comparison of t h e  r e s u l t s  w i l l  
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I n  f iscal .  year  1965, i n v e s t i g a t i o n  e f f o r t  w i l l  cont inue on s a t e l l i t e  
systems capable of l i nk ing  terminals  of g r e a t l y  reduced s i z e  and c o s t  omking 
poss ib le  cormnaiications with a i r c r a f t ,  sh ips  at sea, and small  portablc  
emergency land s1:ations. 
naviga t ion  and air  t r a f f i c  con t ro l  systems, and w i l l  r equ i r e  t h e  use of 
e i t h e r  a high--lpowered, f u l l y  s t a b i l i z e d  s a t e l l i t e  o r  a satel l i te  with 
moderate power and high-gain, narrow-beam, s t e e r a b l e  antennas. 

A c a p a b i l i t y  of t h i s  s o r t  w i l l  be necessary f o r  

A modest laboratory e f f o r t  on materials, s t r u c t u r e s ,  and e rec t ion -  
system developneint i n  advanced passive satell i te research has bee0 conducted 
i n  the  past  a d  w i l l  continue during f i s c a l  year  1965. 
s t r u c t u r e s  development e f f o r t s  a r e  d i r e c t e d  toward providing f o r  great1.y 
reduced weight and adequate s t i f f n e s s  of space s t r u c t u r e s  t o  reduce t h c  
per turb ing  and deforming e f f e c t s  of s o l a r  pressure and aerodynamic dral;. 
Erec t ion  systems w i l l  be developed having c h a r a c t e r i s t i c s  required. f o r  
r e l i a b l y  deploying and e rec t ing  these  l ightweight  s t r u c t u r e s  i n  th.e space 
environment. 

Mater ia l s  and 

The f i s c a l  year 1965 program t o  improve subsystems w i l l  provide f o r  
cont inua t ion  o f  s t u d i e s  on modulation techniques,  with emphasis on tecliniques 
which improve mul t ip le  access c a p a b i l i t i e e ;  on r a i s i n g  t h e  conversion 
e f f i c i e n c y  between t h e  s a t e l l i t e ' s  primary power source and t r a n s m i t t e r  
p o w e r  ou tput ;  and on improving the  c h a r a c t e r i s t i c s  of both s a t e l l i t e  and 
ground r ece ive r s .  

1965 --- 1963 1964 

Spacecraft . . . . . . . . .  ............ $1,544,000 $300,000 
Ground operertions and support . .  255,000 1,000,000 $300,000 --- Thor-Agena 1.auinch veh ic l e .  ..... 500.000 1,300,000 

Total  cost:s. . . . . . . . . . . . . . . . . .  $2,299,000 $2,600 ,000 $300,000 

The olbjectj-ves of P ro jec t  Echo I1 a r e  t o  design,  develop, launch, and 
eva lua te  a, 135-foot diameter sphe r i ca l  passive s a t e l l i t e  (Echo X I ) ,  which 
w i l l  be r i g i d  enough t o  maintain i t s  s u i t a b i l i t y  as a r e l i a b l e  r e f l e c t o r  of 
r ad io  waves t.hroughout i t s  o r b i t a l  l i f e  of severa l  yea r s ,  even a f t e r  the  
p re s su r i z i ag  gas has escaped. The passive comrmnication s a t e l l i t e  w i l l  be 
launched i n t o  a 800 s t a t u t e  m i l e  near-polar  o r b i t .  A t e s t  program i n l o l v -  
ing two b a l l i e t k c  launches from t h e  A t l a n t i c  Missile Range t o  test the 
s a t e l l i t e  dep:toyuent and i n f l a t i o n  sequence has been completed. The first 
b a l l i s t i c  f l i g h t 2  which was conducted on January 15,  1962, w a s  unsuccessful .  
A redesigned payload was launched i n  t h e  second b a l l i s t i c  test on J u l )  18, 
1962. 1nflat:Lon w a s  successfu l  but the  sphere was not a good r e f l e c t c r  of 
r ad io  waves because of i n s u f f i c i e n t  pressure.  
i n f l a t i o n  system has been redesigned t o  provide s u f f i c i e n t  p ressure  i n  the  
sphere.  
u l ed  f o r  the  Eirst qua r t e r  of calendar  year  1964, using a mor-Agena Xrehicle. 

Accordingly , t he  s a t e l l  i t e  

l? l i lJ i t  spacecraf t  are being prepared f o r  t he  o r b i t a l  launch tiched- 
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The launch veh ic l e  w i l l  c a r ry  a t e l e v i s i o n  system of the  type  used on t h e  
b a l l i s t i c  :Launches t o  permit observat ion of sa te l l i t e  sepa ra t ion  a.nd 
i n f l a t i o n  c3ur:hg i n j e c t i o n  i n t o  o r b i t .  

The Off ice  (of Space Science and Applicat ions,  National Aeronauticti and 
Space Admiinistration Headquarters,  i s  respons ib le  f o r  t h e  o v e r a l l  manai;ement 
of Pro jec t  Echo 11. 
Goddard Space F l igh t  Center.  Vehicle s y s t e m  management f o r  t h e  'I'hor-rlgena 
v e h i c l e  i s  assigned t o  Lewis  Research Center. Major con t r ac to r s  a r e  G T. 
Schjeldahl  Company for the  i n f l a t a b l e  spheres ,  Gruman A i r c r a f t  Ccbrporiition 
f o r  the  c a n i s t e r s  and launch support ,  Douglas A i r c r a f t  Corporation 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  Thor boos te r  f o r  t he  o r b i t a l  l a t a c h ,  and 
Lockheed f o r  the  Agena s t a g e  and i n t e g r a t i o n  of t h e  launch veh ic l e .  
i s  a l s o  provided by p a r t i c i p a t i o n  of var ious  Department of Defense t racking  
f a c i l i t i e s .  

Respons ib i l i ty  f o r  p ro jec t  management is  assigned t o  

Support 

F i s c a l  year 1963 and p r i o r  years  funds amounting t o  $14.7 mil l ion  have 
provided f o r  design,  development, f a b r i c a t i o n ,  and eva lua t ion  of t:he 
sphe r i ca l  s a t e l l i t e ;  i t s  assoc ia ted  t racking  beacons and c a n i s t e r .  and 
p a r t i a l  funding of t he  o r b i t a l  launch veh ic l e .  
a l l  c o s t s  for t h e  two b a l l i s t i c  f l i g h t s .  F i s c a l  year  1964 funds cover 
spacec ra f t  c o s t s ,  q u a l i f i c a t i o n  tests, launch opera t ions  of Echo 111, remain- 
ing  launch veh ic l e  c o s t s ,  and i n i t i a l  opera t ion  of t he  r ada r  and o p t i c a l  
s t a t i o n s  which w i l l  be used t o  ob ta in  d a t a  from which the  performance D f  
t h e  s a t e l l i t e  i n t  o r b i t  w i l l  be assessed.  
required t o  ccmtinue t h e  radar  and o p t i c a l  coverage of t h e  s a t e l l i t e  a s  
w e l l  as f o r  dcttai ana lys i s ,  c o r r e l a t i o n  of t h a t  d a t a  wi th  ba l l i s t i c :  launch, 
and ground t e & t  r e s u l t s .  It i s  est imated t h a t  an  add i t iona l  $200,000 w i l t  
be required a.f:te!r f i s c a l  year  1965 f o r  continued da ta  a c q u i s i t i o n ,  reduct ion.  
and ana lys i s .  

They have a l s o  supportad 

F i s c a l  year  1965 funds rare 

R e 1  ay 

1965 --- 1963 1964 

Spacec ra f t . , , . 4  ................. $6,616,000 $ 500,000 
Ground opercit ions and support .  . 6,135,000 2,100,000 $1,800,000 
Delta ve.hic:l.e., ................. 1 .ooo .ooo 300,000 --- 

Tota l  cos1:s.. ................ &goo ,000, = w o  ,005 

The mission of P ro jec t  Relay is  t o  perform experimental narrow band 
(telephone, etc ,) and wide band ( t e l ev i s ion )  coamunications t e s t s  between 
widely separa ted  ground s t a t i o n s  by means of in te rmedia te  a l t i t u d e  a c t i v e  
communicat:ionri s a t e l l i t e s ;  t o  measure t h e  e f f e c t s  of t he  space envirorunent 
on these  m a t e l l i t e s ;  and to determine t h e  use fu l  l i f e t i m e  of t h e  s a t e l l i t e s .  

Pro jec t  ;Relay provides f o r  t h e  design,  development, launch, operti t ion,  
and eva lua t ion  of two intermediate  a l t i t u d e  wide band a c t i v e  comnunicctions 
satel l i tes .  These sa te l l i t es  include c i r c u i t s  and components t o  monitor t he  
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important paranetera  of t h e  satel l i te  while func t ioning  i n  t h e  space environ- 
ment. 
t e lemet ry  equipment, two (dupl ica te ,  but  not s imultaneously opera t ing)  
coaununication triansponders each providing a s i n g l e  t e l e v i s i o n  channel o r  
twelve two-way telephone o r  d a t a  channels;  and experiment packages t o  
monitor both t h e  r a d i a t i o n  environment encountered and t h e  damaging e f f e c t s  
of t h a t  enwiroment on components designed f o r  satellites. 

The sa tx1: l i tea  con ta in ,  i n  add i t ion  t o  power supp l i e s  and coapnarid and 

Relay I was launched i n t o  o r b i t  on December 13, 1962. An e a r l y  f a i l u r e  
occurred which prevented opera t ion  of t h e  transponders f o r  t h e  f i r s t  t h r e e  
weeks a f t e r  launch. Since t h a t  t i m e  t h e  sa te l l i t e  has  been opera t ing  
success fu l ly  € o r  more than a year  performing more than 1,800 t echn ica l  
experiments and  125 demonstrations involving ground s t a t i o n s  i n  the Un:.ted 
S t a t e s ,  Great Br i t a in ,  France, Germany, I t a l y ,  and Japan. During t h i s  
per iod more than 550 hours of r a d i a t i o n  d a t a  have been recorded. 
sa te l l i t e  has been prepared f o r  launch i n t o  o r b i t  i n  t h e  f i r s t  q u a r t e r  of 
calendar  year  1964 t o  ga ther  f u r t h e r  experimental  d a t a ,  eva lua te  the  space- 
c r a f t  improvements, cont inue r a d i a t i o n  measurements, and provide a mearmre- 
ment of use fu l  sa te l l i t e  l i f e t i m e .  

An improved 

The Off ice  of Space Science and Applicat ions,  National A e r o n w ~ t i c ~  and 

Respons ib i l i ty  f o r  p r o j e c t  management is assigned t o  t h e  
Space Administration Headquarters, is respons ib le  f o r  t h e  o v e r a l l  mana,Sement 
of P ro jec t  Relay. 
Goddard Space F l i g h t  Center.  Vehicle systems management f o r  t h e  Delta 
v e h i c l e  is  a l s o  a Goddard r e s p o n s i b i l i t y .  Major con t r ac to r s  are Radio 
Corporation of America f o r  t h e  satellites; Space Technology L a b o r t i t o r i s  for 
sa te l l i t e  preliminary design,  systems coord ina t ion  and planning,  test  3 t a t ion  
opera t ion ,  and experiment review and ana lys i s ;  Phi lco  Corporation for the 
West Coast s t .a t ion antenna; American Telephone and Telegraph and 1:nterimtion- 
a1 Telephone and Telegraph f o r  ground s t a t i o n  operat ions;  and Douglas 
A i r c r a f t  Corporation f o r  t he  launch veh ic l e s .  

F i s c a l  year 1963 and p r i o r  year funds amounting t o  $39.8 mill-ion mve 
provided f o r  spacec ra f t  design,  f a b r i c a t i o n ,  test, a major p a r t  of the  
procurement of launch v e h i c l e s ,  launch opera t ions  support ,  ground s t a t i o n  
ope ra t iona l  services, and performance of experiments f o r  Relay I. F i s c a l  
year  1964 funds provide f o r  the  f i n a l  experiments and data handling c o s t s  
f o r  Relay I, f i n a l  assembly, test, launch, ground s t a t i o n  ope ra t ion  for  the 
f i r s t  s i x  months of t he  Relay 11, and f i n a l  incremental  funding o:E launch 
veh ic l e s .  F i s c a l  year  1965 funds are requi red  t o  maintain and opera te  t h e  
communications ground s t a t i o n s  , t o  perform communications experiments,  t o  
coordinate  tb.e  c w e r a l l  experimental  program, and t o  ga the r ,  reduce, corre- 
late,  and ana1.yz;e t h e  data obtained through t h e  Relay I and I1 experimental  
programs. Thd.8 a n a l y s i s  w i l l  r e s u l t  i n  improved design cri teria *and 
techniques f o r .  f u t u r e  satell i tes,  both  communication and s c i e n t i f i c ,  and i n  
more r e l i a b l e  d a t a  as  t o  s a t e l l i t e  l i f e t i m e s  and ope ra t iona l  systems design. 
It i s  est imated t h a t  an add i t iona l  $500 thousand will be requi red  a f t e r  f iscal .  
year 1965 for opera t ion  of ground s t a t i o n s ,  da t a  c o l l e c t i o n ,  redul:tion, and 
ana lys i s .  
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1905 -- 1963 1964 

Spacecraft . . . . . .  ................ $5,092,000 $2,700,000 $300,000 
Ground opera t ions  and support .  .. 3,921,000 500,000 1 ,70(1,000 
Thrust-augmentfed Delta (TAD). ... 4,000,000 3,lOO.OOO --- 

Tota l  C O S ' t S  ................... Q13.013.002 A *h 2 000 000 

The ob jec t ives  of  Pro jec t  Syncom are t o  provide experience i n  using 
communication s a t e l l i t e s  i n  a synchronous o r b i t  to  f l i g h t  test a new 
and simple applroach t o  sa te l l i te  a t t i t u d e  and per iod  cont ro l ;  t o  develop 
t ranspor tab le  ground f a c i l i t i e s  which can be deployed i n  use fu l  areas; 
t o  develop t h e  c a p a b i l i t y  of launching satell i tes i n t o  t h e  synchronous 
o r b i t  using e x i s t i n g  launch v e h i c l e s  p lus  apogee k i ck  rocke ts ;  anti t o  test 
the  l i f e  of ccmiunications satellites components a t  the  synchronoiis o r b i t a l  
a1 ti tude. 

P ro jec t  Syncom provides f o r  t h e  design,  development, t e s t i n g ,  and 
launching of f'0u.r a c t i v e  communication sa te l l i t es  i n t o  synchronouts o r b i t s .  

Syncom 1. WBS launched on February 14,  1963, bu t  a l l  e1ectron:ic systems 
f a i l e d  during t h e  f i r i n g  of the  apogee k ick  motor although subsequent 
o p t i c a l  si.ght hg;s showed t h a t  t h e  spacec ra f t  d id  achieve a near-synchronous 
o r b i t .  

Syncom KC was launched success fu l ly  on J u l y  26, 1963, i n t o  a synchronous 
o r b i t .  
plane which r:estrlts i n  t h e  sa te l l i t e  descr ib ing  a s lender  f i g u r e  eight  path 
along a prese lec ted  longi tude on t h e  Ear th ' s  su r f ace  wi th  excursions c f  
33 degrees of l a t i t u d e  t o  t h e  nor th  and south.  

As pl.rmned, t h i s  o r b i t  has a 33 degree i n c l i n a t i o n  t o  t h e  equa to r i a l  

The a v a i l a b i l i t y  of a Thrust-Augmented Delta (TAD) launch v e h i c l e  now 
makes it p o s ~ i b : l e  t o  launch Syncom I11 and IV i n t o  synchronous o r b i t s  of 
low i n c l i n a t i o n  t o  t h e  equa to r i a l  plane.  
poss ib l e  for the f i r s t  time f o r  a s a t e l l i t e  t o  remain v i r t u a l l y  s t a t i o n a r y  
wi th  r e spec t  t o  a poin t  on t h e  Ear th ' s  equator.  The Syncom XV spacec ra f t  
would se rve  ,as a means of f l i g h t  t e s t i n g  new design advances i n  trans1)onders 
and range and range-rate  equipment f o r  o r b i t a l  determinat ion while  making 
maximum use of other  e x i s t i n g  hardware. 

This  c a p a b i l i t y  w i l l  make i t .  

The Office of Space Science and Applicat ions,  Nat ional  Aeronautics and 
Space Administration Headquarters, is respons ib le  f o r  t h e  overall .  management 
of Pro jec t  Syncom. Respons ib i l i ty  fo r  p ro jec t  management i s  assigned t o  
Goddard Spac:e F l i g h t  Center. Vehicle systems management for  t he  TAD i s  also 
a Goddard r enpons ib i l i t y .  
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The major con t r ac to r s  a re  the  Hughes A i r c r a f t  Company f o r  spacec ra f t ,  
te lemetry and command equipment, and the  Space Technology Laboratorie!; f o r  
range and range- ra te  equipment. The Department of Defense through thr! 
United S t a t e s  Army S a t e l l i t e  Communications Agency has furnished the  ground 
s t a t i o n s  with tine exception of ground equipment 
command, and range and range-rate .  

required f o r  te lemet ry ,  

F i s c a l  p a r  1963 and p r i o r  year  funds amounting t o  $26.1 mi l l i on  
provided f o r  spscecraf t  design and development, a major por t ion  of veh ic l e  
c o s t s ,  cornmunic,ation experiments, and ground and launch support  f o r  tie f i r s t  
two launches.  F i s c a l  year  1964 funds provided f o r  f l i g h t  hardware, 
communication experiments, ground and launch support ,  opera t ion  of Syricom 
and the  balance due f o r  launch vehic les .  F i s c a l  year  1965 funds a r e  r e -  
quired f o r  f:L ight  hardware, communication experiments, ground and 1aurch 
support f o r  Syncom I V  and cont inua t ion  of opera t ion  of the  o the r s .  It. i s  
estimated t h a t  ,an add i t iona l  $2.0 mi l l i on  w i l l  be required a f t e r  f i s c i t l  
year  1965 t o  complete the  communication experiments, opera t iona l  support ,  
and d a t a  reduct ion and ana lys i s .  

Ear ly  Gravi ty  Gradient Experiment 

1905 --- 1963 1964 

Spacecraf t  I, , . . . . . . . . . . . . . . . . --- --- $5,000,000 

This prolj ec:t includes research ,  development, and t e s t  of g r a v i t y  
grad ien t  s t ab ' i l i zed  spacec ra f t ,  which d i r e c t l y  supports  the  Department of 
Defense commuriications s a t e l l i t e  program. The spacecraf t  design w i l l  be 
compatible wit.h the  requirements provided t o  NASA by the  Department of 
Defense; s t a b i l i z a t i o n  components w i l l  be designed for o r b i t a l  t e s t  i n t o  a 
6,500 mile c i r c u l a r  o r b i t ;  and r e s p o n s i b i l i t y  f o r  f l i g h t  demonstrstion of 
the  spacecraft .  w i l l  r e s t  with the  Department of Defense. 

The fiscctl  year  1965 funding es t imate  covers the  design and develop- 
ment of spacec:raft ,  but does not include launch veh ic l e  and ground support 
s e rv i ces  a s  these  w i l l  be provided by the  Department of Defense, 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 EST-S 

OFFICE OF SPACISSIENCE BND APPLICATIONS ADVNCED TECMOLNI ICAL 
SATELLITES PROGRAM 

PROGRAM OBJECTIJZS AND JUSTIFICATION : 

The ob jec t ives  of t h e  program are (1) t o  develop spacec ra f t  techncllogy 
p a r t i c u l a r l y  s u i t e d  f o r  space app l i ca t ions  , (2) t o  provide c a p a b i l i t y  f o r  
experimental t e s t i n g  of t h e  techniques and devices from va r ious  engineer ing 
and technolog:Llo,a'l d i s c i p l i n e s  i n  t h e  space environment, p a r t i c u l a r l y  i n  t h e  
h igher  a l t i t u d e  o r b i t s  and (3) t o  provide b a s i c  technologica l  and s c i e n t i f i c  
d a t a  on g r a v i t y  g rad ien t  s t a b i l i z a t i o n  i n  the  6,500 mile o r b i t  which mity be 
ex t r apo la t ed  t l 2  the more d i f f i c u l t  synchronous o r b i t s .  There i s  an e x i s t i n g  
and growing need in t h e  Department of Defense and i n  Nat ional  Aer0nauti .c~ 
and Space Adminis t ra t ion for improved spacec ra f t  technology i n  the areas of 
s t a b i l i z a t i o n ,  o r i e n t a t i o n ,  and s t a t i o n  keeping i n  t h e  24 hour o r b i t .  There 
is a requirement f o r  ob ta in ing  engineer ing d a t a  on t h e  24 hour o r b i t  f o r  use 
i n  designing systems f o r  t h a t  d i s c r e t e  o r b i t  wi th  i t s  unique f e a t u r e s .  There 
is  a l s o  a requirement of g r e a t  importance t o  both t h e  Department of Defense 
and National Aeronautics and Space Adminis t ra t ion f o r  b a s i c  information t o  
v a l i d a t e  t h e o r e t i c a l  concepts of g r a v i t y  g rad ien t  s t a b i l i z a t i o n .  
information should be anenable t o  ex t r apo la t ion  t o  o the r  a l t i t u d e s  and be 
conve r t ib l e  t o  engineer ing handbook type d a t a  f o r  u se  i n  systems design. 
is  t h e  purpose of t h e  Advanced Technological S a t e l l i t e s  program t o  meel: 

This 

It 

t h e s e  requi-rexnents. 

SUMMARY OF RESBRCES REaUIREEPENTS: 

1963 

Supporting 1: esearch and 

Mvanced t e c hn.0 1 og i c  a1 
technology .................... $8 . 668,000 

satellites.................... --- 
Tota l  costs.. . . . . . . . . . . . . . . . . .  $8.668- 

1964 

$2,100,000 

16.400.000 

g18.500.000 

196 5 --- 
:;1,103,000 

29 .90~0,000 

Q:3 1,000,000 

- 
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Supmrt inn  Research and Technology 

1963 1964 

Advanced synchronous 

S t a b i l i z a t i o n  techniques ........ --- $1,500,000 
Propagation studies. . . . . . . . . . . . ,  --- 300,000 .......... 300.000 

s a t e l l i t e s  studies. . . . . . . . . . . .  $8,668,000 --- 
Components development --- 

Total  costs . . . . . . . . . . . . . . . . . . .  s8.668_,ooo52,100,000 

1'?65 --- 
-- - 

$500,000 

-- 300,000 
300,000 

$l,;)0,000 

I n  the  Advanced Technological S a t e l l i t e s  program t h e r e  i s  a contLnuing 
need f o r  a c t i v i t y  i n  support ing research and  technology t o  i d e n t i f y  c.lritical 
problems and long lead-time development items; t o  advance t h e  s ta te-oE-the-  
ar t ;  and t o  provide a t echn ica l  foundation f o r  advanced technological  
s a t e l l i t e s .  

Spacecraf t  components and materials i n v e s t i g a t i o n  and developmen: w i l l  
be continued. It i s  a n t i c i p a t e d  t h a t  newly i n i t i a t e d  work i n  microware and 
millimeter-wave components f o r  spacec ra f t  w i l l  advance t h e  s t a t e - o f - t h e - a r t ,  
and t h a t  i nves t iga t ions  of e x i s t i n g  components w i l l  improve r e l i i i b i l i  :y. 
The program t o  develop high-gain,  s t e e r a b l e  spacec ra f t  antenna i r i i t i a r e d  
i n  f i s c a l  year 1963 has begun t o  y i e l d  promising results and will. be  
continued i n  f i s c a l  year  1965. 

Design of r ad io  propagation experiments at  frequencies  above t e n  giga-  
cyc le s  was begun i n  f i s c a l  year  1964, and development of components nlaces- 
s a r y  t o  perform t h e  experipents  w i l l  be c a r r i e d  out  i n  f i s c a l  yecir 1965. 
This i n v e s t i g a t i o n  may extend t h e  use fu l  areas of t h e  r ad io  frequency 
spectrum. 

I n  fisca.1 year  1963 and p r i o r  yea r s ,  parametr ic  s t u d i e s  were i n i t i a t e d  
on pass ive ly  damped g rav i ty  grad ien t  a t t i t u d e  c o n t r o l  systems. 
mathematical models have been e s t ab l i shed  and computer analyses  have iDeen 
completed on seve ra l  th ree-axis  o r i e n t a t i o n  systems. 
provided the  b a s i s  from which conceptual designs f o r  use  with satell i tes i n  
in te rmedia te  a l t i t u d e  and synchronous o r b i t s  have evolved. 
1964, a major a.dvanced t echn ica l  development e f f o r t  w i l l  be i n i t i a t e d  f o r  
s t a b i l i z a t i o n .  components, such as magnetic h y s t e r e s i s  and eddy cu r ren t  
l i b r a t i o n  dampers, extendable g rav i ty  grad ien t  booms and a s soc ia t ed  c o n t r o l  
mechanisms, and. sensors .  These e f f o r t s  w i l l  be continued i n  f i s c a l  year  
1965. 
and demonst r a t  ion.  

Rigorous 

Theee s t u d i e s  have 

I n  f i s c a l  year  

This program e f f o r t  is  i n  d i r e c t  support  of planned flight: tes t  
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Advanced Technological S a t e l l i t e s  

1965 --- 1963 1964 

Spacecraf t .  ..................... --- $12,700,000 $18,4CO ,000 
Ground opera t ions  and support .  . --- 3,700,000 5,6CO ,000 ........... --- --- 5.9CO ,000 Atlas-Agena vehic le .  - 

Tota l  cosl:s., ................. --- $16,400,000 $29,9CO,OOO --- 
The ob jec t ives  of the  Advanced Technological S a t e l l i t e s  p r o j e c t  are: 

(1) t o  provicle a c a p a b i l i t y  f o r  performing var ied  s c i e n t i f i c  and techrolog- 
i c a l  experimentr; i n  t he  synchronous o r b i t  with a s i n g l e  spacec ra f t ;  ( 2 )  t o  
conduct a c a r e f u l l y  instrumented g rav i ty  grad ien t  experiment i n  a 6,500 mile  
o r b i t ;  ( 3 )  t o  develop the  technology f o r  an Earth-or iented s a t e l l i t e  i n  the  
synchronous o r b i t ;  (4) t o  i n v e s t i g a t e  i n  space a d i r ec t ed  antenna f ror  a 
sp in - s t ab i l i zed  s a t e l l i t e ;  and (5) t o  i n v e s t i g a t e  aecess  t o  a communication 
s a t e l l i t e  by nore than one p a i r  of  ground s t a t i o n s  a t  a time. This program 
represents  a r e o r i e n t a t i o n  of Advanced Syncom, reElec t ing  r e s u l t s  of s t u d i e s  
which have ind ica ted  t h a t  the  o r i g i n a l  spacecraf t  has t h e  potent ia l .  of being 
used f o r  more than j u s t  communications experiments. It can, i n  f a c t ,  be used 
fo r  many s c i e n t i f i c  and space technology inves t iga t ions .  It  i s  planned t h a t  
t h e  techncllogy accruing from t h i s  program w i l l  form an important input t o  
f u t u r e  spacecraf t  design and development i n  the  f i e l d s  of s t a b i l i z a t i o n ,  
o r i e n t a t i o n  (hot:h g rav i ty  grad ien t  and a c t i v e  systems),  s ta t ion-keeping,  
communicatiotir;I meteorology, r a d i a t i o n  damage, and poss ib ly  navig3tion. 

The advanced technological  s a t e l l i t e s  spacecraf t  w i l l  be l a rge  
s t r u c t u r e s  of the  650 pound class. It is planned t o  launch a t o t a l  of 
f i v e  spacecraf t  with f i v e  Atlas-Agena launch veh ic l e s  over a per iod of 
three  years .  
without the  use of an apogee-kick motor. This spacecraf t  w i l l  be g r a v t t y  
grad ien t  s t a b i l i z e d  and w i l l  be h ighly  instrumented as a g rav i ty  grad ien t  
technology experiment. The next two spacecraf t  w i l l  be sp in - s t ab i l i zed ,  
launched i n  a synchronous equa to r i a l  o r b i t ,  and w i l l  c a r r y  communications, 
meteorological,  r ad ia t ion  damage, and o t h e r  technological  and s c i s n t i f  Lc 
experiments su i t ed  f o r  a spinning spacecraf t .  The last  two launches 
w i l l  be devoted t o  developing technology f o r  an Earth-or iented sat.ellii:e 
i n  a synchronous equa to r i a l  o r b i t .  These s a t e l l i t e s  w i l l  a l s o  caxry 
technological  and s c i e n t i f i c  experiments s u i t e d  t o  the  Rar th-or ien ted  
spacecraf t .  

One spacecraf t  w i l l  be launched i n t o  a 6,500 m i l e  o r b i t  

The Off ice  of Space Science and Applicat ions,  National Aeronautics and 
Space Administration Headquarters, i s  respons ib le  f o r  the  o v e r a l l  mana3e- 
ment of the  Acvanced Technological S a t e l l i t e s  p ro jec t .  
p r o j e c t  management is assigned t o  Goddard Space F l igh t  Center.  
systems management f o r  the  Atlas-Agena veh ic l e  i s  assigned t o  L e w i s  Research 
Center. Major con t r ac to r s  f o r  t he  spacecraf t  have not  a s  ye t  been s e l x t e d .  

Responsibftlity f o r  
Vehicl. 
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Funding on t h i s  p ro jec t  s t a r t e d  i n  f i s c a l  year  1964 under the  Advanced 
Syncom l i n e  item of t h e  f i s c a l  year  1964 budget, and a s u b s t a n t i a l  stridy 
e f f o r t  precesded t h a t  i n  f i s c a l  years  1962 and 1963 under support ing xesearch 
and technology. F i s c a l  year  1964 funds pay f o r  t h e  r e o r i e n t a t i o n  of t h e  
p ro jec t ,  fo r  i n i t i a l  funding of t h e  6,500 m i l e  o r b i t  g r a v i t y  grad ien t  space- 
c r a f t ,  t he  synchronous o r b i t  spinning spacec ra f t ,  and f o r  procurement of 
ground s t a t i o n  equipment. 
incremental  funding of t h e  launch veh ic l e s  f o r  t h e  6,500 m i l e  and t h e  24 
hour spinning spacec ra f t ,  t o  cont inue funding the  6,500 n a u t i c a l  m i l e  and 
synchronous spacecraf t  procurements, and t o  complete procurement of ground 
s t a t i o n  equipment. 

F i s c a l  year  1965 funds w i l l  be requi red  fo.: 

It is est imated t h a t  approximately $77,000,000 i n  additional-  funding 
w i l l  be requi red  a f t e r  f i s c a l  year 1965 t o  complete t h e  e n t i r e  program 
descr ibed,  t o  provide f o r  spacec ra f t  design,  development, test, Iauncli; 
launch veh ic l e s ;  opera t iona l  support ,  and d a t a  acqu i s i t i on ,  reduct ion  , and 
ana lys i s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADVICCiED RESEARCH AND TECHNOLOGY BASIC RESEARCH PROGRAM 

PROGRAM OBJECJTIJrES AND JUSTIFICATION : 

The purpose of  t he  Basic Research program i s  t o  i n i t i a t e  and adminis ter  
fundamenta.1 research t o  ob ta in  b a s i c  knowledge f o r  our  r ap id ly  advancing tech- 
nology. 1.n oi-der t o  improve our  technologica l  knowledge and techiiiques, NASA 
w i l l  conduct bas i c  research  i n  the  phys ica l  and mathematical sciences .  Work 
i n  t h e  mec:han:isms of energy conversion i n  atoms w i l l  be h e l p f u l  i n  f ab r i ca t ing  
new gaseous and s o l i d  s t a t e  l a s e r s  f o r  use i n  space communication and t rack-  
ing ;  mathmat::ical research i s  leading toward an improvcd c a p a b i l i t y  o i  p r e -  
d i c t i n g  the  oiotion of a space vehic le ;  explora t ions  i n  plasma behavior w i l l  
provide infolmation h e l p f u l  t o  the  development of space power systems and 
e lec t r ica l  engines f o r  spacgcraf t  propulsion; and research  devoted t o  mate- 
r i a l s  w i l l  pirovide techniques t o  develop newer and l i g h t e r  ma te r i a l s  cpera t -  
ing  a t  h igher  temperatures f o r  space veh ic l e s  and supersonic  a i r c r a f t .  

SUMMARY OF RESOURCES REQUIREMENTS: 

I 

15165 -- 1963 1964 

Supporting research  and 
technology........ ......... $17,696,000 $21,000,000 $2  1,000,000 

$21,000,000 $21,000,000 --- Tota l  cl~sts.. . . . . . . . . . . . . . .  $17,696,000 

BASIS OF FUNDREQUIRENENTS: 

Supporting Research and Technolonv 

1963 1964 3 5  

Fluid physics.. ............. $6,716,000 $7,820,000 $7,800,000 
Electrophysics...  ........... 3,160,000 3,960,000 4,000,000 
Materials........... ........ 7,080,000 8,020,000 t~,000,000 ....... 1,200.000 - :L.200&oJ Applied mathematics.. 740,000 

Total  costs. .  ............. $17,696,000 $21,000,000 ~L,000,000 --- 
Fluid  Physics 

F lu id  physics  research  provides a fundamental understanding of t he  flow 
processes, of  l i q u i d  and gas mixtures  involved i n  a i r c r a f t ,  spacec ra f t ,  and 
advanced propul!sion systems. This research i s  concerned with t h e  flow of 
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gases a t  very high temperatures (up t o  40,000° Fahrenheit  i n  the  case of 
spacecraf t  entr:y). A t  these  temperatures,  gas mixtures  a r e  composed riot only 
of e l e c t r i c a l l y - n e u t r a l  molecules, but  a l s o  of atoms, ions  and e l ec t rons  with 
varying c h a r i ~ c t e r i s t i c s  and acce lera ted  chemical reac t ions .  Thus, theore-  
t i c a l  work i n  f l u i d  physics c u t s  across  conventional d i sc ip l ina ry  linc!s of 
f l u i d  mechanics, chemistry and physics,  and experimentally r equ i r e s  tlie use 
o f  advanced laboratory f a c i l i t i e s  and instruinentation techniques f o r  In-0- 
ducing and measuring high speed and high temperature phenomena. A s  i n  most 
bas ic  resear:h e f f o r t s ,  the  work i s  performed on a continuing basis  oirer a 
time span of 'nany years. 

Examples o f  some of t h e  p ro jec t s  and the  p a r t i c u l a r  emphasis to  bt! 
given t o  them in f i s c a l  year  1965 inc lude :  t he  measurement of rad:.ation 
c h a r a c t e r i s t i c s ,  and the  hea t ,  viscous,  and e l e c t r i c a l  conduc t iv i t i e s  and 
chemic31 r eac t ion  r a t e s  of p lane tary  gas mixtures  a t  temperatures up i:o 
40,000 Fahrenheit;  t he  experimental measurement of convective and r ad ian t  
hea t  t r a n s f e r  on spacecraf t  nose shapes f o r  Earth,  Venus and Mars en t ry ,  and 
the  assessment of the  e f f e c t s  of a b l a t i o n  products on conventive and r ad ian t  
heat  t r a n s f e r ;  app l i ca t ion  of  f l u i d  physics p r inc ip l e s  to  understand the  
mechanism of combustion i n s t a b i l i t y  of l i q u i d  f u e l  rocket  engines;  t h c  
development of t he  physics o f  acce le ra t ing  and dece le ra t ing  ionized gas 
flows by means of magnetic and e l e c t r i c  f i e l d s ;  and t h e  extensior.  of lmow- 
ledge of flow reac t ions  a t  very low gas dens i t i e s .  

Electrophysics  

Electrophysics includes experimental  and t h e o r e t i c a l  i nves t iga t ion  i n t o  
the  reac t ions  of e l ec t ron ic ,  atomic and nuclear  s t a t e s  of s o l i d s ,  l i qu ids  
and gases which a r e  inf luenced by the  s t a t i c  o r  dynamic forces  or grayiita- 
t i o n a l ,  nuclear ,  magnetic and e l e c t r i c  f i e l d s .  Information from t h i s  r e -  
search i s  genera l ly  app l i cab le  t o  engineering advances i n  such f i e l d s  a s  
space power, r a d i a t i o n  e f f e c t s  and e l e c t r o n i c  communications. 

Research i s  underway t o  determine and expla in  the  mechanisms of energy 
t r a n s f e r  i n  the  atomic l e v e l s  of s o l i d s  and gases. This w i l l  lead t o  new 
sources f o r  t he  s t imulated emission of coherent electromagnetic waves' 
( l a s e r s )  i n  the  region from gamma ray  t o  mi l l imeter  wavelengths. 
sources may be appl icable  t o  e l e c t r o n i c  communication and navigat ion Eor 
spacecraf t .  

Suc l i~s igna l  

Theore t ica l  and experimental  superconduct ivi ty  research  w i l l  f i nd  ways 
t o  increase  the  c r i t i c a l  temperature and magnetic f i e l d  s t r eng th  of super- 
conductors. 
magnetic f i e l d s  which may conceivably be used t o  s h i e l d  Spacecraft  from 
undesired s o l a r  p a r t i c l e  r ad ia t ion .  

Superconducting c o i l s  o f f e r  a super ior  method f o r  ob ta in ing  

Inves t iga t ion  i s  underway t o  reduce t h e  energy losses  i n  superconlhct ing 
f i e l d s  which would make them p a r t i c u l a r i l y  a t t r a c t i v e  f o r  use wit:h gy'roscope 
ro tors .  I f  t he  losses  can be reduced t o  an acceptable  l eve l ,  then a new 
engineering technique w i l l  be a v a i l a b l e  f o r  f u r t h e r  work on an iniprowd 
gyroscope f o r  spacecraf t  guidance. 
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Also, experimental  r e sea rch  is being conducted on t h e  f i s s i o n - e l e c t r i c  
cell.  This  new technique,  i f  successfu l ,  w i l l  use  t h e  neutron f l u x  of a 
f i s s i o n  r eac to r  t o  i n i t i a t e  a c t i o n  of t h e  f i s s i o n - e l e c t r i c  ce l l  thereby 
d i r e c t l y  prochicing electric power. 
phenomena, cu r ren t  leakage, secondary e l e c t r o n  con t ro l  and design and 
f a b r i c a t i o n  of labora tory  u n i t s .  

The work inc ludes  high vol tage  breakdown 

For f i s c a l  year 1965, bas i c  research  w i l l  be continued on the  mecha- 
nisms of energy t r a n s f e r  i n  atoms of s o l i d s  and gases ,  on t h e  r e a c t i o r .  
between ionized gases and magnetic f i e l d s ,  and on superconduct ivi ty  tkeory 
and p rac t i ce , ,  

Materials 

Space vc!liicles and high speed a i r c r a f t  r e q u i r e  super ior  l ight-wej gh t  

This  program supports  i n t eg ra t ed  b a s i c  research  and 
materials rer;:Lstant t o  h e a t ,  stresses, cor ros ion ,  e ros ion ,  r a d i a t i o n s ,  and 
t h e  vacuwi of space. 
t echnologica l  developments i n  materials t o  help meet the  demand. 

Basic: mci1:ei:ials r e sea rch  involves  t h e  s tudy of t h e  chemistry and physics  
of s o l i d s  and the  na tu re  and behavior of metals, ceramics,  and polymer 8 .  

Research and development of new production processes  and forming and io in ing  
techniques ai:(? requi red  fo r  t h e  t r a n s l a t i o n  of bas i c  and appl ied  resesrch  
t o  reproducib' le and economical engineer ing materials. 

I n  f i s c a l  year 1965 a vigorous m a t e r i a l s  program ranging from the, 
s t u d i e s  of fundtunental c h a r a c t e r i s t i c s  t o  advaneed technology w i l l  be 
pursued arid t;hould r e s u l t  i n  a l l o y s ,  ceramics, and polymers b e t t e r  a b l e  t o  
perform requi red  funct ions i n  space veh ic l e s .  P a r t i c u l a r  emphasis w i l l  be 
placed: on griiiiing an understanding of t he  behavior of materials i n  t h e  
space envLro~llneiit, p a r t i c u l a r l y  looking f o r  t h e  s y n e r g i s t i c  e f f e c t s  
produced by t h e  d i f f e r e n t  components of t h a t  environment; and on t h e  NASA 
polymer chemli13ti:y research  program t o  y i e l d  polymers capable of desirci.ble 
s t ructural  p w p e r t i e s  a t  low temperatures,  super ior  polymers capable i'or use 
as adhesives  In honeycombs and laminates and as binder i n  p a i n t s ,  elar,tomers 
for  use as; e:Lijlsi:.ic s t r u c t u r e  a t  low temperature,  and polymers which appear 
u s e f u l  fo r  e l e c t r o n i c  app l i ca t ion .  

Applied Mathematics 

Work i n  appl ied mathematics includes research  i n  mathematical techniques 
necessary o r  .relevant f o r  a p p l i c a t i o n  t o  ae ronau t i c  and space problemti i n  
sc ience  01: en,@ieering. 
poss ib le  for -capid and economic cons idera t ion  of condi t ions not  y e t  achieved. 

A mathematical approach is  sometimes the  only one 

I n  f i s c a l  :year 1965 t h e  appl ied mathematics program w i l l  sponsor 
c o n t r a c t s  o r  :giants fo r  i n v e s t i g a t i o n s  i n  aerodynamic mathematics for  
p red ic t ing  vc?liicle motions wi th in  p l ane ta ry  atmospheres; fo r  mathemat:.cal 
work seeking t h e o r e t i c a l  s o l u t i o n s  t o  problems connected with rocke t  
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propulsion; and f o r  research  on c o n t r o l  of motion and a t t i t u d e  of veh ic l e s  
i n  o r b i t .  Research i s  a l s o  planned i n  t h e  areas of new procedures f o r  
improvement of o r b i t  p r e d i c t i o n ,  and a b s t r a c t  numerical ana lyses  aimej a t  
more e f f i c i e n t  e x p l o i t a t i o n  of  expensive computing f a c i l i t i e s .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF A D V k E E D  RESEARCH AND TECHNOLOGY SPACE VEHICLE SYSTEMS PROGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The ob jec t ives  o f  t h e  Space Vehicle Systems program are  t o  :.dentLfy 
and so lve  c r i t i c a l  t echn ica l  problems bear ing on present  genera t ion  space 
veh ic l e s ,  and t o  advance the  s ta te -  of - the-ar t  t o  enable  t h e  development o f  
more advanced space vehic les .  

The space v e h i c l e  r ep resen t s  a system of  enormous complexity i n  which 
t h e  major e l enen t s  m u s t  be brought toge ther  and in t eg ra t ed  i n  such a way as 
t o  in su re  rel . ia€)le and e f f i c i e n t  performance. The space veh ic l e  research 
and technology program r e f l e c t s  the  broad scope of  mission and opera t iona l  
requirements,  

Comprehenrsive knowledge must be obtained on atmospheric winds ar.d turbu- 
lence ,  aei:odyiiarnic forces  and moments bu f fe t ing  and f l u t t e r ,  aerodynandc 
hea t ing  of t he  veh ic l e  during a scen t ,  and hea t ing  of  t h e  base and af terbody 
due t o  the  h:i:zh-temperature exhaust.  The refinement of s t r u c t u r a l  design 
r equ i r e s  knowleldge of t h e  dynamic behavior of  t h e  l a rge ,  h ighly  strestied and 
f l e x i b l e  veh ic l e s  and r equ i r e s  f u r t h e r  evolu t ion  and development of  nf!w and 
advanced s t r u c t u r a l  materials and p r i n c i p l e s  of  s t r u c t u r a l  des igr .  

Comprehensive knowledge of  t he  space environment i s  requi red .  N A S A  w i l l  
high-energy charged p a r t i c l e  r a d i a t i o n s  and the i n t e r a c t i o n s  of  the  study: 

r a d i a t i o n  with matter and new means of  sh i e ld ing ;  t h e  d i s t r i b u t i o n  and 
populat ion of hazardous p a r t i c l e s ,  and t h e  phenomena of hyperveloci t y  i m p a c t  
and pene t r a t ion ,  and means f o r  p ro tec t ion  of  spacec ra f t  from pene t r a t ion ;  
t he  high vacuum of  space; thermal r a d i a t i o n  from t h e  sun; weight1.essnsss which 
in f luences  t h e  behavior and con t ro l  of p rope l l an t s  and o t h e r  f2uids;  snd 
t h e  con t ro l  c f  spacec ra f t  temperatures.  

Atmosphere en t ry  and s o f t  landing of unmanned and manned sp,acecraf t  pose 
cont inuing veh ic l e  design problems. A broad research  program i n  t h e  areas 
of aerothermodynamics, f l u i d  physics ,  s t r u c t u r e s  and ma te r i a l s  i s  required 
t o  produce bas i c  understanding of high-temperature gas p r o p e r t i e s ,  flow 
f i e l d s ,  dist.i:ibution of r a d i a t i v e  and convective hea t ing ,  s t a b i l i t y  and 
c o n t r o l ,  abI.ative materials and thermal p ro tec t ion  systems, and high-tempera- 
t u r e  structuiral. design.  

To guide t h e  o v e r a l l  program of  t h e o r e t i c a l  and experimental  r c  search ,  
cont inuing s t u d i e s  are being conducted o f  advanced space missions anc vehicle! 
concepts.  ?flie:se s t u d i e s  have the  s p e c i f i c  ob jec t ives  of a s ses s ing  ncmw missions 
o r  flight: opc~riptions, providing i d e a s  and innovat ion i n  space veh ic l e  concept:s, 
and i d e n t i f y i n g  t echn ica l  problems r equ i r ing  long-lead-time research .  

Q 
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Research w i l l  a l s o  be continued on t h e  aerothermochemical p r o p e r t i e s  o f  
a i r  and various p red ic t ed  atmospheres o f  Mars and Venus a t  t h e  very h i g i  
temperatures a s scc i a t ed  wi th  e n t r y  f l i g h t .  More r e f ined  theo re t i  ca'' and ex- 
perimental  research  on r een t ry  hea t ing  w i l l  be continued i n  f i s c a l  year 1965, 
p a r t i c u l a r l y  for t h e  very  high speeds a s soc ia t ed  wi th  Ear th  r een t ry  upon re- 
t u r n  from i n t e r p l a n e t a r y  f l i g h t  where t h e  r a d i a t i v e  hea t ing  become:: increas-  
i n g l y  important: . 

Recent research  has  shown t h a t  zero- o r  l o w - l i f t  spacec ra f t  con f i lp ra -  

It is d i f f i c u l t  t o  maiiitain 
t i o n s  can be achieved t o  reduce t h e  h o t  gas r a d i a t i v e  and t o t a l  heatini; a t  
very  high e n t r y  speeds (25,000 t o  45,000 mph). 
i n  t h e  ho t  environment t h e  r e l a t i v e l y  sharp  nose r equ i r ed  on these  conEigura- 
t i o n s .  Sane promising techniques w i l l  be s tud ied  f u r t h e r  i n  f i s c a l  year 1965. 

Signi.fican1: progress  was made i n  t h e  p a s t  year  t o  improve t h e  aerodynamic 
performance, s t a b i l i t y ,  c o n t r o l  and genera l  f l y ing  c h a r a c t e r i s t j  cs of  advanced 
" l i f t i n g  body" type spacec ra f t  throughout t h e  speed range from r e e n t r y  t o  
landing. Such spacec ra f t  o f  f e r  considerably improved maneuverabil i t y  during 
r een t ry  flight: and approach t o  landing compared t o  spacec ra f t  o f  t h e  Apollo 
and Gemini types. These spacec ra f t  a l s o  permit ho r i zon ta l  landing muck l i k e  
t h e  X-15. Sorne weight p e n a l t i e s  f o r  t hese  d e s i r a b l e  f e a t u r e s  and a moxe 
d i f f i c u l t  prol>Lern of a s su r ing  adequate r e e n t r y  hea t  p r o t e c t i o n  are impc sed. 
The hea t ing  is  aggravated by complex flow phenomena f o r  t hese  configure t i o n s  
with canopies,  aerodynamic c o n t r o l  su r f aces  and o t h e r  protuberances t h z t  a r e  
only p a r t i a l l y  understood. 
continue t o  be an important p a r t  o f  t h i s  work. A l s o ,  research  w i l l  be con- 
t inued on emergency landing and abor t  f l i g h t  problems f o r  t h i s  c l a s s  oY 
vehi c 1 e. 

Research on t h e  hea t ing  and aerodynamics w i l l  

Last  year  evidence ind ica t ed  t h e  hea t ing  of a probe i n  a Venus atmosphere 
a t  speeds above 20,000 miles per  hour may be less than previous ly  ind ica ted .  
This  w i l l  be examined i n  g r e a t e r  d e t a i l  i n  f i s c a l  year  1965. 
on the  composition o f  t h e  Mars atmosphere has a l s o  changed t h e  views 011 a 
probe shape s u i t a b l e  f o r  Mars e n t r y  f l i g h t .  Such a probe shape w i l l  have 
g r e a t e r  aerodynamic hea t ing  and s t a b i l i t y  problems than previous ly  expected 
and w i l l  r e q u i r e  cons iderable  research  i n  o rde r  t o  provide adequate da1:a on 
hea t  p r o t e c t i o n  and c o n t r o l  during en t ry .  

New evidence 

I n  f i s c a l  year  1965 research  on landing and recovery a i d s  f o r  b a - l i s t i c  
type spacec ra f t  w i l l  concent ra te  on aerodynamic and depl-oyment problem:; o f  
s t e e r a b l e  parachutes,  pa rag l ide r s ,  aerodynamic dece le ra to r s ,  r o t o r s ,  r e t r o -  
rocke t s  and combinations o f  such devices.  

Spacecraft  Loads 

The prog,ram provides t h e  technology f o r  improved and r e l i a b l e  s t  ruc tura l  
performance o f  f l i g h t  veh ic l e s .  The t rend  toward more thorough ground l lua l i f i -  
cat ion is a d i rec t  consequence of  more s t r i n g e n t  mission requirements involv- 
i n g  performance improvement and longer opera t ing  t i m e s .  Applied research t o  
a s su re  the  t imely a c q u i s i t i o n  of  appropr i a t e  a n a l y t i c a l  methods and ex3erimental 
f a c i l i t i e s  w i l l  be continued. 
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Work wi:L 1 cont inue on obta in ing  research  information f o r  t he  design of 
thermal p ro tec t ion  systems f o r  spacec ra f t  atmospheric entry.  Current e f f o r t  
i s  d i r ec t ed  i:IDWiard r e t a i n i n g  the  high thermal e f f i c i e n c y  of a b l a t i n g  n a t e r -  
i a l s ,  while  iinproving t h e i r  s t r u c t u r a l  p rope r t i e s  t o  an acceptab le  leve l .  

Research w i l l  be continued on the  s t r u c t u r a l  advantages of compo2,ite 
mater ia ls . ,  IPilament re inforced  composites e x h i b i t  super ior  s t r eng th  c:harac- 
t e r i s t i c s  antl appear t o  be p a r t i c u l a r l y  advantageous f o r  t he  containmgmt of 
cryogenic f l u i d s  such as l i q u i d  hydrogen. The major problem l i m i t i n g  t h e i r  
immediate use cen te r s  about mechanical compat ib i l i ty  of l i n e r  materia:.s. 
Primary e.Efort is d i r ec t ed  toward providing an acceptable  so lu t ion  t o  the  
l i n e r  problem. Addit ional  research ob jec t ives  i n  spacec ra f t  loads antl 
s t r u c t u r e s  a.re concerned with environmental v ib ra t ions ,  a n a l y t i c a l  me1:hods 
and landing impact. 

Launch Vehicle Aerothermodynamics 

This research e f f o r t  i s  aimed a t  t h e  s o l u t i o n  of aerodynamic and thermo- 
dynamic problems of c u r r e n t l y  approved launch veh ic l e s  and provides the  nec- 
e s sa ry  body of technological  knowledge t h a t  w i l l  be requi red  f o r  t h e  tlevelop- 
ment of the  inore h ighly  advanced launch veh ic l e s  of the  fu ture .  The research  
e f f o r t  i n  f i s c a l  year  1965 w i l l  placeemphasis on launch veh ic l e  hea t ing  
during f l i g h t  with p a r t i c u l a r  re ference  t o  the  e f f e c t  of nozzle  clustering on 
base hea t ing ,  improved experimental  methods f o r  the  labora tory  invest: .gation 
of base hea t ing ,  and measurements of t he  r a d i a t i v e  hea t ing  component clue t o  
tbe  incandescent rocke t  exhaust plumes. Research w i l l  a l s o  cont inue on t ra -  
j e c t o r i e s  and s tag ing;  launch veh ic l e  s t a t i c  and dynamic s t a b i l i t y ;  veh ic l e  
aerodynamic forces ;  loads,  and flow phenomena; and hinge moments on g:.mballed 
rocke t  nozzles  . 

Reseisrcln w i l l  a l s o  be continued on l a rge  rocket  engine noise.  Tliis w i l l  
include a n a l y t i c a l  and experimental  s t u d i e s  on the  generat ion,  propagiltion, 
and e f f e c t s  (of noise  under a v a r i e t y  of opera t ing  condi t ions.  This rii- 

search w i l l  include s t u d i e s  of aerodynamic noise  genera t ion  by bounda::y 
l aye r s ,  wakes, and separa ted  flow, and absorp t ion  of  low frequency a c o u s t i c  
energy i n  atmospheres. With p a r t i c u l a r  re ference  t o  the  advanced veh i c l e s  
of the  fu tu re ,  emphasis w i l l  be placed on the  aerothermodynamic problems of 
new and d i f f e r e n t  launch veh ic l e  concepts capable of  recovery arid re-use. 

Launch Vehicle Loads and S t ruc tu res  

This NASA e f f o r t  i s  d i r ec t ed  toward increas ing  the  e f f i c i e n c y  ani1 r e l i a -  
b i l i t y  of launch veh ic l e  s t r u c t u r e s ,  through a b e t t e r  understanding of the  
loads imposed on the  veh ic l e  by atmospheric winds and b u f f e t  loads,  and by 
s t r i v i n g  f o r  l i g h t e r  s t r u c t u r e s  capable of withstanding these  loads. One of 
the  s i g n i f i c a n t  accomplishments during f i s c a l  year  1964 w a s  t h e  advan1:e made 
i n  dynamic modeling technology a t t e s t e d  t o  by t h e  exce l l en t  correl .a t ion of 
t he  115-scale Saturn I v i b r a t i o n  da ta  with the  f u l l - s c a l e  test data .  The 
present  l eve l  of e f f o r t  w i l l  cont inue i n  most areas of s t r u c t u r e s  resl2arch 
i n  f i s c a l  year  1965 with an acce le ra t ed  e f f o r t  i n  a few areas. 
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I n  t h i s  regard,  s t u d i e s  of  l a r g e  launch v e h i c l e  s t r u c t u r a l  configura- 
t i o n s  w i l l  b e  matie where novel design app l i ca t ions ,  such as the  use of s e m i -  
t o r o i d a l  tanks ,  w i l l  permit  s h o r t e r  veh ic l e s  with improved s t r eng th  anc 
r i g i d i t y  c h a r a c t e r i s t i c s .  
f u e l  temperature13 with no leakage and low hea t  t r a n s f e r ,  a d e t a i l e d  in\pesti- 
ga t ion  of new materials and t h e i r  a p p l i c a t i o n  t o  l ightweight  tanks,  l i n e r s  , 
and i n s u l a t i o n  w i l l  be conducted. 
a d d i t i o n a l  iq ' e tus .  
s t r u c t u r e s  t o  .winds and o t h e r  loads w i l l  c w t i n u e  t o  be s tud ied .  The jncreased 
use of models t o  a i d  these  inves t iga t ions  w i l l  a l s o  be s tudied.  

I n  o rde r  t o  provide adequate containment of low 

The p r e d i c t i o n  of  design loads w i l l  receive 
Methods f o r  t he  p red ic t ion  of t h e  dynamic response of  

Space Vehicle Environmental Factors  

This  e f f o r t  concerns environments encountered beyond the  atmosphere 
t h a t  are important to  space v e h i c l e  design, and the  e f f e c t s  of t hese  environ- 
mental. f a c t o r s  on space vehic les .  
space r a d i a t i c n  e f f e c t s  and sh ie ld ing ,  meteoroid environment and impact hazard,, 
zero g r a v i t y  f l u i d  behavior ,  high-vacuum technology, and thermal r a d i a t i o n  
and temperature con t ro l .  

The f i v e  P r i n c i p l e  areas are high-eiergy 

I n  t h e  kigh-energy r a d i a t i o n  and sh ie ld ing  area, one of t he  major effort: ;  
i s  t h e  t r anspor t  of charged p a r t i c l e  r a d i a t i o n  through matter. 
y i e ld ing  t h e o r e t i c a l  estimates of e l e c t r o n  pene t r a t ion  w i l l  be continued with 
experimental v e r i f i c a t i o n  being obtained f o r  the  t h e o r e t i c a l  r e s u l t s .  A 
long-range program, now i n  i t s  second year ,  f o r  s tudy of t he  i n t e r a c t i o n  of 
protons with matter w i l l  continue.  S tudies  of e lectromagnet ic  sh i e ld ing  con- 
cep t s  w i l l  be continued as a p o t e n t i a l l y  l i g h t e r  weight,  more e f f e c t i v e  means 
of shielcling,, 
two kinds of research e f f o r t  a r e  being undertaken. One w i l l  provide engineer- 
ing  da ta  f o r  irmnediate design use i n  r a d i a t i o n  e f f e c t s  on s p e c i f i c  ccmponents. 
Another e f f o r t  of a more bas i c  na tu re  w i l l  provide a b e t t e r  understarding of 
the  underlying mechanisms of r a d i a t i o n  damage. 

A program 

I n  the  area of r a d i a t i o n  e f f e c t s  on components and systems, 

The problem o f  def in ing  t h e  meteoroid hazard t o  spacec ra f t  is one of  
both immediate $and long-range importance. 
hence increased time of  exposure t o  t h e  hazard,  t h e  danger from t h i s  m u r c e  
inc reases ,  
conclusion of  t h e  successfu l  Explorer XVI sa t e l l i t e  experiment i n  which the  
f i r s t  d i r e c t  meteoroid pene t r a t ion  measurements were made. The exper-.ment mairkcad 
t h e  real beginning of  a series of s a t e l l i t e  experiments,  discussed under f l i g h t  
pro jec ts ,  whose ob jec t ive  i s  t o  e l imina te  i n s o f a r  as poss ib l e  the  la rge  un- 
c e r t a i n t y  t h a t  p re sen t ly  e x i s t s  with regard t o  t h e  populat ion ancl pene t ra t ing  
power of  hazardous meteoroids. I n  add i t ion  t o  t h e  f l i g h t  experiments,  t he  
r a d i o  meteor p r o j e c t  w i l l  be continued i n  which meteors are observed ind t h e i r  
p r o p e r t i e s  measured by r a d i o  r e f l e c t i o n  techniques as they e n t e r  the  Zarth 's  
atmosphere t o  determine t h e i r  phys ica l  c h a r a c t e r i s t i c s  as w e l l  an t h e i r  d i s -  
t r i b u t i o n  i n  space and t i m e .  To proper ly  assess t h e  hazard from any ziven 
meteoroid d i s t r i b u t i o n ,  t h e  phenomena a s soc ia t ed  with high-veloci-ty inpact  muwt 
be understooc. Theore t ica l  impact s t u d i e s  and labora tory  experirnenhs using the 
b e s t  a v a i l a b l e  p a r t i c l e  a c c e l e r a t i o n  techniques wfT7 be continued. I n  add i t ion ,  
s eve ra l  apprciaches t o  t h e  problem of obta in ing  t h e  y e t  una t ta ined  t r u e  rneteoroj 3 
v e l o c i t i e s  arid masses i n  the  labora tory  w i l l  cont inue under development. 

With increased  m i s s i o n  dura t ion  ancl 

IYaj'or research progress  was made during t h e  p a s t  year with the  
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Some two years  of comprehensive experimental r e sea rch ,  us ing  a modest 
s i zed  drop towm f a c i l i t y ,  has r e c e n t l y  been completed. 
w i l l  be on research  on t h e  dynamics of  Fluid motion under small a c c e l e r a t i o n s  
(near-weightlessness) i n  f l i g h t  experiments and i n  a v a i l a b l e  drop tawer 
f a c i l i t i e s .  

Major c u r t e n t  emphasis 

The pro@;i:ani i n  t h e  vacuum area w i l l  be p r imar i ly  concerned with t h e  
advancement of techniques f o r  producing b e t t e r  vacuums i n  the  labora tory  and 
f o r  measuring these  vacuums with p rec i s ion .  

An inipor:l:arit problem i n  the  design of  spacec ra f t  i s  maintaining temper-  
a tures  i n  t:he des i r ed  range. Research on a c t i v e  temperature control  systems 
( i . e .  those i n  which the  thermal c h a r a c t e r i s t i c s  o f  a v e h i c l e  a re  varied 
during a mi.ssl.on:l w i l l  be continued, as w e l l  as f u r t h e r  devel.opment of  improved 
pass ive  s y s t e m  which w i l l  not degrade i n  e f f e c t i v e n e s s  during extendec space 
f l i g h t  f o r  long times t o  t h e  space environment. So la r  r a d i a t i o n  desigr s t u d i e s  
w i l l  be continued t o  develop improved l i g h t  sources ,  b e t t e r  techniques f o r  
c a l i b r a t i o n ,  jmp:coved o p t i c s  and t h e  p o s s i b l e  use of thermal s c a l e  mode l i n g .  

Advanced Space Vehicle Concepts 

This  e f  Eort involves the  study and a n a l y s i s  of advanced missions,  
s p a c e c r a f t ,  a n i  launch v e h i c l e s  beyond p r e s e n t l y  approved p r o j e c t s .  Pi.incipa1 
o b j e c t i v e s  a r e  t o  understand problems a s soc ia t ed  wi th  advanced missfonii; t o  
assist i n  guidlnp t h e  o v e r a l l  research  e f f o r t s  of  t h e  Of f i ce  of  Advanced 
Research and Tachnology by t h e  i d e n t i f i c a t i o n  of  c r i t i c a l  and long-lead-time 
problem areas;  and t o  provide fo r  t h e  innovat ion  and invent ion  of new concepts 
and veh ic l e s .  

In  f i s c a l  year 1964, research e f f o r t s  i d e n t i f i e d  research  requircments 
and provided concepts i n  support  o f  manned o r b i t a l  l abora tory  and manntid and 
unmanned p lane ta ry  missions.  Consideration w a s  also given t o  t h e  p o t e r i t i  a1 
and problems of advanced nuclear and n u c l e a r - e l e c t r i c  vehic1.e systems. 

Space Vehicle Design Criter ia  

This e f f o r t  i s  d i r e c t e d  toward t h e  improvement of  fu tu re  NASA space 
veh ic l e s  by  providing t h e  des igners  with a b a s i c  and uniform set  o f  coiiditions 
f o r  use i n  designing launch veh ic l e s ,  s p a c e c r a f t ,  and e n t r y  and landinl: 
v e h i c l e s ,  *as well as i n t e g r a t e d  space veh ic l e s .  F i s c a l  year  1965 fund:; w i l l  
continue t h i s  e f f o r t .  

A number of  i nd iv idua l  c r i t e r i a  monographs dea l ing  with spec:i f i c  design 
top ic s  are now i n  p repa ra t ion  a t  NASA Centers ,  some of which should be 
published i n  calendar year 1964. These w i l l  be coordinated with o t h e r  Federal 
departments a n d  with indus t ry  t o  ob ta in  wide acceptance of  t h e  c r i t e r i , i  and 
t o  a i d  t h e  u l t ima te  development of  n a t i o n a l  c r i t e r i a  f o r  designing spal-e 
vehic les .  
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F L I G H T  PROJEC,TS 

F1igh.t experiments are used when ground f a c i l i t i e s  cannot provide 
adequate s imu:.at:ion of t h e  space environment, when information about t h e  
na tu re  of t h e  space environment i s  important t o  space des ign ,  o r  when d a t a  
i s  needed t o  c o r r e l a t e  o r  v a l i d a t e  important r e s u l t s  from ground f a c i l i t i e s .  

Scout Reentry Heatinp Experiments 

1965 
----e 

1963 1964 

Spacecraf t  anti support  s e r v i c e s . .  . $1,383,000 $500,000 $1 ,COO,OOO 
Launch veh ic l e s .  ............ ,, ..... --- 1,000,000 1 ,coo,ooo 

Tota l  co:il:s, .............. ., ..... $1,383,000 $1 ,5 00 ,000 $2 , C 00,O 00 -- 
These te.;to measure t h e  performance of promising hea t  s h i e l d  m a t e  r i a l t i .  

Ground fac:il:L(:ies provide only p a r t i a l  s imula t ion  of t he  hea t ing  enviiorunerit 
f o r  bodies en:.e:cing t h e  atmosphere a t  v e l o c i t i e s  h igher  than ICBM :;peed:;. 
The ob jec t ive  oE t he  Scout r een t ry  experiments i s  t o  ob ta in  da t a  on heat: 
s h i e l d  mat:erLsl:; under f l i g h t  condi t ions  a t  en t ry  speeds of 28,000 f e e t  per  
second and h:Lgher I 

f o r  ob ta in ing  hea t ing  da ta  a t  high en t ry  v e l o c i t i e s  but  d id  not achieLe the  
expected v e l o z i t y  because of d i f f i c u l t i e s  wi th  t h e  launch veh ic l e .  

Early experiments developed and demonstrated the t.echn Lques 

Beginning with t h e  second f l i g h t  planned i n  calendar  year  1964, l irovi-  
s ions  f o r  rec3vl2ry w i l l  be incorporated i n  t h e  Scout en t ry  experiments. The 
funds requested f o r  f i s c a l  year  1965 w i l l  provide f o r  one experivent .In this 
s e r i c s .  

FIRE - 
1964 1965 --__ _____._ 

1963 

Spacecraf: and support  s e rv i ces . .  $ 9,912,000 $ 6,470,000 -? 1 890,000 
............. Launch vehic le . . . . . .  4,000,000 1,530,000 -A- 1 110,000 

Tota l  c3s t s .  .................. $13,912,000 $ 8,000,000 q? 3 ,000 ,000  
--- , - -  

The ob j ?c t i v e  of  t h i s  p r o j e c t  i s  t o  i n v e s t i g a t e  the  heat ing cznvi ronment 
and e f f e c t s  
a t  37,000 f e e t  per second. Tlie f l i g h t  tests wi l l  provide c r i t i c a l  anchor 
po in t s  f o r  v a l j d a t i n g  r e s u l t s  from laboratory t e s t  f a c i l  i t i e s  and wi 1 1  provide 
guidance f o r  applying experimental and theo re t i  cal reent ry  da ta  gener: ted b y  
labora tory  research.  The pro.ject provides two f l i g h t  a r t i c l e s  a n d  a F r o t o t y p e  
spacecraft:. 

around a b lunt  Apollo-shaped veh ic l e  during an actual  reemtry 

F i s c a l  'year 1965 funds provide f o r  changes i n  the  second f l i g h t  space- 
c r a f t  ari  sing; f:rom r e s u l t s  of  1:he f i r s t  f l i g h t  and check-out , 1 a u n c h ,  da t a  
reduction,,  arid repor t ing  of  r c s u l  ts .  
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Saturn-Launched Meteoroid Experiments 

1965 .- 1963 1964 

Spacecraift and support .  ....... $ 3,940.000 $ 8,000,000 ..$ 2,600,000 

Total. cot3 t I;. ............... $ 3,940.000 $ 8.000.000 ,.$ 2,600,000 .- 

The expc!irirnents t o  be launched on development Saturn vehi cl es w i l l  expose! 
an  area almost: 100 times t h a t  of t he  Scout-launched experiments t o  meteoroid 
pene t r a t ion .  
metal surfacer; a13 th i ck  as 0.015 inches ,  approaching nominal veh ic l e  w ~ l l  
th icknesses  used in p r o p e l l a n t  tanks fo r  Apollo and o t h e r  p r o j e c t s .  

‘Ch:is w i l l  permit measurements of t h e  frequency of  penetrs t i o n  o f  

Small Space Vehicle F l igh t  Experiments 

1963 1964 

Behavior and handling of  cryo- 
genic  p r o p e l l a n t s  a t  zero  G . .  $ 719,000 $ 1,050,000 

535,000 750,000 
Wind shear  neasurements.. ....... 113,000 200,000 

Reentry de t ec t ion . . . . . . . . . . . . . . .  84,000 200,000 
Meteoroid pene t r a t ion  probe ..... 273,000 100,000 

Me t eo r is i m u  1 a t  ion .  .............. 

Secondary environmental exper i - .  
merits........................ --- 500,000 

Total. c o s t s . . . . . . . . . . . . . . . . . .  $ 1,724,000 $ 2.800.000 

1965 __. 

$ 040,000 
:100,000 
~ i 1 0 , O O O  
:.50,000 --- 

1.400,000 

$ 3 ~ ) 0 0 , 0 0 0  
_I 

This p r o j e c t  provides a number of 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 roc!cets t o  v e r i f y  r e s u l t s  obtained i n  ground f a c i l i  Lies, 
and t o  i n v e s t i g a t e  problems which can only be s tud ied  under actual. spa-e 
environmental condi t ions .  Current o b j e c t i v e s  include: s t u d i e s  of t h e  be- 
havior  and handling of  cryogenic p r o p e l l a n t s  ( l i q u i d  hydrogen) and t h e i r  
a s soc ia t ed  systems i n  the  zero g r a v i t y  and near-zero g r a v i t y  condi t ion ;  
measurements of wind shear  p r o f i l e s  i n  t h e  v i c i n i t y  of major-roc’cet Zamching 
bases ;  s imula t ion  of meteors by f i r i n g  p e l l e t s  of  known size i n t o  t h e  stmo- 
sphere from r e e n t r y  rocke t s  t o  provide a b a s i s  f o r  deducing the  s - z e  of photo- 
graphical l y  observed n a t u r a l  meteors; measurement of r ada r  c r o s s - s e c t i ~ n  of  
r een te r ing  o b j e c t s  as a f f e c t e d  by t h e  ion ized  a i r  surrounding the  ob jec t ;  and 
secondary experiments, flown on launch veh ic l e s  funded elsewhere, to  e s t a b l i s h  
t h e  e f f e c t s  of’ t h e  space environment on t h e  physical. c h a r a c t e r i s t - c s  of a 
w i d e  v a r i e t y  cif spacec ra f t  materials. 

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

1965 
Y 

1963 1964 

--- $ 900,000 $ 1,900,000 - F l i g h t  vehl: c1.e & support s e rv i ces . .  $ 
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Present  niarined spacecraf t  are of t h e  blunt-body, b a l l i s t i c  o r  serri- 
b a l l i s t i c  type cfMercury, Gemini and Apollo),  capable  of coping with en t ry  
hea t ing  a t  speeds as high as lunar  r e t u r n  v e l o c i t y  but  w i th  very Limited 
maneuverahili1:y , Entry spacec ra f t  of t h e  l i f t i n g  body class, in te rmedia te  
between ba1li:it:tc conf igura t ions  and winged conf igura t ions ,  promise gcod 
maneuveratiili1:y i n  t h e  atmosphere coupled with a b i l i t y  t o  withstand t h e  en t ry  
hea t ing  assoc ia ted  with lunar  r e t u r n  o r  r e t u r n  from missions even beycnd t h e  
Moon. Howevw, before  p r a c t i c a l  app l i ca t ion  can be made of t h e  l i f t i r g  
body concept ,  it i s  e s s e n t i a l  t o  determine t h e  f l y i n g  c h a r a c t e r i s t i c s  and 
whether pnlol: 3 can handle  such veh ic l e s .  

A preliminary i n v e s t i g a t i o n  of t h e  approach and landing c h a r a c t e r i s t i c s  
of one promi:3Lng type of l i f t i n g  body conf igura t ion  has  been accomplished by 
t h e  F l i g h t  Research Center us ing  a simple,  inexpensive g l i d e  v e h i c l e  (.on- 
s t r u c t e d  of s t e m e l  tubing and plywood. This l ightweight  veh ic l e  was t e s t e d  
ex tens ive ly  b y  ground and a i r  t o w  with release i n t o  f r e e - f l i g h t .  
been demonstrated t h a t  i t  can be  flown and landed success fu l ly .  

It has  now 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY ELECTRONIC SYSTEMS PROGRAM 

PROGRAM OBJECZUJES AND JUSTIFICATION : 

The E lec t ron ic  Systems program provides,  through research and technology, 
the  b a s i s  fo r  developing 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 f o r  u l t imate  use i n  guidance, con t ro l ,  communications, 
t rack ing ,  inst.rumentation and data processing systems, The spectrum of 
research a c t i v i t y  ranges from labora tory  and t h e o r e t i c a l  i nves t iga t ions  which 
make possible: new approaches, t o  f l i g h t  experiments employed t o  ertamine the  
f e a s i b i l i t y ,  o r  provide environmental v e r i f i c a t i o n  of  new devices  o r  t heo r i e s .  

SUMMARY OF EEliOIIRCES REQUIREMENTS : 

19t15 --- 1963 1964 

Supporting -research and 
technology. ................... $15,535,000 $24,900,000 $25,4OO,OOO 

Small f l i g h t  p r o j e c t s . .  ......... 1,536,000 3,800,000 - 3,000,000 

Tota l  c o s t s  ................... $17,071,000 $28,700,000 $28,400,000 --- 
BASIS OF FUND REQUIREMENTS: 

Supporting Research and Technology 

Guidance sys t ems . . . . . . . . . . . . . . . .  $3,565,000 $5,265,000 $5,435,000 
Control systems.. . . . . . . . . . . . . . . .  2,858,000 4,850,000 5,460,000 
Communications.................. 2,802,000 4,315,000 4,4 55,000 
Tracking and d a t a  acqu i s i t i on . .  . 1,329,000 3,220,000 3,060,000 

Ins t rumenta t ion . . . . . . . . . . . . . . . . .  3,084,000 3,720,000 3,560,000 
Data handling, and processing. .  .. 1,897,000 3,530,000 3,3 80,000 

Total c o s t s .  .................. $15,535,000 $24,900,000 $25,400,000 .- 

---I Guidance Systems. The guidance system research  and technology program 
i s  d i r ec t ed  towards the  de r iva t ion  of information necessary t o  understand 
and design simple,  r e l i a b l e  and l ightweight  sensors ,  re fe rence  elements and 
assoc ia ted  c:omponents which make up a guidance system. The program empha- 
s i z e s  tec:hnique and component research  i n  i n e r t i a l ,  o p t i c a l ,  passive and 
ac t ive  el.ect:rornagnetic phenomena f o r  p r inc ipa l  use i n  the  sensing and 
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re ference  func:tj.ons . Tra jec to ry  ana lys i s  provides  t h e  framework €or  examin- 
ing  energy requirements,  e r r o r  ana lyses ,  and sensor  and d a t a  processing t r a d e  
o f f s  f o r  any spec i f i ed  space mission. 

The itrear; of  research i n  which p o t e n t i a l  improvements appear most l i k e l y  
are i n  cryogenic (super-conducting magnetic) and e l e c t r o s t a t i c  gyros,  and i n  
atomic and micron s i z e  p a r t i c l e  gyros and accelerometers.  The f i s c a l  year  
1965 program wi1 .1  continue these  t a s k s  where progress  warrants  and i n  addi-  
t i o n  propc~sal.:; f o r  gyros and accelerometers using atomic and rnicrxi s i z e  
p a r t i c l e s  ham.  been evaluated f o r  i n i t i a t i o n .  

Various f 'actors r e l a t e d  t o  f u t u r e  missions such a s  range, du ra t ion ,  
energy ava i l ab le  and abor t  d i c t a t e  t he  need f o r  on-board, autonomous, 
navigat ion s y s t e m s .  
on-board optical .  space naviga t ion  instruments  (s imilar  t o  s e x t a n t s )  and on 
e l e c t r o - o p t i c a l  sensors  f o r  use as star mappers. I n  add i t ion ,  t e l e v i s i o n  
techniques fcir da t a  c o l l e c t i o n  and closed-loop guidance systems a r e  planned. 

NASA i s  emphasizing research  i n  such passive devices  as  

The c:uri:tml: e f f o r t  i n  a c t i v e  guidance phenomena such as radar  and laser  
type devices  and systems i s  research ana lys i s  o r i en ted ,  and i s  d i r ec t ed  
towards examining the  requirements and performance parameters from which 
conceptual. dt!:,igns can be formulated. I n  p a r a l l e l  with t h i s  a c t i v i t y  a 
l imi t ed  effor1: w i l l  be continued i n  explor ing  s p e c i f i c  sub-systems anc 
techniques t o  provide improved systems f o r  l a t e r  vers ions  of e x i s t i n g  space- 
c r a f t .  

--- Control :&;terns. - Control system research  and development seeks t o  
optimize f l i g h t  c a n t r o l  techniques f o r  manned and unmanned veh ic l e s .  Analyt- 
i c a l  and expe riinental s t u d i e s  of  sensors  , c o n t r o l l e r s ,  and ac tua t ion  
mechanisms are conducted i n  o rde r  t o  devise  combinations which maximizie 
p robab i l i t y  o E over -a l l  mission success.  

Exploi tazion of phenomena inherent  i n  the  space environment i s  pt.rsued 
f o r  cont ro l  piirposes. I n  the  on-going program, the  u t i l i z a t i o n  of s o l a r  
r a d i a t i o n  p r w s u r e  i n  combination with a momentum exchange device wil l  be 
inves t iga t ed  as a device f o r  c o n t r o l l i n g  the  o r i e n t a t i o n  of a vehic le .  
Ames Research Center has  completed ground-based s t u d i e s  of a gravity-E,radient 
veh ic l e  orien1:ation system which uses  a s i n g l e  passive damper. Bearir.gs , 
rods ,  and danipers f o r  such veh ic l e s  have been developed. A technological  
f l i g h t  t e s t  wil:l be proposed f o r  f u l l y  demonstrating the  f e a s i b i l i t y  c f  a 
passive veh i c  :le o r i e n t  a t  ion sys t e m .  

The 

The work i n  c o n t r o l s  has also emphasized no-wearing p a r t  con t ro l  sensors  
and actuat:ion devices  , i n  o rde r  t o  ob ta in  the  g r e a t e s t  veh ic l e  l i f e  r e l i a b i l -  
i t y .  A research program has been undertaken t o  increase  t h e  s e n s i t i v i t y  arid 
accuracy of t:hese devices .  
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A no-moving p a r t  gas valve i s  being developed f o r  micro- thrusters  i n  
the  2-6 micropound range, as a r e s u l t  of  research  completed i n  the  pas t  year  
r e l a t e d  t o  the d i f fus ionof  hydrogen through a palladium a l loy .  
con t ro l  reseiiirch w i l l  be conducted, i n  addi t ion  t o  app l i ca t ion  of adar t i v e  
and optimal <:ontrols t o  s p e c i f i c  c l a s s e s  of vehic les .  

Theore t i c a l  

A por t ion  of t he  manned con t ro l s  research i s  r e l a t e d  t o  the  inves t iga -  
t i o n  of the  con t ro l  and d i sp lay  requirements f o r  f u t u r e  space v e h i c l e $ ,  where 
new and unexp1o;ced mission t a sks  are involved, such as rendezvous, lunar  
landing,  and inid-course a t t i t u d e  cont ro l .  

Much of the con t ro l  systems e f f o r t  is  r e l a t e d  t o  understanding man's 
opera t ion  a s  a (control element,  and development of a r a t i o n a l  design pro- 
cedure foic mannied systems. I n  f i s c a l  year  1965, emphasis w i l l  be placed on 
t e s t i n g  o f  e l e c t r o n i c  and mathematical models of con t ro l  t a sks .  It i s  a l s o  
planned i n  f i s c a l  year  1965 t o  examine q u a n t i t a t i v e l y  the  e f f e c t s  of d i sp l ay  
dynamics upon t h e  a n a l y t i c a l  manual con t ro l  system models developed t o  da te .  

Communications Systems. Communications gystems research  prcvide i~  
technology t o  minimize spacecraf t  volume, weight and power devoted t o  the  
t ransmission of da t a ,  Present  communications systems are prime c:onsumers of 
spacecraf t  power and account f o r  a s i g n i f i c a n t  percentage of t he  weight of 
the  spacecraf t .  The communications systems research  e f f o r t  i s  d i r ec t ed  
towards solving t h i s  problem by explor ing new technologies  here tofore  not  
employed f o r  space communications. 

To achieve t h i s  ob jec t ive ,  t he  research emphasis i s  placed on su > m i l l i -  
meter and o p t i c a l  technology, which, due t o  i t s  shor t e r  wavelength allows 
considerable  reduct ion i n  physical  s i z e  and weight of the  assoc ia ted  :ompo- 
nents .  Also ,  i n  e l e c t r o n i c  components, emphasis i s  placed on thyin f i lm  and 
microe lec t ronics  which show promise of smaller  s i z e ,  weight,  and power, as 
wel l  as improved r e l i a b i l i t y  and considerable  immunity t o  radiat:Lon. 

A l a s e r  s igna l  t ransmission measurement program was i n i t i a t e d  i n  f i s c a l  
year 1964 and w i l l  be continued i n  f i s c a l  year  1965. 
i d e n t i f y  the  atmospheric e f f e c t s .  on the  coherence cha rac t e r  of r ad ia t ion  
and w i l l  determine which new techniques o r  procedures can be employed t o  
minimize such. e f f e c t s  . 

This progriun w i l l  

Submillimeter e lectromagnet ic  r a d i a t i o n  has received l i t t l e  research 
a t t e n t i o n  d i r ec t ed  towards communications; however, these  frequencies  o f f e r  
considerable  promise f o r  deep space communications. 
t he  e f f o r t  t c  improve the  s t a t e -o f - the -a r t  i n  sources and d e t e c t o r s  w i l l  be 
continued. Also, an e f f o r t  w i l l  be i n i t i a t e d  i n  r a d i a t i o n  t ransmission 
measurements under r e a l i s t i c  aerospace condi t ions.  

During f i s c a l  year  1965, 

NASA has, i n i t i a t e d  s t u d i e s  i n  f i s c a l  year  1964 t o  determine the  
f e a s i b i l i t y  of achieving microe lec t ronic  micropower devices;  t h a t  is, 
extremely small a c t i v e  and pass ive  devices  which perform conventional func- 
t i o n s  such a s  ampl i f ica t ion ,  switching and d i g i t a l  l o g i c  a t  power l e v e l  
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orde r s  of magnitude below those i n  use today. A program w i l l  be i n i t i a t e d  
i n  f i sca l .  year  1965 t o  f a b r i c a t e  prototype devices.  

I n  f i s c a l  year  1965, s t u d i e s  w i l l  be conducted i n t o  t h e  p e r t i n e r t  
applicatj-ons 0.f microe lec t ronics  i n  t h e  Sa turn  V vehic le .  Three subsystems 
have been se Lected which w i l l  be converted t o  microe lec t ronics .  These 
systems wil:L be thoroughly t e s t e d ,  eva lua ted ,  and compared with the  Exis t ing  
subsystems to determine the  advantages t h a t  app l i ca t ion  of microelect.ronic 
techniques o f f er . 

--- Trackiiagand Data Acquis i t ion Systems. This  research  covers  the! devel-  
opment o E technology t h a t  w i l l  enable  more accura te  ground determina1:ion of 
spacecraEt o r b i t a l  parameters,  such as range, range rate and angular  pos i t i on .  

Emphasis i s  placed on two approaches : o p t i c a l  t r ack ing ,  which, t heo re t -  
i c a l l y ,  w i l l  enable  o rde r s  of  magnitude improvement i n  both range rate and 
angular  ldata concerning t h e  spacec ra f t ;  and l a rge  e f f e c t i v e  ape r tu re  antenna 
technolo,gy which w i l l  a f fo rd  an improvement i n  the  range and dat.a ac~p i s i t i o i : i  
c a p a b i l i t y  of t h e  ground based system. 

Development of real time o p t i c a l  t r ack ing  technology w i l l  proville an 
accura te  means of t r ack ing  during r een t ry  and development of techniqiies, and 
w i l l  enable a g r e a t e r  po r t ion  of t he  d a t a  acqu i s i t i on  equipment t o  bt? locate'ci 
a t  t he  ground terminal .  

The size of ground antennas o r  r a d i a t i n g  ape r tu re  has  a d i r e c t  r e l a t i o n  
t o  d a t a  acqc. is i t ion c a p a b i l i t y  -- t h e  l a r g e r  the  ape r tu re  the  g r e a t e r  t he  
capab i l i t y .  During f i s c a l  year  1964, experimentation r e l a t e d  to "s igna l  
combining" confirmed t h a t  a r ray ing  of ind iv idua l  ape r tu re s  can he accomplished 
with the  threshold of  de t ec t ion  of t h e  a r r a y  lower than  t h a t  of the  ind iv idua l  
antennas. AS a r e s u l t ,  a s tudy has  been i n i t i a t e d  t o  determine the  type of 
experimental. f a c i l i t y  t h a t  w i l l  be requi red  i n  o rde r  t o  f u l l y  eva lua te  the  
technique arid uncover the  e f f e c t s  of  the atmosphere on t h e  s igna l  combining 
procedure. This e f f o r t  w i l l  be continued during f i s c a l  year  1955. 

The S-4i6,, Polar Ionosphere Beacon S a t e l l i t e ,  has o p t i c a l  comer  r e f l e c -  
t o r s  whi.ch \ t i l -1  enable considerable  experimentation t o  be conducted i n  f i s c a l  
year  1965 on hoth non-cooperative t r ack ing  and ground based d a t a  acqu i s i t i on .  

Also i i i  f i s c a l  year  1965, labora tory  experiments will be conducted on 
the  f e a s i b i l i t y  of acqui r ing  da ta ,  v ia  o p t i c a l  techniques,  without  t h e  use  of 
a t r ansmi t t e r  aboard the  spacecraf t .  I f  t h i s  research  v e r i f i e s  t he  theo re t -  
i ca l  cal.cul.~at:ions, then it w i l l  be poss ib l e  t o  consider  e a r t h  orbita.1 sa te l -  
l i t e s  without t r a n s m i t t e r s  with the  a t tendant  i nc rease  i n  r e l i a b i l i t y  and 
performance o.E the  sa te l l i t e .  

Reaeaicch w i l l  continue on two bas i c  problems assoc ia ted  wi th  oyjtical 
t rack ing  -.- prec i s ion  p o s i t i o n  sensing techniques and prec is ion  cont:rol of 
t he  d i r e c t i t m  of a laser beam, I n  t h e  former, t h e  e f f o r t  w i l l  be concerned 
primari:ty with the  in t e r f e romet r i c  angle  measurement techniques,  wh:.ch show 
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promise of a t  l e a s t  an o rde r  of  magnitude improvement i n  accuracy. Prcxis ion  
closed-loop con t ro l  research  w i l l  u t i l i z e  e l e c t r o - o p t i c a l  techniques,  which 
w i l l  a l low complete e l e c t r o n i c  c o n t r o l  of t he  laser beam. 

---- Data I-Iandling and Processing. I n  f i s c a l  year  1965 work w i l l  be 
i n i t i a t e d  on addi t iona l  kinds of computer memory systems, no tab ly  those  
us ing  continuous shee t s  of " f e r r i t e "  (magnetic ceramic) p l a t e s .  Such 
inves t iga t ions  w i l l  produce memory systems having t h e  capac i ty  t o  r e t a i n  
l a r g e  amounts of information, and capable of rap id  d a t a  reca l l .  
d a t a  processing c a p a b i l i t i e s ,  p a r t i c u l a r l y  where the  handl ing of t e l e v i s i o n  
images i s  concerned, w i l l  accordingly be g r e a t l y  improved. 

On-boxd 

Research concerning systems and computer programs f o r  t he  hartdlinj: of  
te levis ion images i s  cont inuing.  Work was begun on a new type of TV iinage- 
forming device employing thousands of  l i g h t  s e n s i t i v e  elements c a l l e d  
"phototransis tors" .  The response of each pho to t r ans i s to r  can be cletennined 
by e l e c t r o n i c  means much simpler than t h e  complex switching and synchroniz- 
ing  systems required f o r  conventional TV e l e c t r o n  beam scanning. 

Te lev is ion  systems w i l l  be analyzed, t h e  i n t e n t  being the  reduct ion  of 
t he  burden on the  communications channel,  with some improvement i n  the  image 
i t s e l f .  Expected TV system improvements should soon make p rac t i cab le  d i r e c t ,  
immediate viewing of t h e  lur-ar sur face  o r  of o t h e r  nearby o b j e c t s  -. f 0 . c  
example, a r t i f i c i a l  s a t e l l i t e s .  

New, advanced devices  which f a c i l i t a t e  d i r e c t ,  r ap id  communicatio:i 
between men and d a t a  processing complexes w i l l  be developed and t e s t e d ,  
These include spec ia l  keyboard devices ,  s p e c i a l  d i sp l ays ,  and appi-sprinte 
computer programming and o t h e r  requi red  system developments. In  add i t ion  
t o  man-machine l i n k s ,  devices  which improve communication among computers 
w i l l  be s tud ied  and improved, 

----- Instrumentation. Ant ic ipa ted  requirements involve t h e  developmen: of 
instruments  u t i l i z i n g  minimum power and y i e ld ing  information i n  a form s u i t -  
ab ie  f o r  immediate use o r  d i g i t a l  computer processing.  These devices  must 
be r e l i a b l e  and p rec i se ,  have adequate response speed, and be ab le  t o  
opera te  desp i t e  extremes of  temperature and r a d i a t i o n  levels.  

Instruments w i l l  be needed t o  determine t h e  c h a r a c t e r i s t i c s  c1f thl? 
atmosphere, e lectromagnet ic  environment, and g r a v i t a t i o n a l  and pai:ticllz 
f i e l d s  which surround the  major bodies  i n  t h e  s o l a r  system. 

One o f  t h e  most d i f f i c u l t  measurements i s  the  determinat ion of  atinos- 
pher ic  pressure  as we  move away from Ear th .  
i n  the  lower part  of t he  E a r t h ' s  atmosphere, bu t  are of  quest ionable  a x u r a c y  
i n  the  hard vacuum of  deep space. 

Avai lable  devices  art? accirate 
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Present  e lectromagnet ic  r a d i a t i o n  sensors  cover only narrow Erequency 
bands. 
range. Broad-band r a d i a t i o n  sensors  w i l l  be developed t o  cover the  complete 
range. 

A s e r i e s  of u n i t s  must be used t o  cover t h e  opt ica l - to- inErared-  

The physical  condi t ion  of  personnel i n  spacecraf t  and t h e  e s s e n t i a l  l i f e  
support  systerns w i l l  be monitored by biomedical instruments  of opt  imurr design,  
and must tie in t eg ra t ed  i n t o  the over -a l l  space veh ic l e  instrument s t i on .  

Recently s t r i k i n g  r e s u l t s  have been achieved i n  t h e  area of design and 
f a b r i c a t i o n  o E  minia tur ized ,  completely se l f -conta ined ,  medical sensors .  
These can be ~ p p l i c a b l e  t o  biomedical ins t rumenta t ion  s ince  they a re  e a s i l y  
a t t ached  to as t ronau t s  o r  animals,  a r e  self-powered, and t ransmi t  t h e i r  
information .- concerning h e a r t - b e a t  and r e s p i r a t i o n ,  f o r  example - t o  r ad io  
r ece ive r s  which may be yards away. Such u n i t s ,  occupying a volume of only 
a s m a l l  fracl:ion of a cubic  inch ,  were success fu l ly  t e s t e d .  

A l abora tory  micro-balance w a s  developed a t  Ames of such s e n s i t i l  i t y  that. 
i t  has  de tec ted  the  pulsa t ions  of t h e  h e a r t  of a developing embryo wi th in  a 
q u a i l  egg. 

I n  f i s c a l  year 1965, i n  add i t ion  t o  improvements i n  t h e  minia tur ized  
wireless sen:33rs, s t u d i e s  w i l l  bk i n i t i a t e d  i n  t h e  general  area of sertsing of 
t h e  presence of n o n - t e r r e s t r i a l  l i v i n g  organisms. 

Engineering instruments a r e  those  sensors  needed t o  acqui re  infoimation 
concerning t h e  behavior of t he  space systems themselves - t h e  ground t e s t  
f a c i l i t i e s ,  the prototype o r  f i n a l  vers ions  of  spacecraf t  during checkout, 
t h e  launch s'ystems, and the  spacec ra f t  i n  f l i g h t .  Such information m i i s t  be 
made immediately ava i l ab le  t o  ground opera t ions  personnel and spacecraf t  
crews - where such e x i s t  - during pre-launch, launch, and a l l  post-launch 
phases.  

I n  f i s c a l  year  1965, NASA w i l l  p lace  s p e c i a l  emphasis on me2.sureinents a t  
high vacuum. Applicat ion of t he  mass spectrometer t o  t h e  problem of deterinin- 
ing  th.e composition of gas mixtures a t  extremely low pressures  w j l l  b e  
s tud ied .  The lowest pressures  a t  which a gas molecule damped di:tphra:;m 
pressure-measuring device may be used w i l l  be g r e a t l y  reduced. 

In add i t ion ,  reduct ions i n  s i z e  and weight and increases  i n  spee3 of 
response of devices making use of t he  "gas chromatography" princ:-ple . d i l l  be 
accomplished. This technique should be of g rea t  value i n  the  ani i l .ys i~ of 
manned spacecra.ft a r t i f i c i a l  atmospheres. 

I n  1 ight: of i t s  general  a p p l i c a b i l i t y  t o  a l l  instrumentat ion programs , 
a t t e n t i o n  w i l l  be given t o  new concepts i n  t h e  d i g i t a l  t ransducer  a rea .  Sol id  
s t a t e  t ransducers  present  encouraging p o s s i b i l i t i e s  and w i l l  b e  emphasized i n  
f i s c a l  year  1965. 
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While t h e  Eoregoing developments r ep resen t  s p e c i f i c  s t e p s  t o  be i:aken 
i n  f i s c a l  year  1965, research  w i l l  a l s o  be continued on ins t rumenta t ion  f o r  
high and 'Low temperature measurement, f o r c e  and torque measurement, and on 
p a r t i c l e  dettection devices of enhanced performance. 

Small F l i g h t  P ro iec t s  

1963 

Radio a t t e n u a t i o n  measure- 
ments (RAM) ................... $1,305,000 

Scanner . . . . . . . . . . . . . . . . . . . . . . . . .  110,000 
Spacecr.aft o r i e n t a t i o n  

con t ro l  system (SOCS). ........ 121,000 

Tota l  cos t s . . . . . . . . . . . . . . . . . . .  $ 1 . 5 3 6 , ~ 0  

1964 

$2,000,000 
1,800,000 

1905 --- 

$2,000,000 
1 ,000,000 

$3,800,000 $3,000,000 --- 
--- Radio Attenuat ion Measurements (RAML. This f l i g h t  p r o j e c t  i s  designed 

t o  provide t h e  f l i g h t  experimentation and v e r i f i c a t i o n  of t h e  int.erac:ion of 
electromagnetic r a d i a t i o n  wi th  t h e  ion ized  plasma generated by rc!ente,:ing 
s p a c e c r a f t ,  and t h e  eva lua t ion  of means whereby t h e  e f f e c t s  of t h e  p h s m a  
on r ad io  waves may be minimized o r  eliminated. 
e s s e n t i a l  t o  our understanding of t h e  i n t e r a c t i o n  of r ad io  waves wi th  plasma, 
as it is  not poss ib l e  t o  s imula te  t h e  varying condi t ions  encountered during 
r een t ry .  Data obtained from f l i g h t s  conducted w i l l  supply t h e  technologica l  
base upon which s o l u t i o n s  t o  t h e  communication black-out problem w i l l  be made 
for both manned and unmanned r een t ry  a t  speeds of 25,000 f e e t  per seccxid and 
above. 

F l i g h t  experiments ar'r 

Scanner,. 
measurements, from high a l t i t u d e s ,  of t h e  n a t u r a l  r a d i a t i o n  g r a d ~ e n t s  which 
de f ine  t h e  eax th ' s  horizon. 
proven technique f o r  ga ther ing  s t a t i s t i c a l  d a t a ,  poss ib ly  i n  e a r t h  s a t e l l i t e  
spacec ra f t .  The p ro jec t  i s  an extension of t h e  cu r ren t  research  an hs r i zon  
c h a r a c t e r i s t i c s .  Two f l i g h t  experiments are planned wi th  an add:.tionsl s e t  
of payload backup equipment and ins t rumenta t ion  provided. T e c h n x a l  sdvances 
i n  Scanner over previous experiments w i l l  be t h e  use  of star-mapping techniques 
t o  c o r r e l a t e  sensor poin t ing  d i r e c t i o n s  wi th  observed d a t a ,  and t h e  azqu i s i -  
t i o n  of extrctmely high r e s o l u t i o n  g rad ien t  da t a .  Recent measurements a t  
14-16 microns i n d i c a t e  an independence from clouds and seasonal e f f e c t s  f o r  
t h i s  frequency band. 
frequency f o r  horizon sensor development and a p p l i c a t i o n  and t o  Sssess t h e  
spacecraf ' t  o r i e n t a t i o n  accuracy a t t a i n a b l e  with horizon scanner techniques. 

The Scanner p r o j e c t  has t h e  o b j e c t i v e  of making d e t a i l s d  

A secondary o b j e c t i v e  is t o  develop a f l i g h t -  

Further study i s  necessary t o  v e r i f y  t h e  optimum 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADV'PNCED RESEARCH AND TECHNOLOGY HUMAN FACTOR SYSTEMS PRXRAM, 

PROGRAM OBJECTIVES AND JUSTIFICATION : 

Future aerospace p ro jec t  successes  depend upon the  e f f e c t i v e  u t i l i z a t i o n  
of man, both space and ground based. 
providing research support ing the  successfu l  c o n s m a t i o n  of t hese  p ro jec t s .  
Spec i f ic  program ob jec t ives  a r e  (1) t o  ob ta in  a b e t t e r  understand:,ng 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  and t o  determine h i s  u t i l i z a t i o n  i s  sd- 
vanced aerospace systems, (2) t o  o b t a i n  information which w i l l  be the  basis 
f o r  designs of. systems f o r  maintaining t h e  high opera t ing  e f f i c i e n c y  of 
crews during programmed and emergency phases of advanced aerospace missions,  
and (3)  t o  determine o v e r a l l  human f a c t o r  requirements and i n t e g r a t e  t n e m  
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. 

The Human Fac tor  Systems program i s  

The major program e f f o r t  i s  loca ted  a t  Ames Research Center wlth p a r t i c i -  
pa t ion  by o the r  NASA cen te r s ,  o the r  government agencies ,  un ive r s i c i e s  and 
industry.  The intra-NASA and Department of Defense-NASA review procedures f o r  
l i f e  scienceE t a s k s  avoid dup l i ca t ion  of e f f o r t  and provides a b e t t e r  
balanced na t iona l  l i f e  sc iences  program. Intra-agency coordinat ion of 
supporting, research and technology t a sks  i s  conducted through t h e  Life  
Sciences Subpanel of  the  Supporting Research and Technology Panel,  Aeronau- 
t i c s  and Astronaut ics  Coordinating Board. This across-  the-board mopera t ive  
e f f o r t  makes c e r t a i n  of a maximum u t i l i z a t i o n  of cur ren t  da ta  and i a p a b i l i t i e s  
i n  the  l i f e  sciences.  

Future  manned space missions depend on the  e f f e c t i v e ,  s a fe  u t i Z i z a t i o n  of 
man f o r  extended per iods of time. Maximum r e l i a b i l i t y  and s a f e t y ,  and 
minimum payload weight can be r e a l i z e d  by u t i l i z i n g  man as a primary c r  
backup component. Determination of t h e  assignment of such t a sks  is dcpendcmt 
upon the  physical  condi t ion  of t he  crew, t h e i r  performance and t h e i r  a b i l i t y  
t o  cOmmunl.cat:e. Throughout t hese  missions,  man w i l l  be subjected t-o 6 

v a r i e t y  of na1:ural and mission dependent environments such as vacuum, t a n -  
pera ture ,  acce le ra t ion ,  weight lessness ,  r a d i a t i o n ,  and magnetic field: .  
We must know :he physiological. and psychological e f f e c t s  of each uniq te  
environmental finctor, as we11 i ts  the i n t e r a c t i o n  of these  f a c t o r s  t o  i n su re  
the  e f f e c t i v e  i n t e g r a t i o n  of man as a p a r t  of t he  t o t a l  system. 
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SUMMARY OF RESOURCES REQUIREMENTS : --- 
Supporting Research and Technology 

Support irig i:i:search and 

F l igh t  pi:ogi:;m : 
technol.ogy .................... 
Small biotechnology f l i g h t  

p r o j e c t s . .  .................. 

1963 

$9,678 , 000 

112,000 

Tota l  cost::;. .................. $9.790.000 

BASIS OF FUND 13EX&JIREMENTS: 

Advanced concepts..  ............ 
Human reaeaicch and performance. 
L i f e  support: and p r o t e c t i v e  

systems.. .................. ,.. 
Man-systems in t eg ra t ion  ....... 

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

1963 

$ 311,000 
4,275,000 

3,407,000 
1,685,000 

$9.678.000 

196:~  --- 1964 

$13,200,000 $13,200,000 

3,000,000 --- 
~13.200.000 $16,200 ,m ---- 

$1,053,000 $ 900,000 
3,488,000 4,O.S 7 , 000 

5,216,000 5,000,000 
3,443,000 3,243,000 

$13 . 200 .OOO $13.200 .Om 
Advanced Concepts 

Studies  i n  advanced concepts analyze problems and t h e i r  so lu t ions  i n  
terms of concepts beyond the  present  s t a t e  of s c i e n t i f i c  and t echn ica l  art .  
Continuing f i s c a l  year 1965 research i n  t h i s  a r ea  inc ludes  i n v e s t i g a t i o n s  
i n  systems ana lys i s ,  human analogs, and bionics .  Bionics concerns the  
ana lys i s  o f  opera t ing  p r i n c i p l e s  and of t he  cons t ruc t ion  of na tu ra l  bio-  
l o g i c a l  systeins t o  determine what they may con t r ibu te  t o  the  science aiid 
technology of systems which include man. Other research inc ludes  inve , ; t i -  
gati 'ons of cyberne t ic  organisms (cyborgs) which involve t h e  developmeni: of 
mechanisms which work l i k e  o r  may be combined with man. 
elementary l e v e l ,  t h i s  science o f f e r s  such devices  a s  mechanical limbs 
which may be cont ro l led  a s  one con t ro l s  h i s  own limbs. 
w i l l  o f f e r  a u x i l i a r y  devices  which w i l l  extend man's a b i l i t y  t o  percei- ie  
and ac t .  For example, t he  e l e c t r i c a l  t ransmission of information t o  the 
audi tory  cen te r s  of t he  b ra in  would bypass the  e a r  e n t i r e l y .  
as t ronauts  would not need earphones; a i r c r a f t  p i l o t s  could have unimpeded 
communications and yet  be ab le  t o  monitor t he  airborne sounds of t h e i r  
veh i c 1 e. 

On the  m a s t  

Advanced c.oncepts 

Spac:e su i t ed  
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Human Research and Performance 

Space r equ i r e s  man t o  adapt t o  new environmental condi t ions  such a s  
zero gravi ty ,  zero o r  i n t ense  magnetic f i e l d s ,  va r i ab le  degrees o f  ion iz ing  
r ad ia t ion ,  var ious p re s su res  and types of a r t i f i c i a l  atmospheres, r e l a t i v e  
s o c i a l  deprivat.ion, and tox ic  e f f e c t s  r e s u l t i n g  from contaminants, These 
environmental. d i f f e rences  and t h e i r  combinations a r e  analyzed i n  terms of 
t h e i r  e f f ec t  :; on man's p r i n c i p a l  body systems; e.g. , cardio-vascular ,  
r e sp i r a to ry ,  c e n t r a l ,  nervous, g a s t r o - i n t e s t i n a l ,  and endocrine. They a re  
a l s o  analyzed i n  terms of e f f e c t s  on the  whole man when l i v i n g  aad working, 
i n  the  space environment. 
design requj:i:enients f o r  l i f e  support and p ro tec t ive  systems and i n  de t e r -  
mining the  most: e f f e c t i v e  u t i l i z a t i o n  of  man i n  fu tu re  space missions. 

Research r e s u l t s  w i l l  be used t o  e s t a b l i s h  

In  t:he h e m e t i c  space vehic le ,  many items not normally considered 
tox ic  o r  han:i3rdous can c r e a t e  problems. For example, most plast ic :  i s  
charactet:izc!d by a slow loss  o r  evaporation of p l a s t i c i z e r s  o r  so lve r t s .  
The closed air cyc le  of the  space veh ic l e  allows such a i r  add i t ives  t o  
concentrate, ,  arid reduced pressure  i n  t h e  vehic le  acce le ra t e s  such 
evaporat ions.  

Toxic :;iib:;tances previously unknown are a p o t e n t i a l  hazard t o  ground 
personnel.. New f u e l s  are pr imar i ly  the  source of such exposures. Ar, 
extensive tox ico logica l  program has been i n i t i a t e d  . 

Shieldfing systems using cryogenic super-conducting magnets o f f e r  
p ro tec t ion  :Erorn ion iz ing  r a d i a t i o n  with s m a l l  weight penalty.  Such systems, 
however, produce in t ense  magnetic f i e l d s .  Research i s  i n  progress  t c i  

determine t k  e f f e c t s  of  such f i e l d s  on body chemistry and nerve contluction. 
Such fiellds .nave d e f i n i t e  b io log ica l  e f f e c t s ,  but more in tens ive  irescmarch 
i s  requi red ,  

Breathing systems using the  conventional 5ps i  and 100% oxygen ai'e 
Pure oxygen causes a number o f  unsa t i s f ac to ry  f o r  long term exposure. 

t ox ic  r eac t ions  t o  body t i s s u e ,  and the  combination of 100% oxygen 
and low pressure  causes lung de te r io ra t ion .  Fur ther  i nves t iga t ions  #ire 
being conducted to determine the  optimum gas pressure  and mixture fo:: long 
term use. Such  d a t a  i s  a p r e r e q u i s i t e  f o r  extended space f l igh t .3 .  

Calcium l o s s  from bones and reduct ion i n  vascular  tone have been 
observed following b r i e f  per iods  of zero g rav i ty  exposure. An inves1:iga- 
t i o n  i s  i n  'progress t o  determine the  ex ten t  of  t h i s  problem and co r rec t ive  
measures t o  prevent o r  counteract  i t s  e f f e c t s .  

L i f e  Support and P ro tec t ive  Systems 

Life support and p ro tec t ive  Systems research has  two major goa ls :  
(1) development of design concepts f o r  l i f e  support equipment which 'an 
meet human requirements during long-term space f l i g h t s ,  and (2)  accuinulation 
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and v a l i d a t i o n  of biotechnology d a t a  which can be used i n  t h e  design of 
manned spacecraf t  and ex t ra -vehicu lar  systems. 
emphasis i s  on systems which r equ i r e  a minimum of a u x i l i a r y  power, on 
regenera t ive  systems which r equ i r e  a minimum of suppl ies ,  and on bio- 
instrumentation. and assoc ia ted  d a t a  processing equipment f o r  adapt ive 
con t ro l  systems. 
i n  a r e a l i s t i c  space environment. 

I n  equipment design, 

I n  design d a t a  s tud ie s ,  emphasis i s  on man's performance 

I n  f i s c a l  year  1965 research i n  biotechnology w i l l  cover (1:) work on 
advancing thc s ta te -of - the-ar t  d i sp lays ,  s p e c i f i c a l l y  i n  analog types,  which 
present  man with unambiguous v i s u a l  cues, (2) f u r t h e r  surveys of e x i s t i n g  
psychological and environmental d a t a  t o  determine the  v a l i d i t y  oE these  
d a t a  i n  the  spetce environment, and, (3) bioinstrumentat ion and b ioda ta  
processing ecluipment, including d a t a  displgy,  t o  optimize manmachine 
i n t e g r a t i o n  and. t o  minimize the  work of t he  man i n  c o n t r o l l i n g  h i s  environ- 
men t . 

Some advanced d i sp lay  systems, t o  improve navigat ion and a t t i t u d e  
con t ro l ,  will.  he f l i g h t  t e s t ed .  Ground based s imula tors  using these  
advanced syst:enis w i l l  be operated i n  conjunction with comput,irs €or 
so lu t ion  of i n  f l i g h t  v i s i b i l i t y  problems f o r  a l l  environments. 

Work. on. p ro t ec t ive  systems w i l l  cover (1) prel iminary designs of 
manned ex t ravehicu lar  locomot ion and p ro tec t ive  systems f o r  both "zero-G" 
and lunar  environments, (2)  cont inuing s t u d i e s  on advanced space s u i t s ,  
and (3) prel iminary s t u d i e s  on r e s t r a i n t  equipment, r a d i a t i o n  p ro tec t ion ,  
support equipment, and escape systems appl icable  t o  e a r t h  o r b i t a l ,  lunar ,  
and i n t  e xp 1 met: a ry  m i  s i o n  s . 

F i s c a l  year  1965 e f f o r t  w i l l  provide expanded labora tory  t e s t i n g  of  
prel iminary systems r e s u l t i n g  from t h e  advanced s t u d i e s  and f e a s i b i l i t y  
experiments, Research cen te r  a c t i v i t y  w i l l  be divided between Langley, 
Lewis and. hies,, 

Man-Svstems In t eg ra t ion  

Key act::Lvj.ties i n  manned-system i n t e g r a t i o n  involve: (1) detemlining 
human engineering performance and engineering design c r i t e r i a  f o r  USE i n  
design of  f u t u r e  aerospace systems; (2) analyzing and s imulat ing f u t u r e  
poss ib le  aerospace missions t o  determine add i t iona l  research  requi renents ,  
design requiiternents, o r  poss ib l e  experiments ; and (3) implementing r e  search 
experiments ,, through ground demonstrat ions  and check out ,  which are j: ntended 
t o  be flown :in o t h e r  f l i g h t  programs. 

Continwing e f f o r t s  are aimed a t  improved s a f e t y  i n  a i r c r a f t ,  Included 
are s t u d i e s  of p i l o t s '  a b i l i t y  and passenger comfort i n  f l i g h t  throut,h 
turbulent: air, t he  a b i l i t i e s  of p i l o t s  t o  r eac t  t o  sudden changes i n  
con t ro l  system:;, o r  t o  abrupt changes i n  information input ,  such as t r a n s i -  
t i o n  between instrument and v i s u a l  f l i g h t  o r  from normal t o  emergency 
d i sp 1 ays . 
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A con t rac t  e f f o r t ,  begun i n  f i s c a l  y e a r l h ,  cont inues t o  i n v e s t i g a t e  the 
a b i l i t y  of man t o  maintain space systems when wearing a space s u i t .  Tne 
i n t e n t  i s  t o  der ive  design c r i t e r i a  f o r  space systems. Future  investig,3tionsarci! 
planned t o  incorpora te  the  zero-G environment. A s p e c i f i c  investfLgat ion i s  
being made a s  t o  the r o l e  man can play i n  maintaining o r  r e p a i r i n g  nuc lear  
power and propulsion systems. The r o l e  of man i n  reusable  boos te r  systems 
was investigat.ed. from a f l i g h t  systems s tandpoint  i n  f i s c a l  year, L964; and 
cont inua t ion  clf t h i s  e f f o r t  w i l l  be extended i n t o  the  area of ground support ,  
maintenance and turn-around. 

Further  i n v e s t i g a t i o n  w i l l  determine design requirements f o r  manned 
in t e rp l ane ta ry  and lunar  base missions.  These i n v e s t i g a t i o n s  w i l  L provide 
improved g,uidkli.nes f o r  research on subsystems. Mockups of p o t e n t i a l  
payloads f o r  advanced missions are being used i n  s imulat ion s t u d i e s  of tasks 
and procedure E;. 

S m a l l  Biotechnology F l i g h t  Prolects- 

1965 .---- 19 63 1964 

Small bic)i:echnology f l i g h t  
projlect::;. #, . . . . . . . . . . . . . . . . . . . . . $LV,OOO --- $3,000,000 

There i s  :inadequate information concerning human reac t ions  dur ing ,  and 
support ing eqi i i~ment  needs f o r  long _duration manned f l i g h t s .  
multi-phased i3pproach u t i l i z i n g  f ixed  ground-based environmenta 1 and 
simulatiori f i ici  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 ts ,  sateL1:Ltes and manned space veh ic l e s  i s  necessary t o  provide the  
answers. 

An ordei l y  

Small f l i g h t  p r o j e c t s  and experiments ob ta in  da ta  no t  poss ib le  through 
ground exper?iinentation. Experiments w i l l  be included i n  ongoing f Light 
p r o j e c t s  a s  "piggy-back" payloads,  where the  f Light c h a r a c t e r i s t i c s  arid 
engineer ing design f e a t u r e s  are compatible. 

Advances i n  sensing and data ana lys i s  techniques w i l l  be in t eg ra t ed  i n  
F104 and X - 1 5  f l i g h t s  conducted a t  F l i g h t  Research Center t o  ob ta in  improved 
psychological arid physiological  da ta .  Biotechnology experiments,  such as ,  
heat  t r a n s f e r  arid f l u i d  flow experiments w i l l  be in t eg ra t ed  i n  b i o s a t e l l i t e  
p ro jec t  f1igb.t.s t o  ob ta in  d a t a  requi red  f o r  design of advanced space s u i t s  
and l i f e  support. systems. Experiments u t i l i z i n g  small mammals a re  being 
planned f o r  i n t e g r a t i o n  with Saturn f l i g h t s .  These experiments demonstrate 
the  e f f e c t s  of  prolonged zero g r a v i t y  (6 months o r  more) on t h e  pnysiclogy 
and performance c a p a c i l i t y  of  t e s t  sub jec t s .  The combined d a t a  from these  
small biot.echnoJ.ogy f l i g h t s  w i l l  provide information on the  effect: ;  of t he  
space environment on humans, and w i l l  provide c r i t e r i a  f o r  maximum 
u t i l i z a t i o n  o:! man i n  f u t u r e  space systems. 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADVANJXD RESEARCH AND TECHNOLOGY NUCLEAR ELECT:RIC PROGRAM 

PROGRAM OB JECJYIJrES AND JUSTIFICATION : 

Nuclear e l e c t r i c  power generat ing systems o f f e r  t he  most p r a c t i c a l  
sources of eI.r!ct:ric power i n  t h e  k i lowat t  and megawatt l e v e l s  f o r  f u t u r e  
spacecraf t  power. Nuclear e l e c t r i c  propulsion systems have t h e  h ighes t  
performance potcmtial  of any system capable of development wi th in  the  pre-  
d i c t a b l e  fu tu re .  

The n~uclear  e l e c t r i c  program i s  intended t o  explore and evaluate  the  
advantages, and disadvantages,  t he  l i m i t a t i o n s  and problems of t h e  var ious 
power and propulsion concepts and t h e i r  subsystems, and develop t h e  most 
promising concepts f o r  mission use.  The program covers : (1) technology 
development which includes gather ing bas i c  da t a  f o r  component des ign and 
component fa t l r ica t ion  f o r  eva lua t ion  i n  ground and f l i g h t  f a c i l i t i e s ;  and; 
(2)  the development of se lec ted  systems. 

SUMMARY OF RKBJRCE S REQUIREMENTS : 

1965 --- 1963 1964 

Support i.ng iresearch and 
technology ..................... $19,463,000 $24,600,000 $25,000,000 

SNAP-8 deve:lopment ............... 15,994,000 15,500,000 18,000,000 
Space el.ect:iric rocket test  (SERT) 3,188,000 4,000,000 5,100,OOQ 

s ion  and power f l i g h t  p ro jec t s .  1,248,000 600,000 --- Small nuclear  e l e c t r i c  propul- 

Total  costs.,  ................... $39,893,000 $44,700,000 S 8 , l O O  ,000 --- 
BASIS OF FUNI)~,QUIREMENTS : 

Supportinp Research and Technology 

196 5 
--__I 

1963 1964 

Nuc 1 ea r  e 1. ec t: ir i c :  power ($9,084,000) ($12,600,000) ($1 3,  OC 0,000) 

Space envit:cmnent e f f e c t s . .  .... 450,000 931,000 840,000 
Liquid me t i t  and metal vapor 

propertic::; and technology.. .. 2,640,000 3,517,000 3,9CO,OOO 
Gaseous syr;l:eras and components. 30,000 1,512,000 I ,  1 E  0,000 
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196 5 --- 1963 1964 

Dynamic systems and components. $3,195,000 $3,336,000 $3,883,000 

Advanced concepts and mission 
Direct conversion.. . . . . .  ....... 1,700,000 1,694,000 1,7013,000 

a n a l y s i s  ..................... 1,069,000 1,610,000 1 ,500,000 

E l e c t r i c  propuls ion ($10,379,000) ($1 2,000,000) ($1.2,000,000) 

E l e c t r o s t a t i c  propuls ion ....... 6,997,000 5,662,000 5,700,000 
Electrothermal propuls ion ...... 1,298,000 1,623,000 1,701) ,000 
Electromagnetic propulsion ..... 1,092,000 2,330,000 2 , 5 0  3,000 
Component technology ........... 992 .OOO 2,385,000 - 2,lO 3,000 

Tota l  cos t s . . . . . . . . . . . . . . . . . .  $19,463,000 $24,600,000 &!5.003,000 --- 
Nuclear E & d c t r i c  Power. The Nuclear Electric Power subprogram p r w i d e s  

t h e  technology needed f o r  t h e  design b a s i s  of t h e  energy conversion e q i i p -  
ment of advanced nuc lear  e l e c t r i c  power genera t ing  systems. By "iidvan:ed" 
is  meant sys t ems  which w i l l  be h igher  i n  power, l i g h t e r  i n  we igh t ,  w i t  I 
longer operating, l i v e s  than  systems now being developed, such as !;NAP-B. 
Advanced systems a r e  requi red  f o r  both e l e c t r i c  rocket propuls ion and Euture 
a u x i l i a r y  power app l i ca t ions .  

Spec i f i c  performance requirements w i l l  depend upon t h e  s p e c i f i c  a p p l i -  
c a t i o n s ;  overa.11 technology program goals  a r e  electrical power l e v e l s  Erom 

pounds pe r  e lectr ical  k i lowa t t ,  and ope ra t ing  l i v e s  of yea r s .  
hundreds of k i l w a t t s  t o  t ens  of megawatts, weights  of less than twenty 

The Rankine cyc le  l i q u i d  metal turbogenerator  systems, t he  Brayton cyc le  
gas t u r b i n e  type system, and t h e  thermionic d i r e c t  conversion type system 
a r e  t h e  p r i n c i p a l  approaches under i n v e s t i g a t i o n  f o r  conversion of thermal 
energy of e l e c t r i c a l  energy. Other concepts are being explored to  a l e s s e r  
ex ten t  f o r  s p e c i a l  a p p l i c a t i o n s ,  such as t h e  S t i r l i n g  p i s ton  engine c o x e p t  
f o r  very  low pmer use.  

The technology program i s  being conducted f o r  t h e  most par t  under t h e  
t echn ica l  d i r e c t i o n  of t h e  Lewis Research Center,  with a small suppor t ing  
e f f o r t  a t  t h e  Jet Propulsion Laboratory. 

Space Env&onment E f f e c t s .  This technology area i s  concerned ma io ly  
wi th  t h e  space: meteoroid problem as i t  e f f e c t s  r a d i a t o r  design. :In t h e  
megawatt power range, armor needed f o r  meteoroid p ro tec t ion  has  been 
es t imated  t o  tie as much as 50 percent of t h e  t o t a l  r a d i a t o r  weight. Deter- 
minat ions of t h e  mechanics of meteoroid pene t r a t ion  and t h e  b e s t  approaches 
f o r  p ro tec t ion  atre of f i r s t  p r i o r i t y  importance i n  providing long l i f e ,  
l i g h t  weight electric power systems. The o v e r a l l  problem of space meteoroids ,  
inc luding  a l l  f l i g h t  t e s t i n g ,  is  descr ibed  i n  t h e  Space Vehicle Systems 
program. 
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The env:Lroinmental e f f e c t s  program cons i s t s  o f :  

(1) Simu1,ation of meteoroid impacts using hyperveloci ty  p a r t i c l c  
acce le ra to r s .  ,Simulated meteoroid impacts i n t o  t a r g e t s  of simple geometry 
have been conducted during f i s c a l  year  1964. The r e s u l t s  have establ:i.shed 
the  damage mech,anisms l i k e l y  t o  occur i n  a r e a l  impact; such as d.impl:.ng, 
s p a l l i n g ,  crintering, e t c .  Target configurat ions c lose ly  s imulat ing space 
r a d i a t o r s  a r e  p re sen t ly  being s tudied .  These include l i q u i d - f i l l e d  tubes,  
with varying thicknesses  of armor and bumper conf igura t ions .  I n  f i s c i t l  
year 1965, add i t iona l  r a d i a t o r  s ec t ions  w i l l  be f ab r i ca t ed  and en.tens:.ve 
t e s t i n g  w i l l  be  performed. 

(2) Aninlytical s t u d i e s  t o  support  the  experimental meteoroid siriula- 
t i o n  program. 
c a p a b i l i t y  o.E pred ic t ing  the  a c t u a l  ex ten t  of damage using e x i s t i n g  f x i l i -  
t i e s  as we11 as a method f o r  p red ic t ing  damage a t  a c t u a l  meteoroid vel .oci t ies  
which cannot be simulated i n  the  labora tory .  The work w i l l  continue 1.n fiscal1 
year 1965, 

S tudies  employing "b las t  wave" theory have demonstrated a 

(3) 
Earth meteoroid:s t o  improve the  r e l i a b i l i t y  of the  meteoroid physical  
property and f lux d i s t r i b u t i o n  da ta  now ava i l ab le .  

Contiinuing examination of photographic and radar  records of near-  

Radiators require  ceramic coa t ings  t o  improve the  e f f i c i ency  of t he  
hea t  r e j e c t i o n  (by r ad ia t ion )  process. Present  programs have ind ica tcd  a 
dozen promis.Lng coa t ings ,  some of which w i l l  be s u i t a b l e  f o r  SNAP-8 and 
Surveyor f l i g h t  r a d i a t o r  app l i ca t ions .  Long term tests (up t o  15,000 hours) 
have been conducted on four of these  coat ings.  I n  f i s c a l  year 1965, 1:he 
performance of (coatings a t  higher  temperature l e v e l s  w i l l  be e s t ab l i shed .  
S tudies  of teshniques f o r  applying beryl l ium armor t o  r e f r a c t o r y  metal. a l l o y  
tubing and t h e  development of d i f f u s i o n  b a r r i e r s  t o  prevent b&yllium from 
a l t e r i n g  the  emiss iv i ty  p rope r t i e s  of the  ceramic coat ings discussed above 
w i l l  be start led.  

Liquid & e t a 1  and Metal Vapor P rope r t i e s  and Technolozy. This work dea ls  
with the  ma te r i a l s  problems assoc ia ted  with high temperature l i q u i d  metal 
systems arid the  accumulation of t he  thermophysical and t r anspor t  properties 
of the  a l k a l i  m e t a l  working f l u i d s  a t  t he  high temperature l e v e l s  requi red  
f o r  l i g h t  wei,ght systems. 

The ma te r i a l s  program includes : 

(1) Acc~mi.ilation of da ta  on the  physical  p rope r t i e s  of proudsini: 
a l l o y s .  

(2) The development of s u i t a b l e  a l l o y s  of the  r e f r a c t o r y  elements such 
as columbium and tantalum, for use as tubing and turb ine  materials as w e l l  as 
mate r i a l s  s u i  talble f o r  use i n  high temperature e l e c t r i c a l  genera tors .  

(3) Welding and experimental  f a b r i c a t i o n  s t u d i e s  of refract:ory ,311oys. 
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(4) IWthods of improving chemical ana lys i s  techniques f o r  Clel;en!iining 
the amounts 3f such impur i t i e s  as oxygen i n  l i q u i d  meta3.s, siiicc corroalion 
rates an4 mi!;ri-ttler,ient are errtrcnieljr s e n s i t i v e  t o  impuri-ly 1evel.s. 

( 5 )  Corrosion t e s t i n g  v i th  b o i l i n g  allCali metal  punped loops and 
r e f lux ing  caFsules .  

Programs vere  s t a r t e d  i n  a l l  of t h e  above areas  i n  f i s c a l  year  1363. 
Tes ts  i n d i c a t e  that columbium base alloys a r e  s a t i s f a c t o r y  f o r  bo i l i n :  
potassium a t  2,000 degrees Fahrenhei t .  
columbium a l loy  pumped corrosion loops v i t h  l i q u i d  sodium >rill have b-en 
operated up to 2,000 degrees Fahrenhei t  f o r  eva lua t ing  and endcrruice 
t e s t i n g  compcnents such as valves ,  flow meters,  pumps and heater:;.  A 
prototype cor rcs ion  t e s t  loop with b o i l i n g  potassiwn i s  under constru:t ion 
and will be coE.pleted i n  f i s c a l  year  1965. Uali metal  j ou rna l  bear ing  
ma te r i a l s  a r e  p re sen t ly  being eva lus ted  and equipment i s  being cons t r i c t ed  
for measurinc; t h e  f r i c t i o n  and w e a r  c h a r a c t e r i s t i c s  of candidate Journa l  
bear ing ma te r i a l s  i n  potassium a t  temperatures on t h e  o rde r  of 1,600 legrees  
Fahrenhei t .  

By t h e  elid of f i s c a l  yea]. 196 1 tvo 

Simil r f r i c t i o n  and wear tests a r e  planned f o r  ma te r i a l s  i n  
high vacum cif 10 4 Torr  over t h e  same range of temperatures.  

The d ispers ion  hardened, tantalum-base a l l o y  development program has 
r e s u l t e d  i n  i n i t i a l  a l l o y  compositions which should e x h i b i t  high creep 
s t r eng ths  up t o  3,000 degrees Fahrenhei t .  
continue i n  j ’ i ~ ~ c a ~ .  year  1965. 

All of these  programs vi11 

P r i o r  to f i s c a l  year  1963, l i t t l e  d a t a  vas a v a i l a b l e  conceniing the 
thermodyn.amic:, phys ica l  and t r a n s p o r t  p rope r t i e s  of l i q u i d  metal,; a t  
tenperatu.res i n  t h e  1,500-2,000 degrees Fahrenhei t  range. A num-xr of 
t hese  proper4;ies f o r  potassium a r e  c u r r e n t l y  being obtained under con t r ac t .  
These are: l i q u i d  v i s c o s i t y ,  l i q u i d  s p e c i f i c  hea t ,  vapor pressure ,  hea t  
of vaporizatAon and f i s i o n ,  l i q u i d  thermal conduct iv i ty  aiC; pres xme- 
volume -1;empei’at;u::e r e l . a t i o n s h i ~ s  . An enthalpyen-Lroyy diagi-m a m l l  t h e  vapor 
s p e c i f i c  1ieE.t; Iicw been ca l cu la t ed  from these  da t a .  

I n  f‘isc:cd. year  1965 work w i l l  be completed on t h e  vapor t h e n m l  
conducti15ty arid sur face  t ens ion  of potassium, plus most of t h e  above 
properties for cesium. 

Gaseou:iSystems and ComponenLs . The Bi-ayton cycle  gcs t u - b i n e  Touer 
system may be used with a space o r i en ted  f i s s i o n  r e a c t o r  o r  i s o t q e  teal; 
source.  
as m r k i n g  KLuj-ds. 
nents  ant. sulxqrstems with performance and endurance t e s t i n g  i n i h m s e .  
r a d i a l  fl.otr conpressor- turbine packages were de l ivered  i n  f i s c a l  year 1964 
and w i l l  be 4;e:;ted i n  f i s c a l  year  1965. 
and elect;ri<:tsl generator  packages development has been s t a r t e d  i n  mi? - f i s c a l  
year  1964.. 
t e s t  equipmetiit p lus  cons t ruc t ion  of some h igher  temperature coinponent s . 

The i n e r t  gases,  Neon, Argon and Krypton, a r e  being stuAied f o r  use 

Three 
The program c o n s i s t s  of con t r ac t ing  f o r  sys tax  ccm~o- 

Addi t iona l  axial flow equiprent  

Yhe f’unds i n  f i s c a l  year  1965 for t h e  most p a r t  cover s g c c i a l  
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D y n m i c !  Systems and Conponen'is . E f f o r t  i s  concerned with t h e  tech- 
n o l o a  assoc:f.al;ed with t h e  key components of turbogenerator  s y s t c l s  csf 
both t h e  int;t:mieiliate temperature (1,500 degrees Fahrenhei t ) ,  supej:all o;r and 
-Lhe h i &  tq?ei.-a-Lure ( 2 , 000 Lcgrzcs Fahrenhei t )  rnli-actoiT e1lo;i ~:,L.~QE s . 
li'hes: kqr coxponcnts Lncluiie d k , L i  nctal. vzpor tuYbines , pmgs , l i q L  ic'! 
rfie-Lal. lubric!ctted jou rna l  bear ings,  b o i l e r s  , e l e c t r i c a l  generators ,  cor densctrs 
and sea lo .  

The f i r : ; t  tvo f u l l - s c a l e  potassium vapor tu rb ine  t e s t  f a c i l i t i e z  i n  
t h i s  couritry m r e  put i n  operat ion i n  f i s c a l  year  1964 a t  General E l e c t r i c ,  
Cincinna1,i , :md a t  Lewis. The con t rac to r  f a c i l i t y  ~~3.11 providc pr:i-fcrmanc:e 
t e s t s  wit,h po'mssiun and w i l l .  be completed i n  f i s c a l  year  1964 a t  the con-. 
t r a c t o r  f'aci:Lii;y. 
condi t ions K-L be s t a r t e d .  The Levis f a c i l i t y  vi11 be used t o  i n v w t i g a t e  
design de-tai.:ts of  t u rb ines .  

A one thousand hour endurance t e s t  t o  simulate e rc s ive  

Present; programs have been concerned with obta in ing  t h e  first; de ta  or1 
t h e  b o i l i n g  tmtl condensing of potassium i n  s i n g l e  tubes a t  temperatures up 
t o  2,200 ani1 1,500 degrees Fahrenhei t ,  r e spec t ive ly .  
b o i l i n g  opemti-ons a t  temperatures above 1,500 degrees Fahrenhei t  haLe bectn 
accwnulat,ed,. 
1965 

Over 8,000 hours of 

1L mult i - tube potassium b o i l e r  ~15.11 be t e s t e d  i n  f i s c a l  year  

Ttro fac:.ilf.ties a t  Lewis a r e  used t o  i n v e s t i g a t e  l i q u i d  mei;al pmp  
problems. 
of conti-c.ct 7701-k on electroma,@etic yumps ~ras completed i n  f i s c a l  yeer 1964 , 
and const,i-ud;ion of promising components arid subsystems vi11 begin rir P i s e a l  
yeax- 19651. 

'Iks1;ing ~Lll continue i n  f i s c a l  year  1965. The anaPjtical phase 

The T i l - s t  f i l l y  instrumented t e s t  r i g  f o r  jou rna l  bearing:; u t , i l i  zing 
-,rater a s  thc: l u b r i c a n t  an2 opera t ing  i n  t h e  flow region ~~l t ic ipaI ; : :d  l o r  
space p o m r  conversion systems vas completed i n  e a r l y  f i s c a l  year  1961:. 
Adequate datzt l;o perniit t h e  eva lua t ion  02 promising designs can b z  o t t a i n c d  
In t h i s  rig. 
uated'  experiiieritally. 
f i s c a l  year  1-965 l o r  proof t e s t i n s  t h e  bear ings showing promise froir t h e  
wa'ier t e s t  rr.~.. 

Six advanced jou rna l  bear ing  conf igura t ions  have b-.:tn eva l -  
A l i q u i d  metal  bear ing  t e s t  r i g  id11 bc bdi - l t  i n  

1Joi-k; be{:ari i n  f i s c a l  year  1961: t o  prove t h e  endurance c a p a b i l i t i e s  of' 
a lov  poTrer S t j - r l i n g  p i s ton  engine f o r  use x i t h  e i t h e r  a radiois3tope or 
s o l a r  energy source.  This engine i s  t h e o r e t i c a l l y  more e f f i c i e n t  than o the r  
energy cc~nv~:i-sion systems i n  t h e  low porrer s i z e s .  
i s  planned to i n i t i a t e  t h e  design cmcl cons t ruc t ion  of a rad io iso tope  package 
f o r  t h i s  en{;i.ne and t o  desiO.1 a pover systern with a l l  i t s  componxits, i n -  
c luding p~mp:; , r a d i a t o r ,  and con t ro l  elements. 

I n  f i s c a l  year  1965 , it, 

Dii-cc-t ---- Conversion. The absence of r o t a t i n g  components , bearings,  s e a l s ,  
e t c .  , makes 1;hc: d i r e c t  conversion of hea t  t o  e l e c t r i c i t y  p o t e n t i a l l y  an 
a t t r a c t i v e  concept from t h e  r e l i a b i l i t y  s tandpoin t .  The major clmcegt 
under invest.j.getion by NASA i s  t h e  use of thermionic emi t t e r  systi?ms. The 
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major technological obstacle i s  the development of a satisfactory fuel 
element which can operate for a long time at a temperature leve l  of 
3,500 degrees Fahrenheit, a level  far beyond the present state  of 
t h e  art. 
l u r g i c a l  :;tudies of t h e  compat ib i l i ty  of  fuel and emi t t e r  ma'Gerid.s. 
p a t i b i l i t y ,  i n  terms of temperature limits f o r  t h e  r e f r a c t o r y  cle.ddinl5 
materials, has been e s t ab l i shed  f o r  carbide and oxide f u e l s .  I n - p i l e  t e s t s  
have been co;ndu:ted i n  t h e  Va l l ec i to s  Tes t  Reactor on a number of' fue:.s. 
In  f i s c a l  yeizr 1965, fue led  diode t e s t i n g  will begin i n  t h e  Plumbrook tes t  
r eac to r .  I n - p i l e  tes ts  of 5,000 hours equivalent  opera t ing  l i f e  1:ill be 
completed on the  promising c l ad  fuels. 
s e a l s  teclmo.l~gy.  

The sn rk  to d a t e  under con t r ac t  has been concent ra t inc  on m e t a l -  
Com- 

Work w i l l  continue on inzv lator and 

Advanced -- Cmcepts  and Mission Analysis .  Major e f f o r t  dea l s  T.ith mag- 
netohyciroclyn~t-i:: (bm) approaches t o  e l e c t r i c  power generat ion.  Component a 

investiga-Lions ,311 a lithium-cesium l i q u i d  magnetohydrodynamic cle.c-ice tire 
being done. 
Rankine m a g n a  to'hydrodynamic systems. A program i n v e s t i g a t i n g  an e l ec - ; r i ca l  
generator  coixept  using t h e  d i r e c t  conversion t o  e l e c t r i c i t y  of the h:-@ 
energy pa:r t ic les  emit ted by radioisotopes i s  being supported 

Leiris i s  working in-house and under con t r ac t  on sing12 f:!uid 

To def i i i?  the performance p o t e n t i a l ,  t echnologica l  problm e.i*eas , 
weights, tmd entlurance, a number of power p l a n t  system s t u d i e s  have been 
pe r fomed  whizh emphasize engineering d e t a i l  rather- than t h e  pareriietr .c 
approach. 
e l e c t r i c  rnaxinwn) and propuls ive power (1 t o  5 megasratt e l e c t r i c ) .  
ical. s tud ie s  2 f  t h i s  type k c i l l  continue i n  f i s c a l  year  1965. 

S-tudies include work on sygtems for auxiliary power (100 l i I - l O E i t t  
hidyt- 

---- Elec-Lros tat5.c Propulsion. This t h r u s t o r  e f f o r t  provides fw.daneiital  
process aid :tp$.ied component reseai-ch Infoima'tion necessery Tor -i;;.le tlc- 
vd.oy~ciii; 02 2 l e c t r o s t a t i c  I;h:as'~ors 1x1 t h e  rmge 0;" a Pe:.; teiith's of a 
pound to lnmtli-ell:; OB pomds at s p c c i f i c  knpul-ses of 3,500 -to 10,C~OO seconds 
o r  greate:?. Da'ta i s  obtair-ed on m e a n s  of generat ing ions,  on meens 0:: 

a c c e l e r a t i n s  i o m ,  on e l e c t r i c a l  theory  r e l a t i n g  t o  e f f e c t s  of building up 
a sFace charlT?, and on the  composition and behavior of ion  b e a m .  Applied 
technology in'-liides : t h e  factors in f luenc ing  f a b r i c a t i o n  of porcus metal 
ion  emitters,; des i@ cons idera t ions  of e l e c t r i c a l  c i r c u i t r y  and components; 
design of pro:pe:llant feed  and s torage  components; s e l e c t i o n  of ve.riour; 
materials fo:? t h e  cons t ruc t ion  of  t h e  d i f f e r e n t  components; e f f e c t s  of 
s c a l i n g  engine :?erformance; s i z e ;  c l u s t e r i n g  of low posmr engine modu:.es i n t o  
high pow!? 1eve:L engines ; and inst rumentat ion.  

1nve:;tigations i n t o  t h e  generat ion of ions  by br inging  cesium or 
mercury atom!; i n  contact  with a warn sur face  ( sur face  contac t  ionizat i .on)  
w i l l  provlde (la-La and eva lua t ion  of  t h e  most suitable porous tungsten ion  
emi t t e r s .  The condi t ion of t h e  ion  emitters can l i m i t  t h e  l i f e  cf thci i on  
engine. Two :?r:incipal phenomena vhich inf luence  t h e  s e l e c t i o n  of t h e  ion  
emitter ma,te;?:iEtl and design o r  f a b r i c a t i o n  techniques a re :  grain !?;ro\rth 
of -the porou:; timil;sten i o n i z e r  which can cause shrinkage and breakage of 
t h e  i o n i z e r  or closure of t h e  pores; and impur i t i e s  , i n i t i a l l y  the cesium 
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introduced bj. corrosion of t h a t  metal., i n  contac t  Trith hot  cesiiu,i, 1:hich 
could affect; the i o n i z e r  by means of a recluctiori i n  ~~0rl1; function, oxida t ion  
01- clogging clf t h e  feed  systan. 

Prel iminary results of recent  s tud ie s  i n d i c a t e  t h a t  tungsten made by 
s i n t e r i n g  sphe r i ca l  p a r t i c l e s  may be an exce l l en t  i o n i z e r .  
f i s c a l  year 1.965 -trill provide more information t o  judge t h e  quali-Lies of 
spher ica l  powder i o n i z e r s .  

The ?rogram i n  

Work wiI.1 continue t o  apply braz inz  and e l ec t ron  beam wielding tech-  
niques t c  t h e  problem of  a t t a i n i n g  l eak - f r ee  seals between t h e  p ~ t - o u s  ion  
emi t t e r  and i t s  support  s t r u c t u r e ,  par t icu le , r ly  i n  l a r g e r  i on  en:i.nes. 

A new toyye of sur face  contact  i o n  source,one which operates  a t  kigh 
cur ren t  d.ens5.ti.es with simultaneous emission of ions  and e1ectro.n; ,has 
demonstrated roughly an order magnitude inc rease  i n  e f f i c i e n c y  over c t h e r  
cur ren t  sources .  The present  f i s c a l  year  19611 and 1965 study i s  designed 
t o  improve t h e  degree of i on iza t ion  id thou t  undue power input  in:  i-eases, 
and t o  exparid t h e  r e s u l t i n g  plasma t o  a dens i ty  d i s t r i b u t i o n  fro:n uliicki t h e  
ions  can be conveniently ex t r ac t ed  and acce lera ted .  

Several. s tud ie s  of means of  generat ing ions  through electror l  borrbard- 
ment of  t,arget:; are being continued t o  provide design informatlon fo r  t h e  
development of e l ec t ron  producing cathodes trhich w i l l  demonstrate h i eh  
e f f i c i e n c y  L o n g  i r i th  long life, and t o  examine t h e  problem of e x t r a c t i n g  
high in t ens i  l,y beams from t h e  source.  Other e l ec t ron  bombardnent io r  sources 
Vhich prcducc: high bean cur ren t  d e n s i t i e s  u i t h  t h e  promised long lift a r e  
being invest,r.gcited along with t h e i r  a s soc ia t ed  acce le ra to r s .  

Acceleir~t;tS.on of ions  without causing ion  impact e ros ion  of the  
acce le ra t ing  e:-ectrodes i s  a problem a r e a  which i s  c lose ly  r e l a t e d  -tc engine 
l i f e .  
long I.il"e by: studying means of i q r o v i n g  t h e  beam cur ren t  densiby prof i le  
by developing faproved e lec t rode  conf i s r a t i o n s  , by a n d y z i n g  and h p T O V i r l g  
t h e  i o n  optj.c:s,, and f i n a l l y  by d i v e r t i n g  ions toward n o n c r i t i c a l  iirecs. I n  
add i t ion  a funt imenta l  s tudy on t h e  s p u t t e r i n g  erosion o f  accelcmtos*s i s  
being conducxetl us ing  e lec t rock  materials, pi -opc l lmts  and vol tage  dj Pfer- 
cnces ty-picciL of ion  engines. 

The research  program i n  t h i s  m e a  t r i l l  be d i r e c t e d  tormrd u t t z i n i n g  

One of -:ha major quest ions rezarding f e a s i b i l i t y  of i o n  engine clperation 
i n  space i s  -"rhether ion  beams can be neu t r a l i zed  before  leav ing  t h e  engine 
t h r u s t  chatnlxr exit. It i s  expected t h a t  f i n a l  proof of t h i s  f e a s i l i i l i t y  
isill be tletcmnrined i n  t h e  Space E l e c t r i c  Rocket 'Tes t  I f l i g h t  pro, ject .  
Studies  Eire 1x:ing continued in f i s c a l  yea r  1965 of t h e  fundamenta:L phenomena 
involved and 0:: t h e  optimizat3-on of engine n e u t r a l i z e r  systems. 

SeverL! c o l l o i d  p a r t i c l e  sources a r e  being s tud ied  t o  obta in  h igher  
thrust per m i - t  a r e a  than with conventional i on  engines. 
t hese  s tud ios  :is t o  provide means of charging and acce le ra t ing  pmriciusly 
'prepared mi:!:li -micron s i z e  p a r t i c l e s .  Development of d iagnos t ic  inst ivmenta-  
t i o n  i s  being continued. 

The ob jec t ive  or" 
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The obJec t ive  of l a r g e  ion engine experiments i s  t o  provide the  i n f o r -  
mation needetl. -LO develop engine systems ( m u l t i  -k i lowat t  t o  15 megatrattts) 
capable of n1:is:;ions i n  c i s - luna r  and p lane ta ry  space, and t o  explore and 
provide expe:rirnental confirmation of t h e  problems involved i n  developing 
such large fhn engines.  

T h i s  e!l.fo:r-t includes development of contac t  i o n i z a t i o n  engines, and 
an e l e c t r o n  -3oinbardment ion iza t ion  engine. The sur face  contac t  ion engine 
shows promi:;l3 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  v a l u w  of 
s p e c i f i c  inp-xl;;e above about 7,000 seconds. 
capab i l i t y ,  th.is type of engine i s  t h e  most l i k e l y  choice f o r  ultimat,e use 
with ligli t in?ight e l e c t r i c  power generat ing systems on i n t e r p l a n e t a r y  
missions.  Tne e l ec t ron  bombardment ion  engine on t h e  o t h e r  hand o f f e r s  t h e  
h ighes t  efffi 2iency i n  t h e  intermediate  range of s p e c i f i c  impulse :Froni about 
4,000 seconds - ~ p  t o  7,000 seconds, and i s  t h e  most l i k e l y  choice :Cor use 
on e a r l y  i n t s r p l a n e t a r y  missions.  

Because of i t s  high impulse 

To a c h i s ?  r e l i a b l e  high pover ion engines t h e  bu i ld ing  blcclc technique 
i s  u t i l i z e d ,  d2veloping 10v power engine modules and s c a l i n g  or c l u s t e r i n g  
these  modules i n t o  t h e  high power (megawatt) l e v e l  regime. 
a four phase program: 
imately :L k i l owa t t )  f o r  labora tory  and f l i g h t  eva lua t ion  (Lmce E l e c t r i c  
Rocket Tes t  I) of such bas i c  problems as beam n e u t r a l i z a t i o n ;  (27  de-relop- 
Gent of-:j k i lowa t t  f l i g h t  prototype modules f o r  s c a l i n g  or c l u s t  erintg t o  
t h e  30 k i l o J a t t  s i ze ;  (3) development and q u a l i f i c a t i o n  of 30 l c i lcwa- ; t  
systems :For determining s c a l i n g  and system performance problems f o r  :*each- 
i n g  t h e  next h igher  power l e v e l  p l a t eau  (100 k i lowa t t s  t o  1 megmfntt 1; and 
(4) p ro jec t ing  t h e  design c r i t e r i a  of  t h e  30 k i lowa t t  engine i n t o  t h e  many 
megawatt power engine regime. 

This involves 
(1) t h e  f a b r i c a t i o n  of s m a l l  engine modues  (approx- 

During Phase 1 and Phase 2, a c i r c u l a r  s t r i p  sur face  contac:t ion  
engine vas (designed, f a b r i c a t e d  and tested which provided 40 percent  
e f f i c i e n c y  ;at a s p e c i f i c  inpulse  bf lt,5OO seconds, impulse and 85$ a; 
8,700 seconlds impulse, and t e s t e d  for more than  200 hours.  This, modirle 
was then sc.sled i n t o  a higher  k i lowa t t  power s i z e .  
ducted on o the r  ty-pes of sur face  contac t  ion en@nes ,mch as thc: 1.ineax 
s t r i p  ion  e:nginc discussecl last yeai- ,vliicli p resent  
problems f o r  s c a l i n g  than the  previously tes’ced contac t  i on  engines.  

S tudies  have: ‘been con- 

f eve r  e n ~ i n e c i - i q ;  

A l s o  du r ine  Phase 2, a cesium e l e c t r o n  bombardment engine ~ras  designed 
and developed which showed good perfomnance between 4,500 and 7>OOO seconds 
s p e c i f i c  impulse. The most s e r ious  developnent problems of t h i s  engine 
type a re :  (1) ion iza t ion  of R hizh percentage of p rope l l an t  a t m s  with a 
minimum power u t i l i z a t i o n ;  (2) ion acce le ra t ion  through t h e  engine with a, 
minimum ,of e lec t rode  erosion;  (3) the  requirement f o r  100 percent  n e r t r a l i -  
za t ion  of t h e  ion  beam by i n j e c t i n g  c l ec t rons  from a cathode source in to  
t h e  beam a t  t h e  a c c e l e r a t o r  exit:” so that t h e  beam will l eave  t h e  t h r u s t o r  
with a n e u t r a l  charge; and (4)  
( i o n i z e r )  which ~ l i l l  permit m a x i m u m  p rope l l an t  u t i l i z a t i o n  e f f ic5enc  les  with 
minimum ‘heat r a d i a t i o n  losses. 

evelopment of ma te r i a l s  f o r  t h e  Ton 2mitter 
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The ob jec t ive  of small ion engine experiments i s  t o  develop t h r u s t o r s  
with long l i f e ,  with high r e l i a b i l i t y ,  and with t h e  c a p a b i l i t y  for a :Large 
number of  re,;tai-ts over a per iod of seve ra l  months o r  years .  En6;fne :;ystems 
vi11 be capa‘ble of being inteGrated i n  a three axis a’itilude contzo l  rind 
s t a t i o n  laxping  sjrstm f o r  var ious o r b i t  missions.  
s u i t a b l e  :for 1 i l” t ing  or t r ans fe r in f ;  small s a t e l l i t e s  from one or1)i.t t o  
another .  
operat ion ovsr a one year l i f e  s p a  and ul-t imately for three to five ;rears. 
Once these  t:hrus-tors become a v a i l a b l e  they w i l l  be placed on a f1.i~h-t  
s iniulator  a t  the  Goddard Space F l i g h t  Center t o  obta in  system pe13’onn;mce 
data over a range of s t a t i o n  keeping a t t i t u d e  c o n t r o l  missions r equ i r e -  
ments. T:hess data v i l l  then be compared with o t h e r  methods for ::t,ation 
keeping s t t i , t u d e  control. t o  de- temine  t h e  most promising approach. 

Thrustors  iriJ.1. a l s o  be 

Th2 s:mall ion engine v i l l -  be in i t ia1 l .y  d e s i p e d  f o r  cyc:!.%c 

One small ion engine i s  scheduled f o r  l abora to ry  demonstrati.on i:i 

September 1$1+, 
of t h e  l abora to ry  prototy-pe system developed during f i s c a l  year  1.964. 
deve1opne:nt and engine t e s t  con t ro l  and power elements will be pwfonned 
and simu1,s;tor f a c i l i t y  t e s t s  trill be conducted. 

In f i s c a l  year  1965, performance t e s t s  w i l l  be c o n t i m e d  
The 

Elec t r o t h e m a l  Propulsion. The ob jec t ives  o,f this program Eire t o  
advance t h e  ;&nolorn of e lec t ro thermal  engines ,so t h a t  e f f i c i e n t  ani 
r e l i a b l e  e l e c t r i c  en&e systems can be b u i i t  in’ t h e  s p e c i f i c  impulse range 
of TOO t o  2,500 seconds f o r  a t h r u s t  range of t e n t h s  of a pound t o  possibly 
seve ra l  hundreds of pounds, a t  power l e v e l  range of a few kilowa1,t;s t o  
poss ib ly  seve ra l  megawatts. 
experimental  s t u d i e s  a r e  being conducted on components and bas i c  proc:sses, 
inc luding  e l ec t rode  geometry required t o  generate  t h e  e l e c t r i c  w c  t i a t  
hea ts  t h e  p r c p e l l a n t j  t h e  process of convert ing e l e c t r i c a l  energy t o  thruz t  
energy; t h e  Fhysical  mechanisms wMch t r a n s f e r  hea t  from t h e  p r o p e l l a i t  
gases t o  the  surrounding ~ n l l s  of t h e  a c c e l e r a t o r  of e lec t rodes ;  s e l e2 t ion  
of p rope l l an t s  and methods for s t o r i n g  t h e s e  propel lan ts :  and e 1 w t r i : a l  
c i r c u i t r y  ( l i g h t v e i g h t ,  e f f i c i e n t  e l e c t r o n i c  components). 

To achieve these  ob jec t ives  ana1ytic:nl  aid 

Electrothermal  engines ( inc luding  t h e  a r c  j e t  and t h e  r c s i s l ; o j e t )  
develop t h r u s t  by electrical.2.y hea t ing  a gaseous p rope l l an t  ,such as hydrogen, 
and expanding it through a nozzle .  
t h e  r e s i s t o j e t  concepts i s  t h e  manner of p rope l l an t  hea t ing .  
j e t  t h e  p rope l l an t  i s  heated by pass ing  it through an e l e c t r i c  d:schar@e, 
while i n  t h e  r e s i s t o j e t  t h e  p rope l l an t  i s  heated by passing it bel;ireen 
e l e c t r i c  r e s i s t a n c e  heated elements. 

The d i f f e rence  between t h e  aj-c j e t  and 
In  t h e  n c  

The ob jec t ive  of t h e  small r e s i s t o j e t  and a r c  j e t  engine experim?nts i s  
t o  develop t k r u s t o r s  with long l i f e  and high r e l i a b i l i t y , a n d  a capability for 
a large number of  r e s t a r t s  over a per iod of s e v e r a l  months o r  yecirs. 
engine systen.s trill be capable of being i n t e g r a t e d  i n  a t h r e e  a x h  a t t i t u d e  
con t ro l  and s ta . t ion keeping system for various o r b i t  missions.  
w i l l  a lso be able to  l i f t  or transfer small s a t e l l i t e s  from one orbit to  
another. In i t ia l  res i s tojet  and arc jets w i l l  be capable of operatixg 
continuously for at  least 90 days. Later res i s to je t s  and are jet:s w i l l  be 
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designed f o r  c y c l i c  opera t ion  over one year  and, u l t ima te ly ,  th ree  t o  
f i v e  year  l i f e  spans. 

The ob jec t ive  of l a r g e  a r c  j e t  engine experiments is t o  develop 
experimental a r c  j e t  t h r u s t o r s  i n  the  30 ki lowat t  t o  4 megawatts power 
range t o  provide the  technology f o r  s c a l i n g  from small engines t o  s i z e s  
f o r  fu tu re  mission appl ica t ions .  The bui ld ing  block technique i : 3  being 
u t i l i z e d ,  s t a r t i n g  with t h e  development of a 30 ki lowat t  engine capable 
of operat ing continuously f o r  90 days t o  several months. A 30 ki lowat t  
DC engine has been designed and f ab r i ca t ed .  
f u l l y  demonstrated f o r  700 hours continuous running i n  a vacuum 1:ank 
without any apparent e l ec t rode  e ros ion ,  component d e t e r i o r a t i o n  or s i g -  
n i f i c a n t  malf’unctions. 
impulse between 1,000 and 1,350 seconds. 
w i l l  be placed on performance improvement i n  an e f f o r t  t o  a t t a i n  high 
e f f i c i e n c y  in t he  high s p e c i f i c  impulse range (2,200 seconds) f o r  the  
250 ki lowatt  d i r e c t  cu r ren t  a r c  j e t  engine. 

This  engine has  been success- 

Engine e f f i c i e n c y  was 45 percent  a t  a s p e c i f i c  
During f i s c a l  year  1965 emphasis 

Electron%petic  Propulsion Research. The program ob jec t ive  i s  t 3  
conduct f e a s i b j l i t y  s t u d i e s  of promising types of electromagnetic: (MHD) 
engine system concepts f o r  propulsion app l i ca t ion ,  p l ac ing  considerable  
e f f o r t  on such a reas  as t h e  physics of plasma production and acct: leration 
processes.  Included a r e  a n a l y t i c a l  and experimental  s t u d i e s  t o  t le ternine 
t h e  mechanisms which inf luence  t h e  conversion of e l e c t r i c a l  t o  d:mami: 
energy, t he  t , r a n s f e r  of hea t  t o  surrounding media, t h e  coupling of 
ionized gases v i t h  i t s  a s soc ia t ed  e l e c t r i c  and magnetic f i e l d s  t o  proiuce 
t h r u s t ,  t h e  :el .ection of p rope l l an t s ,  and t h e  devis ing  of method:; f o r  
producing pli .snm. 

This en6;ir.e concept develops t h r u s t  by a c c e l e r a t i n g  a gaseoirs p m p e l -  

The tvo  genera l  types of magnetohydrodynamic accelerate::::; a r e  
l a n t  plasma :,uch as argon o r  hydrogen by coupled e l e c t r i c  and magnetic f i e l d  
fo rces .  
pulsed and si,ea.dy f low plasma a c c e l e r a t o r s  which d i f f e r  by t h e  miumer i n  
which the  electromagnetic fo rces  that a c c e l e r a t e  t h e  plasma a r e  c rea ted ,  
and t h e  m a n n e r  i n  which t h e  plasma i s  generated.  
promise f o r  covering the  range of s p e c i f i c  impulses from TOO to !;:?eater 
than 10,000 5,econds. 

These concepts show 

F e a s i b i l i t y  s tud ie s  a r e  being conducted on f i v e  d i f f e r e n t  magnetohydro- 
two  d i f f e r e n t  coax ia l  pulse  dynamic plasma a c c e l e r a t o r  concepts as follows: 

type acce ler&, tors ,  a s teady s t a t e  Hall cur ren t  acce le ra to r ,  a micromve 
cyclotron rezorance acce le ra to r ,  and a t r a v e l i n g  wave a c c e l e r a t o r .  Study 
of t he  fundarxertals of e l e c t r i c a l  discharge i n  plasmas and t h e  generat ion 
and acceleratLon of a plasma i n  a converging t h r u s t o r  chamber i s  con- 
t inu ing;  s p e c i f i c a l l y ,  t h i s  s tudy w i l l  cover t h e  mechanisms of  t l i t :  i n i t i a l  
breakdown of  the  propel lan t  gas, e l e c t r i c a l  cu r ren t  i n t e n s i f i c a t  ion and 
l o c a l i z a t i o n  wi th in  t h e  gas,  s t a b i l i t y  of t h e  e l e c t r i c a l  d i s c h a r p  an1 
curren t  carrg- media through t h e  plasmarand t h e  coupling of t h e  p.Lasma wit?* 
t h e  e l e c t r i c  ar.d magnetic f i e l d s  t o  produce magnetogasdynamic acceleration 
of t h e  plasIr&,. The i n t r i n s i c  a c c e l e r a t o r  e f f i c i e n c y  vi11 then bc determined, 
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The pulsed devize now i n  opera t ion  shows p o t e n t i a l i t i e s  of conversion t o  
a high re]?et i t i o n  r a t e  continuous trave acce le ra t ion  which should func-;ion 
l i k e  a s teaqy f l o u  machine. This m u l d  have considerable  s ign i f i cance  t o  
space engine des ig l ,  s ince  t h e  t h r u s t  l e v e l s  a t t endan t  on s teady  flow 
acce le ra t ion  would be considerably h igher  than for ion  engines.  

Laboratory da t a  on the  s m a l l  (10 ki lozrat t )  General E l e c t r i c  repe-;i- 
t i v e l y  pulsed coaxia l  a c c e l e r a t o r  i n d i c a t e  power e f f i c i e n c i e s  of 40 t o  1+5 
percent  a t  6,000 seconds s p e c i f i c  impulse. 
e a r l y  e l e c t r i c  propulsion app l i ca t ion .  The t r a v e l i n g  zmve magnetohyd-o- 
dynamic acce le ra to r s  also shoir p o t e n t i a l  f o r  propulsion app1icat i .m.  

This concep’i shows pronisc  f o r  

Component Technology. S tudies  i n  this a rea  provide paramet15.c &ita 
which are r e i z r e d  t o  make design t r a d e - o f f s  between t h e  e lec t r ic :  t h m s t o r s  
t h e  pover condi t ioning,  s t r i tching equipment and t h e  power supply s y s t f m  , 
t o  ob ta in  optimum e l e c t r i c  propulsion system c a p a b i l i t y .  Analysis w i . 1 1  
def ine  design requirements f o r  comFonents as inf luenced by p o t e n t i a l  
mission requirements. Tes t s  t r i l l  be performed on e l e c t r i c  p rop i l s io : i  
system components, such as e l e c t r o n i c  components i n  t h e i r  opera t ing  modes, 
and p rope l l an t  storage and feed  system coniponents f o r  long time per iods 
i n  a zero G environment. 

Inves t ip ,a t ions  w i l l  be continued on mission app l i ca t ions  foi’ ele : t r i c  
propulsion, i n  order  t o - o r i e n t  propuls ion and veh ic l e  requiremenix t o  
research work and ob jec t ives .  These s t u d i e s  must be continued arid 
updated s ince experimental  design and perfoimance d a t a  ContinualS-37 chmge,  
thereby a f f e c t i n g  t h e  na ture  and r e s u l t s  of t h e  ana lys i s .  

1-96‘; -- 1963 1964 

Development esid f1iZh-t proJ . $15,Sgh ,000 $15 , TOO , 080 $lg, GOO, 000 

m ihc  ob;cdLeivc 01 t h i s  n-coJec’c i s  t o  ricvelor, a 35 e l e c t r i c a l  1:ilomt-t 
nucl ear clcc-Lri c generat ing system s u i t a b l e  f o r  space application::  i n  t h e  
1970’s. 
and without maintenance for 10,000 hours i n  t h e  space enviromieiit.  
Future  missicm requ i r ing  e l e c t r i c a l  powers within s i n g l e  o r  1 , i u l ~  igle 
SMP-8 des ig i  c a p a b i l i t y  ranee from l a r g e  o r b i t i n g  space s t a t i o n s  and lunar 
bases t o  manriec. and m a n n e d  p lane ta ry  probes and s a t e l l i t e s .  
t h e  only space power system under developnent i n  t h i s  power range. 

The SJ-s’iem must be capable of s t a r t i n g  and ope ra t inc  coiiiinuously 

SNAP-8 i s  

SMP-8 development i s  a J o i n t  Nat ional  Aeronautics and Spacl? Rdmin- 
istration-At.crmi.c E n e r a  Commission program. NASA i s  responsib’e for 
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developer i t  02 t h e  power conversion subsystem and i t s  i n t e g r a t i o n  v i t h  t h e  
nuc lear  subsystem 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. 
subsystem,, trl~ich includes the  r eac to r ,  i t s  con t ro l  system and sh ie ld i r .g ,  i s  
t h e  r e s p o n s i b i l l t y  of t h e  Atomic Energy Commission. 

The r .uclear  

SPW-8 ii-;i:Lizes a boi l inG mercury, turbogenerator  cyc le  t o  convert  
thermal povei.- developed by 8, compact space nuc lear  r e a c t o r  i n t o  e l ec t i5 , ca l  
po?,rer. 
of develoymcn-t :rather than on l i g h t  weight, and a l s o  considers  f lcxibi l i t y  
t o  adapt ~,ri.th a minimum of change t o  a range of p o t e n t i a l  space missiclns. 
The progrm :-:s presen’cly p lanmd through t h e  ground development phase and 
includes I’-n excess of 60,000 hours of non-nuclear and nuclear  tcs’cin;: t o  
develop t h e  :;eqirired r e l i a b i l i t y .  
required l;o ::eject t n s t e  hea t  from t h e  power conversion process i s  defer red ,  
pending a:;sipment of a s p e c i f i c  space mission. 

The tL~sfign approach p laces  a major p r i o r i t y  on r e l i a b i l - i t y  mi. ease 

Development of t h e  space r a d i a t o r  

During ::iscal year 1964 t h e  redesign of a l l  major power conversicm 

Tic f a b r i c a t i o n  of most components i s  ml l  advanced, and t h e  
components t o  r e f l e c t  t h e  more conservat ive system concept has been 
completed. 
pre1iminai.y ‘;es-ting of  some major components i s  underway. 
labora toqr  p:mg.rms i n  ma te r i cds  and corl-osion have been expanded -to 
include long-term tests s imula t ing  both t h e  r e a c t o r  and pover conversj on 
loops. Tlie S!K?-8 experimental  r eac to r ,  t h e  f i r s t  major s t e p  i n  the 
Atomic Energy Cmmission r e a c t o r  developnent program, af ter  undergoing; 
extensive nuc:lear physics t e s t s  a t  very low power, vas brought t o  design 
pover and tern-pe:rature t o  ob ta in  d a t a  necessary for t h e  design of a f l i g h t -  
w o r t h y  reac to  r . 

Supporting 

Accornplfi~hnents i n  t h e  remainder of f i s c a l  year  1964 vi11 inc lude  t h e  
f i rs t  tes-l;ing of a fully-assembled tu rb ine  t r i th  ho t  mercury vapor, fo:.lomd 
by i n i t i a l  tc ; t . ing of a cornp’ete sW-8 prototype power conversion sub- 
system a t  ra-t?d power condi t ions.  
complete powr  operat ion of t h e  SNAP-8 experimental  r eac to r .  
f i rs t  pro’;otype r e a c t o r  r r i l l  be near ing  completion. 

The Atomic Energy Cormnission h i l l  
Design of t he  

During :?ism1 year  1965 t h e  p r o j e c t  w i l l  concentrate  on obtainin{: 
system pe:rfo:nna;nce of both t h e  nuc lea r  and non-nuclear subsystems i n  
prepara t ion  :i?w combined o v e r a l l  system opera t ions .  
commence on - t ~ m  complete SNAP-8 p r o t o t m e  power conversion subsystrns  
f o r  d e s i g i  ver i : f ica t ion ,  c a l i b r a t i o n ,  and evaluat ion work. Porrer con- 
vers ion subs:ystem perfomance and s t a r t - u p  ~3.11 be demonstrated anci t h e  
f irst  of :Pou:r 10,000 hour endui-ance t e s t s  v i l l  be i n i t i a t c d .  
Energy Cormi:;sion 1.611 i n i t i a t e  porrer t e s t i n g  of t h e  first p r o t o t m e  
S W - 8  space reac tor .  Preparat ions f o r  t h e  f irst  nuclear  t e s t i n c :  of t i  

complete pro- t3 t ;yp  system i n  the Atomic Energy Comission Ground Prototype 
Fac i l - i t y  at S snka Susana will. be near ing  completion. 

Tes t  opera t ions  r r i l l  

The iztorlic 
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Subsequent y j o r  p r o j e c t  milestones as planned i n  j o i n t  National 
Aeronautics and Space Administration-Atomic Energy Commission coord in i t i on  
meetings are a s  follows: 

(1) Complete 90 days of power conversion subsystem enduranc:e t m t i n g  
u t i l i z i n g  prototype components i n  e a r l y  calendar  year 1965. 

(2) The f i r s t  i n t e g r a t i o n  of a complete e l e c t r i c a l  genera t ion  s : i s t e m  
and the  f i r s t  genera t ion  of nuclear  e l e c t r i c  power by a ground prototype 
SNAP-8 system a t  Atomic Energy Comiss ion ' s  Ground Prototype Test: FacLl i ty  
i n  calendar  year 1966. 

(3) Complete f i r s t  10,000 hour endurance test of pro to type  SNAP-8 
power conversion subsystem i n  calendar  year 1967. 

( 4 )  Delivery of a f l i g h t  prototype SNAP-8 system t o  NASA Pl.umbr3ok 
Space Propulsion F a c i l i t y  i n  calendar  year 1967 f o r  space s imula t ion  t e s t .  

Space E l e c t r i c  Rocket T e s t  (SERT) 

1963 1964 196 5 --- 
Spacecr.af t design,  develop- 

ment and support .  ........... $2,588,000 $4,000,000 $!~,100,000 
Launch vehicles............... 600,000 --- --- ---- 

Total  costs . .  ............... $3,188,000 $4,000,000 $!~,~oo,ooo 
The purpose of t h e  space e l e c t r i c  rocke t  test  f l i g h t s  is  t o  provide 

requi red  bas i c  information on e l e c t r i c  engines and e l e c t r i c  engine systems 
not  ob ta inable  from experiments conducted i n  ground f a c i l i t i e s .  

A l l  e l e c t r i c  propuls ion experimental  i nves t iga t ions  t o  d a t e  have taken 
p lace  i n  ground vacuum chambers. 
engines,  the  problem of n e u t r a l i z i n g  t h e  ion beam by the  i n j e c t i o n  of 
e l ec t rons  could. no t  be f u l l y  inves t iga t ed  s ince  e l e c t r o n s  omitted from the 
vacuum chamber walls tended t o  au tomat ica l ly  n e u t r a l i z e  t h e  beam, 
tests, the  tank  e f f e c t s  were el iminated and successfu l  n e u t r a l i z a t i o n  was 
l imi t ed  t o  rn,icroseconds. Therefore,  s tudy of the  n e u t r a l i z a t i o n  problem 
Over a longer per iod  of t i m e  and 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 is  s t i l l  required.  I n  add i t ion ,  such space environment f a c t o r s  
as magnetic 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 i g n i f i c a n t l y  a l ter  t h e  i o n i z a t i o n  and n e u t r a l i z a t i o n  mechanisms of t he  
engine . 

During t h e  i n i t i a l  experiments on ion  

I n  la ter  

Solving t lhe  n e u t r a l i z a t i o n  quest ion and c o r r e l a t i o n  of tank datci 
wi th  f l i g h t  d1at.a a r e  the  primary ob jec t ives  of t he  Space E l e c t r i c  Rocket 
T e s t  I b a l l i s  ti .c f l i g h t s  now under a c t i v e  development. Space E l e c t r i c  Rocket 
Test I w i l l  be launched by the  Scout v e h i c l e  f o r  a b a l l i s t i c  f l i g h t  t i m e  of 
approximately 5,O minutes a t  a l t i t u d e s  above 250 m i l e s .  The capsule  w i l l  be 
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s p i n - s t a b i l  Ized. Changes i n  capsule  s p i n  rate caused by engine opercttion 
w i l l  be used t o  determine engine performance. 
equal ly  'between a cesium contact-  i on iza t ion  engine and a mercury e l ec t ron  
bombardment engine of d i f f e r e n t  b a s i c  designs and u t i l i z i n g  d i f f e r e n t  method:; 
of beam neutraLizat ion.  

The test  t i m e  w i l l  be divided 

The f i r s t  complete capsule  v i b r a t i o n  survey w a s  completed i n  Apri l  1962,, 
In  f i s c a l  year  1963 f l i g h t  s imulat ion tests of an  in t eg ra t ed  test  capsule ,  
with ion engines operat ing,  were conducted u t i l i z i n g  the  i d e n t i c a l  mobile 
launch iristir~am~mtation and equipment which is  t o  be  used during the  f l i g h t .  
During these  tests both engine power conver te rs  f a i l e d .  Solut ion of t h i s  
problem requLred a lengthy research  and development ground tes t  program, 
including repeated t e s t i n g  of the  engines and redesigned conver te rs  i n  
vacuum tanks.  During f i s c a l  year  1964 successfu l  tests were conducted on 
the  test  cap:;u:le using the  redesigned power converters  through t h e  complete 
f l i g h t  sequ~mce,  including engines opera t ing  during capsule  spin.  

The rer ;ul ts  of the  above tests w i l l  be fac tored  i n t o  the  f i n a l  capsule  
The prototype and f l i g h t  capsules  w i l l  be assembled and subsystem designs.  

and ground t e s t e d  under simulated f l i g h t  condi t ions p r i o r  t o  launch. 

Because Space E l e c t r i c  Rocket T e s t  I indica ted  a g r e a t e r  need f o r  da t a  
i n  the  area of power conver te rs ,  a research  program was s t a r t e d  i n  f i s c a l  
year 1964 t o  pixwide the  technology f o r  t he  design of r e l i a b l e  l o n g - l i f e  
converters.  In add i t ion ,  a ground test  program w i l l  eva lua te  t h e  per formanca 
c a p a b i l i t y  o:E e l e c t r i c  engine systems f o r  use i n  s ta t ion-keeping and a t t i t u d e  
cont ro l  syst:ems before  f l i g h t  of the  system. 

I n  fisc:iil year  1965, Space E l e c t r i c  Rocket T e s t  I launches w i l l  be 
completed. The ground t e s t  programs on power conver te rs  and eva lua t ion  of 
e l e c t r i c  engines f o r  s ta t ion-keeping and a t t i t u d e  con t ro l  systems w i l l  be 
w e l l  underway. The r e s u l t s  from t h i s  work and from the  e l e c t r i c  propuls ion 
e f f o r t  w i l l  determine the  necess i ty  f o r  f u r t h e r  space e l e c t r i c  rocket test  
f l i g h t s  . 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTPiATES 

OFFICE OF ADVANCED RESEARCH AND TECHNOLOGY NUCLEAR ROCKETS PPOGRAM 

PROGRAM OBJECTIVES AND JUSTIFICATION: 

This  program provides t h e  research ,  design and engineer ing data, :est  
hardware, and genera l  technology requi red  t o  a s s u r e  t h a t  nuclear  rocke: 
systems can be developed a t  t h e  power levels, opera t ing  t imes,  restart  con- 
d i t i o n s ,  and s p e c i f i c  impulse values  needed i n  advanced space explora t ion  
missions.  

It is gene ra l ly  accepted t h a t  nuclear  rocket  propuls ion w i l l  be r squi red  
i n  advanced missions beyond Apollo, such as a lunar  l o g i s t i c s  f e r r y ,  very 
heavy deep space instrumented probes, and manned explora t ion  of the planets.  
This  a rea  of manned p lane tary  expedi t ions  i s  considered among the  major 
app l i ca t ions  f'or nuclear  rocke ts ;  a nuclear  rocke t  propel led Mars spacecraf t  
can be 1 / 3  to1 1/10 the  weight of a chemically propelled spacec ra f t ,  

The emphiisis i n  the  nuclear  rocke t s  program is on lay ing  a fmnda t ion  
for  r a p i d  development of nuclear  rocket  systems t h a t  w i l l  be requi red  t o  
accomplish hesiqr payload, high energy m i s s  ions  i n  space. 

Nuclear r eac to r  research  and engineer ing work is of major importance, 
s ince  t h i s  a rea  c o n s t i t u t e s  t he  major new technology p a r t  of t he  program. I n  
addi t ion ,  emphasis is placed on non-reactor components whose operating requi re -  
ments t a x  the  ava i l ab le  technology and on the  study of t he  fundamental hea t  
t r a n s f e r ,  f l u  id flow, s t r e s s ,  and nuclear  phenomena involved. An e s s e n t i a l  
p a r t  of t h i s  program is work on experimental  ground tes t  engine systems t o  
develop a full understanding of the  i n t e r a c t i o n  of components i n  nuclcar  
rocket  engines and of the  system performance c h a r a c t e r i s t i c s .  
form a b a s i s  € o r  f l i g h t  system development and provide information requi red  
by mission planners  t o  incorpora te  nuclear  c a p a b i l i t i e s  i n  advanced m:.ssions. 
The e f f o r t  i , s ,  therefore ,  d i r ec t ed  t o  u l t ima te  use i n  f l i g h t  systems. 

These da t a  

This i s  a j o i n t  A t o m i c  Energy Commission-National Aeronautics anti Space 
Administration program wherein t h e  A t o m i c  Energy Commission has primary 
r e s p o n s i b i l i t y  for  t h e  nuclear  r eac to r  research  and engineering work, and 
t h e  National Aeronautics and Space Administration is respons ib le  for 1:he 
non-reactor components of t he  system, for combining the  r eac to r  and ocher 
components i n t o  engine systems, f o r  veh ic l e  development, and for  providing 
p rope l l an t s  t h a t  a r e  used throughout t he  program. The Space Nuclear :?ropul- 
s ion  Of f i ce  has been e s t ab l i shed  by t h e  A t o m i c  Energy Commission and 
National .Aeronautics and Space Administration agreement t o  manage a l l  a spec t s  
of  t he  nuclear  rocket  propuls ion e f f o r t .  The R I F T  (Reactor-In-Fltight-Test) 
veh ic l e  system has been d i r ec t ed  by National Aeronautics and Space Adninis t ra-  
t i o n ' s  Marshall  Space F l i g h t  Center. Research and technology work i n  t h e  
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I 

nuclear rocket: program is conducted both i n  A t o m i c  Energy Commission and 
Nat ional  Aermau t i c s  and Space Administration l abora to r i e s ,  such a s  t h e  
Los Alamoai ScAexitific Laboratory, Argonne National Laboratory, t h e  Lex is 
Research Centxr,, t he  Marshall  Space F l i g h t  Center and a l s o  is 
indus t ry  and u n i v e r s i t i e s  under con t r ac t  . 
SUMMARY OF RESOURCES REQUIREMENTS: 

1963 

Support jlng ret; ear ch and 
technology. ................... $12,878,000 

K i w i .  .......... ,. .................. 3,856,000 
NERVA.. ........................... 41,884,000 
RIFT.. . ,, ......................... 10,847,000 
NilDS.. --- ............................ 

Tota l  corvts.. ................. Q69.465.000 

1964 

$21,200,000 
1,500,000 

52,000,000 
7,500,000 
500 .llOO 

$82.700.000 

BASIS OF PUNILg3UIREMENTS : 

Supporting Research and T e c h n o l o u  

1963 1964 

Rocket 1:eactor research..  ....... $7,607,000 $12,265,000 
Nuclear rocket engine 

component research..  .......... 4,826,000 7,635,000 
Safety.  ......................... 200,000 500,000 
Vehicle tec'hnology.. ............ 245,000 800,000 

Tota l  cost; ................... $12,878.000 $21,200.000 

conducted i n  

19€ 5 --- 
$23 OOC ,000 

34,50C ,000 

50Cl.000 
--- 

-- 

$13,100,000 

8,30(1,000 
50O,OOO 

1 100 000 - 
23 OO(1 000 L Lb 

The aupport ing research  and technology e f f o r t  suppl ies  four basic: 
needs: ('1) general  supporting research and technological  da ta  for  cur ren t  
p ro jec t s ;  (2) necessary bas i c  technology for  t h e  development of futurc! 
generat ions of nuclear rocket  engines and vehic les ;  (3) f e a s i b i l i t y  arialysas 
of advanced nuclear propuls ion concepts, and, (4) s tud ie s  on the  spec:.al 
s a f e t y  problems of nuclear rockets .  

The K i w i  and NERVA technology p r o j e c t s  represent  work s t a r t i n g  81: a 
nominal 1,000 megawatt thermal power t o  serve  a s  s tepping s tones  t o  higher 
power, a s  w e l l  as t o  provide design information, hardware, and systemri t h a t  
could u l t ima te ly  be developed as f l i g h t  systems for  use i n  space,  To 
provide bas ic  support t o  these  cur ren t  p r o j e c t s  and t o  supply the: necessary 
broad technological  b a s i s  for  design and development of fu tu re  systemri, a 
supporting research and technology program has been e s t ab l i shed  t o  co'rer a l l  
the  major technica l  a r eas  involved with nuclear rocket  engines arid veli icles.  
The emphasis i s  on component research under t h e  proper environmental 
c d i t i o n s  fo r  the  purpose of  supplying design data  and f o r  extending ava i l -  
agpe technology. 
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Rocket Reast.or Research. 
nuclear rocke t  propuls ion system. 
hydrogen t o  an extremely high temperature, t h e  uranium fuel-bear ing m a t e r i a l s  
( f u e l  elements) i n  t h e  r e a c t o r  must ope ra t e  c l o s e  t o  t h e i r  mel t ing  po in t s .  
The m a t e r i a l s  for t h i s  purpose are s e l e c t e d  from t h e  most a v a i l a b l e  r e f r a c -  
t o r y  materials, and are materials whose p r o p e r t i e s  and f ab r fca t ion  processes 
are not w e l l  k.riown. 
s t a b l y  through s t a r t -up ,  s teady-s ta te ,  shut-down, and restart. A t o t a l  
opera t ing  time of an hour o r  more is des i r ed  i n  some space app l i ca t ions .  
Reactor r e sea rch  i s  t h e  primary r e s p o n s i b i l i t y  of t h e  A t o m i c  Energy Commission 
and c o n s i s t s  p r i r i c ipa l ly  of t h e  advanced g r a p h i t e  r e a c t o r  work a t  'Los Alamos. 
It a l s o  includes fas t - tungs ten  r e a c t o r  work a t  Argonne-, some support of t h e  
water-moderated tungsten r e a c t o r  concept, and supporting r e sea rch  and advanced 
concept pro jec:i:s such as c a v i t y  r e a c t o r s  a t  var ious  l a b o r a t o r i e s .  

The r e a c t o r  is t h e  key, new component of a 
Because i t s  p r i n c i p a l  func t ion  is t o  hea t  

The r e a c t o r  i s  a l s o  r equ i r ed  t o  ope ra t e  r e l i a b l y  and 

NASA fund:; t h r e e  a c t i v i t i e s  under t h e  heading of r e a c t o r  research: 
app l i ed  research  on a tungsten r e a c t o r  concept, t h e  major p a r t  of whicf. is  
done in-house; (2) a research  program i n  s p e c i f i c  problem areas i n  sup ro r t  
of t h e  g raph i t e  ireactor development p r o j e c t  and va r ious  advanced concer t s ;  
and, (3) t h e  development and purchase of nozzles and l i q u i d  hydrogen fe'ed 
systems (t~irbol>umrps) to support  r e a c t o r  tests a t  t h e  Nuclear Rocket pelrelop- 
ment S ta t ion .  
f e a s i b i l i t y  o f  a thermal, water-moderated, tungs ten  f u e l  element r e a c t o r  
concept proposed by t h e  Lewis  Research Center. 
inc lude  f a b r i c a t i o n  r e sea rch  t o  produce tungsten-uranium dioxide  f u e l  c!lements 
of s a t i s f a c t o r y  ,strength and uniformity,  p revent ion  of f u e l  l o s s  a t  t h e  
requi red  operiating condi t ions  , development of a f u e l  element assembly with'  
acceptab le  thermal and neut ronic  behavior, and v e r i f i c a t i o n  of propert:.es 
through high-temperature t e s t i n g  i n  flowing hydrogen and nuc lear  r a d i a t i o n  
environments. 

(1) 

The program is p r i n c i p a l l y  devoted t o  t h e  i n v e s t i g a t i o n  o f  t h e  

Important cont inuing t a s k s  

Some of t h e  goa l s  f o r  f i s c a l  year 1965 are: (1) complete d e f i n i t i o n  of 
a r e a c t o r  c o n t r o l  system for  t h e  water-moderated tungs ten  r e a c t o r  concept; 
(2) completion of t h e  i n i t a l  bas i c  cr i t ical  experiments; (3) in - r eac to r  t e s t s  
and e l e c t r i c a l l y  hea ted  tests of promising f u e l  element configurat: ions;  and, 
(4) prepara t ion  for  water and hydrogen flow systems tests i n  a cold flow engine 
s imula tor ,  T h e  L e w i s  Research Center in-house e f f o r t  is augmented by ou t s ide  
c o n t r a c t s ,  p r i n c i p a l l y  i n  t h e  areas of f u e l  element f a b r i c a t i o n ,  c o n t r o l  
a n a l y s i s  , and physics experiments. 

The g raph i t e  r e a c t o r  program is  'supported by Nat ional  Aeronautics and 
Space Adminis t ra t ion g r a n t s  t o  Rensselaer Polytechnic  I n s t i t u t e  and t h e  
Univers i ty  of Arizona for  s t u d i e s  i n  r e a c t o r  c o n t r o l  theory.  

Advanced concept work is  concentrated on va r ious  types  of c a v i t y  reactors . ,  
i n  which t h e  f 'is,sionable materials a r e  i n  gaseous, l i q u i d  o r  dus t  form. NASA 
has a grant  v i t h  Pr ince ton  Univers i ty  t o  i n v e s t i g a t e  t h e  fundamental problems 
of a l i q u i d  ccce rocke t  r e a c t o r .  
Research C:entt!r and by indus t ry  con t r ac t .  

G a s  core  r e sea rch  is  being conducted a t  L e w i s  
Smaller e f f o r t s  i n  t h i s  a r e a  a r e  
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a l s o  underway a t  Jet Propuls ion Laboratory,  Cathol ic  Univers i ty ,  and Car3e 
I n s t i t u t e  of Technology. The emphasis is on labora tory  research  because 
propuls ion systems and l a rge  s c a l e  experiments cannot ye t  be def ined due 
t o  a lack of bas i c  information on f e a s i b i l i t y  and, i n  some cases ,  EL l ack  
of bas i c  research  data .  

It i s  a l s o  NASA's r e s p o n s i b i l i t y  t o  provide turbopumps and nozz les  f o r  
r e a c t o r  t e s t s ,  
turbopump feed system t o  be used i n  the  t e s t i n g  of high-power r e a c t o r s  a t  
t he  Nuclear Rocket Development S ta t ion ,  This system is based on the  l i q u i d  
hydrogen pumps and tu rb ines  developed f o r  K i w i  tests. System development 
tests on the  opera t ion  of two feed systems i n  p a r a l l e l  a r e  underway. Funds 
w i l l  be expanded i n  f i s c a l  year 1965 t o  increase  the  flow capac i ty  of t h i s  
feed system t o  s a t i s f y  the  pumping requirements f o r  t he  high-power Phoebus 
r e a c t o r  tests t o  be conducted a t  t he  Nuclear Rocket Development Sttntion by 
Los Alamos, 

NASA has  been funding the  development of a l i q u i d  hydro3en 

Lewis  Research Center hes i n i t i a t e d  a s tudy  of nozzles  t o  support  the 
Los Alamoa Phoebus r eac to r  program and t o  develop t h e  technology of t h i s  
e s s e n t i a l  a rea .  One of t h e  ob jec t ives  of t h i s  s tudy is t o  adv i se  on t h e  
s e l e c t i o n  of a proper nozzle ,  i n  terms of performance, c o s t ,  r e l i a b i l i t y ,  and 
d e l i v e r y  d a t e ,  t h a t  w i l l  meet t h e  proposed schedule f o r  Phoebus r eac to r  tests 
a t  the  Nuclear Rocket Development S ta t ion .  Following t h e  d e f i n i t i o n  of t h e  
proper nozzle  f'or t h e  Phoebus r e a c t o r  experiments, i n  f i s c a l  year :L96b, a 
cont rac t  w i l l  b e  le t  fo r  t he  design and development of nozzles  t o  support  t he  
high-power Phoebbuis r eac to r  experiments. 

Nucba r  Rc&et Engine Component Research. This  research  provCdes the 
necessary advanced component technology f o r  nuclear  rocket  engines ,  
research  coupled with rocket  r e a c t o r  research  w i l l  provide information f o r  
spec i fy ing  cha rac : t e r i s t i c s  of f u t u r e  genera t ions  of nuclear  rocke t  engines 
as wel l  a s  este.bl.ish a genera l  base of information on t h e  design and opera t ion  
of components mdl engines. Engine component technology is t h e  r e s p o n s i b i l i t y  
of NASA; t h e  in-house e f f o r t  i s  conducted by the  Lewis  Rasearch Center with 
o ther  work being accomplished under i n d u s t r i a l  and u n i v e r s i t y  c o n t r a c t s  
p r inc ipa l ly  under Lewis '  d i r ec t ion .  

systems, turbwmc:hinerp, con t ro l s  and instrumentat ion,  design and a n a l y s i s ,  
r a d i a t i o n  e f f e c t s ,  nozzles ,  bear ings and seals, and f l u i d  proper ty  research .  
The a c t i v i t i e s  in t hese  areas, while  aimed a t  c e r t a i n  engine types ,  a r e  
e s s e n t i a l l y  o r i en ted  toward e s t a b l i s h i n g  and improving technology iprior t o  
incorporati .on i.nt:o any engine p r o j e c t  . 

This  

Research is being conducted i n  t h e  following areas :  flow components and 

Turbomachinary r e sea rch  i s  d i r e c t e d  a t  the  unique problems posed by 
a p p l i c a t i o n  t o  a nuclear  rocket  engine,  and i s  coordinated with turbomachinery 
r e sea rch  conducted fo r  advancement of chemical rocke t  technology. The means 
f o r  pumping bojilFng cryogenic f l u i d s  i s  t h e  goa l  of much genera l  research  on 
turbomachinery fo r  both nuclear  and chemical rocke ts .  Nuclear r a d i a t i c n  h e a t s  
t he  hydrogen fi:low passages a t  t h e  i n l e t  t o  t h e  hydrogen pump and causes 
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increased boil.:ing. During f i s c a l  year 1964 a pump t e s t  r i g  a t  Lewis  i E  being 
modified t o  shnu:Late var ious  i n l e t  duct geometries with t h e  c a p a b i l i t y  f o r  
adding hea t  t o  t h e  walls of t h e s e  pipes .  Tests commenced i n  f i s c a l  yeeir 1964 
w i l l  cont inue during f i s c a l  year 1965, with research  and development c o s t s  
incurred through t h e  purchase of a d d i t i o n a l  test hardware t o  cover a rz'nge 
of des i r ab le  opera t ing  condi t ions extending beyond NERVA requirements t o  
higher pressure  and flow condi t ions.  
of turbomachinfwy, some con t r ac t  s t u d i e s  w i l l  be l e t  i n  f i s c a l  year 19h5 to 
def ine  fu r the r  research  and development problems and t h e i r  so lu t ions  fo r  
advanced nuclear  rockets .  

I n  add i t ion  t o  in-house design s t u d i e s  

Advances Ln nuclear  rocket  con t ro l s  and instrumentat ion technology a r e  
required t o  provide r e l i a b l e  techniques f o r  sensing opera t ing  condi t ions i n  
order  t o  permtt r e l i a b l e  con t ro l  of nuclear  rocke t  engines. The requirements 
f o r  s t a r t u p  oE an e n t i r e  r eac to r  engine system i n  a vary  s h o r t  time pooe many 
unsolved contr  o l  problems (complicated by in t ense  r a d i a t i o n )  such a s  adequate 
temperature sensing, chilldown con t ro l  t o  prevent  s e r ious  two-phase flow 
problems during s t a r t u p ,  putnp con t ro l  t o  prevent  c a v i t a t i o n ,  t h r u s t  con t ro l ,  
r e s t a r t  programs, and con t ro l  fo r  economical and s a f e  opera t ion  during cool- 
down a f t e r  operat ion.  'Research is d i r e c t e d  a t  means for engine con t ro l ,  and 
a t  providing cont ro l  components such as sensors ,  ac tua to r s ,  and measurement 
s i g n a l  condi t ioning devices.  
expanded during f i s c a l  year 1965 i n  t h i s  a r e a  of research ,  s i n c e  it go'rerns 
t h e  progress  t h a t  can be made i n  developing improved and r e l i a b l e  cont:rol 
systems. 'The experimental program on con t ro l  systems is augmented by exten- 
s i v e  a n a l y t i c a l  s tudy of t h e  s t a r t u p  sequence u t i l i z i n g  analog and d igLta l  
computer systems acquired during p r i o r  f i s c a l  years.  

Promising approaches w i l l  be continued and 

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 t w e l s ,  
engine cyc les ,  chamber pressures ,  and other engine parameters requi red  f o r  
high-power systems. Studies  of mission and veh ic l e  a spec t s  w i l l  be su;>ported 
to  assist i n  e s t ab l i sh ing  important f ea tu re s  t h a t  should be incorporated i n t o  
engine designs.  
be conducted t o  def ine  problem areas, development approaches, and f a c i l i t y  
requirements. This information is v i t a l  t o  proper planning of f u t u r e  nuclear 
rocke t  developments and mission c a p a b i l i t i e s .  

I n  f i s c a l  year 1965 design s tudy of c lus t e red  engines w i l l  

The r a d i a t i o n  e f f e c t s  e f f o r t  conducted as p a r t  of t h e  engine component 
research work i s  d i r e c t e d  toward def in ing  t h e  behavior of materials i n  
combined r ad ia t lon ,  cryogenic,  and vacuum environments. Such information 
supports  a l l  phases of t h e  nuclear  rocke t  program and is essen t i a ' l  f o r  design 
work. Work i n  t .his a rea  was s t a r t e d  i n  calendar year 1959 and i s  cont inuing 
i n  t h e  Plum B8x.octk r eac to r .  

The comblj.ne!d environments of r ad ia t ion ,  vacuum, extreme t q e r a t u r e s  and 
very high bear ing speeds c r e a t e  d i f f i c u l t  development problems in regard t o  
bear ings,  s e a l s  and l ub r i ca t ion .  By t h e  beginning of calendar year 1965 an 
i n - p i l e  bear ing test  loop w i l l  be i n  opera t ion  f o r  research  on bearing 
configurat  ions i.n a combined r a d i a t i o n  and cryogenic environment. 
year 1965 funding w i l l  support  completion of t h e  in -p i l e  bear ing tester,  t h e  

F i s c a l  
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opera t ion  of t he  tests,  and t h e  a c q u i s i t i o n  of test  hardware. 

Research on nozzles  for  nuclear  rocke t  engines i s  e s s e n t i a l  because 
cu r ren t  technology is extended c lose  t o  t h e  l i m i t  t o  provide a nozzle  €or 
the  NERVA engine condi t ions.  The next s t e p  is t o  explore  novel designs and 
ma te r i a l s  fo r  f a b r i c a t i o n  of higher performance nozzles  . Analysis and 
research  have been undertaken i n  a reas  of  r e f r a c t o r y  metals and c o a t i n s s ,  
f l u i d  mechanics and hea t  t r a n s f e r ,  s t r e s s  a n a l y s i s  and thermal f a t igue .  
These technology e f f o r t s  w i l l  cont inue i n  f i s c a l  year 1965. By the middle 
of f i s c a l  year 1.965 a hydrogen hea t  t r a n s f e r  f a c i l i t y  w i l l  be i n  opera t ion  
which w i l l  permit t e s t i n g  nozzle concepts i n  a hot hydrogen stream. 
p r i a t e  nozzle hamdware must be procured fo r  t hese  tests t o  provide p e r t i n e n t  
da t a  f o r  design of advanced engines,  

Appro- 

Fluid.  p roper ty  research  i s  needed t o  provide bas i c  da t a  on p rope l l an t s  
and f l u i d s  used i n  nuclear  rocke ts  and t o  supply a b a s i c  technology and 
consul t ing  c a p a b i l i t y  in cryogenic engineering. For seve ra l  years, NASA has 
supported t h e  Nat ional  Bureau of Standards Cryogenic Engineering ]Laboratory 
i n  research  arid engineer ing r e l a t e d  t o  t h e  use  of l i q u i d  hydrogen. 
t h i s  support  has come from t h e  Nuclear Rocket Program, t h e  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,  t he  
5-2 engine, e t c , , )  by supplying bas i c  property da t a  and cryogenic engineering 
support .  Thif; program w i l l  be continued i n  f i s c a l  year 1965. 

While 

Safety.  Safe ty  work is an i n t e g r a l  p a r t  of t h e  o v e r a l l  Nuclear Rocket 
Program. It :includes e f f o r t  on hydrogen s a f e t y  by t h e  Bureau of  Mines. 
This  work is ciimned a t  unique s a f e t y  problems a s soc ia t ed  with handl ing l a r g e  
q u a n t i t i t e s  of l i q u i d  hydrogen i n  t h e  nuclear  r a d i a t i o n  environment. Also 
included is work on eva lua t ion  of d e s t r u c t  systems i n  a r a d i a t i o n  f i e l d  t o  
a s su re  safe d t sposa l  of nuclear  engines. 

Vehicle !&hnolom. S tudies  completed during f i s c a l  year 1964 i n d i c a t e  
t h a t  a nuclear  rocket  powered s t a g e  on a Saturn V veh ic l e  could perform 
l o g i s t i c s  support  missions i n  t h e  post-Apollo time period with s i g n i f i c a n t l y  
increased payload c a p a b i l i t i e s .  Thus, t h e  nuclear  s t a g e  provides l o g i c a l  
advances t o  extend t h e  c a p a b i l i t i e s  and usefu lness  of chemical system€ 
Addit ional  m:t,ssLon s t u d i e s  a r c  planned t o  provide d e f i n i t i o n  of concepts fo r  
nuclear  powexled veh ic l e s  s u i t a b l e  f o r  p l ane ta ry  s c i e n t i f i c  probes and manned 
vehic le8  f o r  advanced mission app l i ca t ions  
requirements 'based on c l u s t e r e d  nuclear  rocke t  engines ,  a s  w e l l  a s  o ther  
concepts , 

These s t u d i e s  would include s t age  

Inves t iga t ion  of s t a g e  problems pecu l i a r  to nuclear  propuls ion rciquire 
cont inuing e f f o r t  t o  provide design criteria and information not  avai:l.able 
from chemical systems technology programs. S p e c i f i c a l l y ,  this inwolvc!s 
experimental  i nves t iga t ions  of hea t ing  of t h e  hydrogen propel lan t  by nuclear  
r a d i a t i o n .  This type of  work should lead  to a n a l y t i c a l  approaches f o r  solu-  
t i o n  of problems of r e a c t o r  r a d i a t i o n  hea t ing  on p rope l l an t s ,  veh ic l e  
components, m d  tankage. 
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An addit:iclnal s t a g e  problem pecu l i a r  t o  nuclear  rocke ts  is the e f f e c t  
of nuclear  r a d i a t i o n  on c r i t i c a l  s t a g e  materials. S p e c i f i c a l l y ,  it is 
planned t o  conduct environmental t e s t i n g  (combined nuclear  r a d i a t i o n  and 
cryogenic temperatures) on s t a g e  i n s u l a t i o n ,  vapor b a r r i e r ,  and bonding 
ma te r i a l s  . F,acliolytic of f -gass ing  i n  p a r t i c u l a r  w i l l  be checked because 
of i t s  delete!rious e f f e c t  on i n s u l a t i o n  p r o p e r t i e s ,  adhesive p r o p e r t i e s ,  
and s t rength, ,  

Sinc,e nticlear rocket  s t ages  use considerable  moun t s  of hydrogen 
p rope l l an t s  bot:h during ground tests and f l i g h t s ,  p rope l l an t  l o s s  due t o  
"boil-off" firom s o l a r  or  nuclear  hea t ing ,  p re s su re  build-up from l i q u i d  
hydrogen evaporat ion,  and tankage weight t o  withstand such pressure  build-up 
can be s ignif ic :ant .  Prel iminary analyses  have shown t h a t  boil-off losses 
and tankage weights could be reduced markedly by use of "s lush  hydrogen". 
It is planned t o  i n v e s t i g a t e  poss ib l e  b e n e f i t s  and t rade-of fs  r e s u l t i n g  
from use of "s1.ush hydrogen" systems. 

K i w i  

1965 --- 1963 19 64 

Reactor test support  

Propellant:tr.,,.. ................ 1,300.000 $1,500.000 
--- ................. --- $ components.. $2,556,000 --- 

Total. ccwts.. ................ $3.856.000 $1.500 .OOO 

This p r o j e c t  provided r eac to r  tes t  support  components, such as rozz le s  
and turbmac:hinery- -and p rope l l an t  support  f o r  t h e  K i w i  t e s t  s e r i e s  c f 
r e a c t o r s  designed by the  Atomic Energy Commission's Los Alamos Sc ien t l  f i c  
Laboratory. 
support  of t:l i is  p r o j e c t  is terminated. 

With t h e  completion of K i w i  t e s t i n g  i n  f i s c a l  year 1964, 

NERVA 

1963 

Engine systems development.,... $5,829,000 
Component i d  subsystems 

development. ................. 18,718,000 
PropelIant::3. ,. .................. 1,984,000 
Ground tes t  and opera t ions  

support  ....................... 15.353 .OOO 

Total. co:;t:3.. ................ $41,884.000 

1964 

$7,900,000 

20,300,000 
3,000,000 

20,800.000 

$52.000.000 

19tl5 

$3 50Cl , 000 

--- 

18,50(1,000 
3,000,000 

The pro,ject  ob jec t ives  have been r ev i sed  t o  c o n s t i t u t e  a NERVA 
technology development p r o j e c t  as p a r t  of t h e  Nuclear Rocket Program, This 
rev ised  pro:jcct maintains  a cont inuing e f f o r t  including emphasis on I eac to r  
engineering and s u f f i c i e n t  engine t e s t i n g  t o  permit t h e  United States;  a t  
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some f u t u r e  time t o  undertake with assurance,  t h e  development of nuc1r:ar 
rocket  propuls ion systems that w i l l  be needed f o r  heavy payload, deep space 
missions . 

This work is  conducted as a j o i n t  A t o m i c  Energy Commission-National 
Aeronautics and Space Administration e f f o r t  by t h e  Aero jet-Genera.1 Corporation 
and the  West inghouse E l e c t r i c  Corporation under the  d i r e c t i o n  and maruigement 
of t h e  AEC-NASA Space Nuclear Propulsion Off ice .  

The program conta ins  a r e a c t o r  research  and engineer ing program IJ:O 

provide r eac to r  technology fo r  t h e  power l e v e l s ,  temperatures,  operat:lng 
times and opera t ing  cyc les  requi red  f o r  var ious nuclear  rocket  missions. It 
w i l l  a l low agsembly and t e s t i n g  of r e a c t o r s  with turbopumps, nozzles  rind 
s u i t a b l e  lcontrol systems i n t o  experimental ground test engine conf igura t ions  
t o  e s t a b l i s h  a base of information on t h e  system design and opera t ing  c h a r a c t r r -  
i s t i c s .  
permit advanced mission planning t o  consider t h e  use of nuclear rocke ts ,  and 
the  i n i t i a t i o n  of development, w i t h  assurance,  of a nuclear rocket  propuls ion 
system a t  any requi red  power level. 
United S t a t e s  can proceed r a p i d l y  t o  develop t h e  c a p a b i l i t i e s  requi red  f o r  
advanced m i s  s ions. 

The experimental  data from t h e  r e a c t o r  and engine rrystem t e s t i n g  w i l l .  

It w i l l  l a y  t h e  foundation from vhich t h e  

Spec i f i c  t echn ica l  ob jec t ives  f o r  t h e  NERVA technology p ro jec t  w i l l  be 
i n  t h e  a reas  of r e a c t o r ,  engine systems, f a c i l i t i e s  and component: tec'lmologiea. 

Reactor technology development w i l l  be based i n i t i a l l y  on fi i l l-s:ale 
r e a c t o r  t e s t i n g  a t  the  nominal 1,000 megawatt power l e v e l  t o  dettarmins t h e  
s u i t a b i l i t y  of t h e  r eac to r  design both f o r  cont inuing technology advancement, 
fo r  use i n  obta in ing  engine sysbem data, and f o r  u l t ima te  a p p l i c a t i o n  t o  a 
f l i g h t  system.. Other ob jec t ives  w i l l  include inves t iga t ion  of t h e  o v e r a l l  
performance c a p a b i l i t y  of f u e l  elements and core  s t r u c t u r e ,  t o  ixicludie inves- 
t i g a t i o n  of the  t r a d e - o f f s  of such parameters as opera t ing  temperature,  
l i f e t i m e ,  and restart characteristics. 

Engine system technology work w i l l  include t r a n s i e n t  i nves t iga t ion8  of 
engine system s t a r t -up  c h a r a c t e r i s t i c s ,  demonstration of t y p i c a l  opera t ing  
cyc les ,  t h e  s y s a m  dynamics of engine t h r o t t l i n g ,  and an inves t iga t ion  of 
engine r e s t a r t  c h a r a c t e r i s t i c s .  

The deve lo'pment of f a c i l i t y  technology is necessary t o  prov:lde confidence 
i n  undertaking a f u t u r e  nuclear  rocke t  engine development program. 
f a c i l i t y  techmlogy ob jec t ives  w i l l  inc lude  proof of t h e  techniques f o r  remote 
t e s t i n g  of dolwaward f i r i n g  engines,  and t h e  f e a s i b i l i t y  of remota handling 
opera t ions  on t h e  engine system f o r  maintenance and disassembly. 

F h e  

Selected1 engine components technology w i l l  be developed t o  13upport t h e  
engine systems technology e f f o r t s  of 8ystem i n t e g r a t i o n  and evalriatioa.  
However, component development w i l l  be l imi ted .  
f a c i l i t y  t'boile!r plate" types wherever poss ib le .  
t o  be qualified1 t o  t h e  high degree of r e l i a b i l i t y  necessary for  f l i g h t  

Valves and line13 wi l l  be 
Components w i l l  not  have 
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opera t ion ,  Components such a s  turbopumps, nozzles  with ho t  bleedl por:s, and 
a c t u a t o r s  f o r  engine r eac to r  con t ro l  w i l l  be developed t o  allow s a t i s i a c t o r y  
operat ion when exposed t o  such extreme environments a s  nuclear  rocket  r eac to r  
r a d i a t i o n  l e v e l s ,  l i q u i d  hydrogen cryogeni t  temperature, and high temperature 
hydrogen exhaust gas. The r a d i a t i o n  environment w i l l  r equ i r e  a r a d i a t i o n  
e f f e c t s  program t o  prove component and instrumentat ion performance a t  high rad- 
i a t i o n  l e v e l s  before  use i n  the  more complex r e a c t o r  and engine 5,ystelns 
experiments . 

Progress  made t o  d a t e  has  r e s u l t e d  i n  demonstration of the  abili1:y of a 
r eac to r  t o  s t a r t  up r ap id ly  and operate  s t ab ly  using l i q u i d  hydrogen a s  t he  
coolant ;  i n  redesign of t he  r eac to r  support  t o  avoid the  flow induced vibra-  
t i o n s  t h a t  were previously encountered; i n  cold flaw t e s t s  demonstrattng t h a t  
the  genera l  design approach does avoid such v ib ra t ions ;  i n  demonstratlon of tlrie 
s u i t a b i l i t y  of the  r e a c t o r  con t ro l  approach used; i n  f a b r i c a t i o n  of gt3od qual.. 
i t y  f u e l  #elements which i n  labora tory  t e s t i n g  meet requi red  operat ing condi t ion ;; 
i n  development toward the  achievement of a r a d i a t i o n  r e s i s t a n t  a c t u a t m  f o r  
opera t ion  during r e a c t o r  and engine tests; i n  advances i n  high speed 3earing 
technology f o r  app l i ca t ion  i n  hydrogen turbopumps; and i n  many o ther  i r e a s  
r e l a t e d  t o  r eac to r ,  engine, and veh ic l e  technology. 

The ob jec t ive  of t h i s  p a r t  of the  NEIVA e f f o r t  
i s  t o  pe r fo r r  the  necessary system engineering, f a b r i c a t i o n  and t e s t i i g  leading 
t o  experimental engine conf igura t ion  t e s t ing .  This  e f f o r t  provides t i e  da t a  
necessary for  engine system i n t e g r a t i o n  and evaluat ion.  I n  addi t ion ,  t h i s  t a sk  
includes the  e f f o r t s  necessary t o  coordinate  and i n t e g r a t e  the  ctmponmt and 
sub-system development a s  wel l  a s  ground tes t  and operat ions support  2 f for t s .  

Cold flcw t e s t s  with a non-nuclear engine simulator w i l l  be condJcted 
p r i o r  t o  and concurrent with f u l l - s c a l e  experimental  nuclear  engine system 
t e s t ing .  This  s imulator  w i l l  u t i l i z e  the  liiERVA components planncxl fo r  the  
experimental pcwer engine systerr t e s t s .  Sone of the major problems wnich w i l l  
be inves t iga ted  include the i n i t i a l  por t ion  of enginn start-i!p uit!i 1 iquid 
hydrogen, flcw s t a b i l i t y ,  flow leakage, system pr-.,ssure lo s ses ,  m d  con t ro l  
response t i m e s s .  I n  f i s c a l  year  1965, the  f a b r i c a t i o n  assembly, and thorough 
system checkout of the  cold f k w  development t e s t  system w i l l  be completed 
and the  test  program i n i t i a t e d .  
co r re l a t ed  w i t h  res ikl ts  from the  engine s imulator  t e s t ing .  

Engine Sy_tem Development. 

Test da t a  from the  r aac to r  t es t  w i l l  be 

Componergand Subsystem Development. This e f f o r t ,  supports  the experi-  
mental r eac to r  and ground test engine system t e s t ing .  The t a s k  i n c l t d e s  
e f f o r t s  on propel lan t  feed system, t h r u s t  chamber assembly and contrc 1s. Feed 
system e f f o r t s  w i l l  be d i r e c t e d  towards obta in ing  a s u i t a b l e  cent r i f r iga l  turbo- 
pump capable of providing propel lan t  a t  requi red  flow r a t e  and p r e s s r r e  t o  the  
nozzle  inlet:,, 
caused by the  reac tor .  E f f o r t s  w i l l  be minimal on o ther  components i n  the  
feed syst:em ;uch a s  a tank shutoff  valve,  r e a c t o r  cooldown valve and l i n e s  arid 
disconnect assemblies. A r a d i a t i o n - r e s i s t a n t  tu rb ine  power con t ro l  valve wi l .1  
be developed, E f f o r t s  during f i s c a l  year  1965 w i l l  include test proglrams t o  
ob ta in  perfoicnumce c h a r a c t e r i s t i c s  of t he  turbopumps throughout i t s  operat ing 
range. Addi t icwal r a d i a t i o n  t e s t i n g  of turbopump bearings operated a t  design 
condi t ions  w L 1 . L  be undertaken and c l o s e l y  coordinated with work t o  bt! done 
a t  Lewis,, 

This  turbopump w i l l  be designed t o  withstand the  r a d i z t i o n  l e v e l s  
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E f f o r t s  during f i s c a l  year 1965 w i l l  include provis ion  f o r  pressure  
v e s s e l s ,  p rope l lan t  i n l e t  l i n e s  and nozzles  necessary t o  support  reacitor 
experiments. Dynamic t e s t i n g  and s t r u c t u r a l  t e s t i n g  of t h e  thruii t  chamber 
assembly w i l l  b e  conducted, The nozzle  w i l l  be subjec ted  t o  long-duration 
chemical f i r i n g s  t o  eva lua te  performance and mechanical i n t e g r i t y .  

The con t ro l s  components being developed are t h e  tu rb ine  powtar c o n t r o l  
valve,  i ts a c t u a t o r ,  and an engine system c o n t r o l l e r  which c o n t r o l s  tlurbo- 
pump and reac:tolr o p e r a t i o n o  
include i r r ac l i a t ion  t e s t i n g  of t h e  ac tua to r  a t  i t s  expected design condi t ions  
a n a l y t i c a l  evaI.uation of t h e  con t ro l  system, and t e s t i n g  of c o n t r o l  s y s t e m  
hardware, both i n  t h e  non-nuclear engine s imula tors  and i n  t h e  r e a c t o r  
experiments sit t h e  Nuclear Rocket Development S ta t ion .  

Development work during f i s c a l  year 1965 w i l l  

A r a d i a t : l m  e f f e c t s  e f f o r t  w i l l  be conducted as p a r t  of t h e  component 
development e f f o r t .  
e f f e c t  of t h e  combined nuclear  and cryogenic environment on t h e  performance 
c h a r a c t e r i s t  J.cEi of engine components and systems. I r r a d i a t i o n  tests of 
mechanical and electrical components w i l l  be conducted during f i s c a l  year 1965. 

The o b j e c t i v e  of t h i s  e f f o r t  w i l l  be t o  eva lua te  t h e  

Ground l&t and Operations Support. 
equipment, checkout and test  equipment and handl ing and maintenaince equipment 
f o r  r eac to r  rmcl '-engine system test opera t ions .  Other subtasks of: t h i s  e f f o r t  
include devellopment, proof t e s t i n g  and provis ion  of  instrumentat  Lon f o r  
diagn0sti.c arid con t ro l  purposes,  r e l i a b i l i t y  and q u a l i t y  assuranlce, and opera-  
t i o n a l  s a f e t y  e f f o r t s .  During f i s c a l  year 1965, equipment necessary f o r  
engine support  w i l l  be de l ivered  t o  t h e  Nuclear Rocket Development S t a t i o n  
and proof t e a t f h g  and procurement of d i agnos t i c  instrumentat ion for  engine 
system t e s t i n g  w i l l  be  undertaken. 
w i l l  be c:ont:inned and safeguard r e p o r t s  and procedures w i l l  be issued.  
va t ion  arid checkout of Enpi-ne Tes t  Stand No. 1 (ETS-1) and Engine Maintenance, 
Assembly and Disassembly Building (E-MAD) w i l l  be undertaken i n  f i s c a l  year 
1965. React:or assembly and disassembly opera t ions  i n  E-MAD are planned fo r  
f i s c a l  year 'L965. 

This e f f o r t  provides  remote handling 

Technical guidance on ground test s a f e t y  
Act i -  

Propellmlmls. This  t a sk  a rea  covers p rope l l an t  procurement based on t e s t  
schedules for t h e  NERVA technology p r o j e c t  requi red  f o r  r e a c t o r  t e s t s ,  non- 
nuclear  c:omponent tests, engine s imulator  tests, e t c .  Over 90 per cent  of 
t h e  propellant13 procured w i l l  be l i q u i d  hydrogen. 

196fl --- 1963 1964 

Stage development.. ......... $6,557,000 $3,700,000 $ --- 
Developmeii t support  ......... 1,890,000 1,800,000 
Program sti!pport ............. 2.400.000 2.000.000 --- --- 

..-- ............. 
meet 

Tota l  cos ts . .  $10.847.0 $7.500.000 & 
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The RIFT P r o j e c t  w a s  i n i t i a t e d  t o  provide a v e h i c l e  f o r  eva lua t ing  t h e  
opera t ing  c h a r a c t e r i s t i c s  of t h e  NERVA engine and a s soc ia t ed  s t a g e  and engine 
sub-systems i n  t h e  space f l i g h t  environment. 
as a t h i r d  stage: f o r  t h e  Saturn V permi t t ing  t h e  eva lua t ion  of  s t a g e  opera t ing  
c h a r a c t e r i s t i c s  i n  t h e  phys ica l ,  dynamic, r a d i a t i o n ,  and space envirolrinent 
requi red  for  deep space missions.  
1963. Vehicle technology work i n  f i s c a l  year 1965 w i l l  be conducted only 
under Supporting Research and Technology programs. 

The v e h i c l e  w a s  t o  be designed 

This  con t r ac t  was  terminated i n  December 

The RIFT P r o j e c t  w a s  paced by t h e  r eac to r  development work wLth no major 
f u l l - s c a l e  haxdware conmitments permit ted.  The f i s c a l  year 1963 e f f o r t  was 
aimed a t  t h e  d e f i n i t i o n  of t e c h n i c a l  problem areas and t h e  f i s c a l  year 1964 
e f f o r t  is concentrated on e s t a b l i s h i n g  an  in t eg ra t ed  test program leading t o  
so lu t ions  of t h e  major i d e n t i f i a b l e  technologica l  problems. I n i t i a l  t e s t i n g  
has been conducted i n  t h e  f i e l d s  of s t r u c t u r e s ,  i n s u l a t i o n ,  r a d i a t l o n  e f f e c t s ,  
welding, and f a b r i c a t i o n  techniques.  I n  a d d i t i o n  t o  t h e  prelimin,ary design 
and t e s t i n g  work accomplished during f i s c a l  year 1963 and i n  process during 
f i s c a l  year 1.964, design refinement was  continued with an ex tens ive  e f f o r t  i n  
handling and t r a n s p o r t a t i o n  techniques.  
t h i s  pro j a c t  provides u s e f u l  information f o r  t h e  chemical rocke ts  now under 
development and w i l l  be a v a i l a b l e  f o r  use  i n  eventual  nuclear  rocke t  f l i g h t  
app l i ca t ions  ,, 

Almost a l l  of t h e  work performed i n  

Nuclear Rocket Development S t a t i o n  Operations 

1 5  65 --- 1963 1964 

......... $100 , 000 $1C10 000 General site support . ,  $ --- 
Capi ta l  equipment.. ............ -0- 50.000 fIO,OOO 

F a c i l i t y  cli~eckout and main- 
tenance...................... --- 350,000 3t10,OOO 

Tota l  cos ts . .  ................ $ $500 , 000 $500 , 000 
e-- --- 

The mis:sion of t h e  Nuclear Rocket Development S t a t i o n  (MDS) is t o  
provide a s i t e  for ground s ta t ic  t e s t i n g  of t h e  r e a c t o r s ,  engines and. even- 
t u a l l y ,  veh ic l e s  a s soc ia t ed  with nuclear  rocket  development. 
Nuclear Rocket Development S t a t i o n  is assigned t o  t h e  Space Nuclear Pi'opulsioa~ 
Off ice .  
Westinghouse Astronuclear Laboratory,  and Los Alamos S c i e n t i f c  Laboratory. 

Manlagemmt of the 

'fie major users of t h e  S t a t i o n  are Aerojet-General Corporation, 

Technical support ,  maintenance, housekeeping, services, and management 
func t ions  must be provided a t  t h i s  s i te .  These funds provide for NASA's sha re  
of the  genera l  s i t e  opera t ions ;  t he  major p a r t  is  now an A t o m i c  Eherg:? Conmis-. 
s i o n  ob l iga t ion .  

General S i te  Support. These c o s t s  r ep resen t  t h e  NASA share  of t h e  support: 
s e rv i ces  f o r  r o u t i n e  maintenance and opera t ion  of t h e  f a c i l i t i e s , ,  f o r  example,, 
cus tod ia l  s e rv i ces ,  maintenance of roads,  grounds, and u t i l i t y  systems, 
furn ish ing  of u t i l i t i e s ,  bu i ld ing  opera t ing  supp l i e s ,  f i re  p r o t e c t i o n ,  and 
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c a f e t e r i a  se rv ices .  
s e rv i ce  cont rac tor  t o  maintain and opera te  var ious  shops such as the  Filumb- 
ing,  e l e c t r i c a l ,  carpenter ,  welding and machine shops. Also included a r e  
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 opera t ion  of  
support  faci'1Lt:tes and equipment. There are rou t ine  o r  r ecu r r ing  s e n d c e s .  
Cost s p e c i f i c a l l y  f o r  test  opera t ion  se rv ices  requested by individual. t e s t  
cont rac tors  im a work order  basis a r e  no t  included. These test opera t ion  
c o s t s  a r e  budgeted through the  r e spec t ive  NASA pro jec t  manager's o f f i c e .  

I n  includes NASA's share  of t he  cos t  f o r  a support  

-_I F a c i l i t y  - Clheckout and Maintenance. A l l  major f a c i l i t i e s  making up the  
r eac to r  test f a c i l i t y  complex are under construct ion.  Modifications and 
addi t ions  t o  some f a c i l i t i e s  are under design o r  construct ion.  Engine test  
f a c i l i t i e s  cons i s t ing  of t he  Engine Test Stand #l and the  Engine-Maintenance 
and Disassembly Building w i l l  be ac t iva t ed  during f i s c a l  years  1965 arid 
f i s c a l  year 1966. Other f a c i l i t i e s  w i l l  be added as the  program requ:.res. 

C a D i t a l  Qu imenk .  This represents  the  cos t  of equipment purchased by 
the  Government f o r  t he  use of Government and c m t r a c t o r  personnel i n  car ry-  
ing out  s t a t i o n  support  a c t i v i t i e s ,  such as shop equipment and warehoiising 
equipment. 
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RESEARCH AND .DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADV.GZED RESEARCH AND TECHNOLOGY CHEMICAL PROPUL S ]:ON PICOGRAM 

PROGRAM OBJECFIIES AND JUSTIFICATION: 

The ob jec t ives  of t h e  chemical propuls ion research and t e c h m l o g j  
programs a r e  to conduct research t o  increase  knowledge of chemical prclpulsion 
processes, ,  t o  i n v e s t i g a t e  new concepts and techniques t o  advance the  tech- 
nology of  chtmical propuls ion t o  meet t he  requirements f o r  space explora t ion ,  
and t o  support  t h e  mission o f f i c e  r o l e  i n  applying these  technologies  t o  t h e  
achievement of NASA's  mission ob jec t ives .  

The support ing research and technology ob jec t ives  i n  chemica 1 propulsion 
a r e  t o  provide tmd t o  extend the  knowledge t h a t  w i l l  increase  the  na t iona l  
c a p a b i l i t y  t o  explore  space. Although a p r i n c i p a l  p a r t  of  t h i s  e f f o r t  i s  
d i r ec t ed  toward f u t u r e  advances,an equal ly  important p a r t  i s  t o  develop the  
engineering dcitri t h a t  w i l l  apply t o  and a i d  i n  so lv ing  problems a r i s i n g  from 
p r o j e c t s  under development, 

Chemical propuls ion i s  t h e  prime mover i n  t r anspor t ing  payloads from 
Earth i n t o  spacc! and i n  t h e  space environment. 
chemical propuls ion methods w i l l  cont inue t o  be used a s  prime movers f 3 r  
a t  l e a s t  t h e  next decade and a s  a u x i l i a r y  propulsion devices when nuclear  
propulsion s y s t e m s  become opera t iona l .  

It appears c e r t a i n  t h a t  

The f u l l  p o t e n t i a l  of chemical rocke ts  has not ye t  been exploi ted.  
Continued research and development w i l l  make poss ib l e  t h e  accomp1:ishmeit of  
d i f f i c u l t  missions not now programmed,as we l l  as  increas ing  the  e f f ec t ive -  
ness  of accomplishing missions such a s  f l i g h t s  t o  the  Moon and opera t ions  i n  
Ea r th  o rb i t .  
e f f i c i e n t  engine cyc le s ,  and b e t t e r  i n t eg ra t ion  of  t h e  engine with t h e  t o t a l  
veh ic l e  system have the  p o t e n t i a l  not only of increas ing  the  payload-c,arrying 
c a p a b i l i t y  of our  space veh ic l e  systems but  a l s o  of lowering t h e  o v e r a l l  
opera t iona l  cos t  of f a b r i c a t i n g  and opera t ing  these  systems. 

Increases  i n  performance by use of b e t t e r  propel lan ts ,  more 

I n  cur ren t  NASA development programs, problems of inadequate engi-  
neering da ta  o r  experience on which t o  judge the  most appropr ia te  so lu t ion  
have of ten  been encountered. An example of t h i s  is the  combustion in-  
s t a b i l i t y  protilem i n  F-1 engine development, a matter which i s  now sub- 
s t a n t i a l l y  i n  hand. Pa r t  of the  research and technology program is t o  
provide a sound engineer ing b a s i s  f o r  the  so lu t ion  of such problems so 
t h a t  c o s t l y  dc la .ys  t o  development programs can be avoided. 
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The chemical1 propulsion supporting research and technology program is 
presented in f’ive categories. These are: chemical propulsion research, high 
impulse propellamt investigations, liquid rocket engine technologies, solid 
and hybrid rocket motor technologies, and experimental feasibility demon- 
strations of advanced systems. Chemical propulsion research includes analyti- 
cal studies of propulsion systems, conceptual designs and cycle analysis, 
combustion phenctmena including ignition and combustion oscillations, fluid 
mechanics, gas dynamics, heat transfer phenomena, and applicability of 
materials. High impulse propellant investigations cover examination oE new 
propellants, determination of properties, theoretical calculation and experi- 
mental verification of performance, as well as actual engineering experience 
in dealing with such new materials. 
criteria and engineering data for use in major engine development programs. 
This technology effort can be further subdivided in terms of its applization, 
such as booster propulsion, upper stage propulsion, spacecraft propulsion, 
attitude control systems, retrothrust engines and the like. Experimental 
engine work is to demonstrate advanced concepts in a complete engitne system 
prior to their application to specific mission objectives. 
ment work will prevent the delays in mission accomplishment which result when 
the propulsion system development, a long-lead item, must wait for mission 
selection and approval. Included herein are the continuation of i.he M - 1  
engine project and the demonstration of large solid propellants not.or E c a s j -  

From this work will come the sound design 

This early develop- 

- - .  

bility. 

SUMMARY OF RESOURCES REQUIRENENTS : 

1963 1964 

. Supporti.ng research and 
technology.. .................. $14,392,000 $21,800,000 

Experimental engines. ........... 35,000,000 24,000,000 

flight projects.......,....... 330,000 --- Small chemical propulsion 

Total c o s t s . . . . . . . . . . . . . . . . . . .  $49,722,000 $45,800,000 

BASIS OF FUND-REQUIREMENTS : 

Supporting Research and Technology 

1963 

Analysis . aerothermochernistry. . .) $3,095,000 

High energy propellants.. ....... 3 , 7 10,000 

Solid rocket motors.. ........... 797,000 

Heat transfer ,and materials.....) 

Liquid rocket engines. .......... 6,7 90,000 

Total c:osI:s ................... $14,392,000 

1964 

$5,892,000 

7 , 225 , 000 
6 ,640 , 000 
2,043,000 

$21,800,000 

$ 2  1,8Oi),OOO 
?18 ,000,000 

$5,98:1 , 000 

7 ,41:1,000 
6 , 000,000 - 2,401t,OOO 

$21,800,000 --- 
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Analysis ,  Aercgiermochemistry, Heat Transfer  and Mate r i a l s  

Analysis and conceptual design s t u d i e s  a r e  conduct-ed t o  i d e n t i f y  problem 
a r e a s ,  t o  coospa:re competi t ive systems, and t o  guide f u t u r e  work. 

For example, recent  i n t e r e s t  i n  an o l d  idea - a i r  t h r u s t  augmentztion - 
has  led  t o  an a n a l y t i c a l  s tudy of i t s  advantages and some experimental work. 
A cooperat:ive inves t iga t ion  between NASA and t h e  A i r  Force has  been .es  tab-  
l i shed  t o  examine t h e  advantages o f  t h e  a i r  augmentation schemes a s  aFpl ied 
t o  t h e  booste:r propuls ion system i n  a p r a c t i c a l  f l i g h t .  

I n  aerot:heimchemistry,  a number o f  research  p r o j e c t s  a r e  nod uncerway 
i n  converting; chemical energy t o  k i n e t i c  energy. I n  combustion, s tud ie s  of 
combustion os(:i:Llations w i l l  be continued t o  provide design c r i t e r i a  f o r  
f u t u r e  engine development. Other work of a fundamental na ture  i s  t h e  s tudy 
of  t h e  k i n e t i c s  of detonat ion waves and t h e i r  r e l a t i o n s h i p  t o  com'bustion 
o s c i l l a t i o n s ,  and t h e  examination o f  non-equilibrium flow processes  i n  
nozzles.  

I n  scllicl rocke ts ,  research on burning r a t e  and combustion processes  
includes ignit:ion c h a r a c t e r i s t i c s ,  t h e  e f f e c t  of r a t e  of change O E  pressure  
on ext inguishing combustion on su r face  burning r a t e s ,  and o t h e r  combustion 
phenomena. 

More infclrniation w i l l  be  sought on f i l m  cool ing  techniques u.sed i n  con- 
junc t ion  w i t h  h igh temperature and a b l a t i v e  m a t e r i a l s ,  with p a r t i a l  c o s l i n g  
by r a d i a t i o n  i n  some cases .  

High Energy P;s le l lan ts  

The program i n  high energy p rope l l an t s  was broadened l a s t  year t o  
i n v e s t i g a t e  t h r e e  combinations: (1 )add i t ion  of  f l u o r i n e  i n  oxygen to  bDost 
t h e  performance of launch veh ic l e s  us ing  oxygen-kerosene, (2) hydrogen- 
f l u o r i n e ,  and (3) oxygen d i f  l uo r ide  and diborane. Inves t iga t ions  on 
f l u o r i n e  addi t ions  t o  oxygen-kerosene show t h a t  performance ga ins  up t 3  

30 percent  could be r e a l i z e d  i n  veh ic l e s  such a s  Atlas .  
compat ib i l i ty  of m a t e r i a l s  and the  f e a s i b i l i t y  o f  us ing  t h i s  a d d i t i v e  in 
e x i s t i n g  oxygen-kerosene engines i s  underway. 

Inves t iga t ion3  of  

Hydrogen-fluorine work i s  underway on an experimental  engine t o  be  
descr ibed !on subsequent pages. 

Performance of an oxygen d i f luor ide-d iborane  engine of 2,000 pounds 
P lans  for add i t iona l  work are underway 1:o t h r u s t  i s  being Lnvestigated. 

assess more ccnnp'letely t h e  performance of t h i s  promising combination. 

Work on o the r  combinations i s  planned. These inc lude  p rope l l an t  property 
s tud ie s ,  oxygen- Eluorine o r  oxygen d i f l u o r i d e  wi th  l i g h t  hydrocarbons, and 
m e  t a l  addi t ions.  
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During t h e  p a s t  year work was s t a r t e d  on experiments with a turbo- 
pumped hydrogen-f l uo r ine  engine. 
use  with hydrogen and oxygen was s e l e c t e d  f o r  t h e  experiments. Some >rob- 
lems with m a t e r i a l  compa t ib i l i t y  i n  r o t a t i n g  s e a l s  i n  t h e  turbo pump have 
been encountered and work i s  underway t o  o b t a i n  improved s e a l  mat:erials. 
High energy f u e l  performance i n  the p resen t  engine w i l l  be l imi t ed  by t h e  
ox id ize r  t o  f u e l  r a t i o  t h a t  can be  run. Af te r  pushing t h e  l i m i t  operqat ion 
of t h e  present  engine, a d d i t i o n a l  work w i l l  be  undertaken on new t h r u s t  
chamber m a t e r i a l s  and pump modif icat ions t o  reach h igher  mixture r a t i o s  
which favor t h e  high performance c h a r a c t e r i s t i c s  of t h e  f l u ro ine  prop z l l a n t .  

The RL- 10 engine a l r eady  developed €or 

A pr,ogram t o  develop a gas  genera tor  f o r  a hydrogen-fluorine engine 
has  been s t a r t e d  t o  provide a second p o s s i b l e  approach t o  an advanced hydrogen- 
f l u o r i n e  engine. 
o f  an  advanced hydrogen-fluorine engine w i l l  be made based on t h e  knoygledge 
gained from t h i s  experimental engine work. 

This  work w i l l  b e  continued and pre l iminary  design s tud ie s  

Liquid Rocket Engines 

Work i n  t h i s  a r ea  i s  concerned wi th  engineering s t u d i e s  o f  c.omponents, 
subsystems and systems f o r  launch v e h i c l e s  and spacecraf t .  

I n  launch v e h i c l e  propulsion, work has  continued on high pressur:  
engine technology a s  a promising approach t o  ve ry  l a r g e  engines f o r  f i r s t -  
s t a g e  propulsion. The inc rease  of  p re s su re  t o  t h e  o rde r  o f  2,500 p s i  and 
h igher  in t roduces  new engineering problems i n ,  f o r  example, bearings, ,ind 
t h r u s t  chamber cooling. New combustion chamber concepts,  such a s  t h e  
t o r o i d a l  $chamber - expansion nozzle s k i r t  a r e  being inves t iga t ed .  It i s  
planned t o  s c a l e  model a t o r o i d a l  chamber and gas-confined nozzle t o  :est 
t h e  performance o f  t h i s  combination. Another concept i s  a s e l f - con ta  ined, 
high-pressure engine module designed t o  be used i n  m u l t i p l e  wi th  a s i n g l e  
nozzle. Work i s  planned on components of  t h i s  type  engine. 

Spacecraf t  propulsion work i s  cont inuing  on p o s i t i v e  expulsion tech- 
niques f o r  providing p rope l l an t  t o  t h e  engine during zero-g condi t ions .  
Combinations of p o s i t i v e  expulsion o f  a po r t ion  of  t h e  propel lant .  and 
simple p r e s s u r i z a t i o n  o f  t h e  tank under p o s i t i v e  a c c e l e r a t i o n  wil.1 be 
inves t iga t ed .  Gas p r e s s u r i z a t i o n  generated by in- tank  r e a c t i o n  procei;ses 
w i l l  be s tud ied .  E f fo r t  w i l l  cont inue  on t h e  a p p l i c a t i o n  of  high tempera- 
t u r e  and a b l a t i v e  m a t e r i a l s  f o r  chambers and nozz les  and on techniqueis f o r  
varying t h r u s t .  

So l id  Rocket Motors 

So l id  rocket motor technology i s  concerned with components, subs:rstems, 
and complete systems f o r  both launch v e h i c l e s  and spacec ra f t .  E f f o r t  i n  
t h i s  category i s  p r imar i ly  d i r e c t e d  towards research  i n  p rope l l an t  chi i racter-  
i s t i c s ,  Other .work inc ludes  a con t inua t ion  of  s t u d i e s  of an i n t e r n a l  support 
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f o r  very l a r g e  g ra ins .  Also being continued a r e  s t u d i e s  o f  improved methods 
o f  t h r u s t  vect.or c o n t r o l  by use  of  ho t  gases which a r e  suppl ied  e i t h e r  by a 
gas generator or by a tpp  d i r e c t l y  from t h e  combustion chamber. ,4 key com- 
ponent i n  this ;  technique i s  a gas  va lve  capable of  ope ra t ing  a t  high tempera- 
t u re .  

In  t h e  ccrming year more emphasis w i l l  be placed on research  i3nd tech- 
nology applicab1.e t o  very  l a r g e  boos te rs  and problems a s soc ia t ed  wi th  t h e i r  
use. This would inc lude ,  f o r  example, improving techniques o f  i n spec t ion  
and q u a l i f i c a t i o n  o f  loaded motors, b e t t e r  understanding of  i n s t a b i l i t y  and 
i g n i t i o n  probI.erris, improved phys ica l  p r o p e r t i e s ,  c l u s t e r i n g  s t u d i e s ,  and 
handling and t r a n s p o r t a t i o n  problems. 

Spacecraf't  engine technology e f f o r t  i s  concentrated i n  four  iareas. 
These a r e :  (1) h.igh p rope l l an t  mass loading, (2) s t o p - r e s t a r t  c a p a b i l i t y ,  
(3 )  hybrid s y E , t a n ,  and (4) packaged propulsion u n i t s  f o r  a t t i t u d e  con t ro l .  

The goal of t h e  program i s  t h e  design of motors with a high percentage 
of p rope l l an t ,  Another p a r t  o f  t h i s  work i s  ob ta in ing  longer nozzle l i f e  
through p a r t i a l l y  submerging o r  r eces s ing ,  o r  through establishment: o f  a 
coo 1 boundary layer .  

A s i g n i f i c a n t  achievement during the  p a s t  year has  been t h e  demonstra- 
t i o n  of accu ra t e  t h r u s t  t e rmina t ion  c o n t r o l  by two techniques: r a p i d  vent ing ,  
and c o n t r o l  of chamber volume. These and o t h e r  techniques a r e  b e a g  i n v e s t i -  
gated t o  achieve s t o p / s t a r t  c o n t r o l  and r ecyc l ing  c a p a b i l i t i e s .  

Hybrid motor systems o f f e r  promise i n  both launch v e h i c l e  and spa:ecraft  
app l i ca t ions .  These a r e  systems where t h e  f u e l  i s  a s o l i d  and t h e  o x i d i z e r  
i s  introduced a s  a l i qu id .  Conceptual design s t u d i e s  f o r  space app l i c  s t i ons  
a r e  completed and experimental work t o  demonstrate t h e  f e a s i b i l i t y  of  ' iybr id  
propulsion fo r  a spacec ra f t  engine w i l l  be i n i t i a t e d .  

Ideas  f o r  u s ing  s o l i d s  f o r  small propulsion u n i t s  f o r  a t t i t u d e  c o > i t r o l  
have been examined. 
s o l i d  rocket u n i t s  t o  genera te  small increments of  impulse a s  needed. This 
work w i l l  b e  extended t o  f l i g h t  experiments aboard a TIROS s a t e l l i t e .  The 
second i d e a  i s  t h e  use  of  a subliming s o l i d  wherein t h e  s o l i d  i s  t.ransEormed 
i n t o  gas f o r  propulsion t h r u  t h e  a p p l i c a t i o n  of  hea t .  These u n i t s  hold t h e  
promise of  high r e l i a b i l i t y  a s  w e l l  a s  long s to rage  time and l i f e .  

One i s  t h e  use  of  a s e r i e s  of  miniature  and r!xpenslable/ 

Experimenta 1 Engines 

1965 --- 1963 1964 

Large s o l i d  motor demonstration. ---* --- * $1.3,000,000 
M - 1  engine...................... $35,000,000 $24,000,000 ~ : 5 , 0 0 0 , 0 0 0  

Tota l  c o s t s  ................... $35,000,000 ~ 2 4 , 0 0 0 , 0 0 0  ~ 8 , 0 0 0 , 0 0 0  --- 
* Previously ,an A i r  Force program. 
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Large So l id  Motor Demonstration 

The large! s o l i d  p rope l l an t  rocke t  motor f e a s i b i l i t y  demonstration was 
i n i t i a t e d  by NASA and t h e  A i r  Force i n  June 1963; i t  inc ludes  both 260'  
diameter and 156" diameter s o l i d  p rope l l an t  motors. 

I n  November 1963, t h e  Department o f  Defense requested t h a t  NASA fund 
t h e  260" c l a s s  motor program i n  f i s c a l  year  1965 and t h e r e a f t e r ,  with .:he 
Department o f  Defense cont inuing to  fund t h e  156" por t ion .  

I n  f i s c a l  year 1963 and 1964, t h e  Department o f  Defense ob l iga t ed  almost 
$30,000,000 t o  t h e  260" motor program. The f i s c a l  yea r  1965 NASA reques t  i s  
based on a Department o f  Defense estimate o f  t h e  amount requi red  t o  complete 
t h e  c u r r e n t  phase o f  t h e  260" motor program. Transfer  of t h e  d i r e c t  mirnage- 
ment and funding r e s p o n s i b i l i t i e s  f o r  t h i s  program t o  t h e  NASA w i l l  a l low 
c l o s e r  coord ina t ion  between t h e  demonstration f i r i n g  program and t h e  s o l i d  
motor launch v e h i c l e  s t u d i e s  c u r r e n t l y  i n  progress ,  to  eva lua te  such 
veh ic l e s  a s :  

1. 
2. Sol id  boost a s s i s t  f o r  t h e  Saturn I B  vehic le .  
3. Sol id  boost a s s i s t  f o r  a Saturn V veh ic l e .  
4. F i r s t  s t a g e  f o r  pos t  Saturn vehicle.  

Solild s t a g e  p l u s  an  S-IVB s tage .  

E f f o r t s  on t h i s  p r o j e c t  through f i s c a l  year  1964 w i l l  include completing 
engineering, p rope l l an t  t a i l o r i n g ,  44" and 65" motor tes ts ,  and fabriczition 
and checkout o f  Eull s c a l e  hardware. 

I n  f i s c a l  ylear 1965 a two-part e f f o r t  t o  complete t h e  c u r r e n t  phat'e of 
t h e  260" motor program w i l l  be  accomplished. 
p a r a l l e l  p r o j e c t s  t o  design, f a b r i c a t e ,  and s t a t i c  t e s t  two 260" diameter 
motors each welgliing about 1,800,000 pounds and genera t ing  3,000,000 pcunds 
of  t h r u s t  f o r  about 110 seconds. The second p a r t  covers des ign ,  f a b r i c a t i o n ,  
and s t a t i c  t e s t  o f  a 900,000 pound 156" diameter motor, t o  prove a 3,O(tO,OOO 
pound t h r u s t  1ioz:zle (same a s  used on t h e  260" diameter motor) f o r  a 50-second 
burning t i m e ,  pliis proof o f  t h e  f a b r i c a t i o n  procedure app l i cab le  t o  thcs 260'' 
diameter mc~toi: u t i l i z i n g  a g ra in  conf igu ra t ion  and i g n i t e r  s i m i l a r  to  t h e  
260" s i z e ,  
program w i l l 1  b e  completed i n  f i s c a l  year  1965. 

The f i r s t  p a r t  i s  f o r  twc 

In add i t ion ,  a 120" motor f o r  component eva lua t ion  of t h e  P e r o j e t  

M-I Engine 

The M - 1  turbopump fed  rocket engine i s  being developed f o r  s i n g l e  o r  
m u l t i p l e  use 1.11 ripper s t a g e s  o f  l a r g e  launch veh ic l e s .  This  engine w i l l  
develop 1,500,, 000 pounds o f  t h r u s t ,  us ing  l i q u i d  hydrogen- l i q u i d  oeygen 
p rope l l an t s .  

Development of t h e  pro to type  engine began i n  1962, and i s  under t h e  
t echn ica l  d i r e c t i o n  of  t h e  Lewis Research Center. The components of t h e  
M - 1  engine a r e  of a new magnitude i n  s i z e  f o r  hydrogen engines,  and w i l l  
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be  t e s t e d  a:; a system to v e r i f y  t h e i r  design and to  develop c r i t e r i a  f o r  t h e  
design,  t e s t  and retest  cyc le .  

During .Ei:scal year  1965, t h e  program w i l l  emphasize component testing, 
with a 1imit:ed e f f o r t  i n  engine systems. Most design e f f o r t  w i l l  be com- 
p l e t e d ,  and t h e  t e s t i n g  of  many major components begun. The major i t )  of 
sub-scale  test:; w i l l  be near  completion. Versions of  t he  liquid oxyg:en pump 
and f u e l  pump, both a t  3/8 scale, w i l l  be tes ted .  

A t  Lewiti, co ld -a i r  t e s t s  o f  f u e l  and l i q u i d  oxygen (LOX) t u rb ines  w i l l  
be performed t o  determine the  aerodynamic performance, range of  opera t ion ,  
and flow d i s t o r t i o n s .  Fu l l - sca l e  t e s t i n g  of  t h e  f u e l  and LOX pumps a s  
separa te  components, and a s  a system connected i n  series w i l l  be  s t a r t e d .  

Other t e s t  programs t o  b e  i n i t i a t e d  involve v i b r a t i o n  tes ts  o f  t h r u s t  
chamber compclnents, and genera l  t e s t i n g  of t h e  t h r u s t  chamber and gas gener- 
ator i g n i t e r s .  

Several  t e s t i n g  programs w i l l  be  cont inued i n  f i s c a l  year  1965. These 
inc lude  tes ts  of f u l l - s c a l e  i n j e c t o r s ,  gas genera tors ,  and interconne1:t l i n e s ,  



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADVA.yCIED RESEARCH AND TECIINOLOCY SPACE POWER PROGRAM 

PROGRAM OBJECTEES AND JUSTIFICATION: 

The Space Power program provides research and technology t o  advance ou r  
knowledge, by providing new and improved methods of chemical and solar power 
genera t ion  f o r  space explorat ion.  The program includes a l l  elements oli 
complete systems such as: (1) the  energy c o l l e c t i o n  equipment (solar c o l l e c -  
tor) or r eac t an t  supply; (2) t h e  prime conver te r  ( i . e . ,  solar cells, therm- 
i o n i c  genera tors ,  thermoelec t r ic  conver te r ,  f u e l  ce l l ,  etc.) ; (3) the m e r g y  
s to rage  system (ba t te ry  o r  thermal energy s to rage  material); and (4) p o w e r  
condi t ioning 'equipment devices  and switch-gear. 
b a s i c  work, p a r t  of t he  e f f o r t  is  d i r e c t e d  at development of improved devices  
and demonstration of  the  f e a s i b i l i t y  of advanced systems, including,, when 
necessary,  f l i g h t  demonstration. 

In add i t ion  to the mo:re 

A l l  space veh ic l e s  use  e l e c t r i c a l  energy f o r  the  opera t ion  of t h e i r  
equipment, such as communications, te lemetry,  l i f e  support ,  and iristruinenta- 
t i o n .  Thus, t h i s  mul t i -d i sc ip l ined  program makes a d i r e c t  con t r ibu t iox  t o  
a broad cross -sec t ion  of t he  na t iona l  space program. The energy sourc? f o r  
space power s y s t e m s  may be chemical, s o l a r ,  o r  nuc lear ;  t h i s  program d z a l s  
with methods o f  ob ta in ing  energy from the  f i r s t  two sources.  Work on power 
generat ion using nuclear  energy sources  i s  covered under Nuclear E l e c t r i c  
Systems. 

The e l e c t r i c a l  power f o r  space veh ic l e s  and the  t o t a l  t i m e  t h i s  power 
i s  needed v a r i e s  widely. 
k i lowat t s  and dura t ions  from a few minutes f o r  a launch veh ic l e  t o  goa ls  of 
severa l  years f o r  space vehic les .  This  wide range of app l i ca t ions  requires 
a number of power generat ion techniques,  each with i t s  own c a p a b i l i t i e s  and 
l i m i t a t i o n s .  

The power l e v e l s  vary from a few wa t t s  'EO many 

As launch veh ic l e  c a p a b i l i t i e s  increase ,  making poss ib le  more con.plex 
spacecraft . ,  i t :  Ls e s s e n t i a l  t h a t  the  technology i n  the  power genera t icn  
f i e l d  not  bec:ome a l imi t ing  f ac to r .  A l l  systems experience t o  da t e  h:.s been 
a t  r a t h e r  low power l e v e l s .  

Many pro1,lems a l s o  remain t o  be solved i n  the  types of  systems p resen t ly  
being used t o  improve r e l i a b i l i t y  and l i f e  as w e l l  as t o  reduce weight. and 
valume rec~uiremc~nts.  This  work i s  needed t o  develop equipment and the  know- 
ledge needed to avoid f a i l u r e s  such as those i n  the  pas t  assoc ia ted  w:.th the  
adverse e f f e c t s  of  the  space environment ( i . e . ,  t he  Van Allen b e l t ,  solar 
f l a r e  r a d i a t i o n ,  u l t r a v i o l e t  degra t ion ,  and high and low temperature 
e f f e c t s ) .  
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SIJMMARY OF RESJRCES REQUIREMENTS: 

1963 1964 

Supporting research and 
technology.. . . .  ............... $8,335,000 $13,000,000 

Total cor,iLs.. ................. $8.335.000 ~13,000.000 

BASIS OF FUNDRJ3QUIREMENTS: 

Supporting Research and Technology 

1963 1964 

Photovol taixs. .................. $2,141,000 $2,750,000 
Thermionics arid thermoelectric. . 1,872,000 1,750,000 

Batteries, fuel c e l l s  and 
Solar dynamic systems ........... 1 , 660 , 000 4,850,000 

engines.. ..................... 2.662.000 3.650,OOO 

196.5 --- 
$13 .OCiO ,000 

$13 ,OClO ,000 --- 

19 65 

$2,750,000 
1,750,000 
4 , 85 0 , 000 

- 3,650.000 

&13,000,000 

--- 

--- 
----- Photovol ta ics .  So la r  c e l l s  are the  most common energy-conversioii 

devices  used i n  space. S i g n i f i c a n t  progress  has  been made on c e l l s  wliich 
r e s i s t  r a d i a t i o n  damage and i n  obta in ing  a fundamental understanding of the  
mechanism of  damage. Cel ls  c u r r e n t l y  i n  production have bene f i t rd  from the  
research program and have th ree  t i m e s  the\-useful  l i f e  i n  t h e  rad i  a t io i i  b e l t s  
compared t o  c z l l s  i n  use a year  ago. During t h i s  year ,  experiments w e r e  
conducted on spec ia l  s i l i c o n e  c e l l s  which are 1 2  times more r e s i s t a n t  t o  
such damage as the re ference  ce l l s .  This  work w i l l  cont inue so t h a t  t he  
advantages can i3e f u l l y  explo i ted  i n  f l i g h t  programs. 

Progi:es:; has  a l s o  been made on t h i n  f i l m  s o l a r  ce l l s  which are very 
l i g h t  and fleKi'ble. A con t rac to r  production f a c i l i t y  has  been establ:.shed 
t o  produce ex3erimental  q u a n t i t i e s  of 6" by 6" cadmium s u l f i d e  thin-fi . lm 
c e l l s .  A pro,grm has been i n i t i a t e d  t o  eva lua te  the  simulated envirorunental 
e f f e c t s  of s p ~ c e  on these  advanced devices ,  a necessary f i r s t  s t e p  bejiore 
p r a c t i c a l  app  Lication. S tudies  are a l s o  being conducted on techniques; of 
deploying l a rge  a r r ays  of  t hese  c e l l s  f o r  mult i -ki lowatt  systems. The 
an t i c ipa t ed  r e s u l t s  are considerably lower c o s t s ,  improved mechanical 
characteri.sti.c:s, and b e t t e r  s t a b i l i t y  i n  t h e  space environment. 

Work,wil. 1 be continued t o  develop s o l a r  c e l l s  f o r  high and low-tempera- 
t u r e  appli.cat:.ions. More payload and g r e a t e r  r e l i a b i l i t y  are anticlipat ed.  

---- Thermionic:; and Thermoelectr ics .  The d i r e c t  conversion of hea t  energy 
t o  e1ec t r ic i t .y  hy the  thermionic process  cont inues t o  show g r e a t  promise. 
The development of a prototype,  so la r -hea ted ,  thermionic system with a l l  of 
i t s  elements shows s i g n i f i c a n t  progress .  E f f o r t s  extend from b a s i c  r e  search 
on materia.ls and metal lurgy,  through physics  and thermionic g e n e r a t i o r ,  t o  
engineer ing cle:velopment of thermionic devices .  
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from 
way. 
have 
This  

Improvements i n  thermionic conver te r  design have extended cc1nver':er l i f e  
1,000 hours o r  less t o  more than 3,000 hours i n  tests p resen t ly  imder- 

been f ab r i ca t ed  and t e s t e d  with both e lec t r ica l  and s o l a r  hcatinl:. 
e f f o r t  . w i l l  be continued i n  f i s c a l  year  1965. 

Al te rna te  designs have been explored,  and mult i -converter  gener , i tors  

It i s  des i r ab le  t o  keep a thermionic system opera t ing  during, dark 
per iods i n  o r b i t ,  by supplying hea t  energy s to red  during sunl ight  t o  isvoid 
thermal cycl ing.  Fundamental information has  been obtained on therma. 
s torage  ma te r i a l s ,  such as thermal conduct iv i ty  and hea t  of  fusicln. 'Che 
whole thermal s torage  area w i l l  r ece ive  increased a t t e n t i o n  i n  tt,e corning 
yea r ,  bec.ause of i t s  g rea t  promise f o r  solar- thermionic  and dynamic s:rstems 
with long l i f e  and low weight. 

Important progress  has  been made on the  development o f  f a b r i c a t i o n  
technique f o r  s o l a r  c o l l e c t o r s .  Work on a 9 .5  foot  diameter high p r e -  
c i s i o n  mirror master by sp in  c a s t i n g  o f f e r s  a so lu t ion  t o  extending tliis 
technology t o  mir rors  l a r g e r  than 5 f e e t .  A successfu l  p l a s t i c  sub- 
master w a s  produced and reproduced i n  n i cke l .  A test mir ror  made froin 
the  n i cke l  master i s  undergoing tests. 

The f e a s i b i l i t y  of power systems based on thermoelec t r ic  convers ion of 
hea t  i s  a l s o  under inves t iga t ion .  An example of work i n  t h i s  a r e a  i s  a f l a t  
sandwich panel with thermoelec t r ic  couples between the  sk ins .  One sk in  i s  
t r e a t e d  with a coa t ing  t o  produce a high equi l ibr ium temperature when ex- 
posed t o  sun l igh t ,  while the  o the r  sur face  runs a t  a much lower tempe.rature 
a s  i t  faces  black space. Progress  has  been made i n  t h i s  technique, aiid the  
work has b e e n  supported by research on improved thermoelec t r ic  mater ia i l s .  
E f f o r t  i n  t h i s  a r ea  w i l l  cont inue.  

-- Solar  Dynamic - Systems. A s i g n i f i c a n t  milestone was reached i n  the  
s o l a r  mercu ry  Rankine cyc le  system (Sunflower) t h i s  year  with the  succ:essful 
completion of  a l i f e  t e s t  with an accumulated t i m e  of 4,300 hours. Tlle 
t e s t  w a s  terminated by t e s t - r i g  problems r a t h e r  than any bas i c  f a u l t  tn the  
machine. While many problems remain t o  be solved,  t he  feas ib i1 i t .y  of t h i s  
s y s t e m  concept h a s  been demonstrated. 

Work was a l s o  s t a r t e d  on an a l t e r n a t e  approach t o  dynamic power con- 
vers ion ,  based on a gas (Brayton) cyc le ,  which i s  expected t o  have hi:;her 
e f f i c i e n c y  and hence produce more power from a given s i z e  s o l a r  c.ollei:tor, 
i f  the  expected component performance can be achieved. It is planned t o  
continue development of t h i s  system t o  a poin t  where a s e l e c t i o n  can l)e 
made between the  a l t e r n a t e  approaches. Solar  dynamic systems a r e  expl?cted 
t o  be most usefu l  i n  the  range of power of a few k i lowa t t s  t o  t ens  of 
k i lowa t t s .  Applications may come l a t e  i n  t h i s  decade, and hence an a,:gres- 
s ive  

t h i s  

program i s  required a t  t h i s  t i m e .  

B a t t e r i e s ,  Fuel Cel ls ,  and Engines. Much progress  has  been made i n  
area. For example, a new type of  s ea l ed ,  rechargeable  b a t t e r y  h.as been 
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developed. ::his device inc ludes  a f u e l - c e l l  oxygen e l ec t rode  which reduces 
pressure buF1.d-up t o  a s a f e  l e v e l ,  and provides an ex te rna l  s igna l  a t  the 
completion o : E  charge,  f a c i l i t a t i n g  charge con t ro l .  This advance i s  expected 
t o  improve the  l i f e  and r e l i a b i l i t y  of  space b a t t e r i e s  and s i g n i f i c a n t l y  
reduce t h e i r  weight f o r  many app l i ca t ions .  Test ing required t o  provide the  
engineer ing da ta  needed by app l i ca t ions  engineers  i s  planned f o r  next year .  

To determine the  bas i c  l i m i t a t i o n s  i n  f u e l  c e l l  l i f e  and r e l i a b i l i t y  
and f ind  wa:r; of extending them are the  goa ls  of much of  t he  work. 
Important de.Je Lopment work has been accomplished t h i s  year  on an improved 
H2/02 f u e l  ce l l  of moderate temperature.  The system i s  s impl i f ied  and uses  
materials which should have longer l i f e .  Work needs t o  be done t o  v e r i f y  
these  improvements. E f f o r t  t o  da t e  has  been on an open-cycle s y s t e m  (product: 
water vented t o  space) ;  work w i l l  be done on t h e  app l i ca t ion  of  t he  t lasic 
equipment in a closed cyc le  and tes t s  of  t he  endurance of the  componcmts. 

Progress has been made on o the r  f u e l  c e l l  t a sks ,  including the  tlevelop- 
ment of inorganic ion-exchange membranes ( e l e c t r o l y t e  and separa tor )  which 
should have longer l i f e  than the  organic  type now being used. S tudics  of 
fue l  c e l l s  as biochemical r e a c t o r s  f o r  processing human wastes a r e  a:.so 
underway. Much work remains to be done i n  these  areas, now a t  t he  b a s i c  
research st,age. 

An experimental hydrogen-oxygen i n t e r n a l  combustion engine desilined 
f o r  oper,ation i n  space has  been opera t ing  successfu l ly .  P o t e n t i a l  a p p l i -  
ca t ions  include mechanical, hydraul ic  and emergency e l e c t r i c  power 
generat ion.  I n  f i s c a l  year  1965, e f f o r t  w i l l  be concentrated on imp':oved 
engine e f f i c i ency .  
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF ADMCCED RESEARCH AND TECHNOLOGY AERONAUTICS PRI )GRAM -- 
PROGRAM OBJECGVES AND JUSTIFICATION: 

The ob jez t tve  of t h e  Aeronautics program is  t o  conduct t h e  r e s e a i ~ h  
necessary t o  .gmerate infonuat ion f o r  t h e  design,  cons t ruc t ion ,  end 
opera t ion  of advanced ae ronau t i ca l  vehic les .  
cu r ren t  and pro j ec ted  c i v i l  and m i l i t a r y  requirements and he lps  t o  maintain 
United States l a d e r s h i p  i n  these  f i e l d s .  

This  research  program suppor ts  

Research i s  c a r r i e d  on i n  t h e  t echn ica l  d i s c i p l i n e s  of aerodynamks, 
loads and s t ixci tures ,  propuls ion,  and opera t ing  problems. This  research  
has  provided the information and technology f o r  such advanced veh ic l e€#  as 
t h e  F-111 (TIX), t he  t r i - s e r v i c e  XL-142, and t h e  supersonic  t r a n s p o r t ,  

The d e t a i l e d  research program will cont inue a t  the  Langley, Imes, L e w i s  
and F l i g h t  Research Centers ,  i n  support  of the  supersonic t r anspor t  
program, It is t h e  Nat ional  Aeronautics and Space Adminis t ra t ion 's  
responsibi1ii:y t o  provide t h e  requi red  research  information and t e c h n i c a l  
support  t o  emb'le indus t ry  t o  b u i l d  a r e l i a b l e ,  economical, s a f e ,  and 
pub l i c ly  acceptab le  commercial supersonic  t r anspor t .  

I n  aclvancetl ae ronau t i ca l  research ,  manned hypersonic a i r -b rea th ing  
veh ic l e s  a r e  l>e:Lng inves t iga ted .  
providing hypersonic reconnaissance c a p a b i l i t i e s ,  hypersonic t r a n s p o r t ,  and 
recoverab3.e h:ypersonic a i r -b rea th ing  space boosters .  

Such v e h i c l e s  have t h e  p o t e n t i a l  of 

Studjies of v e r t i c a l  8nd s h o r t  take-off and landing a i r c r a f t  (V/SIY)L) 
w i l l  cont inue i n  f i s c a l  year 1965, with p a r t i c u l a r  emphasis on h igh -qeed  
jct-powerad t::ypes and those  types nearing m i l i t a r y  ope ra t iona l  s t a t u s ,  

Research i n  b a s i c  areas includes s t u d i e s  of new materials f o r  a i r f rames  
r equ i r ing  long dura t ion ,  high temperature opera t ions ;  s t u d i e s  of high tamper- 
ature a i r -b rea th ing  engine components which w i l l  i nc rease  engine ef f i c  iency 
and economy; 13tiidies of  no i se  t o  ga in  a b e t t e r  understanding of i ts  o r i g i n  
and means of cillteviating it; s t u d i e s  of t h e  boundary layer  and boundary- 
layer  cont:rol. t o  reduce drag; s t u d i e s  of s t r u c t u r a l  concepts t o  provide 
r e l i a b l e  I.ighi:-weight s t r u c t u r e s ;  and s t u d i e s  of a i r -b rea th ing  propuls ion 
cyc les  and eri1:ine components t o  inc rease  e f f i c i e n c y  and permit t he  des ign 
of  e f f  i c i e n t  :Lig:ht-weight engines f o r  V/STOL aircraft, supersonic  t r a r  s p o r t ,  
and hypersonic: a i r c r a f t  . 

Advanced t echn ica l  development i n  support  of m i l i t a r y  and c i v i l  
a i r c r a f t  procurtment cont inues t o  be conducted. This  work is performed i n  
cooperat ion with government-sponsored con t r ac to r s  a t  the  reques t  of 
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cognizant gowr rmien t ag tnc  i es . 
Experimtnl:aI r e sea rch  and development a i r c r a f t  and engineer ing t e e  t p i l o t  

p ro f i c i ency  a i r c r a f t  considered necessary t o  c a r r y  ou t  and support the 
ae ronau t i c s  e f f o r t  are included under t h i s  program. 

SUMMARY OF REs:~olmcEs REQUZREMWTS: 

1963 

Supporting ieeeearch and 
technology. ................... $6,580,000 

X-15A. ..... ,,. .................... 5,580,000 
Supersonic t r imspor t  ............ 2,513,000 
V/STOL. 925,000 

T o t a l  conts .  .................. u . 5 9 8 , o O O  

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

BASIS OF truNI) NEQUIRPMENTS: 

1964 

$8,900,000 
900,000 

10,200,000 
2,100,000 

Supporting Research and Technology 

1963 1964 

A i r  cra f it aero,dynamics ........... $879,000 $1,500,000 
A i r c r a f t  loads and s t r u c t u r e s , .  . 1,510,000 1,600,000 
Air-breathing propulsion........ 1,519,000 2,520,000 
Aircraft ope ra t ing  problems. .... 2.672.000 3,280,000 

To ta l  co,sts . . . . . . . . . . . . . . . . . . .  a $8,900,000 

1Si65 
-_I_- 

$9,40O,OOO 
900,000 

- 2,000,000 
~37.0()9.o00 

24,700,000 

1!)65 --- 
$1,900,000 

1,7OO,OOO 
3,200,000 
2.5 10,000 

A i r  c r a f t  Aerodynamics 

A i r c r a f t  aerodynamics relates t o  t h e  performance, s t a b i l i t y ,  and c o n t r o l  
of manned v e h i c l e s  during sus t a ined  atmospheric f l i g h t .  This program is  a 
continuing one d i r e c t e d  toward improvements i n  subsonic,  supersonic a:id 
hypersonic a i r p l a n e s .  

In  f iscal  year 1965 t h e r e  w i l l  be an increased  e f f o r t  i n  hypersonic 
aerodynamics and aerodynamic conf igura t ions  f o r  hypersonic a i r -b rea th ing  
v e h i c l e s  now t h a t  t h e i r  aerodynamic f e a s i b i l i t y  has  been e s t ab l i shed .  

Fur ther  i nc reases  i n  o v e r a l l  aerodynamic e f f i c i e n c y  are needed t o  
produce a n  economic, p r o f i t a b l e  United States supersonic t r a n s p o r t .  
i n  t h i s  area w i l l  be increased by explor ing  a l l  p o s s i b l e  means of increas ing  
l i f t  and decreasing drag a t  supersonic-cruise  speeds, and by i n v e s t i g a t i n g  
advanced conf ' iguration concepts to improve range and payload. 

Research 

Recent wind. tunnel  and f l i g h t  research  on V/STOL a i r c r a f t  has  placed 
g r e a t e r  emphasis on t h e  s t a b i l i t y  and c o n t r o l  during hovering and t r a n s i t i o n  
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of higher-performance jet-powered types. 
u r a t i o n  s t u d i e s  with models and man-carrying tes t -bed aircraft w i l l  be 
c a r r i e d  on i n  order  t o  provide a b e t t e r  understanding of j e t - i n t e r f e r a n c r  
flows and how t o  avoid unde r s i r ab le  e f f e c t s  on c o n t r o l  during t h e  V/STOL 
mode of opera t ion .  

General as w e l l  as d e t a i l e d  config- 

I n  t h e  he l i cop te r  a r e a ,  the  aerodynamics of h igh  speed r o t o r s  is being 
s tud ied  by indus t ry  con t r ac t .  
compound he l i cop te r  which u t i l i z e s  a u x i l i a r y  wings, i n  a d d i t i o n  t o  r o t o r s ,  i n  
order  t o  inc rease  l imi t ed  range and endurance. 

Increased a t t e n t i o n  w i l l  be devoted t o  t h e  

Included i n  these  estimates, a s  i n  t h e  p a s t ,  are funds f o r  wind tunnel 
and r e l a t e d  s t u d i e s  i n  d i r e c t  support  of t h e  development of m i l i t a r y  
a i r c r a f t  and. m i s s i l e  systems 

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

The design o f  e f f i c i e n t  and r e l i a b l e  a i r c r a f t  s t r u c t u r e s  is dependent 
upon t h e  loads and hea t ing  which t h e  s t r u c t u r e  must withstand,  t ihe  phys ica l  
p r o p e r t i e s  of t h e  m a t e r i a l  used, s t r u c t u r a l  techniques,  and improved methods 
of design aruiljrais, including dynamic e f f e c t s .  

An i~npoi:tcint problem i n  a i r c r a f t  design i s  f a t i g u e ,  which has  t h e  char- 
acterist ic o:E f r a c t u r i n g  or weakening of s t r u c t u r a l  materials under a 
r e l a t i v e l y  rrrna:ll load, i f  t h i s  load is app l i ed  a l a rge  number of  times. For 
a i r c r a f t  which w i l l  opera te  a t  supersonic  speeds,  aerodynamic heating, i n t r o -  
duces c m p l i c a t i n g  f a c t o r s  i n t o  t h e  f a t i g u e  problan. 
t h e  p r o p e r t i e s  of t h e  commonly used aluminum a l l o y s  and p laces  emphards on 
heat-resistailit materials such as s t a i n l e s s  steels or t i t an ium a l l o y s ,  
During f iscal  year 1965 ex tens ive  research  w i l l  eva lua te  t h e  f a t i g u e  proper- 
ties of i3trii~:tural specimens u t i l i z i n g  hea t  r e s i s t a n t  a l l o y s  . 

This  hea t ing  degrades 

It :La etcpected that by f i s c a l  year 1965 t h e  s t r u c t u r a l  configuri)ition 
and characteristics of t he  supersonic  t r anspor t  w i l l  be broadly tst_ablished. 
Ana ly t i ca l  and wind tunnel  i nves t iga t ions  w i l l  be conducted t o  evalucite 
s t r u c t u r a l  designs 
c h a r a c t e r i s t i c s .  

Addit ional  s t u d i e s  w i l l  be requi red  t o  esta.blisli f lut te i :  

Those w i r c r a f t  designs proposed for  hypersonic a i r c r a f t  which ernploy 
hydrogen as a f u e l  present  formidable s t r u c t u r a l  problems. A prtr t ic i i lar ly  
severe problem is t h e  design of  t h a t  hydrogen tankage which i s  e!xposisd t o  
high temperatures on the  o u t s i d e  and cryogenic temperatures on t:he i i s i d e .  
During f i s c a l  years1963 and 1964 s t u d i e s  of r e f r a c t o r y  metals  arid design 
concepts culminated i n  the  cons t ruc t ion  of a s i z e a b l e  specimen of tankage 
s t r u c t u r e  fo r  t e s t i n g  under realist ic temperature condi t ions .  This s t r u c t u r e  
w i l l  be s tud ied  experimental ly  during f i s c a l  year 1965,with rea:tisti; hea t ing  
and loadingbin  a high temperature hypersonic wind tunnel  a t  t h e  Langley 
Research Center. 
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Air-breathing Propuls ion 

The air-br  ea.thing propuls ion  program supp l i e s  t h e  b a s i c  and app l i ed  
research  information r equ i r ed  i n  t h e  development and planning o f  both 
m i l i t a r y  and ccmierc ia l  a i r c r a f t .  New and e x i s t i n g  propuls ion  systems w i l l  
be analyzed. t o  determine p o t e n t i a l  improvements which can be r e a l i z e d ,  and 
engine component modi f ica t ions  w i l l  be s t u d i e d  t o  determine i n t e r - r e l a t e d  
e f f e c t s  throughout t h e  system. A i r  i n l e t s  and exhaust nozzles w i l l  be 
inves t iga t ed  e!xpt:rimentally t o  provide f u t u r e  design c r i t e r i a  for super sonic: 
a i r c r a f t  . 

Research :in t h e  hypersonic propuls ion regime w i l l  inc lude  b a s i c  bcundary 

S tudies  w i l l  provide infozmatiar 
layer  and shock-wave-interaction s t u d i e s  t o  de f ine  t h e  p re s su re  and tenpera- 
t u r e  fieldri  e x i s t i n g  i n  a hypersonic i n l e t .  
on t h e  oper:at:ion of hypersonic i n l e t s  a t  a f f -des ign  condi t ions .  Necesftary 
d a t a  on s u p e r w n t c  mixing and combustion w i l l  be obtained. 

A i r c r a f t  Operat ing Problems 

Research Ln t h i s  area is  d i r e c t e d  toward improving f l i g h t  s a f e t y .  
Ob j e c t i v e s  of thle r e sea rch  program are t o  o b t a i n  improvements i n  o i r c r r i f t  
f l y i n g  and handl ing q u a l i t i e s ,  i n  ope ra t iona l  techniques during lamdinj: and 
take-off under a l l -weather  condi t ions ,  and i n  ins t rumenta t ion  d i r e c t l y  
r e l a t e d  t o  t h e  s a f e t y  of f l i g h t .  Nat ional  Aeronautics and Space Administra- 
t i o n  research  i n  t h e  f i e l d  of sonic  boom and a i r c r a f t  no i se  i s  a l m  included 
i n  t h i s  area. 

Spin en t ry  mechanics w i l l  be s tud ied  t o  improve p r e d i c t i o n  of an  
a i r p l a n e ' s  tendency t o  e n t e r  sp ins .  
s p e c i f i c  a i r p l a n e  models, such as t h e  TFX and several execut ive  types.  
These a i r c r a f t  w i l l  be f l i g h t  t e s t e d  to eva lua te  t h e i r  s t a b i l i t y  cha rac t e r -  
ist ics i n  t h e  s p i r a l  mode. 

Dynamic model tests w i l l  bo run 0.1 

A Lockheed Jetstar a i r c r a f t ,  purchased i n  f i s c a l  year 1963,ia being 
equipped t o  6 h i u l a t e  i n  f l i g h t  t h e  s t a b i l i t y ,  con t ro l ,  and perfoicmance 
c h a r a c t e r i s t i c s  of a v a r i e t y  of advanced a i r p l a n e s .  
of t h i s  progrsm w i l l  be i n i t i a t e d  i n  f i s c a l  year 1965. 

The f l i g h t  t es t  phase 

Jet engine no i se  r e sea rch  continues t o  o b t a i n  information on t h e  c o n t r i -  
b u t i o n - o f  t h e  exhaust jets and o the r  components t o  t h e  t o t a l  no i se  level. 
On-going f l i g h t  and wind tunnel  tests and a n a l y t i c a l  work are d i r ec t ed  
toward minimi;:irig son ic  booms for pro jec t ed  supersonic t r a n s p o r t  conf igura-  
t i o n s ,  andl datermining atmospheric e f f e c t 6  on boom i n t e n s i t y  and propagation. 

A v a r i e t y  of a i r c r a f t  are being t e s t e d  t o  develop s t e e p  approach 
techniques t o  al leviate t h e  a i r p o r t  no i se  problem. 
conventiorml ;a i rc raf t  are being used under simulated IFR (Instrument I ' l igh t  
Rules) condit: ions t o  determine information requirements for landing under 
a l l  weather condi t ions .  

He l i cop te r s ,  V/STOL, and 
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To improve :ground d i r e c t i o n a l  s t a b i l i t y  during t ake  o f f s  and l a n d h g s ,  
experimental Lnvsestigations w i l l  be made t o  determine t i r e  corner forcc! 
during high speed braked and unbraked r o l l i n g  on w e t  and dry runway sur faces .  
Severa l  runwa;y a d d i t i v e s  w i l l  be inves t iga t ed  t o  a s c e r t a i n  t h e i r  e f  f ec t ivcness  , 

X-15 Research A i r c r a f t  

1965 --- 1963 1964 

Aerodynamics.. .................. $35,000 $32,000 $30,000 

Propulsion................ ...... 10,000 10,000 25,000 
Operating Problems.............. 5.475.000 85 7 . 000 750 ,ooO 

Loads and s t ruc tures . . . . . . . . . . . .  60,000 1,000 95,000 

$900, o g  - Tota l  CO6tS.. . . . . . . . . . . . . . . . .  &.580.000 $900.000 

As the  X-15 program has progressed, new problems have been d e f i n e i  i n  
the  areas  of s t r u c t u r e s ,  s t a b i l i t y ,  c o n t r o l ,  hea t ing ,  and opera t ion .  rhe 
X-15 a i r c r a f t  w i l l  continue t o  be used t o  ob ta in  add i t iona l  vi ta l : -y  needed 
research  da ta  i n  the  areas  of a i r -b rea th ing  propulsion, aerodynamics, and 
s t r u c t u r e s .  
information. Thie X-15A-2 a i r p l a n e ,  which was damaged during an emergency 
landing, i s  being repa i red  and modified t o  inc rease  i t s  performance capa- 
b i l i t y .  This modif icat ion w i l l  provide a design mission of Mach e i g h t ,  a t  
an a l t i t u d e  csfi 100,000 f e e t .  This w i l l  permit ex tens inn  of b a s i c  Lnvesti- 
ga t ions ,  e s p e c i a l l y  aerodynamic hea t ing .  The f i rs t  f l i g h t  of t he  modified 
X-15 should be made near the end of f i s c a l  year  1964. 

The X-15 i s  t h e  only veh ic l e  a v a i l a b l e  t o  ob ta in  t h i s  

Suuersonic Transport  

19115 --- 1963 1964 

Aerodynamics. .................. $392,000 $967,000 $1,810,000 
Loads and s t r u c t u r e s . .  ......... 612,000 930,000 790,000 
Propu18:Lon.. ................... 342,000 1,389,000 19,500,000 
Operating problems 6,914,000 - 2 . 600 . 000 ............. 1.167,OOO 

To ta l  c o s t s . ,  ............... $2,113.000 $10.200.000 g!4.70(,),005 

The Nat ional  Aeronautics and Space Adminis t ra t ion 's  r o l e  i s  t o  p::ovide 
t h e  r e sea rch  information necessary t o  meet t h e  goa l s  of t h e  p r o j e c t .  
i n  var ious  areas w i l l  be i n t e n s i f i e d  i n  f i s c a l  year 1965. Work in f i s c a l  
year 1965 w i l l  be concentrated mainly on improvements i n  t h e  arecis of propul- 
s i o n ,  aerodynamic e f f i c i e n c y ,  dynamic s t a b i l i t y ,  no ise ,  sonic  boom, a ad 
s t r u c t u r a l  ma te r i a l s .  

Work 



The increase  i n  funds requested f o r  f i s c a l  year  1965 f o r  supersonic 
t r anspor t  research r e f l e c t s  t he  need f o r  continued research  on propuls ion 
systems t o  provide the  advanced power p l a n t s  t h a t  w i l l  be needed f o r  f i t u r e  
ope ra t iona l  supersonic t r a n s p o r t s  and f o r  follow-on vehic les .  
f i s c a l  yea r s  1962 and 1963, funds were procured by the  Federa l  Avj-ation 
Agency f o r  a j o i n t  Federa l  Aviat ion Agency-National Aeronautics and Space 
Administratior.-Department of Defense research  program fof a supersonic 
t ranspor t .  
Administration t o  provide t h e  research  information and technology i n  support  
of the progrant while  the  Federa l  Aviat ion Agency proceeds with the prototype 
deve Lopmen t . 

I n  p r i o r  yea r s ,  

I t  i s  the  r e s p o n s i b i l i t y  of the  Nat ional  Aeronautics ilnd Space 

A major j.nc:rease i s  requi red  i n  f i s c a l  yea r  1965 f o r  work i n  the super- 
sonic  t r anspor t  propulsion f i e l d .  A t  p resent ,  the  most advanced nigh-Mach 
number engine a v a i l a b l e  i n  the  United S t a t e s  i s  not  s u i t a b l e  f o r  the  super- 
sonic  t r anspor t  a i r c r a f t  because i t s  t h r u s t  l e v e l  i s  too  low f o r  the super- 
sonic t r anspor t  mission and i t  has  a high s p e c i f i c  f u e l  consumption. A new, 
advanced engine w i l l  be requi red  f o r  an economically f e a s i b l e  supersor.ic 
t r anspor t  a i rp lane .  The increased funds w i l l  be used t o  cont inue work. a t  the  
l e v e l  requi red  to produce the  supersonic t r anspor t  engine t h a t  is required,  
Work w i l l  be done in-house and on c o n t r a c t  i n  the  areas of i n l e t s ,  
compressors, .$ais genera tors ,  t u rb ines ,  and e x i t s  during f i s c a l  year  VI65 t o  
support  t h i s  'development program. 

V/STOL A i r c r a f t  

19 63 - 19 64 - 
Aerodynamics.. .............. $520,000 $570,000 $740 ,000 
Loads and s t ructures . . . . . . . .  9,000 535,000 180,000 
Propulsion .................. 106,000 19 5,000 450,000 
Operating problems .......... 290,000 800,000 630 , 000 

Tota l  costs.. . . . . . . . . . . . . .  $925 000 $2.100,000 -- &? . O O O ~  

Increased emphasis w i l l  be given i n  f i s c a l  yea r  1965 t o  Nat ional  
Aeronautics and Space Adminis t ra t ion wind tunnel  s t u d i e s  of conf igura t ions  
r ep resen ta t ive  of high speed jet V/STOL types. 
given t o  s t u d i e s  of t he  i n t e r f e r e n c e  e f f e c t s  of d i r e c t - l i f t  and vectored-  
t h r u s t  j e t  f i g h t e r  types.  This research w i l l  r equ i r e  r e l a t i v e l y  la rge ,  
highly-instrumented models t o  ob ta in  r e l i a b l e  s imulat ion and measurerent. 
Work w i  11 coriti.nue on propuls ion system improvement. 

P a r t i c u l a r  a t t e n t i o n  w i l l  be 

F l i g h t  st.udi.es are  planned u t i l i z i n g  the  XH-15A h e l i c o p t e r  i n  order  t o  
determine! st:suc:tural loads and dynamics of a nona r t i cu la t ed  ( r i g i d )  I o t o r  
system, and t o  study t h e  apparent  p o t e n t i a l  of t h i s  new concept f o r  improving 
h e l i c o p t e r  fi'tying, handl ing and performance charac ter is i  t i c s .  

Invest i~~a1: ions with the  v a r i a b l e  s t a b i l i t y  X-14 de f l ec t ed  j e t  a j  rplane 
and the  YHC- LA h e l i c o p t e r  w i l l  i nc rease  genera l  information on handl ing 
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requirements f o r  V/STOL a i r c r a f t ,  p a r t i c u l a r l y  for  s t e e p  approach and k l i nd  
landing condi t ions.  Other r e l a t e d  work w i l l  be c a r r i e d  ou t ,  both with 
ground simu1at:ors and i n  f l i g h t ,  t o  determine optimum guidance and c o n t r o l  
systems and pi’toi: instrument d i sp l ays  f o r  a l l  weather landing of V/STOL 
a i r c r a f t  . 

Flight: si:iid:Les of short-take-off-and-Land type a i r c r a f t  which h a m  
p a r t i c u l a r  appLication as c i v i  1 medium and short-range t r anspor t  w i  11 
continue. The r ecen t ly  modified C-130B boundary layer  c o n t r o l  airpLant! w i l l  
be used. 

RD 20-7 



RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 

OFFICE OF TRACKING AND DATA ACQUISITION TRACKING AM) DATA riCQUISITION 
PROGRAM 

PROGRAM OBJECZGES AND JUSTIFICATION: 

The o b j e c t i v e  o f  t h e  NASA t r ack ing  and data  a c q u i s i t i o n  program i s  t o  
provide ope ra t iona l  ground ins t rumenta t ion  support  requi red  by a 1  1 NASA 
f l i g h t  p r o j e c t s ,  

Every spzice f l i g h t  mission undertaken, whether launch v e h i c l e  develop- 
ment, s c i en t i f ' i c  s a t e l l i t e ,  space probe, o r  manned spacec ra f t ,  i s  undertaken 
t o  f u r t h e r  out- knowledge of  t h e  space environment by means of t h e  a c q u i s i t i o n  
and a n a l y s i s  o f  s c i e n t i f i c  information recorded dur ing  t h e s e  m i s s  ions. 
c r i t i c a l  element i n  g e t t i n g  such information back t o  t h e  managers of  t h e  
mission i s  t h e  world-wide network of  t r ack ing  and data  a c q u i s i t i o i  s t a t i o n s .  
These s ta t ionw,  l inked toge ther  and t o  t h e  NASA mission c o n t r o l  a i d  data 
c e n t e r s  by a conmunications ne t  , r ece ive  and record  te lemetered  sc i . en t i f i c  
d a t a ,  inc luding  voice  and video da ta ;  t r a c k  t h e  spacec ra f t  i n  o rde r  t o  de t e r -  
mine i t s  p o s i t i o n ;  and t ransmi t  s i g n a l s  t o  t h e  spacec ra f t  a s  requi red .  Each 
f l i g h t  missiciri has  i t s  own s p e c i f i c  requirements f o r  t r ack ing  accurac);  amaunt 
and kind o f  spacecraf t -ga thered  information t o  be  t r ansmi t t ed ;  comnanc s igna l s  
t o  be rece ived;  and loca t ion  of ground ins t rumenta t ion  to  perform these  
func t ions .  The NASA networks, supplemented a s  r equ i r ed  by o t h e r  than NASA 
s t a t i o n s ,  art: a f l e x i b l e  and responsive t o o l  used t o  f u l f i l l  t h e  requirements 
of t h e  fl ight:  miissions. 

The 

SUMMARY OF R E I ~ O ~ J R C E S  REQUIREMENTS : 

Supporting :research and 
technology.. . . . . . . . . . . . . . ". . . . $1S , 5 O O , O O O  

Network opera t ions . .  , . . . . . . e * .  . . 81,500,000 99,800,000 
Equipment a n d  components., . a * .  . . 52,922,000 116,500,000 - 152,600,000 

$13,277,000 
55,943,000 

$ ~ ~ , o o o , ~ ~ ~  

T o t a l  cos ts . .  ". . . . . . . * .  . . * .  . . . S122.142,OOO $210,000,000 ~ 6 7 , 9 t ) 0 , 0 0 0  --- 
BASIS OF FUNID_REQUIREMENTS : 

To be responsive and f l e x i b l e  i n  g iv ing  t r ack ing  and data acquis:.tion 
support to va r i ed  f l i g h t  p r o j e c t s ,  t h e  NASA networks r e q u i r e  a ccnt ini i ing 
program o E component and system improvement and development , s t a t  i on  ne t -  
work ope ra t ions  , and equipment add i t ions  and modi f ica t ions .  



The program f o r  svpporting research  and technology w i l l  be d i r e c t e d  
p r imar i ly  toward t h e  improvement of  e x i s t i n g  equipment systems and subsystems 
and, i n  add i t ion ,  toward development o f  new equipment f o r  ground instrumenta- 
t i o n  support,. 
ins t rumenta t ion  i s  necessary to support  planned manned and unmanned f 1 i g h t  
p r o j e c t s .  

Grea ter  c a p a b i l i t y  than t h a t  which p resen t ly  e x i s t s  i n  ground 

The progcarn f o r  network ope ra t ions  r e f l e c t s  t h e  inc reas ing ly  comF lex  
support c a p a b i l i t y  requi red  by t h e  NASA f l i g h t  programs. 
func t ions ,  a d d i t i o n a l  personnel ,  l o g i s t i c s  and maintenance a r e  requi red  f o r  
ope ra t ing  t h e  n'etworks a s  new s t a t i o n s  and equipment become opera t ion i  1. 

To perform these  

To meet sp ,ec i f ic  ground support  requirements f o r  t h e  var ious  typt!s of 
f l i g h t  p r o j e c t s ,  new equipment c a p a b i l i t y  i n  t h e  networks i s  necessary.  
Major equipment requirements f o r  f i s c a l  year 1965 a r e  r e l a t e d  t o  t h e  observa- 
t o r y  c l a s s  s a t e l l i t e  p r o j e c t s ,  t h e  Apollo manned space f l i g h t  
miss ions ,  and t h e  deep space f l i g h t  p r o j e c t s .  There a r e  a l s o  i n c r e a s m g  
equipment requirements f o r  t h e  communications and data  processing func t ions  
which a r e  v i t a l  f o r  an i n t e g r a t e d  t r ack ing  and data  a c q u i s i t i o n  capab. . l i ty .  

Supporting Research and Technology 

1365 --- 1963 1964 

New systems development.. . . . . . . . $3,088,000 $2,995,000 $3,130,000 
In t eg ra t ed  systems a n a l y s i s ,  

Improvement t o  e x i s t i n g  systems. 9,363,000 7.644.000 - 10,310,000 
developmmt and tes t . .  . . . . . . . . 826 , 000 1,361 , 000 2 , 0 ~ 0 , 0 0 0  

Tota l  costs................... $13,277,000 $12.000 .ooo 

The purpos5e of t h e  suppor t ing  research  and development prog.:am i s  t o  
provide f o r  t h e  developments necessary t o  a s s u r e  t h e  o r d e r l y  augmentation 
of  t r ack ing  and data  a c q u i s i t i o n  support  systems. From t h i s  program evolve 
t h e  techniques and pro to type  hardware elements f o r  improving e x i s t i n g  systems 
and demonstrating t h e  f e a s i b i l i t y  of new systems t o  meet t h e  support requi re -  
ments of fut.ure space f l i g h t  missions.  

New Systems Ileveloment 

A major e f f o r t  i n  f i s c a l  year 1965 i s  t h e  development of t he  Airborne 
Range and O r b i t :  Determination (AROD) system which was i n i t i a t e d  i n  f i s c a l  
year 1963. This  p r o j e c t  was i n i t i a t e d  t o  provide a f l e x i b l e  tracking system 
t o  meet t h e  upcoming requirements of t h e  Sa turn  V p r o j e c t .  The 3 t ) jec t ive  o f  
t h e  AROD development i s  t o  provide t h e  necessary on-board and mating ground 
equipment: so t h a t  t h e  range and o r b i t  o f  space v e h i c l e s  can be accu re t e ly  
determined. 
s t a r t e d .  Tim t e s t  phase w i l l  inc lude  a i r c r a f t  f l i g h t  tes ts  t o  provitle a 
pre l iminary  '?e rformanc e eva lua t ion  of  t h e  i n t e g r a t e d  system. 

A proto type  of an  AROD s t a t i o n  w i l l  be b u i l t  and t h e  t e I t  phase 



1ntegrated-Sy:stims Analysis, Development and T e s t  

This category provides f o r :  (1) a n a l y s i s ,  tes t  and eva lua t ion  of  proto- 
type components and subsystems p r i o r  to i n t e g r a t i o n  i n t o  t h e  networks; (2) 
development of  more e f f i c i e n t  mathematical techniques f o r  determytnging t r a -  
j e c t o r i e s  anc o r b i t s ;  and (3) development o f  mathematical techniques and 
equipment moc.if i c a t i o n s  t o  provide improved i n - o r b i t  checkout support  f o r  
Saturn V c l a s s  veh ic l e s  and spacec ra f t .  

An example o f  t h e  second a rea  o f  e f f o r t  i s  t h e  development o f  b e t t e r  
mathematical techniques t o  determine r a p i d l y ,  more accu ra t e ly ,  and  e f f i c i e n t l y  
t h e  o r b i t s  and t r a j e c t o r i e s  of spacec ra f t .  With t h e  increased  number and 
complexity of' space f l i g h t  missions such a's Apollo, I n t e r p l a n e t a r y  Monitor 
Probe (IMP), Pioneer and Lunar O r b i t e r ,  improved computational techniques 
a r e  required. t o  r a p i d l y  and e f f i c i e n t l y  compute and p r e d i c t  spaccc ra f t  t r a -  
j e c t o r i e s ,  Diverse missions such a s  these  r e q u i r e  optimized computer programs 
e s s e n t i a l l y  unique t o  each p r o j e c t .  A s  new missions a r e  evolved, a d d i t i o n a l  
unique modi f ica t ions  t o  t h e  computer rou t ines  o r  programs a r e  requi red  t o  
meet t h e  spacec:raft and experimenter requirements f o r  o r b i t  determination. 

For the  Saturn V veh ic l e  and Apollo s p a c e c r a f t ,  t h e  t r ack ing  a n d  d a t a  
a c q u i s i t i o n  net:work must provide means f o r  checking o u t  t h e  e n t i r e  s y s t e m  
while i n  o r b ~ t , .  This checkout i s  q u i t e  s i m i l a r  t o  t h e  prelaunch one but  i.s 
somewhat more h i f f i c u l t  s i n c e  it must be accomplished remotely. 
o f  data  w i l l .  be t r ansmi t t ed  t o  t h e  ground network, c o l l e c t e d ,  e d i t e d ,  s o r t e d  
and processed t o  a r r i v e  a t  command dec i s ions  i n  near r e a l  t i m e .  'These de- 
c i s i o n s  a r e  then t r ansmi t t ed  from t h e  ground t o  t h e  veh ic l e .  I n  f i s c a l  year 
1965 furt.her a n a l y t i c a l  e f f o r t  and equipment modif icat ions w i l l  be urdertakenl 
t o  meet t.he Saturn and Apollo requirements,  The techniques and equipment 
r e s u l t i n g  from t h i s  continued e f f o r t  w i l l  be i n t e g r a t e d  i n t o  t h e  Xn-crbit 
Checkout Equipment . 

Laree amounts 

Improvement t o  Exis t ing  Systems 

This ca.:e;pry provides f o r  t h e  development of component and subs y s t m  
improvements f o r  e x i s t i n g  t r ack ing  and data  a c q u i s i t i o n  systems. These 
improvements w i l l  be accomplished by analyzing, developing, and t e s t i n g  t h e  
l a t e s t  techniques t h a t  show promise of  providing t h e  ope ra t iona l  capcibil i t iec;  
requi red  by Euture f l i g h t  pro-jects. Affected subsystems a r e :  

1963 

Spacecraft: subsystems.. ......... $364,000 
Antenna s i i b s . y s t  ems. ............. 2,248,000 
Receiver iand t r a n s m i t t e r  

subsystens...... .............. 4,360,000 
Data handling and c o n t r o l  

subsystems.... ................ 1,350,000 
Centra I processing and 

reduct ion  subsystems.......... 1,041,000 

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

1964 

$590,000 
1,771,000 

4,326,000 

686,000 

27 1.000 

$7,644 .OOO 

:.965 

$1,;'15,000 
1, ;'97,000 

4 ,  ti50,OOO 

1, :)08,000 

1340,000 

- 

___I 

$10, :j  10.000 - 
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SDacecraft Subevstems 

I n  f i s c a l  year 1964 an e f f o r t  was i n i t i a t e d  t o  develop a l i g h t  weight,  
h igh ly  r e l i a b  Le and e f f i c i e n t  on-board data  process ing  and memory subsystem 
f o r  f u t u r e  spacec ra f t  requirements of t h e  Advanced Orb i t ing  Solar  Obseivatory 
(AOSO) c l a s s .  
e f f o r t  o f  f e a s i b l e  te lemet ry  system components (i.e., t r a n s m i t t e r s  modulators 
and s i g n a l  cond i t ione r s )  was s t a r t e d .  The o r i g i n a l  e f f o r t  had, a s  i t s  primary 
aim, t h e  development of f l i g h t  proven subsystems which would be compat:.ble 
w i th  e x i s t i n g  ground systems, and would b e  capable  of  meeting foreseen  space 
f l i g h t  p ro jec t s .  
and w i l l  have a s  i t s  primary o b j e c t i v e  t h e  development o f  a famil>. o f  
s tandard ized  on-board t r a n s m i t t e r s ,  r e c e i v e r s ,  da t a  handl ing modules, iInd 
memory u n i t s .  By such s t anda rd iza t ion ,  economies and improved rel.i.abi Lity 
can be  r e a l i z e d  i n  such f u t u r e  p r o j e c t s  a s  AOSO and t h e  advanced IMP. 

I n  a d d i t i o n  t o  t h i s  developmental subsystem, an i n i t i a l  s tudy  

The o r i g i n a l  e f f o r t  w i l l  b e  continued i n  f i s c a l  year  1965 

Antenna Subsvstems 

I n  f i s c a l  year 1965, t h e  improvements underway on antenna feeds  w i l l  be 
continued w i t h  t h e  o b j e c t i v e  of  being a b l e  t o  support  s e v e r a l  spacecra E t ,  
ope ra t ing  over a wide frequency range, wi th  a s i n g l e  feed antenna. Prototype 
cassegra in  feeds ,  c u r r e n t l y  i n  u s e  i n  t h e  Deep Space Network, w i l : L  be  adapted 
for 'use  on the l a r g e  data  a c q u i s i t i o n  antennas f o r  support of p roJec t s  such 
a s  Relay B and Syncom 111. Improvements i n  t h e  servo system of t h e s e  sntennas 
w i l l  be required t o  support  t h e  more s t r i n g e n t  t r ack ing  and accuracy requi re -  
ments o f  t h e s e  p r o j e c t s .  The development of  antenna su r face  accuracy neasur- 
i ng  techniques o r i g i n a t e d  i n  f i s c a l  year  1963 w i l l  be  completed i n  f i s c a l  
year 1965. 

Receiver and Transmitter Subsystem 

This subcat.egory of  e f f o r t  inc ludes  development and tes t  o f  prototype 
hardware, and w i l l  provide each network wi th  t h e  r ece iv ing  and t r m s m i t t i n g  
subsystems th.at have t h e  c a p a b i l i t y  o f  meeting t h e  cons t an t ly  inc reas ing  
spacecraf t  requirements f o r  more accu ra t e  and r e l i a b l e  t r ack ing  aiid d a t a  
a c q u i s i t i o n  support .  

To increiise the  q u a n t i t y  of d a t a  t h a t  could be acquired by t h e  network 
without spacecraf t  weight o r  o t h e r  system parameter i nc reases , a  cons iderable  
e f f o r t  has  been underway f o r  s eve ra l  yea r s  t o  improve the  ground rece iv ing  
subsystems. 
i n  the  networks with such equipments as low no i se  parametric amplifiez s and 
maser syst:emr;. These improvements w i l l  y i e l d  inc reases  i n  r ece ive r  s e n s i -  
t i v i t y  by a li.xr:or of between s i x  t o  t e n  over t h a t  p rev ious ly  a v a i l a b l e .  
I n  f i s c a l  year .L965, e f f o r t  w i l l  be d i r e c t e d  toward development and 
eva lua t ion  of improved techniques,  such as coherent phase modulation 
d e t e c t o r s  and low threshold  frequency modulated d e t e c t o r s ,  t o  f u r t h e r  
increase  the  s e n s i t i v i t y  of t h e  r ece ive r s .  

The r e s u l t s  of t hese  p a s t  developments are now being inccrpora ted  
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During f i sca l  year  1965, e f f o r t s  t o  improve t r a n s m i t t e r  subsystens f o r  
t h e  Deep Space Network and t h e  S a t e l l i t e  Network w i l l  be continued. rhere  
w i l l  a l s o  be an, i n i t i a l  development of a 1,500 megacycle high power ground 
t r a n s m i t t e r  s8ys8tem capable of sending a more var ied  and g r e a t e r  volume of 
d a t a  t o  a spacec ra f t  as requi red  by f u t u r e  f l i g h t  p r o j e c t s .  

Data Hand1 ined.nd Control Subsystems 

For the  Eccent r ic  Orbi t ing  Geophysical Observatory (EGO), Po la r  h -b i t i ng  
Geophysical Clbservatory (POGO), and Orb i t ing  Astronomical Observatory (OAO), 
s p e c i a l  purpclse real-time s a t e l l i t e  c o n t r o l  and t r ack ing  systems w e r e  developed 
f o r  each spacec ra f t .  These con t ro l  and t r ack ing  systems were intended t o ,  
among o the r  f'un.ctions, process spacec ra f t  engineering te lemet ry  d a t a ,  formulate 
i n s t r u c t i o n s  based on such d a t a ,  t ransmi t  t hese  i n s t r u c t i o n s  t o  the  space- 
c r a f t ,  superv ise  t h e  execution of s c i e n t i f i c  experiments by the  :;pace:raft 
and provide i n s t r u c t i o n s  t o  the  spacec ra f t  regarding f u t u r e  inqu:,ries 
from o t h e r  ground c o n t r o l  s t a t i o n s .  I n  f i s c a l  year 1965, t he  developnent 
e f f o r t  w i l l  b e  continued. This  system i s  being developed t o  meet: t h e  
requirements of t h e  AOSO and t h e  second genera t ion  of  t h e  EGO, POCO, snd 
OAO spacec ra f t .  

Cent ra l  F r o c j u s i n n  and Reductson Substystems 

Ef fo r t  i n  t h i s  subcategory i s  d i r e c t e d  towards improving t h e  capi ib i l i ty  
of  e x i s t i n g  te lemet ry  data  reduct ion  and c e n t r a l  processing systems. During 
t h e  p a s t  s eve ra l  yea r s ,  spec ia l i zed  te lemet ry  reduct ion  and process ing  systems 
have been used t o  convert  t h e  s a t e l l i t e  da ta  i n t o  t h e  format des i r ed  by t h e  
experimenters. A s  t h e  data  r a t e s  increased  wi th  such p r o j e c t s  as EGO, POGO, 
OAO, Surveyor, and Mariner, and i n  o rde r  t o  reduce t h e  tremendous quan t i ty  
o f  data  so acqui red ,  i t  has  become necessary t o  b u i l d  genera l  purpose pro- 
ces s ing  and reduction systems capable  of handling a v a r i e t y  of  spacec ra f t  
p ro j ec t s .  Such genera l  purpose systems w i l l  be more r e l i a b l e  and les:; 
expensive than present  s p e c i a l  purpose systems. I n  f i s c a l  year 1965,i:he 
eva lua t ion  of  s e v e r a l  promising subsystems i n  t h i s  a r ea  w i l l  be made and t h e  
development 13 f pro to type  hardware undertaken. 

Network Operations 

1963 

S a t e l l i t e  network.. ............. $12,252,000 
Manned € l i g h t  network........... 16,495,000 
Deep space network.............. 8 , 117 , 000 
Wallops /Fort  IChurchill 

instrumentation............... 3,568,000 

Network cornnunications.......... 10,821,000 
Aerodynamics tes t  range.. ....... 450,000 

Data processing and handling.. .. 4,240,000 

T o t a l  costs................... $55,943.000 

1964 

$22,000,000 
20,200 , 000 
12,000,000 

5,000,000 
800,000 

15,000 , 000 
6,500,000 

$8 1,500,000 

$25 , 6 O 0 , O O O  
2.5,400 , 000 
14,600 , 000 

15,300 , 000 
800, DO0 

1 8 , 7 O O , O O O  - 9,400,000 
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There a r e  th ree  bas i c  networks used i n  NASA programs: t he  s a t e l l i t e ,  
manned, and deep space networks. I n  add i t ion ,  t he re  are the  aerodynamic 
test  range a t  F l i g h t  Research Center ,  t he  Wallops/Fort Churchi l l  i n s t i x -  
mentation, network communications, and d a t a  processing systems. 

Network Operations - S a t e l l i t e  Network 

This  network c o n s i s t s  of  13 e l e c t r o n i c  s t a t i o n s  opera ted  by t h e  Goddard 
Space F l i g h t  Center and 12  o p t i c a l  s t a t i o n s  opera ted  by t h e  Smitkisonim 
Astrophysical  Observatory, The e l e c t r o n i c  s t a t i o n s  provide t h e  pr inc  ipa l  
t r ack ing  and data  a c q u i s i t i o n  support  t o  t he  program whi le  t h e  o p t i c a l  
s t a t i o n s ,  a s  descr ibed below, provide a more spec ia l i zed  s e r v i c e  genera l ly  
directed toward p rec i s ion  o r b i t a l  t r ack ing  and determination. The s t i l t ions  
i n  the  network a r e  opera ted  under var ious  arrangements. Those i n  the  United 
S t a t e s  and i n  c e r t a i n  fore ign  coun t r i e s  are operated under conrmeiiical con- 
t r a c t s .  Other , s ta t ions  a r e  opera ted  by fo re ign  government agencies  in c l o s e  
l i a i s o n  with ;USA. 

To prepare t h e  network f o r  support  of t he  advanced s a t e l l i t e  p r o j e c t s  
such as OAO and OGO, new f a c i l i t i e s  p r o j e c t s  and equipment augmentaticln 
p r o j e c t s  are underway. A new f a c i l i t y  a t  Rosman, North Carol ina i s  ncw 
opera t iona l  axid another  a t  Fairbanks,  Alaska w i l l  be ope ra t iona l  b y  mid 
ca lendar  year  1964. 
Aus t r a l i a  and a second antenna system a t  Rosman, North Carol ina w i l l  b e  
operationall. These f a c i l i t i e s ,  using 85-foot diameter parabol ic  antennas,  
are being estctb1.ished t o  handle the  increased bandwidth requirements of t he  
s a t e l l i t e  f l i g h t  p r o j e c t s  scheduled during ca lendar  years  1964 and 1965. 

By mid calendar  year  1965, a f a c i l i t y  near  Canberra, 

I n  add i t ion  t o  these  new f a c i l i t i e s ,  40-foot antennas a r e  being i n s t a l l e d  
a t  t h r e e  e x i s t i n g  s t a t i o n s  and w i l l  be f u l l y  ope ra t iona l  i n  f i s c a l  year  1965. 
Equipment add i t ions  during f i s c a l  years  1964 and 1965 inc lude  range and range 
r a t e  t racking  systems; automatic t r ack ing ,  te lemet ry  and comnand s y s t e m ;  
i n s t a l l a t i o n  a f  pu l se  code modulation equipment and a s p e c i a l l y  equipped 
mobile f a c i l i t y  t o  support  t h e  more soph i s t i ca t ed  f l i g h t  p r o j e c t s .  

The o p t i c a l  s t a t i o n s  use Baker-Nunn s a t e l l i t e  t r ack ing  cameras which 

Data obta ined  by these  z3tations 
provide c e r t a i n  op t i ca  1 t racking  measurements of g r e a t e r  accuracy than those 
normally a t t a i n a b l e  by e l e c t r o n i c  means. 
provide information concerning behavior of t h e  Ea r th ' s  atmosphere and Eactors 
a f f e c t i n g  the  shape of t h e  Earth.  

Network Operatjgis - Manned Space F l igh t  Network 

The present  network c o n s i s t s  of  15 s t a t i o n s  which c o l l e c t  and comtnuni- 
c a t e  real-time information concerning the  loca t ion  of the  manned cipacei:raft, 
s t a t u s  of the equipment on board,  and most important,  t he  condi t ion  of the  
as t ronaut .  A l l  s t a t i o n s  have r ad io  voice communications with the  a s t ronau t ,  
and can rece ive  te lemetry d a t a  r e l a t i n g  the  condi t ion  of t he  a s t ronau t  and 
the  funct ioning of the  systems i n  the  capsule ;  s e l ec t ed  s t a t i o n s  a l s o  have 
command c a p a b i l i t y .  
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I n  o rde r  t o  support the  Gemini and Apollo f l i g h t  programs considtirable 
augmentation to t h e  network i s  requi red .  Elements of t he  Gemini program 
such as long f l i g h t  du ra t ion ,  rendezvous and maneuvering i n  space,demmd an 
increased l e v e l  of  ope ra t ions .  To provide t h i s  c a p a b i l i t y ,  new equipnient 
c o n s i s t i n g  of  te lemet ry  systems u t i l i z i n g  Pulse Code Modulation, d i g i t  a1 
command systtms , r ad io  frequency command systems, a c q u i s i t i o n  a i d s  ccnso le s ,  
d i sp l ays  and o n - s i t e  d a t a  processing systems are being i n s t a l l e d  a t  t e n  
primary st.atj.ons, Additional personnel w i l l  be requi red  t o  ope ra t e  ar d 
maintain t.hir; more complex equipment and t o  man t h e  s t a t i o n s  during lcng 
du ra t ion  f l i g h t s  scheduled i n  f i s c a l  year 1965. 

During fj.sc:al year 1965, t h e  Apollo program which i s  t o  fo l l sw  
Gemini w i l l  p lace  a requirement f o r  a cadre of  personnel t o  trai 'n fo r  t he  
ope ra t ion  an2 maintenance of Apollo support  s t a t i o n s .  

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  ope ra t ion ,  s t anda rd iza t ion ,  c a l i b r a -  
t i o n  and operati.ng procedures,  and implementation. O f  t he  15 manned space 
f l i g h t  s t a t i o n s ,  f i v e  are operated by a commercial c o n t r a c t o r ,  seven s t a t i o n s  
and two sh ips  by t h e  Department of  Defense, and one s t a t i o n  under i n t e r -  
governmental s,greement by the  Weapons Research Establishment of the  
Aus t r a l i an  Department of Supply. 

Network Operations - Deep Space Network 

The Deep Space Network i s  comprised of  s t a t i o n s  t h a t  are used p r i n a r i l y  
t o  acqu i r e ,  t r a c k ,  o b t a i n  te lemet ry  d a t a  from, and send commands to space- 
c r a f t  and probes i n  support  of the NASA l una r  and p l ane ta ry  programs. 
Because of  t he  long d i s t ances  over which communications must be maintained, 
these  s t a t i o n s  mus t  have extremely high s e n s i t i v i t y .  This  high s e n s i t i v i t y  
i s  derived from l a rge  high-gain pa rabo l i c  antennas,  along wi th  h igh ly  
advanced t r ansmi t t i ng ,  r ece iv ing  and s i g n a l  d e t e c t i o n  equipment. 

During f i s c a l  year 1965, two new s t a t i o n s  wi th  85-foot pa rabo l i c  
antennas a t  Madrid, Spain and Canberra, A u s t r a l i a  are scheduled f o r  con- 
p l e t ion .  These w i l l  handle t h e  increased  workload s t a r t i n g  i n  ca lendar  
year 1965. By tlne end of f i s c a l  year  1965, t h e  t o t a l  network w i l l  c o n s i s t :  
o f  s i x  opera t :L~x~al  s t a t i o n s  with 85-foot antennas and one s t a t i o n  w i t h  an 
85-foot reseaimh and development antenna; of  two mobile t r ack ing  s t a t i o n s ;  
o f  a checkout s t a t i o n  a t  the  launch s i te ;  and of t h e  network con t ro l  c e n t e r  
a t  t he  Jet Propulsion Laboratory. 

The Deep Space Network suppor ts  t h e  Ranger, Mariner, Surveyor , ant! 
Pioneer spacec::ca:Et missions.  Examples o f  t h e  workload demands of  thescs 
missions are the  f l i g h t  times t o  t h e  moon (66 days) and t o  Mars (270 days).  

With the  :increased number of scheduled f l i g h t s ,  s t a t i o n s  and types of  
equipment, adcl:itj.onal personnel are requi red  t o  ope ra t e  and maintain tke 
network faeili.t:ic!s. 



Network O o a u p n s  - Wallops/Fort Churchi l l  Instrumentat ion 

This int3trumentation supports  sounding rocket  f l i g h t s  launched by 
Wallops Stat1.011 and t h e  Churchi l l  Research Range a t  For t  Churchi l l ,  Canada. 
A wide v a r i e t y  of  s c i e n t i f i c  research ,  veh ic l e  t e s t i n g ,  and f l i g h t  hardware 
component. t e s t i n g  programs a r e  supported. 

Most of the  instrumentat ion i s  located a t  Wallops I s l a n d  an'd c o n s i s t s  
of t racking ,  te lemetry,  data a c q u i s i t i o n  and data  reduct ion equipment. I n  
add i t ion ,  an. assortment of mobile equipment, including o p t i c a l  t r ack ing  and 
sound-ranging, i s  a v a i l a b l e  f o r  s p e c i f i c  missions.  Addit ional  support  i s  
furnished by a range sh ip  opera t ing  i n  the  general  area between 1 J a l l o p s  
I s land  and BIcmuda. 

Operations a r e  accomplished under con t r ac t  with i n d u s t r i a l  o rganiza t ions  
o r  by reimbursable o rde r s  t o  o t h e r  government agencies.  The Churchi l l  
Research Range i n  Canada i s  on'a c o s t  shar ing  b a s i s  with t h e  Department of 
Defense. The importance o f  t h i s  s t a t i o n  i s  due t o  i t s  geographic pos i t i on  
i n  the  high l a t i t u d e s  where probes can be launched i n t o  t h e  aurora  an3 o the r  
phenomena assoc ia ted  with the  polar  regions.  

Network Oueriu.ons - Aerodvnami c T e s t  Range 

The Aerodynamic Test  Range was e s t ab l i shed  t o  provide support  t o  
ae ronau t i ca l  development and experimentation requi r ing  coverage of  ex1:remely 
high v e l o c i t y  and high a l t i t u d e  a i r c r a f t  f l i g h t s .  The r,ange i s  3.ocated i n  
the  Nevada-Eastern Ca l i fo rn ia  a r e a ,  and i s  composed of t h r e e  ope ra t ing  s i t e s .  
The prime s i t e  i s  loca ted  a t  the  F l i g h t  Research Center a t  Edwards A i l :  Force 
Base i n  Ca l i fo rn ia ,  and serves  a s  t he  southern terminus o r  recovery area f o r  
t h e  range,  The two up-range s t a t i o n s  a r e  loca ted  near Beatty ana E l y ,  Nevada, 

The p r i n c i p a l  a c t i v i t y  of t h e  range t o  da t e  has  been t o  support t h e  X-15 
research p ro jec t .  I n  t h i s  r o l e ,  i t  has  furnished t h e  coverage fo r  monitoring 
and c o n t r o l l i n g  t h e  X-15 research a i r c r a f t ,  t h e  B-52 launch platform,  and t h e  
"chase" a i r c r a f t  during a l l  mission phases. 
to- launch,  spnce-tra  j ec to ry ,  and recovery por t ions  o f  t h e  test  f l i g h t $ #  is 
provided. 

Thus, f u l l  coverage of  t he  climb- 

I n  add i t ion ,  t he  range s t a t i o n s  serve  a s  ground s i t e s  f o r  missior com- 
munications and r e a l  time data telemetry.  Communications, te lemetry,  data  
monitoring, r ~ x o r d i n g ,  p l o t t i n g ,  t iming, and computing systems a r e  prcvided 
a t  each st:atl.on f o r  f u l l  mission c a p a b i l i t y  and coverage. The range f a c i l i t y  
located at: the  F l igh t  Research Center i s  operated p r i n c i p a l l y  by NASA personnel ,  
while those 211: I51y and Beatty a r e  manned by con t r ac t  personnel under the  
d i r e c t i o n  of ii NASA 8:tation manager. 
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Network Operations - Network Carmnunications 

One of' t h e  m o s t  v i t a l  c h a r a c t e r i s t i c s  of  an in t eg ra t ed  network i s  a 
communicaticine system which t i e s  t h e  var ious  s t a t i o n s  i n t o  t h e  con t ro l  cen ter .  
Summarized t1at:a concerning the  s t a t u s  of  manned and unmanned space veh ic l e s  
a r e  sent  from t h e  s t a t i o n s  t o  t h e  c o n t r o l  cen te r s  so t h a t  dec is ions  can be 
made r e l a t i v e  t o  f u t u r e  opera t ions  of t h e  vehic les .  Voice channels permit 
t h e  manned g;psice f l i g h t  s t a t i o n s  t o  provide c r i t i c a l  "hand over" t racking  
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 emergency i n s t r u c t i o n s  
from the: coritrol  cen ter .  

P re sen t ly ,  t h e r e  a r e  about 500,000 m i l e s  of leased voice  and t e l e t y p e  
c i r c u i t s ;  i t :  is estimated t h a t  about 1,000,000 mi les  of l i n e s  will be requi red  
during f i s c a l  year 1965, due pr imar i ly  t o  t h e  Gemini and Apollo programs. 
Bandwidth requirements f o r  t ransmission of  data by land l i n e s  and microwave 
systems cont:inue t o  increase  i n  order  t o  handle t h e  l a rge  volumes of data 
f o r  processing,  reduct ion and ana lys i s .  I n  add i t ion ,  wide-band data  l i n e s  
f o r  s c i e n t i f i c  information w i l l  be required a s  new s t a t i o n s  become ope ra t iona l  
i n  support cif t he  l a rge r  s a t e l l i t e  and deep space p ro jec t s .  

As exanipI.es, f o r  t he  Gemini program an a d d i t i o n a l  vo ice  quiality c i r c u i t  
t o  each stat.icm i s  requi red ;  f o r  both Gemini and Apollo, c o n t r o l  c i r c u i t s  
between the Gclddard Space F l i g h t  Center and t h e  In t eg ra t ed  M i s s  Lon Control 
Center a t  H.clur;ton w i l l  be i n s t a l l e d ;  and, f o r  t h e  deep space f l i g h t  opera t ions ,  
add i t iona l  cwerseas communications a r e  requi red  t o  handle higher  data r a t e s  
and t o  intercclnnect t h e  s t a t i o n s  a t  Canberra, Aus t ra l ia  and Madrid, Spain, 
with the  Jet .  E'roplulsion Laboratory. 

Commerc i a l 1  common c a r r i e r s ,  domestic and fore ign ,  provide che major i ty  
of communicsiti.ons se rv i ces ;  however, wherever t hese  a r e  unavai lab le ,  o the r  
government Elgency l i n e s  ' a r e  u t i l i z e d .  

Network Operations - Data Processing - .  and Handliqg 

The u t i l i t y  of  a space f l i g h t  i s  r e a l i z e d  only when data i n  a form 
usable  by the  experimenter i s  i n  hand. 
rece ive  the r ad ia t ed  s i g n a l s  t h a t  c a r r y  t h e  information t ransmi t ted  by t h e  
spacec ra f t ,  t h i i s  information is not i n  a r e a d i l y  usable  form. It is  on ly  
a f t e r  the  dsta i s  processed t h a t  usable  data outputs  from a space program 
a r e  obtained. Such a c a p a b i l i t y  has been e s t ab l i shed ,  and the  se rv ice  pro- 
vided. I n  genera l ,  two t a sks  must be performed by the  data processing 
f a c i l i t i e s .  These a r e  the  determination of  t h e  s p a c e c r a f t ' s  pos i t i on  i n  
space a s  a f'unction of  t ime, and the  conversion of  t he  coded te lemetered 
data i n t o  t h e  experimenter ' s  form. The determination of t h e  pos i t i on  i n  
space i s  accomplished by o r b i t s  and t r a j e c t o r y  computing complexes. 

Although the  t racking  s t a t i o n s  

The conversion of t he  coded te lemetry data i s  performed by an assemblage 
of e1ectrcnl.c equipment i d e n t i f i e d  a s  a data  processing l i n e .  Ihe  t o  the  
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unique na tu re  of  many space experiments,  most d a t a  processing l i n e s  are 
designed t o  process  c h a r a c t e r i s t i c  data from a given satel l i te .  Thus:, a 
number of l i n e s  are necessary.  

During Eiscal year 1965, as t h e  s o p h i s t i c a t i o n  of  new space 
missions inc reases ,  t he  quan t i ty  and complexity of t he  d a t a  t o  be pro- 
cessed r equ i r e  a f u r t h e r  increase  i n  the  s i z e  and complexity of  t h e  d a t a  
processing f a c i l i t i e s .  I n  add i t ion ,  t he  more advanced sa te l l i t es  have a 
g r e a t e r  number of experiments and thus  demand more t o t a l  l i n e  opera t ing  
t i m e  . 

Equipment and Components 

1.965 - 1963 1964 

Sa te  l l i i te network. .............. $9,390,000 $16,800,000 $15,!~00,000 

Deep space network.. ............ 7,636,000 11,570,000 12,000,000 

t ion . , . .  ....................... 1,545,000 2,700,000 3,5100,000 
A e  rod ynami 12 t e s t range .......... 1,010,000 1,000,000 1 ,!i00,000 
Commun :i c a 1:. ion s .................. 1,925,000 3,600,000 3, :100,000 
Data processing and handling..  .. 3,316,000 11,200,000 9,1.00,000 

Manned space f l i g h t  network.. . . 28,100,000 69,630,000 106,5~00,000 

Wallop:; an13 o the r  instrumenta- 

Tota:L c o s t s . .  ................. $52,922,000 $116,500,000 3 152,000,000 - -- 
Maintenance, improvements and augmentation of  t racking  and d a t a  acqui-  

s i t i o n  equiplneint and components t o  meet the  requirements of  t he  f l i g l i t  
missions are a cont inuing program requirement. 
are discussed 'selow. Estimates for t h e  var ious  equipment i t e m s  inclitde 
funds,  where necessary,  for minor a l t e r a t i o n s  and add i t ions  t o  exi.-st:.ng 
s t r u c t u r e s  or  new minor supplementary s t r u c t u r e s  requi red  t o  house, support  
and i n t e g r a t e  the equipment with the  e x i s t i n g  network s t a t i o n s .  

Requirements of  each categor:y 

Equipment atif3 Components - S a t e l l i t e  Network 

1.965 - 1963 1964 

Tracking s y s t e m s .  ............... $2,768,000 $1,696,000 $2,161,000 

Command and cont ro l  systems, .  . . .  509,000 1,242,000 1 ,!)12,000 
Recording and d i sp lay  systems ... 150,000 2,386,000 2,040,000 

monitoring equipment .......... 68,000 871,000 1106,000 

Telemetry systems ............... 3,199,000 4,409,000 3,lc65,000 

Test ,  cal : ibr .a t ion,  and 
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1965 .- 1963 1964 

Spacecraft  checkout equipment.. . --- $1,269,000 $104,000 
Timing systems.. --- 740,000 690,000 
Real-time data  handling systems. $1,187,000 500,000 975,000 
Spec i a  1 purpc)se equipment. ...... 15 1,000 510,000 1,175,000 
Power systems................... 265,000 495,000 160,000 
Maintenance, spa res  and rep lace-  

ment....,..................... 1 , 093 , 000 2,682 , 000 2,4 12 , 000 

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

Tota l  costa. .  ................. $9 , 390,000 $16,800,000 :$15,900,000 .- 

I n  response t o  t h e  advanced requirements of  t h e  complex s a t e l l i t e  pro- 
grams, necessary add i t ions  and augmentation of  t h e  equipment and components 
of t h e  network s t a t i o n s  must continue. Implementation of  t h e s e  major new 
requirements began i n  f i s c a l  year 1963 and i s  being continued i n  t h e  
remainder of f i s c a l  year 1964 and i n  f i s c a l  year  1965. The new equipment 
which w i l l  en la rge  and update t h e  network i s  requi red  t o  provide for  more 
p r e c i s e  t r ack ing  a t  g r e a t e r  d i s t a n c e s ,  f o r  an increased  capac i ty  for 
acqui r ing  and handling high data  output  r a t e s ,  and f o r  t h e  more complex 
command and c o n t r o l  func t ions  t h a t  must be  performed by t h e  s t a t i o n s .  

Major itenrs i n  t h e  t r ack ing  ca tegory  a r e  t h e  range  and rang(? r a t e  Sys- 
t e m  and t h e  riutomatic t r ack ing  antenna and r ece iv ing  system. To meet t h e  
requirements fclr more p r e c i s e  t r a c k i n g  coverage of  po la r  o r b i t s ,  and of 
s a t e l l i t e s  w i t h  high apogees (up t o  250,000 m i l e s ) ,  r.ange and range r a t e  
systems a r e  planned f o r  s e l e c t e d  s t a t i o n s  i n  t h e  network. 
p rec i s ion  trgicking systems needed t o  determine spacec ra f t  v e l o c i t y  and 
loca t ion  i n  space wi th  extreme accuracy. Each system b a s i c a l l y  includes a 
transponder,  antenna, t r a n s m i t t e r ,  r e c e i v e r ,  range measuring equipment and 
data  recording equipment. The f i s c a l  year 1965 program provides f o r  one 
complete a d d i t i o n a l  system p lus  component a d d i t i o n s  t o  t h e  four  which have 
been acqui red ,  o r  a r e  under con t r ac t .  Addi t iona l  automatic t r ack ing  and 
rece iv ing  s y s t e m  equipment w i l l  be i n s t a l l e d  a t  s e l e c t e d  loca t ions  i n  t h e  
s a t e l l i t e  net.wclrk. The r ece iv ing  system inc ludes  an antenna (136 Megacycles 
Yagi Array),  w i th  necessary hydraul ic  equipment t o  move and con tco l  t h e  
antenna, p l u s  r ece ive r  equipment. 

These a r e  high 

Additional te lemet ry  systems and components a r e  requi red  i n  f i s c a l  yea r  
1965' t o  expand improved c a p a b i l i t i e s  throughout t h e  network, i n  o rde r  t o  meet 
high data  output  and complex experiment requirements. Improved de tec t ion  
e f f i c i e n c y ,  increased  immunity t o  no i se ,  automatic s e l e c t i o n  of  b i t - r a t e s  t o  
accommodate preprogrammed or commanded data  r a t e s ,  q u a l i t a t i v e  and quan t i t a -  
t i v e  performznce a n a l y s i s  and eva lua t ion  o f  ground r ece iv ing  subsystems a r e  
included among those t a s k s  necessary t o  reach t h i s  requi red  l e v e l  o f  c a p a b i l i -  
ty .  Additional te lemet ry  r e c e i v e r s  w i l l  b e  necessary t o  meet t h e  increased  
capac i ty  of  t h e  s t a t i o n s '  t e lemet ry  l i nks .  Each te lemet ry  antenna r e q u i r e s  
two dual  channel te lemet ry  r e c e i v e r s  f o r  recept ion  from s a t e l l i t e s  with two 
f requencies .  Thi r teen  r e c e i v e r s  a r e  scheduled t o  be provided i n  f i s c a l  year 
1964 and f i v e  more a r e  t o  be  obta ined  i n  f i s c a l  year 1965 t o  meet t h e  network 
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requirements. The requirement t o  support  t h e  Po la r  Orb i t ing  Geophysical 
Observatory c l a s s  of sa te l l i t es  immediately a f t e r  i n j e c t i o n  i n t o  o r b i t  w i l l  
be m e t  by the u s e  of equipment i n s t a l l e d  i n  t ra i lers  f o r  ease i n  t r a n s -  
po r t a t ion  from place  t o  p lace .  Present  po r t ab le  s t a t i o n s  are not i n -  
strumented tcl rece ive  t h e  POGO te lemet ry  frequencies and are not equipped 
with the  necessary decommutation, o r  t h e  command systems. Consequently, 
add i t iona l  ccmponents are requi red  a t  t hese  s t a t i o n s .  

To adequately perform the  command and c o n t r o l  func t ions  f o r  t he  
d i s t a n t  s a t e l l i t e s  as w e l l  as f o r  t h e  near  Ea r th  spacec ra f t ,  add i t iona l  
v a r i a b l e  and high-power t r a n s m i t t e r s  are requi red  a t  s e l e c t e d  network 
s i tes .  Dual systems are requi red  a t  each s i te  f o r  redundancy and t o  enable 
r ap id  change of t r ansmi t t i ng  frequency and coding. These t r a n s m i t t e r s  w i l l  
be fed i n t o  w i t a b l e  command antennas and w i l l  r e q u i r e  r e l a t e d  d i s p l a y ,  
c o n t r o l  and switching consoles .  

Replacenlent of present  equipment used f o r  c a l i b r a t i o n  and q u a l i t y  
checks of the  network s t a t i o n s  i s  v i t a l  i n  a s su r ing  an adequate Level of 
performance tly the  s t a t i o n s  during spacec ra f t  ope ra t ions .  Development 
of new c a l i b r a t i o n  prototype equipment i s  n e a r l y  complete, and i: i s  
planned t o  rep lace  the  a i rborne  u n i t s  as w e l l  as the  ground equioment. 

Equipment f o r  spacec ra f t  checkout i s  requi red  t o  determine compa t ib i l i t y  
between t h e  spacec ra f t  and ground systems. 
work is perfonned a t  NASA c e n t e r s ,  s i m i l a r  components a r e  requi red  a l s o  a t  
t h e  launch s i tes  i n  o rde r  t o  enable experimenters t o  perform a f i n a l  checkout 
p r i o r  t o  f l i g h t .  

While t h e  major p o r t i o n  c f  t h i s  

It i s  necessary t o  continue providing timing equipment f o r  t h e  Goddard 
Space F l igh t  Center T ime  Standards Laboratory, and c a l i b r a t e d  equipment f o r  
new and e x i s t i n g  s t a t i o n s .  
and i n  order t o  pe r fec t  da t a  a c q u i s i t i o n  i n  t h e  requi red  mode, improrement i n  
equipment and engineering i s  necessary t o  meet t h e  problems inherent  i n  
world-wide time synchronization of t h e  network. 

A l l  s t a t i o n s  ope ra t e  by synchronized t i m l r  s i g n a l s ,  

The major i t e m  i n  data handling i s  f o r  r ea l - t ime  a c t i v i t i e s ,  a problem 
which s t i l l  assumes s i g n i f i c a n t  propor t ions  i n  a l l  f u t u r e  planning f o r  t h e  
network. D e  t a  c o n t r o l  equipment i s  requi red  t o  format opera t iona  1 ccintrol  
data  for d i sp lay  a t  t h e  s t a t i o n  and f o r  t ransmiss ion  t o  and from remote s i t e s .  

Equipment and components f o r  s p e c i a l  purposes, such a s  t h e  simu:.ation of 
unique space:r,aft t ransmiss ions ,  non-standard data  handling and on s i . te  pro- 
ces s ing ,  and components requi red  t o  i n t e g r a t e  new subsystems i n t o  t h c  s t a t i o n  
complex, a r e  included. Modifications and a d d i t i o n s  to  s t a t i o n  power p l a n t s  
a r e  necessary t o  improve r e l i a b i l i t y  and t o  i n c r e a s e  capac i ty  as  d i c t a t e d  by 
a d d i t  iona 1 equipment. 

Included i n  t h e  maintenance, spa res ,  and replacement category f o r  f i s -  
c a l  year 1965 a r e  spa re  p a r t s ,  emergency replacement equipment, and :special  
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maintenance i.i:enis f o r  t h e  40-foot antenna systems. Present  s t a t i o n  t e s t  
equipment i s  becoming inc reas ing ly  d i f f i c u l t  t o  maintain because o f  i t s  age ,  
and much of i.1: i s  t e c h n i c a l l y  inadequate t o  meet p re sen t  requirements. A 
program t o  r ep lace  t h e  e x i s t i n g  equipment began i n  f i s c a l  year 1964 and con- 
t i n u e s  through jEiscal year 1965. 
scopes, frequency counters ,  s i g n a l  genera tors ,  s imula tors ,  audio o s c i l l a t o r s ,  
o sc i l l o scope  cameras, and a s s o r t e d  testers and checkers.  

The equipment involved inc ludes  o s c i  l l o -  

Eauimnent and -Qnponents. .- Mann ed Space Flight Ne two rk 

15 65 ---- 1963 1964 

Apo 1 lo 

Receiving systems. .............. 
Transmit t in ,% :systems.. .......... 
Ranging sys  terns.. ............... 
Antenna systems..,.............. 
Command sys  tans.. ............... 
Dernodu l a  t io,? systems. ........... 
Data handl.izg systems.. ......... 
Reentry shin inodif i c a t i o n s . .  .... 
A i r c r a f t  modiEication and design 
Maintenance, spares ,  and r e -  

p l ac  ement ..................... 

$12,379,000 
3,223,000 

980,000 
15,103,000 

1,600,000 
6,000,000 
8,406,000 

150,000 
--- 

1,252,000 

$1S ,47 2,000 
6 , 9 €  6,000 
2,156,000 
S , 106,000 

19,700,000 

17,4(10,000 
18,4;:0 , 000 

3,000,000 

12,2f14,000 

- 3,905,000 

Subtotal . . . . . . . . . . . . . . . . . . . . . .  - - -  $49,093,000 $104,4;19,000 

Gemini 

5,050,000 --._ Data processing systems.. ....... $7,283,000 
Data handl.ing systems,.. . . . . . . . .  4,428,000 6,040,000 - - ._ 
Command systems................. 5,439,000 2,195,000 - - ._ 

4,535,000 - - ._ PCM t e l a n e t r y  systems ........... 8,329,000 
Maintenance, spa res ,  and r e -  

- -- 2,717,000 - 2,4;'1,000 

Subtota 1.. ................... $25,479,000 $20,537,000 $2,471,000 

p l a c  ement ..................... 

Mercury 

Maintenance, spa res ,  and re- - - -  _ - -  .................... placement. $2,489,000 --- 
Tota l  c o s t s  ................... $28,100,000 $69,630,000 $JO6,900,000 --- 
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The manned space f l i g h t  network w i l l  provide t h e  ins t rumenta t ion  support  
requi red  by t h e  Gemini and Apollo launch v e h i c l e s  and spacec ra f t  i n  t t e  a r e a s  
of  t r ack ing ,  i:elemetry, command and communications. 

The Apollo Saturn I B  and Sa turn  V programs impose more severe  i n s t r u -  
mentation reqiiirements i n  t h e s e  a r e a s  than  encountered i n  t h e  Gemini Frogram. 
Continuous coverage i s  requi red  f o r  t i m e  per iods  and ranges not  encour t e r e d  
with Gemini. The amount of information t r ansmi t t ed  t o  o r  received frcm t h e  
Apollo space<:-ca:Et t o  enable t h e  success fu l  performance of i t s  mission i s  
g r e a t e r  than  cha t  f o r  Gemini. To perform t h e  t r ack ing ,  t e l e m e t r y ,  conanand 
and comunica t ions  func t ions  i n  support  of Apollo i n  a manner encornpas s i n g  
t h e s e  more severe  requirements, t he  e x i s t i n g  Gemini network w i l l  b e  e2panded 
and augmented with un i f i ed  S-Band systems and equipment. 

Overall, t he  augmentation f o r  Apollo w i l l  r e s u l t  i n  a network of n ine  
s t a t i o n s  with 30-fOOt antennas,  t h r e e  85-foot antenna s i tes ,  one i n s e r t i o n  
sh ip ,  two sh ips  f o r  coverage of  t h e  e a r l y  t r ans luna r  coas t  per iod ,  twc 
r e e n t r y  s h i p s ,  and a i r c r a f t  f o r  i n j e c t i o n  coverage. This implementation 
w i l l  allow the  ninimum l e v e l  of ground instrumentation support of the  
Apollo prograrn requirements. 

The f i n a l  conf igu ra t ion  of a l l  network s t a t i o n s  t o  be used i n  suFport 
o f  t h e  Apollo program, whether they  a r e  land s t a t i o n s ,  s h i p s ,  o r  a i r c x a f t ,  
w i l l  inco~:poi:~te i n  t h e  un i f i ed  S-Band conf igu ra t ion  t h e  necessary r ece iv ing ,  
t r a n s m i t t i n g ,  ranging, antenna, command, demodulation and data  handlir  g 
systems. A modular building-block approach w i l l  be used. This  approgch, 
which w i l l 1  ma'ce use  of  t h e  same subsystems i n  a l l  s t a t i o n s  even thougk. t h i s  
number vaitie:; a t  some s t a t i o n s ,  w i l l  reduce maintenance, replacement s nd 
t r a i n i n g  c o s t  5 .  

Receivin3 ;systems, which a r e  i d e n t i c a l  except f o r  smal l  changes i n  
frequency and bandwidth t o  those  o f  t h e  deep space network, w i l l  provide 
t h e  i n i t i a l  demodulation of vo ice  and te lemet ry ,  provide doppler t r a c l i n g ,  
and e m i t  :iignasls f o r  antenna d i r e c t i n g .  Transmit t ing systems w i l l  provide 
t h e  t r a n s m i t t e r s  and o t h e r  a n c i l l a r y  equipment necessary f o r  transmisz>ion 
of  vo ice ,  cornnand and ranging s i g n a l s  from t h e  s t a t i o n  t o  t h e  spacecr:ift. 
Ranging sys t ens  provide t h e  means f o r  measuring t h e  d i s t a n c e  t o  t h e  space- 
c r a f t  and t h e  spacec ra f t  v e l o c i t y .  

Antenna systems range i n  diameter from 10 t o  12 f e e t  i n  t h e  c a s e  of those  
used on t h e  r een t ry  s h i p s  t o  30-foot diameter antennas f o r  t h e  land arid sh ip  
s t a t i o n s  used f o r  o r b i t a l  and p o s t - i n j e c t i o n  t racking .  These systems inc lude  
servo mechan:Lsm,s f o r  p r e c i s e  po in t ing  o f  t h e  antennas. 

The command systems and da ta  handling systems a r e  o f  t h e  same design 
f o r  Apollo a:3 f o r  Gemini and w i l l  be  procured on ly  f o r  those  s t a t i o n s  not  
now augmented f o r  Gemini. The command system provides d i g i t a l  data  i n  s u i t -  
a b l e  format .€or transmission t o  t h e  spacec ra f t .  Demodulation equipmerit 
p repares  t h e  data f o r  s to rage  and communication t o  t h e  mission contro:. 
c e n t e r s  and provides t h e  input  f o r  t h e  data  handling equipment, Inclitded 
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i n  t h e  dat:a handling systems a r e  t e l e t y p e  format equipment, r eco rde r s ,  d i s -  
p l ays ,  and ope ra t ing  consoles r equ i r ed  f o r  t h e  r o u t i n g  and s t o r i n g  of  data  
a t  t h e  s t a t i o n .  

Requl.renients f o r  communications and t r ack ing  s h i p s  f o r  Apollo program 
support  a r e  being coordinated wi th  t h e  Department of  Defense, wherein t h e  
Department: of Defense w i l l  be r e spons ib l e  f o r  t h e  implementation cor modifi- 
c a t i o n  of  trackiing sh ips  requi red  f o r  Apollo. Three communications and 
t r ack ing  sh ips  must be provided f o r  i n s e r t i o n  and p o s t - i n j e c t i o n  coverage. 
Two e x i s t i n g  sh ips  must be  augmented t o  provide r e e n t r y  coverage. 
necessary mocl;.fj.cations of  two r e e n t r y  s h i p s  w i l l  be  i n i t i a t e d  i n  f i s c a l  
year 1965. The requi red  o p e r a t i o n a l  d a t e  f o r  t h e s e  s h i p s ,  i n  accordance 
with c u r r e n t  f l i g h t  schedules,  is  e a r l y  1967. 

The 

Studies  have been made concerning t h e  means f o r  providing voice  com- 
munications artd te lemet ry  r ecep t ion  and record ing  coverage of t h e  S - I V B  
powered f l igh t :  during t h e  i n j e c t i o n  of  t h e  spacec ra f t  i n t o  t h e  t r ans luna r  
coas t  t r a j e c t o r y .  I f  communications s h i p s  were used t o  m e e t  t h e  requirement 
f o r  continuour, coverage during t h i s  per iod ,  between s i x  and twelve sucn s h i p s  
would be requi red  on s t a t i o n  a t  t h e  t i m e  o f  t h e  i n j e c t i o n  burn. The s p e c i f i c  
number of sh ips  between s i x  and twelve is  determined by a combination Df 
f a c t o r s  inc luding  t h e  d a t e  of  launch, the des i r ed  launch window and t h e  
s t a t u s  o f  t h e  S - I V B  propulsion energy budget. It  was concluded t h a t  t i e  
provis ion  f o r  t h i s  number of sh ips  i s  p r o h i b i t i v e l y  expensive and o t h e r  
methods of  providing communications coverage were inves t iga t ed .  
promising method w a s  t o  provide t h e  necessary coverage by means of  ins:ru- 
mented a i r c r a f t .  

The m x t  

Present ly  a v a i l a b l e  a i r c r a f t  a r e  being assessed  t o  determine t h e i r  
s u i t a b i l i t y  fsor f h i s  use and pre l iminary  design f o r  t h e  necessary modi E i -  
c a t ions  i s  planned dur ing  f i s c a l  year 1964. The a c t u a l  modif icat ions vi11 
be i n i t i a t e d  i n  f i s c a l  year 1965 and w i l l  c a r r y  over i n t o  f i s c a l  ;).ear L966. 
Close coord ina t ion  with the  Department of Defense (DOD) w i l l  be nainta:.ned 
throughout t he  program s ince  t h e  DOD w i l l  be requested t o  supply and ope ra t e  
the  a i r c r a f t .  

Eauipment and Coniponents d e e p  Space Network 

1963 

S-band r e c e i v e r ,  t r a n s m i t t e r ,  
and components.. . . . . . . . . . . . ".. $1,096,000 

Atomichron a,id synchroniza- 
t i o n  ecpipineiit. . . . . . . . . . . . + .  . 300,000 

Klystron and maser ampl i f ie rs . .  . 358,000 
Antenna and servo modi f ica t ions .  1,126,000 
S-band rangiing and a c q u i s i t i o n  

systems....................... 1,079,000 

1964 

$2,936,000 

115,000 
1,045,000 
1,264,000 

1,155,000 

19Li5 --- 

$2,89;', 000 

11:1 ,000 
8 l i I  ,000 

1,98: ,000 

1 ,, 297 ,000 
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1963 

D i g i t a l  data and instrumenta- 
t i o n  s y s t m s . . . . . . . . . . . . . . . . . .  $460,000 

Data t ransrni.s s ion  and proc es s - 
ing  equipment.. ............... 1,026 , 000 

T e s t  transponders and 

Recording syst.ems ............... 130,000 
Maintenance, spa res ,  replace- 

ment, and dccumentation.. ..... 1,060,000 

ca l ibra t ic ln  systems.. ......... 1,001,000 

T o t a l  cos t s .  .................. $7,636,000 

1964 

$985,000 

570,000 

745,000 
980 , 000 

1,775,000 

1965 --- 

!; 1 , 1 7  5,000 

495,000 

1,225,000 
--- 

- 1,996,000 

~ 1 2 , 0 0 0 , 0 0 0  

I n  response t o  t h e  inc reas ing  requirements f o r  r ad io  t r ack ing ,  cornand, 
te lemet ry  and data  a c q u i s i t i o n  of  unmanned lunar  and p l ane ta ry  spacec ra f t  
and deep space probes,  t h e  e x i s t i n g  network r equ i r e s  improvements and ex- 
pansion t o  handle t h e  s p e c i f i c  upcoming spacec ra f t  requirements. To reduce 
c o s t  and maximize ope ra t iona l  e f f i c i e n c y ,  a l l  deep apace network s t a t i m s  
a r e  standardiz ea. with compatible data  a c q u i s i t i o n ,  t r ack ing ,  command record- 
i ng  and processing equipment. Any new equipment requi red  i s  i n i t a l l y  in -  
s t a l l e d  and t e s t e d  a t  t h e  Goldstone S t a t i o n  before  i t  i s  in t eg ra t ed  i n t o  t h e  
system. Once t h e  new equipment has  been accepted f o r  genera l  use wi th in  t h e  
deep space network, it i s  c l a s s e d  a s  Goldstone d u p l i c a t e  s tandard  equipment, 
which s tandard izes  t h e  design and formalizes t h e  documentation o f  l i k e  items 
throughout t h e  network. 

During f i s c a l  year  1964 t h e  L t o  S-band conversion of t he  ne1:work 
w i l l  continue.  In  the  in t e r im  per iod ,  t he  s t a t i o n s  w i l l  ope ra t e  on both 
L-band and S-harid f requencies ,  due t o  the  p r i o r  commitments t o  the  L-band 
spacecraf t  suppor t .  Some of t h e  items t h a t  are being purchased and i n -  
s t a l l e d  are re'cording equipment, feed systems f o r  t he  antennas,  h igher  
power k lys t ron  t r ansmi t t i ng  tubes ,  improved ope ra t iona l  maser ampl i f i e r s  
and modifications i n  t h e  servo system and t r a n s m i t t e r .  One of t h e  l a r g e  
antennas has heen cleaned and thermocoated; t he  r e s u l t  of t h i s  ha:; been 
a reduct ion  i n  the  thermal e f f e c t s  of  t he  r e f l e c t o r .  

During f i s c a l  yea r  1965, t h e  deep space network w i l l  c o n s i s t  of s i x  
85-foot antenna s t a t i o n s ,  two mobile t r ack ing  s t a t i o n s  and t h e  network 
c o n t r o l  cen te r .  The f l i g h t  schedule f o r  f i s c a l  year 1965 shows an  inc rease  
i n  t h e  number of launches with onboard equipment ope ra t ing  i n  both L a i d  
S-band frequency spectrums. (The requirement f o r  L-band coverage i s  a i t i c i -  
pated t o  end i n  f i s c a l  year 1965, and equipment d i r e c t l y  r e l a t e d  t o  t h i s  
frequency spectrum i s  scheduled t o  be  phased o u t  by approximately t h e  end 
of  t h a t  f i s c a l  y e a r , )  The primary e f f o r t  i n  t h e  f i s c a l  year 1965 program 
continues t o  expand t h e  S-band c a p a b i l i t y  i n  t h e  o v e r a l l  network and provides 
f o r  addi t iona  1 major equipments and a s soc ia t ed  subsystems necessary f o r  t h i s  
task .  This  expansion w i l l  enable t h e  network t o  support  simultaneously more 
than one space probe ope ra t ing  i n  t h e  S-band a r e a ,  while  r e t a i n i n g  r e q i i r e d  
c a p a b i l i t y  fo r  t h e  L-band program. Both Mariner and Surveyor missions w i l l  
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over lap  i n  time, and consequently,  t h e  ground antennas w i l l  r e q u i r e  m t  l t i p l e  
S-band equipnwnts t o  allow nonin ter f  e r i n g  command t o  and t ransmiss ion  
from t h e  spac:eciraft. 

The s t a t i o n s  which were not  modified i n  f i s c a l  year 1964 by t h e  Eddition 
of  t h e  S-band t r a v e l i n g  wave maser ampl i f i e r  w i l l  be  i n t e g r a t e d  i n t o  t h e  
network wi th  ,these modi f ica t ions .  These changes provide t h e  s t a t i o n  with 
the  capabnlif:,y to acqu i r e  da ta  from and t o  t r a c k  extremely weak r ad io  f r e -  
quency s igna l s .  This c a p a b i l i t y  e f f e c t i v e l y  extends t h e  t r ack ing  and data  
a c q u i s i t i o n  func t ion  t o  cover g r e a t e r  d i s t ances  of  t ransmiss ion  wi th  in -  
c reased  r e l i a b i l i t y  i n  t h e  q u a l i t y  of  data  recorded. 
performance froin t h e  S-band maser subsystem, i t  i s  planned t o  improve the 
c losed  c y c l e  reEr igera tor  system and t h e  maser a m p l i f i e r  t o  be compatible 
f o r  increased ope ra t ing  e f f i c i ency .  I n  a d d i t i o n ,  s e r v i c i n g  equipment of a 
s p e c i a l  ni3tU:Ke is  requi red ,  

To de r ive  op t imm 

Modificistions t o  t h e  antennas w i l l  provide an a u x i l i a r y  e l e c t r i c  d r i v e  
a s  a backup * t D  t he  e x i s t i n g  d r i v e  system. The d r i v e  system, includinl: t h e  
servo subsystem, w i l l  be modified t o  permit ope ra t ion  by computer pro1:ram- 
ming. To improve t h e  thermal e f f e c t s ,  t h e  antennas w i l l  be c leaned  arid 
thermocoa ted .  

S-band ranging systems and a c q u i s i t i o n  a i d  equipment w i l l  be added 
t o  those  s t a t i o n s  i n  t h e  network t h a t  have not  previously been modifi(2d. 
The ranging systems provide c a p a b i l i t y  o f  measuring t h e  range accu ra t e ly  
t o  a Spacecraf t ;  and t h e  a c q u i s i t i o n  a i d  equipment, wi th  t h e  wide beari- 
width angle ,  p e r m i t s  t h e  l a r g e  antenna t o  acqu i r e  t h e  spacec ra f t  r ad io  
s i g n a l s  e a r l i e r .  Additiona 1 work on a pro to type  p l ane ta ry  ranging syistem, 
inc luding  t h e  i n t e r f a c e  between t h e  t r a n s m i t t e r  and r e c e i v e r ,  w i l l  be per-  
formed. 

D i g i t a l  data  and ins t rumenta t ion  equipment w i l l  b e  added a s  s tandard  
equipment, and w i l l  be compatible with e x i s t i n g  equipment a t  o t h e r  s t i r t ions  
i n  t h e  network. This  provides t h e  c a p a b i l i t y  t o  handle da ta  i n  2 timl?ly 
and e f f i c i e n t  manner by au tomat ica l ly  p u t t i n g  t h e  raw da ta  i n  a forma: t h a t  
i s  requi red  f o r  process ing ,  p r i o r  t o  t ransmiss ion  t o  t h e  network cont':ol 
cen te r .  

The data processing and transmission equipment improves t h e  data  
handling and data  processing c a p a b i l i t i e s  t h a t  a r e  requi red  a t  t h e  s t ,St ions.  
On-site equipment i s  requi red  t o  monitor,  e d i t  and t r ansmi t  data  over  
communication l i n e s  t o  t h e  c e n t r a l  computing cen te r .  This  a l s o  i n c l u i e s  
i n t r a s i t e  communication equipment. 

Accurate antenna alignment and c a l i b r a t i o n  of t h e  s t a t i o n ' s  equi?ment 
i s  accomplished by t e s t  transponders i n s t a l l e d  a t  remote col1imat:ion s i tes .  
This  equipment provides t h e  s t a t i o n  t h e  c a p a b i l i t y  t o  c a l i b r a t e  before ,  
during (usua l ly)  and a f t e r  a f l i g h t  mission i n  o r d e r  t o  determine t h e  
s t a t i o n ' s  ope ra t ing  c h a r a c t e r i s t i c s  f o r  each mission, This  inc ludes  the 
microwave s tandards  and s p e c i a l  purpose equipment t o  o p e r a t e  t h e  co l l ima t ion  
s i t e s .  
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Maintenance, r e p a i r ,  t e s t  equipment, spares  and replacement par t s  f o r  
equipment, including ground support  items c o n s i s t i n g  of genera tors ,  c ranes ,  
pumps, etc:,'w:i11 be e s t ab l i shed  a t  each s t a t i o n .  These p a r t s ,  suppl ios  and 
equipment w i l l  reduce t h e  ope ra t iona l  down time a t  each s t a t i o n  t o  a minimum. 
Normal r e a l  p'roperty maintenance, upkeep and minor a l t e r a t i o n  and s i t c  i m -  
provement i s  inc  luded. 

Eauiment  and;&oponents - Wallops and Other Instrumentat ion 

15165 --- 1963 1964 

Photographic processing 
equipment...................,. 

Range camera equipment.. ........ 
A i r c r a f t  ca l i ' b r a t ion  and 

test  :ins t ruinenta t ion. ......... 
Antenna systems modifications. . .  
Timing equipment................ 
Range sh ip  instrumentation... . . .  
Data systems.................... 
Telemetry system components.. ... 
Radar system components..... .... 
Maintenance, spares  and r e -  

placement..................... 

Tota l  costs................... 

$150,000 
200,000 

120,000 
120,000 

955,000 

$1,545,000 

$220,000 
250,000 

160,000 
240,000 
75,000 
80,000 --- --- 

1,675,000 

$2.7 00,000 

$200,000 
5!iO, 000 

31; 0,000 
1110,000 

--- 
4:!0,000 

41i 0,000 
1,100,000 

-- 650.000 

$3,930,000 --- 
This c a t  eg,ory provides fo r  t h e  procurement of equipments anti com?onents 

i n  two genera 1 a reas  : (a) expendable (non-recoverable) f l i g h t  hardwar e and 
spa re  p a r t s ;  an.d (b) s t a t e -o f - the -a r t  improvements t o  e x i s t i n g  range in s t ru -  
mentation syetems. 

Non-recclverable f l i g h t  hardware includes radar  beacons, DOVAF t rans-  
ponders, antennas,  and command-destruct r ece ive r s  t h a t  a r e  i n s t a  Lled i n  t h e  
launch vehic1.e~:. Small meteorological  rocke t s ,  t o  ob ta in  l a s t  m,Lnute wind 
p r o f i l e s  so tihait e l eva t ion  angles  and launch azimuths can be co r rec t ed ,  a r e  
included i n  t h i s  category. 
a s su re  impact: i.n pre-determined a reas ;  they a r e  b a l l i s t i c  and c a r r y  no 
guidance syst:enis o the r  than sp in -  s t a b i l i z a t  ion.  

These rocke ts  c o n s t i t u t e  a s a f e t y  measure t o  

The s t a t e -o f - the -a r t  improvements c o n s i s t  of  var ious e l ec t ron ic  com- 
ponents which a r e  i n s t a l l e d  on e x i s t i n g  antennas,  or  introduced in to  t h e  
c i r c u i t r y  of t h e  range instrumentat ion systems ( t racking ,  te lemetry,  data 
reduct ion,  rtrnge s a f e t y ,  o p t i c s ,  e t c . )  t h a t  improve t h e  range, accuracy, 
speed, and f :Lexibi l i ty  of t hese  systems. The requirements f o r  t hese  i m -  
provement:s tire generated by t h e  number and types of rocke ts  i n  the  f l i g h t  
schedule,  1iiIrgc.r and improved rocke t s ,  and more complex payloads. 
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Eauimnent and-&gimponents - Aerodvnamic Test Range 

15/65 --- 1963 1964 

Tracking systlems................ --- $750,000 $ 100, 000 
Telemetry systems............... $800,000 --- 600 , 000 
Real t i m e  da ta  handl ing s y s t e m ~ .  --- --- 250,000 
Maintenance, spares  , and re- 

placement....... .............. 2 10,000 250,000 5f10,ooo 

$1,000,000 $1,5O0,000 

The aerodynamic t e s t  range operated by t h e  F l i g h t  Research Center w i l l  

- Tota l  costs..............**.... $1,010,000 

r equ i r e  equipment modi f ica t ions  and add i t ions  t o  e f f e c t i v e l y  support  planned 
t e s t  programs. Such t e s t  programs include t h e  hyper-veloci ty  X-15 ant1 the  
a i rborne  :;imula t o r  u t i l i z e d  for  supersonic t r anspor t  research.  

The Eisca l  year  1965 program f o r  t h e  range w i l l  inc lude  radar  ranging 
modif icat ion f o r  longer range c a p a b i l i t y ,  a PCM ground telemetr) sys1:em for 
i n s t a l l a t i o n  a t  one of t h e  uprange s t a t i o n s ,  equipment f o r  t h e  ground t e l e -  
metry s t a t i o n  and add i t ions  f o r  r e a l  t i m e  data  handl ing and d isp lay .  
t h e  i n i t i a t i o n  of t h e  new f l i g h t  research  programs an inc reas ing  propor t ion  
of t h e  est imated funds w i l l  be requi red  f o r  maintenance, spa res ,  and .replace- 
ments. Included i n  t h i s  category i n  f i s c a l  year  1965 i s  replacement of t he  
a i rborne  t racking  beacons requi red  fo r  use  with t h e  ground t r ack ing  riidars. 

With 

Equiument and Gmmponents - Communication 

Data terminal  equipment. ........ 
Sol id  s t a t e  switching units. . . . .  
Switching cen te r  equipment.. .... 
Teletype and voice  equipment.... 
South American systems modifi-  

cation........................ 

40 Kw radio t ransmit ters . , . . . . . .  
Mobile communication van........ 
Maintenance, spa res ,  and r e -  

placement................. .... 

Test and eva lua t ion  equipment.. . 

1963 

$80 , 000 --- 
100 , 000 
173 , 000 

240,000 

538 , 000 
250,000 

100 , 000 

444,000 

Tota l  costs................... $1,925,000 

$195 , 000 
2 , 735 , 000 

150,000 
220 , 000 

150,000 

$3,600,000 

1'365 

$5.55 , 000 
1 , 6152 , 000 

2 IO , 000 
5 !8,000 

130,000 -- 
$3,3  30,000 --- 

I n  order  t o  support  t h e  more complex unmanned and manned space veh ic l e s ,  
it w i l l  be necessary t o  provide communication channels of higher  data  r a t e s  
with minimum transmission e r ro r s .  For example, t h e  communication requi re -  
ments from t h e  deep space s t a t i o n s  t o  support  Surveyor w i l l  r e q u i r e  over  
t en  t i m e s  t h e  bsand width p re sen t ly  provided by t h e  60 word per  minute te le-  
type channel,  Addit ional  vo ice  communication c a p a b i l i t i e s  a s  w e l l  a s  addi- 
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t i o n a l  automatic switching and monitoring f a c i l i t i e s  a r e  requi red  t o  er.sure 
r e l i a b l e  communications. 

Fu r the r ,  there  w i l l  be a cont inuing  emphasis toward b e t t e r  u t i l i z c  t i o n  
o f  c i r c u i t s  a d  s t anda rd iza t ion  of communications i n t o  a s i n g l e  system f o r  
common use  by a11 programs, i n  o r d e r  t o  keep t h e  t o t a l  c i r c u i t  requirenlents 
to  a minimiuh. 

The requirement f o r  h igher  data  r a t e s  with very small  e r r o r  l i m i t :  
makes i t  necessary t h a t  a d d i t i o n a l  e r r o r  c o r r e c t i o n  and de tec t ion  equillment 
be used a t  t h e  data  te rmina ls .  

So l id  st iate switching u n i t s  must be i n s t a l l e d  i n  Iandon, Hawaii, tlnd 
Aus t ra l ia  t o  wor'k wi th  t h e  u n i t s  being i n s t a l l e d  a t  Goddard Space Fligklt 
Center. These u n i t s  w i l l  be used t o  meet t h e  h igher  c i r c u i t  speed reqii ire- 
ment and t o  provide automatic checking and monitoring of  t h e  c i r c u i t s .  

F a c i l i t y  con t ro l  and d i sp lay  equipments a r e  requi red  t o  bring mis:;ion 
network c i r c u i t s  t o  a c e n t r a l  po in t  where t h e  c a p a b i l i t y  ex is t s  t o  t ra r t s fe r  
t h e s e  c i r c u i t s  back and f o r t h  between communications u s e r s ,  based on t h e  
type and p r i o r i t y  of mission. This shar ing  process reduces t h e  t o t a l  rtumber 
o f c i r c  u i t s r equ i red , 

A f u r t h e r  s t e p  t o  reduce t h e  t o t a l  c i r c u i t  requirements w i l l  be  t h e  use 
About o f  compaction equipment t o  u t i l i z e  t h e  unused t i m e  on voice  c i r c u i t s .  

7 0  percent of  t h e  capac i ty  of  a four-wire vo ice  c i r c u i t  i s  unused due l:o 
normal spelech pause between sentences ,  words and even s y l l a b l e s .  
pac t ion  equipment allows data  t o  be  passed during t h e  unused time. It  i s  
estimated t h a t  by use  of  t h i s  equipment approximately twelve two-bay t e l e -  
type  c i r c u i t s  can be c a r r i e d  simultaneously with a normal conversa t ion  over 
a vo ice  c i r c u i t .  

This  com- 

A s  t h e  number and complexity of  spacec ra f t  i n  o r b i t  i nc rease ,  rnu1i:iple 
s t a t i o n  voice  conferencing becomes necessary i n  o r d e r  t o  provide smooth 
ope ra t iona l  coord ina t ion  between s t a t i o n s  and to provide emergency insi:ruc- 
t i o n s  from t h e  c o n t r o l  c e n t e r .  When s e v e r a l  vo ice  c i r c u i t s  a r e  conferenced 
toge the r ,  they must a l l  be working a t  t h e  same l e v e l s  i f  understar.dable 
conversations a r e  t o  be r ea l i zed .  Because cond i t ions  can vary  a t  t h e  
var ious  s t a t i o n s ,  vo ice  opera ted  ga in  a d j u s t i n g  devices a r e  requi red  t o  
maintain t h e  proper l eve l s .  

Withiin the  l a s t  two years  i n  South America, such major changes as t h e  
provision of ,a mobile s t a t i o n  van a t  Santiago, Chile as a communicatioris 
backup f o r  t h e  s a t e l l i t e  network, and t h e  i n s t a l l a t i o n  of t h r e e  4C k i lowa t t  
t r ansmi t t e r s ,  with a s soc ia t ed  mult iplexing equipment t o  r ep lace  obsolescent 
10 k i lowat t  u n i t s ,  were made. During t h e  coming year ,  da t a  v a l i d i t y  checking 
u n i t s  w i l l  be i n s t a l l e d  t o  complete our planned program t o  b r ing  these  
s t a t i o n s  up t o  acceptab le  s tandards  t o  handle the  communication requirement:;. 
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Equipment ancl&mponents - Data Processing and Handlinq 

D i g i t a l  computing subsystems.... 
Of f - l i ne  data  processing systems 
Pe r iphe ra l  equipment............ 
Data processing subsystems.. .... 
Signal  conditioners............. 
Spec ia l  purpose da ta  process ing  

and display............. ...... 
Automatic analog da ta  t a p e  

eva lua t ion  equipment.......... 
High dens i ty  s to rage  and 

record units.................. 
Test and eva lua t ion  equipment.. . 
Maintenance, spa res ,  and re- 

placement............. ........ 
T o t a l  costs................... 

1963 

--- 
$1,900,000 

460,000 

540,000 

416,000 

$3,316,000 

1964 

$4,950,000 
1,800,000 

720,000 
1,925,000 

7 15,000 

590,000 

--- 
75,000 

425,000 

1365 

$2,5 30,000 
2 ,3  30,000 
1 ,2  50,000 
830,000 
5 50,000 

4 50,000 

3 25,000 

2 70,000 
1 IO, 000 

-- 475.000 

--- 

>9,11= 

With the  increas ing  use  of  onboard spacec ra f t  d i g i t a l  systems, cont inu-  
ing  expansion of t h e  data  handl ing f a c i l i t i e s  t o  manage t h e  high output  data  
r a t e s  i s  necessary. The equipment program t o  convert  from analog t o  d i g i t a l  
systems and t o  modify e x i s t i n g  equipment, so a s  t o  be compatible with t h e  
d i g i t a l  systems onboard t h e  spacec ra f t ,  w i l l  cont inue i n t o  f iscal .  year  1965. 

D i g i t a l  computing subsystems c o n s i s t  of  computer mainframes and periph- 
e ra l  components which were previous ly  leased.  

I n  f i s c a l  year  1965, a high speed c e n t r a l  p rocessor ,  with per iph ' s ra l  
equipment t o  in su re  compatabi l i ty  wi th  t h e  d i g i t a l  systems i n  t h e  spacec ra f t ,  
w i l l  be  procured. 

Decisions on spacec ra f t  performance and eva lua t ion  cannot be mad#: by 
c o n t r o l l e r s  and experimenters w i th in  t h e  main computer complex i t s e l f ,  
o rde r  t o  provide t h e  requi red  information, pe r iphe ra l  equipment such iIS 

p l o t t e r s ,  consoles ,  d i sp lays  and computer l i n k s ,  must be loca ted  o u t s i d e  the  
inunediate confines  of t h e  computer complex. This  is a cont inuing proigram i n  
f i s c a l  year 1965. 

I n  

Data processing subsystems c o n s i s t  o f  modi f ica t ions  t o  e x i s t i n g  data  
processing l i n e s  i n  f i s c a l  year  1965. Equipment items inc lude  a f a c i t i t y  
monitoring system, eva lua tors  and ana lyzers  t o  decrease t h e  down t i m e  of  
present  equipment and subsystem d i sp lay  devices  f o r  e x i s t i n g  datsi processing 
l i n e s .  

Other haraware f o r  da ta  processing and handl ing inc lude  s igna 1 condi t ion-  
i ng  equipment t o  e l imina te  expensive mul t ip l e  data  reprocessing.  The most 
s i g n i f i c a n t  experimental  r e s u l t s  a r e  contained i n  t h e  20 percent  of dilta l o s t  



during apogee due t o  l imi t ed  c a p a b i l i t y  of e x i s t i n g  s igna l  recovery equip- 
ment, r e s u l t i n g  i n  expensive reprocessing and r e f i n i n g  of d a t a  i n  order  t o  
r e t r i e v e  the  necessary information. 

Spec ia l  purpose data processing and d i sp lay  u n i t s  a r e  required f o r  t h e  
p a r t i c u l a r  s a t e l l i t e  f l i g h t  p ro jec t s .  Since data  requirements vary con- 
s iderably  for each type of s a t e l l i t e ,  d i f f e r e n t  types of data  handling 
equipment w i l l  be required f o r  t h e  ground systems. 

Automatic analog data  tape evaluat ion u n i t s  w i l l  provide f o r  t h e  auto- 
matic analog evveluations o f  t apes  which a r e  now made manually. The e ' la luat ion 
of analog te lemetry tapes  i s  requi red  t o  s o r t  ou t  improperly recorded tapes  
and t o  monitor ground s t a t i o n  recording c a p a b i l i t y .  

High denoi ty  s to rage  and record u n i t s  a r e  included i n  t h e  f i s c a l  year 
1965 program, and w i l l  provide t h e  requi red  recording and s torage  f o r  t he  
a n t i c i p a t e d  volinnes of  da ta  t h a t  w i l l  have t o  b e  processed. 
w i l l  a l s o  provide g rea t e r  a c c e s s i b i l i t y  to data .  

These u n i t s  

Test  and evaluat ion equipment includes data  s imulators  necessary f o r  
checkout and maintenance of data  processing l i n e s  and systems. 
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RESEARCH AND DEVELOPMENT 

FISCAL YEAR 1965 ESTIMATES 
) 

OFFICE OF TECHNOLOGY UTILIZATION AND TECHNOLOGY UTILIZATION PRt )GRAM 
POLICY P L A N N I ~  

PROGRAM OBJECTIVES AND JUSTIFICATION: 

The primary ob jec t ive  of the  technology u t i l i z a t i o n  program i s  accele-  
r a t e d  t r a n s f e r  o f  new technology generated by NASA research and development 
i n t o  the  c i v i l i a n  sec to r  of our economy. Also included wi th in  t h i s  program 
a r e  e f f o r t s  t o  develop b e t t e r  methods f o r  management of la rge-sca le  research  
and development: programs, and t o  improve our understanding of the  implicat ions 
of the spac.e program. 

SUMMARY OF RESjgtCES REQUIREMENTS: 

15 65 -- 1964 - 1963 - 
$5,000,000 -- Research and development.. . , . . . $2,164,000 $3,500,000 

$5.000,000 -- Tota l  cost . . . . . . . . . . . . . . . . . . .  $2,164,000 $3,500,000 

BASIS OF FUND-REQUIREMENTS: 

Begun i n  1962, the  Technology U t i l i z a t i o n  program, formerly known a s  the  
I n d u s t r i a l  Applicat ions program, has been enlarged i n  both the  scope aild 
ex ten t  of i t s  a c t i v i t i e s .  
the  i d e n t i f i c a t i o n ,  c o l l e c t i o n  and disseminat ion of t echn ica l  information 
which has  app l i ca t ion  wi th in  non-aerospace industry.  Procedural ly ,  in2o- 
va t ions  o r ig ina t ing  with e i t h e r  NASA in-house or  cont rac tor  sources a r ?  
i n i t i a l l y  evalua.ted f o r  i n d u s t r i a l  p o t e n t i a l  a t  the  o r ig ina t ing  NASA f i e l d  
center .  
f o r  fu r the r  eva1.uation and eventual  publ ica t ion  and disseminat ion t o  t h e  
indu s t r i a 1 c onmuni t y  , 

The main purpose of the  program remains, a s  before ,  

Special. r e p o r t s  a r e  then prepared and t ransmi t ted  t o  NASA Headquarters 

Each evaltuation a c t i o n  includes r e l a t i n g  the  innovation t o  cu r ren t  
i n d u s t r i a l  needs, conducting general  or d e t a i l e d  s tud ie s ,  as the  case may 
warrant,  of performance c h a r a c t e r i s t i c s ,  and the  prepara t ion  of industry-  
or ien ted  report:; which encompass important t echn ica l  d e t a i l s .  
NASA w i l l  use the  se rv ices  of industry-knowledgeable research i n s t i t u t e s  i n  
the  eva lua t ion  of appropr ia te  innovations.  These organiza t ions  have proved 
t o  be valuable  ;adjuncts t o  the  program. 

As i n  t he  pas t ,  

The present  l e v e l  of 600 innovation submissions per year  i s  expected t o  
increase  t o  a s  imuch as1,500 i n  f i s c a l  year  1965. 
increase  is t h e  implementation of a new technology con t rac t  c lause  wh:lch 
r equ i r e s  

The major reason f o r  t h i s  

more s t r i n g e n t  r epor t ing  of innovat ions d i r e c t l y  a r i s i n g  from work 

RD 22 -1  



under NASA cont rac ts .  

Another i n t e g r a l  p a r t  of the  technica l  information aspec t  of the  
program is t he  prepara t ion  of  ex tens ive  s t a t e - o f - t h e - a r t  surveys.  Tearis 
competent i n  a p a r t i c u l a r  technica l  area, search a v a i l a b l e  NASA d a t a  on 
a s p e c i f i c  sub jec t ,  relate technica l  advance t o  cu r ren t  knowledge and 
usage, and, f i n a l l y ,  prepare indus t ry-or ien ted  r e p o r t s  of information 
so gleaned. Approximately 20 such surveys a r e  planned during fisc:al 
year 1965. 

Several  p i l o t  p r o j e c t s  now underway i n  techniques of informat.ion ciissemi- 
na t ion  w i l l  be expanded i n  f i s c a l  year  1965. The outgrowth of these  pi:ojects 
w i l l  be a st rengthening of our na t iona l  s c i e n t i f i c  resources  through the  more 
loca l i zed  app l i ca t ion  of t he  b e n e f i t s  of NASA research  and technol.ogy e f f o r t s .  
The most successfu l  p ro j ec t  t o  d a t e  has  been the  un ive r s i ty  approach, where- 
by univers i ty- run  computers loca ted  i n  var ious  geographical reg ions  th.tough- 
out  the  country serve as  s torehouses  of NASA t echn ica l  information, Izdus- 
t r i e s  s i t ua t ed  wi th in  the  genera l  a r ea  of a p a r t i c i p a t i n g  un ive r s i ty  may read- 
i l y  reques t  and obta in  a v a i l a b l e  data .  
been impressive. One e l e c t r o n i c s  f i rm has,  f o r  example, c a l l e d  t h i s  approach 
a prototype f o r  da t a  systems of t he  fu ture .  

Indus t ry  r eac t ion  t o  t h i s  system has 

Also i n  f i s c a l  year  1965, a number of u n i v e r s i t i e s  w i l l  conduct research  
i n t o  the  management of la rge-sca le  research and developments programs. The 
r e s u l t s  of t h i s  research,  a s  we l l  a s  o ther  inputs ,  w i l l  serve a s  the b a s i s  
f o r  po l icy  plsnning s t u d i e s  on the  impl ica t ions  of t he  space program. For 
t he  conduct of these  planning s tud ie s ,  NASA in-house e f f o r t s  w i l l  be aug- 
mented, a s  required,  by con t r ac to r  ass i s tance .  
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